[DEXyESI

Acta Microbiologica Sinica

2022, 62(4): 1524-1535
http://journals.im.ac.cn/actamicrocn ; S
DOI: 10.13343/j.cnki.wsxb.20210520 |

Research Article BiakiE=s

M, R, HERA, R, IR, ERE, W

TREE RO BLFBeO A Y IR 5, fEa: fEM 350003

ETT, BRME:, HoRR, XURK, YOI, FEB-F, X0 KR B — A A 26 il 5 ST 0 28 8 7 A o Bk A BRAR s ol 2B W
VRN 225, UEIZAR, 2022, 62(4): 1524-1535.
Zheng Xuefang, Chen Yanping, Xiao Rongfeng, Liu Xin, Jiang Cheng, Wang Jieping, Liu Bo. Difference of rhizobacterial

community structure between bacterial wilt infected and healthy tomato plants in a substrate culture system. Acta Microbiologica
Sinica, 2022, 62(4): 1524-1535.

B OE: [8e)] RAKEE AR EIT R AR FTHRET L L HREAZ LN 4L X
Z.lzklaBdwmplRERAE, RitERFHRALRERATR/L, dnfASZEZHNFEKR
PR R FAE Aol R B AR TR AR A B R M S AR feda . [ R ] FANE
A E A REI(FHHE 60 d)89Z R FE(6.17%)FmIEFRILGIDH R T ERERKRBFHRE 30 d) (o
A 2.5%F 1.25), FHEREKAEL BRI Bl 2 BOHMRGEI AR ETEEZRTLREH
(3 A= 4 ). ARARFR IR Chaol 454 #= Shannon 454439 B F K T AR RAR . 5 EMRARTR
EF A, ARHARARTRER P EH & 17 (Proteobacteria) ) #8354 M L F 3 m, REFH I
(Acidobacteria) #= 1 40 & 1 (Cyanobacteria) ¥ #8 3t 4~ & #& R & & 1K (P<0.01), T YA+ & B
(Rhodanobacter)#= 34 & B Fr £ & R K H & (Ralstonia)A 3t & L % ¥ 5, 04 5 #7 (redundancy
analysis, RDA)RETHE5EFRHTRRAGS AKX T ZEM X, MIZAEMREH B (Bradyrhizobium).
¥ K B # B (Granulicella) . # & & /B (Haliangium) #= 1% X 37 K, & B (Devosia) 2 & % % F 1%
(P<0.05), RDAGSHEFTHEEFZTRERRAY AKX T ERAMML. (L] FRALFHRRER

HEEWHE . A ARPHAEES(2019J01117); FREEE & 55 KB Be BT S A BHIF L 0001 H (2021R1034003) ;A i 45 4
ML R B 81 135 H (DWHZ2021-07)

Supported by the Natural Science Foundation of Fujian Province (2019J01117), by the Special Fund for Scientific Research
Institutes in the Public Interest of Fujian Province (2021R1034003) and by the Foreign Cooperation Program of Fujian
Academy of Agricultural Sciences (DWHZ2021-07)

*Corresponding authors. Tax: +86-591-87303675; E-mail: WANG Jieping, wangjpfaas@foxmail.com, LIU Bo, laeptb@163.com

Received: 20 August 2021; Revised: 1 November 2021; Published online: 14 December 2021



HEFE | AR, 2022, 62(4) 1525

FAERRKAED SZHREAR ZAAKETIERK, Bib, TURBLRF E5, HELRHADY
BEAR MM EEFTHRAE,

KR EaAAR FAE ARG RE; RE@GRELH; HETHA

Difference of rhizobacterial community structure between
bacterial wilt infected and healthy tomato plants in a
substrate culture system

ZHENG Xuefang, CHEN Yanping, XIAO Rongfeng, LIU Xin, JIANG Cheng, WANG Jieping*,
LIU Bo'

Agricultural Bio-Resources Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350003, Fujian, China
Abstract: [Objective] To investigate the relationship between rhizobacterial community structure and
bacterial wilt occurrence of tomato plants in a substrate culture system with the integration of water,
fertilizers, and biocontrol agents. [Methods] After the field survey, the disease incidence (DI) and
disease severity index (DSI) of bacterial wilt were calculated. Furthermore, the high-throughput
sequencing technology was adopted to compare the rhizobacterial diversity and composition between
infected and healthy tomato plants. [Results] The DI (6.17%) and DSI (5.11) of tomato plants at the
reproductive stage were significantly higher than those at the vegetative stage (DI of 2.5% and DSI of
1.25, respectively). The number of Ralstonia solanacearum in the rhizosphere of diseased tomato plants
at the early infection stage (grades 1 and 2) was much higher than that at the later infection stage
(grades 3 and 4). Both Chao 1 and Shannon indexes of bacteria in the rhizosphere of diseased tomato
plants were significantly lower than those in the rhizosphere of health plants. Compared with that in the
rhizosphere of healthy plants, the relative abundance of Proteobacteria increased while that of
Acidobacteriota and Cyanobacteria decreased (P<0.01); the relative abundance of Rhodanobacter and
Ralstonia significantly increased, which was positively correlated with the number of R. solanacearum
as demonstrated by redundancy analysis; the relative abundance of Bradyrhizobium, Granulicella,
Haliangium, and Devosia significantly decreased (P<0.05), which was negatively correlated with the
number of R. solanacearum. [Conclusion] Compared with those in the rhizosphere of healthy plants,
the bacterial diversity and beneficial bacteria in the rhizosphere of tomato plants infected with bacterial
wilt significantly reduced. Therefore, the addition of beneficial bacteria to change rhizobacterial
community structure would be an efficient method to control tomato bacterial wilt.

Keywords: tomato bacterial wilt; Ralstonia solanacearum; rhizosphere; rhizobacterial community
structure; high-throughput sequencing
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Disease incidence and disease severity index of tomato bacterial wilt in the three test greenhouses

Table 1

BE 44 BRI BEENEMHE/RRENE
PR, HLI40 5 BUR 1 bR R A FRE, BT 3%
SEANHLE AR 50 [RDE , sl vkag , S mlh A
L, HIRTE, WKRmEIEE 1A);
— A T4 F X8, 43 MRS B AR 5 BH A X AR
GMI1000 £ ¥ At 8 /K K @& FF = k51 4
pehA#6/pehA#3 Y PCR ¥ 34 i —2524 500 bp
PRE ST, 1 AR TR AR 5 B X B AN
DNA )B4 H AR B 450 (B 1B), B
44 MRS 43 BRIfIA I H A S R K
B, 97.73%;
222 BEWMEBERKESMIFE

T A B 7R EG P FEAN [R) 8955 4 03] 3 ot AR PR AR
PR BE 5T 18 A B AN ) (181 2) 0 AN ) AR )
47 N RYUNE - TR S e N AN <9 8 o Y o 3
M 6.67x10°-7.13x10° CFU/g, KK 2 1y
FMMWPRIE MM EHERARERZ, N
7.13x10° CFU/g, 1 3 K F HoAh &9 20 3] Fn i
[ 75 Rl B R EC T 40 A1 B0 (P<0.05) . 3 Al 4 2%
FEARAR PR EE B 5 Al B R IR e A B A Y,
FART 1 GOR 2 R A MR AR PR 5 5T (P<0.05)
fa AR AR PR i o 7 A B 2 TR o0 A B de IR,
6.67x10° CFU/g, LAt % 9 G AR AR AR B 3
5T L FEAR 2 1000 %5, 7% BB R AR B 356 3 75 il
THIRREB T 10° CFU/g, ik bk M bR 3 5
AL R R BCR = T 10° CFU/g, H.BEE %
TR RE, 1R 2 5 SR IR ECE I,
2 R F 34 R T

Percentage of plants with different disease grades (average+SD)/%

Growth stage " > ” ™ DI1/% DSI

0 grade 1™ grade 2" grade 3" grade 4" grade
Vegetative stage 97.50£0.90  1.00+0.87 0.92+0.29 0.33+0.14 0.25+0.01 2.50+0.90 1.25+0.23
Reproductive stage 93.83+£0.58  0.42+0.14 0.75+0.25 1.50+0.50 3.50+0.87 6.17+0.58 5.11+0.60
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lane 1-44: the tested isolates; CK': positive control GMI1000 template; CK : negative control distilled water.
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AW RER Z R o SRR BRJE T Chao 1 452K
(1 954.82)F Shannon (8.72)4& %ty i K T-{ek
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(Chao 1)FIZAEEHE B(Shannon) A, k93
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Figure 2 Distribution number of R. solanacearum
in the rhizosphere substrate of tomato plants with
different disease degree. Different letters above
each bar indicate significant difference at P<0.05
level by LSD test.

(Verrucomicrobiota), iX 5 1|7 bR FMEAR AL
PRAE ST AR S5 5 a3 83.77%F 81.86%
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(Cyanobacteria) T ¥ Bk M bR K& J5T (1) A0 Xf 7 &
(3.29%71 0.93 %) it 2 A% T AL (AR AR s 2 ot
A AR 5 (5.53%H01 4.10%) (P<0.01); FHHHEH
i 1) & A S AR B I S A ) e AR AR AR OG
S5ARTG T TS Al e, S B TR A e
18 i R b o

e A g bR AR PR R BT AG I 2 448 M&E, e

PRAR BRI T SLAG U 5 398 M@, Hoh g 392 4
Ja& I [ FAAE TR BRI R AR PR B vp . 7R3
FAT R A ET 20 s, FUFER
(Rhodanobacter) TERRMRML PR EE BT 1A X5 5L B 2%
i TR (P<0.05), 8 & (Haliangium) . TEIR
WG & (Devosia) F& A= MR A& (Bradyrhizobium)
FE 955 PR AR B 56 T A AH X B R 3 AR T £ bk
(P<0.05), BRI B 8 (Granulicella) TERR R MR PRIk
JRAARXE 5 A 2 IR T bR (P<0.01) (181 4). 11t
Gh, B ITER Ralstonia TERARARL R E
T AR 5 5 0.3%, A 3 T AR R AR
B 35 5 (R AH X 7% £5(0.004%) (P<0.01).

+ U5 B J& (Chthonobacter) . 0 ¥l 1 J&
(Arenimonas) . %4 ¥ # J& (Chelativorans) .
A3 0 500 14 & (Roseomonas) 51 )& UBA6140
HIRTERI AR 7725/ 1 J& uncultured Rhizobiaceae
bacterium . S 1T & J& (Dinghuibacter) . 4t
KB (Chryseolinea) . ¥ B H1H J& (Truepera)

B ERIR 25 BT 1 & (Alicyclobacillus) Rk BR AL PR
B A, X 10 NE 6 ANHRFAE
W '] (Proteobacteria) . 2 VHZE THIFFH# ]
(Bacteroidota) .1 AT HEKH J(Deinococcota)
1 DNHETIEEBEE ] (Firmicutes) ; 1% &
Candidatus Captivus . 1518 Candidatus Omnitrophus
AR B J% 19 KA 2 %A 16 4 R uncultured
anaerobic ammoniumoxidizing bacterium N
MPRE A ARG, X 3 MEsrHET
e T
(Verrucomicrobiota) 4t B |1 (Chloroflexi)

A

LRI I'] (Proteobacteria) .

F2 FHRESBRREERAERE alpha ZHEIEIEL

Table 2 Alpha diversity of rhizosphere substrate sample from bacterial wilt infected and healthy tomato

plants

Samples Chaol Simpson Shannon
Rhizosphere substrate of diseased tomato plants 1 954.82+96.55 b 0.99+0.00 b 8.72+0.14 b
Rhizosphere substrate of healthy tomato plants 2 181.67+85.83 a 0.10+0.01 a 9.36+0.21 a

Data are mean+SD. Different letters in the same column indicate significant difference at P<0.05 level by LSD test.

P4 actamicro@im.ac.cn, & 010-64807516



FEIFE | YR, 2022, 62(4)

1531

100
90
80
70
60
50
40
30
20

Relative abundance of bacterial phyla/%

10

0
D

Others
Patescibacteria
Planctomycetota
Cyanobacteria
Chloroflexi

W Bdellovibrionota
Gemmatimonadota

B Myxococcota

B Verrucomicrobiota

W Actinobacteriota

W Acidobacteriota

B Bacteroidota

B Proteobacteria

H

3 EMEWHFEHERSERREERAETOENEE

Figure 3 Relative abundances of bacterial phyla in the rhizosphere substrate of bacterial wilt infected and

healthy tomato plants.

D: rhizosphere substrate sample from bacterial wilt infected tomato plant; H:

rhizosphere substrate sample from healthy tomato plant. ** P<0.01.
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Figure 4 Relative abundance of some key bacterial genera with significant difference in rhizosphere
substrate from bacterial wilt infected and healthy tomato plants. D: rhizosphere substrate sample from
bacterial wilt infected tomato plant; H: rhizosphere substrate sample from healthy tomato plant. * P<0.05 and

** P<0.01.
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Figure 5 Redundancy analysis (RDA) of bacterial
community composition (at the genus level) and the
distribution number of R. solanacearum.
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H e AT AT — AR R R G T A (B R AR K
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