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Isolation and identification of the causal organisms of ginger bacterial
wilt and screening of Bacillus strains for biocontrol
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Abstract:[Objective] We investigated the occurrence of ginger bacterial wilt, identified the
pathogens, and screened the antagonistic bacteria, aiming to provide a scientific basis for the
control of the disease. [Methods]We systematically investigated the occurrence of bacterial
wilt in the main ginger production areas in Chenzhou City, Hunan Province. The ginger tubers
with typical symptoms of bacterial wilt and the rhizosphere soil were collected. Major
pathogens were isolated and identified based on morphological characteristics and molecular
evidence. The pathogenicity of the isolates was determined by inoculation of the isolates to
ginger seedlings. Moreover, the sequevars of Ralstonia solanacearum isolates were identified
based on the endogenous glucanase gene egl. Finally, the Bacillus strains for biocontrol of the
pathogens were screened, and their biocontrol effects were measured. [Results] The average
incidence of ginger bacterial wilt in the field was 8.52%. Two bacterial strains FJAT-15492 and
FJAT-15494 were isolated from diseased ginger tubers, and three bacterial strains FJAT-15495,
FJAT-15496, and FIAT-15497 were isolated from the rhizosphere soil of diseased ginger. The
strain FJAT-15492 was identified as Enterobacter mori and the other four isolates were R.
solanacearum. Both the isolates of E. mori and R. solanacearum could infect ginger seedlings
and cause bacterial wilt. R. solanacearum strains existed in both diseased ginger tubers and
rhizosphere soil, while E. mori only existed in diseased ginger tubers, with the count
(1.33x10° CFU/g) lower than that (5.67x10° CFU/g) of R. solanacearum.Furthermore, the R.
Solanacearum isolates were identified as phylotype I and sequevar 14. Brevibacillus brevis
FJAT-JK-2 demonstrated inhibitory effect on R. solanacearum, and Bacillus velezensis
FJAT-54560 on E. mori, with inhibition zone diameters of 19.41 mm and 16.11 mm and indoor
control effects of 69.45% and 61.11%, respectively. Moreover, the fermentation mixture of the two
biocontrol strains had the field control effect of 52.57%. [Conclusion] This work identified the
pathogens of ginger bacterial wilt and provided two new biocontrol strains against the disease.
Keywords:ginger bacterial wilt;Enterobacter mori; Ralstonia solanacearum; Bacillus; phylotype;
sequevar
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x1 BHERELEN egl EEFINTEHEENSIHFT
Table 1 Primers used for phylotype and egl gene sequevar identification of the tested Ralstonia

solanacearum strains

Primer name Application

Primer sequences (5'—3") Fragment size (bp)

AU759f
AU760r
Nmult21:1F
Nmult21:2F
Nmult23:AF The forward primer for phylotype III

Species-specific primers of R. solanacearum

The forward primer for phylotype I
The forward primer for phylotype II

Nmult22:InF The forward primer for phylotype IV

Nmult22:RR The reversed primer for phylotype identification

Endo-F
Endo-R

The primers for egl sequevar identification

GTCGCCGTCAACTCACTTTCC 280
GTCGCCGTCAGCAATGCGGAATCG

CGTTGATGAGGCGCGCAATTT 144
AAGTTATGGACGGTGGAAGTC 372

ATTACSAGAGCAATCGAAAGATT 91
ATTGCCAAGACGAGAGAAGTA 213
TCGCTTGACCCTATAACGAGTA

ATGCATGCCGCTGGTCGCCGC 840
GCGTTGCCCGGCACGAACACC

GenBank Z 4 2 20 5528 Fp A G R M TR AR 1 egl
FHFH, B ClustalX #F, HHHLEK egl
S P9 SR AR R egl JER P9t T 2 &
Foe, NI ERG LB, e ftiXE i
VA& 1 e 51 A8 Tl
1.6 ZEIEHUmE B S B 5F AT E iF ik

DA AR 2 B 1) 29 S0 T SR AT T N
MR R EEAR T, DA O A 2 LT 7R U R
i XX 2 A it R EL S B T A 2R AT I .
il 55 SR I R R RUZ B 7R Ak SEThl S NA K
BRI 1.8%308), AAJEH 1 mL WREN
1x10° CFU/mL I BUR R 5 9 mL NA 2 [F {45
FRHE(T 0.8%IIE)IEA Y SIEBEIA NA [ 4k;
IR b HEEEREN 7 mm FTFLARAEEE S
HEAR B ATl BERAZFMAT RAE NA 554k
TWAL)E . HeFh NB B53R%E, 30 °C. 180 r/min &
PR FE 48 h, BiFEWGE 0.22 um BERRSE . A
WUZ BRI LA, AT K AR A B P %
FERE R AE I PHMEXT IR, B8 R AR BT A
T A R A BE R TR UL )22 5% % 5 o B S I ok B2 3 31)
7 100 mg/mL F1 200 pg/mL, % 5 PNEHE ,30 °C
iR 48 h Jm, IR E EAR
1.7 S FREAERENZEEREWR
1.7.1  ZEARGRUNE

W AR G 3 B 1) A B 2 BT TR (FIAT-JK-2
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J¥ 10° CFU/mL), 3 d J& $EFh S0 B 1 (1 vk 3
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WAL PE 12 BRZET, WIANER., BEMEER
WEAE IR RRIEN, Gt kiR, B4
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FH T FH P B 2 AR A R BE . 4=
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25 1.7.1 MFEHFBZE 10° CFU/mL, Z{RFUR
B, MEMEER A AR (Ib L), 500 mL/Fk,
10 d FEARALHE 1 vk, ELRACEE S K, KA
X HE, AbFRZE AN AL A 3 R (PI IR K38
21 8.5%), THa | IRIEFEHE 5d, GiitH
() 229 AR 23, JF TG AR B 0% FH TR B VR RIOR
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DI=(dn/tn)x100% (1)
CE=(DIg—Dlcx)/Dlcgx100% 2)

K. DI MAEFEHR, dn R RPBREL, tn i
MREL, CE MBITGRIUCE, Dl HACBEL LR,
Dlcx N XFBEZH KR

2 BRS04

21 EEHBAFEE. FEHS
B ESHHEREBHMSENE

2023 4F 7 %I R A4 MM T vk L 22
R, AR R B A B T (BE AL A
8 MMH M), HIEAE4 &K 8.52% (K 1A). &
I ZE HUARTE P T A, T E R IR 4UR
AR, BFRSA A (& 1B).
Wik pE it b, Bk, 2R RR
S T

IR RAEA S B R 2 BREUR I, TRIPR

%553 W M FIAT-15492 Fl FIAT-15494, 295
MR 23 3 PREBORH , W5 503N
FJAT-15495, FJAT-15496 #1 FIAT-15497., Hrh
bk FIAT-15492 76 NA Bt bR 2 d, &
wEN, BUEME ., RE A, REDEHE . BA
WshYE(E 1D); Hhk FIAT-15494 , FTAT-15495
FIAT-15496 #1 FIAT-15497 7 TTC F# F}i3%
2d, WYESH R ARSI 8. WY
ERETE AN, FREgE, BAwshtE, &
kL fa, g 10).

O E 25 AR, 3B 1Y BE AL A A
MR ERN 12 d, IR, WHRIL%
G, #ik, HEENTAFHZEE 1IF), 5%
ik FH ()RR — 3 . o5 —FhBUW Rtk FIAT-15492
A, B I FEARER, (H A RS
FEAP 20 d FERAFE 4G T B E (K] 1G)

Figure 1

F1 ZEHEAHER. REESBERERBHENE. A: HERWmEE; B: KREYAER; C. D:
LRI EHIEIE s E-G: 2r BT R I (F) FI ST T8 (G) R BOR PEAS I, 75 7K S % R (E)

Symptom, pathogen isolation and pathogenicity determination of ginger bacterial wilt. A: The
diseased plant in field; B: Symtom of the diseased ginger tuber; C, D: The isolations of diseased ginger; E—G:

Pathogenicity test for the isolations of Ralstonia solanacearum (F) and Enterobacter mori FTIAT-15492 (G),
with water as control (E).
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22 EZEBEHREMSFEE

HEAE T S R AR ) 20 5 5 O 5 A TR B TR AR
FJAT-15494 . FJAT-15495 . FJAT-15496 #
FIAT-15497 (K 2A), tE— 25 F] F 5 hl o e S A
M 319 pehA#6 Fl pehA#3 AT/ T2 E, 45%
FH, & PCR Y'Y, 4 HREMUEHHSSH
PR GMI1000 FH P B 355477 3 1 504 bp 1Y4RF 5
PEZ&ATT , JCTR K B P X B 14 3 AH D 4541 (8]

2B). NI, i E Hikk FIAT-15494 . FTAT-15495
FIAT-15496 F11 FIAT-15497 A4

2 16S rRNA H:H%5E, FIAT-15492 5 E.
mori B bk D117 1 16S rRNA J K 51 #H bl
Mt , o 98.20% 7 RS K B L, FIAT-15492
5 E. mori #EE R D117 RAER—JRE(E 20).
I, 28 16S rRNA LA %57E FIAT-15492 R4kt
A E. mori,

M 1

2 3 4 CK'CK-

504 bp

Kosakoria radicincitans DSM 16656" (NR 117704.1)

100 d_—Enterobacrer aerogenes LSRC 1647 (JF 772083.1)
Enterobacter oryzae AB 285" (HQ 706110.1)
Pantoea dispersa LMG 2603" (DQ 504305)
Enterobacter huaxiensis S157 (MN 044786.1)

Pantoea agglomerans WIB 357 (KU 877636.1)

Enterodbacter mori RP-017 (OL 719243.1)

Citrobacter youngae Y17 (KF 641927.1)
Enterobacter tabaci N22" (MG 554640.1)
82/ ectercia adecarboxylata C107" (HQ 407282.1)
4 E)[EEnrerobacrer quasiroggenkampii WCHECI-1060" (KY 979139)

100

Enterobacter tabaci S4" (MN 857720.1)
Cedecea davisae THB B 61397 (KF475889.1)
Enterobacter mori CN 327 (MW193344.1)

~‘ —— Enterobacter gergoviae TyB1" (JF738074.1)

90 FIAT-15492 (PP218373)
_|— Enterobacter mori D117

58

(MW 990113.1)
96 Enterobacter mori OsEp AN 30A20" (MT 367862.1)
— E ; T
0.005 nterobacter asburiae PxG1" (OR 244035.1)

B2 ZEHFRELE. A: DPETHENESYEE: B: /BT ME R T4EJKE M: DNA 431
BEARC; JKIE 1-4. SHAE AR CKT: S @R GMI1000; CK: TR K X B#); C. FEF 16S RNA
FEIN 91 ST B TR VR FIAT-15492 5 HGEZ R i & B

Figure 2 Pathogen identification of ginger bacterial wilt. A: Morphological identification of Ralstonia
solanacearum isolations; B: Molecular identification of R. solanacearum isolations (Lane M: DNA Ladder
Marker; Lane 1-4: The tested R. solanacearum strains; CK": Reference strain GMI1000; CK : Distilled
water as negative control); C: The phylogenetic tree based on 16S RNA gene sequence of strain
FJAT-15492 and closely related species.
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23 ZEIHRE/D BN

Giit 2 PO R Eow B SR A T A0 A
TENR 2 HFIIR 2R R L3P g A s, 45
mk 2 WoR, FZWIGFFEFE R TER Z 0
BorAn, (HE AT i 5 (5.67x10° CFU/g) 2
T R AR R A 4 A B (1.33%10° CFU/g)
(P<0.05), 3 W] 22952 H1 S T B A5 Al TR R
HiRY, HEMBRRER ., fERERA LIE
H RS I B 4 T AR 434 (216.67x10° CEU/g),

R2 EERFEERRMKRZTBRNSTHE

A 0 2] AR B T
24 BEWHEACEHEAMFIITHHEE
S3 BB AR ANTR , G5 03 1 h FIAT-15494
FIAT-15495 . FIAT-15496 Fll FJAT-15497, %7
fEBISE A PCR YIS, B 2 &4, R BER/D
43928 144 bp F1 280 bp, H:H1 144 bp 571 A1
AL BT R TP 255, 280 bp %75 S 5 i T 110 4
SRS (B 3A), REHZR B B0 4 MRE A
B8 T AL BT GIE Y043 30 bk

Table 2  Distribution of causal organism in the tuber and rhizosphere soil of ginger with bacterial wilt

Pathogen of ginger bacterial wilt
number (x10° CFU/g)

Tuber of diseased ginger distribution

Rhizosphere soil of diseased ginger
distribution number (x10°> CFU/g)

1.33+0.58b
5.67+2.08a

Enterobacter mori
Ralstonia solanacearum

0.00+0.00B
216.67+35.12A

Data in the table are mean+SD, and the data are the mean of three replicates. Different lowercase and capital letters in the same
column show values that are significantly different at the P<0.05 and P<0.01 level, respectively, by the least significant

difference (LSD) test.

Abp M1234CKCK € FIAT-15494
2 000 FIAT-15495
96| FJAT-15496
1o 50| [FIAT-15497
500 Pss81 (FI561066) sequevar 14
100/ SXXX-2 (KT961490.1) sequevar 44
250 280 bp CMR134 (EF439740.1) sequevar 13
100 144 bp GMI1000 (AF295251) sequevar 18
Pell (FI561084) sequevar 17
B bp M1 2 3 4CKCK = YNLXBS-1 (KT961460.1) sequevar 55
56| —UWI151 (AF295254) sequevar 16
2000 891PSS358 (FI561065) sequevar 15
1 000 —ﬁ R28 (DWO011552.1) sequevar 9
750 840 bp 100 Psi7 (EF371804.1) sequevar 10
500 100— IPO1609 (EF371814.1) sequevar 1
250 L CFBP2047 (AF295262.1) sequevar 7
100 —— CMR33 (GU295007.1) sequevar 20
99 CFBP73433 (KU255934.1) sequevar 19
0.01 55 CFBP73059 (KU255917.1) sequevar 23

& 3

HXESHENECEMENTHEE. A: 4t
M: DNA 4 FE8Ebric; WKiE 1-4: P w i mak ;

PR 2 AL B S PCR 419 7 W) 1) i Dk 18 (DK 18
CK": ZH Ak GMI1000; CK : JCH/K*H);

B: Xk egl Z:[A PCR ¥ Wik fl; C: 2T egl ZEIN P SIEL Y 3 BRULICERAR 19 4 A

Figure 3 Phylotype and sequevar identification of the tested Ralstonia solanacearum strains. A: Phylotype
specific multiplex PCR product patterns of test strains (Lane M: DNA Ladder Marker; Lane 1—-4: The tested
R. solanacearum strains; CK": The reference strain GMI1000; CK: Distilled water as negative control); B:
PCR results of egl gene for the test strains, the represents of each lane were the same to Figure A; C:
Phylogenetic tree of test strains based on egl gene sequences.

http://journals.im.ac.cn/actamicrocn



144

ZHENG Xuefang et al. | Acta Microbiologica Sinica, 2025, 65(1)

FET egl LT A% 43 25 B (1) 4 bk 75 A 7
IOV AERSE, PCR #2547 K/l 840 bp
(¥l 3B), 4 BREHITE egl ZEHFH]Y GenBank
CL AN R P 9 AR B R A 7 [R5 Exs, R FH AR 7
WERRGEKFW. G5RFW, L 4 BRFHTE
¥E TP IR 14, 12 R GMI1000 J& F
AR R 18 (K] 3C).

2.5 EEHRE /RS REATE T

HEIAY 21 PREFMAFF IR, DS 28 FOAT 2
FIAT-54560 X} 2B 7 ¥ 18 FIAT-15492 F 55 4
FitE R, @R B2 K 16.11 mm; %6 %0 2 AT
A FIAT-JK-2 X 75 4 A FIAT-15494 i HA7 358
PIRIEYE, PR EAR N 19.41 mm; 1 X% R 6k
B 2 00 S AT DA RN T A TR R 4 B LA A o
#x3 ARFHEAENZERRERABINEN

19.56 mm F1 23.14 mm (% 3).
P A BB FIAT-JK-2 F1 FJAT-54560
XTI N B, A5 R R, XL 1 (CK1)
LPFEREAN T T 12 d RO &, 23 d fE
PREIRH 100%; X HEZH (CK2)2E 1 7 e Fh S0
AP 20 d FEARFFAG A, 35 d FEPR AR
100%, AbFEZ] 1 (TR1)THEF FIAT-JK-2, 3 d
JEEERh R, AR 18 d FFER &R, HE CK1 #EiR
K 6d, CK1 & 100.00%H, TR1 A
WM 30.55%, BB FIAT-JK-2 RS2 BRGA
69.45%. ALFRZ 2 (TR2)HiFERN FIAT-54560, 3 d
JE BRI IAFT I, FERE 25 d FFER &M, H CK2
R &M 5 d, CK2 &K 100.00%AT, TR2 2
BRI N 38.89%, BHEIGE 61.11% (3 4).

Table 3 Antimicrobial activity of the different Bacillus spp. strains against ginger bacterial wilt pathogen

Strain number Species

Antibacterial circle diameter
against E. mori (mm)

Antibacterial circle diameter
against R. solanacearum (mm)

FJAT-54970 Bacillus megaterium 0.00+0.00 0.00+0.00
FIAT-54974 0.00+0.00 0.00+0.00
FJAT-54978 0.00+0.00 0.000.00
FJAT-54986 0.00+0.00 0.00+0.00
FJAT-54989 0.00+0.00 0.00+0.00
FJAT-2349 Bacillus velezensis 0.00+0.00 0.00+0.00
FIAT-17531 0.00£0.00 0.00+0.00
FIAT-51047 0.00£0.00 0.00+0.00
FJAT-52631 0.00+0.00 0.00+0.00
FJAT-54560 16.11+0.15 0.00+0.00
FIAT-54972 0.00£0.00 0.00+0.00
FJAT-19700 Bacillus tequilens 0.00+0.00 0.00+0.00
FJIAT-54984 0.00+0.00 0.00+0.00
FJAT-54973 Bacillus thuringiensis 0.00+0.00 0.00£0.00
FJAT-54975 Bacillus safensis 0.00+0.00 0.00+0.00
FJAT-54979 Bacillus licheniformis 0.00+0.00 0.00+0.00
FJAT-54981 Bacillus amyloliquefaciens 0.00+0.00 0.00+0.00
FJAT-54985 Bacillus aryabhattai 0.00+0.00 0.00£0.00
FJAT-54987 Bacillus pumilus 0.00£0.00 0.00£0.00
FJAT-20261 Brevibacterium frigoritolerans ~ 0.00+0.00 0.00+0.00
FJAT-JK-2 Brevibacillus brevis 0.00+0.00 19.41+0.14
Streptomycin as control 19.56+0.32 23.14+0.46

Data in the table are mean+SD, and the data are the mean of five replicates.
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Table 4 Control efficiency of two antibacteria
against ginger bacterial wilt

Treatments Disease incidence (%) Control efficiency (%)

TR1 30.55+4.81 69.45+4.81
TR2 38.89+4.82 61.11+£4.82
CK1 100.00+0.00 -
CK2 100.00+0.00 -

The data are mean+SD, and the data are the mean of three
replicates. —: Indicates unable to calculate.

26 E£BHFREAEXNZENHEFRE
e

A2 B i FIAT-JK-2 Fl FTAT-54560 [ %% %
F, 300 FEFERG SRR G, HEMRER S22
AR, &7 d 2 1R, #L Sk, 4
AR, X B2 R BRI R IE 19.44%, Ak
FRAH 1) I P R 9.22%, ~FRIBRGA
52.57% (K 4)

4 EHELEAFMBKSEBRABZEELRFER

Figure 4 The incidence of ginger bacterial wilt in the field under biocontrol agent treatment(A) and water

control (B).

3 WikEE®w

0 9 AR 1 AR 27 R T BT A
Fo KWILCK, X 26300 W — BAAAEE AN
(BT AR5 X 200 s e 1) 22 - 358
FEARBATEOR A 2 2lifk, R4 16S rRNA 3
DXL 0 75 A R e Sk 5 LA DN, 22 0 S0 T
J E. mori #1 R. solanacearum., 44325 ] 1 2 Fh
FOR A MR, RS R RN F BER S
FH 1] 22 e R — 3 22 NG 4t D 220 &
By 55 SO N A I AT U0 BT
W ATVE N A RN AT, 1A T 40 T A A7 BUE
FRUBRSM TR AR ZE A R, i R R
AN, EHNIMRZMR RN, IR FERHE
R R Y5 R AP ARG KRB, WM
JNTH 2 AT RE& 1 E. mori Fil R. solanacearum
RARESER, SATAMREHREARRN, BE

WAL 2 PR EIRG Y, AL R
solanacearum “~ i #Fh

2005 4F, Fegan 54 HHEE AT 4L
4 AorJEon, RVRh . AR R A AR FROR B
WE, JREESE TARR S kDY F g
B, 3 A T DU AL R DR 210 AR5 R
AT A PCR OB 2200 53 B3 1Y 4 BRE Al AT
YE NEACTNL, S ET AR IR A A A, 3
T egl FEHFH, HHEA T 15 P50
PR R R, SREEMIR 75 3 L AH R X S
T, A HE P AR SR,
She SEMHFRAI, |7 ARV ZE b4y & RNIMFHTHE
FEFE S ARTREII P AN AS R ARBESE R B, M
I I B BN A BREAN R S AR R 14 1Y
AR Pss81 RAE—HE, — ik 96%.
Z W AR GMIL000 W& T )% 50 A Fh 18
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GMI1000 5 Pss81 ¥4y A FAmard, Hh
GMI1000 F1 Pss81 43 4l >F i i J& = AR A =]
E 5 o Uh B R B T 4 AR R A A b R U
oA M

ZF MR TR R 4 A R L LA AR R Bt
SR, SRS RRE, BN B R A B N A
PR R — 0 SEMAT R E ) BT
FHOEB A, SR ZEIAT Y. AR R AT
R DL SRR 2 R A o 2 0 B0 T 2 L
ARENIHAER, 2R EEYHRNLR
PRI T U5 . FH ) 07 A 2 BH 2 AT 1A 2 7 o R0
FasE . 5 AR 25 B AR 2 1 45 O T B B A
Hofh AR B, ABEZT N 21 BRAS [F] ZF B AT B
i 30 HH 46 o 2 AT B FIAT-TK-2 X 275 Ah 1T
DL ST 28 AT 1 FTAT-54560 Xif 22 3544 I AT i 2
AIEPUERI M RPE, 2200005 i A P B iR P it
A= B TR BT

Az B A S 56 o B 31 [ g e — AN A2 4
AT FE . ASBIF 5 0 2k B0 220 SO i B AT B3
MBERCR 2 MRAEBT AR, % N BRIk
69.45%F1 61.11%, {H 3 K& IR A W) H 8] [
ALK 52.57%. VFZWH5ERB], A= B i B H [
B 5K 2 P 00, g D PR AT 2 H i)
WA, AAFERIERZ, 1545 5 i
[ BRI FLAR R e, 1 HLpEE BG4 5S
IR, ABWEBRES K, WSA &%
KB, HE B A B ZE T T (Bacillus subtilis)
B-001 X il B 44 A [F) 5 (1) 40 55 75 Al 95 B 3 A F
40.03%—78.14%1, Xt FLIMAYBE 2, Al 74>
AR i B, ann] 2230808 1k
2 A 2 F0 A= Bl TR 7 A2 it P R 4 v B TR SR o
A2 4 20 AR 7 DA 700 2 T X A s 3 3 R
EAVFZMIE, KSR A B NIJ13 [H
F 5 3% U 25 i AT 14 (Bacillus methylotrophicus)]
A3 2 Tl Ak 2450 (TR A TN A Tk FH B s )
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S, X NS BB 18] B 8O AT 16 5
TERIBH, XIa BT R B, AW 2 I
b702 55 5 5 TR 0 %S SHABURE o 1) 17 3 28R 1D
BARTEA, fm, FEPIAEAT : £
MR N IZ e A L HEK R R A
TR UTiok & Sl = B L S R € 5 i
frah Al s fEAE 2R R, WS 2R HEK,
B KM, KBk, B IHZ RS o SR 2EF s,
i 2 X 0 ) A 9 TR A T SRR | TR PR
Vol o NN VYRS % 82 St 77y 1
ASIIT 2 g S0P P A 75 T 700 P S B AR ™2

(!

HET7: Asiitsiieit . Bl Ang s
B SPVLER . DUST R I B 0 1 M R
BB L ERF-: 25 A B A 5T
MIESCELT s HfR: S50 R B0 I 4 E Al
AR e s RS B A B A
WE5Es B S5 REEURTESEE ;s BRif
B ZHBGE XIE: ASTRRR BT IE
BT .

16 # A 25 ¢ RATE 7 W

VR 7 AT AEAT A AT E2 5 Wi A SCRT i
W TAERE AT sl AR R

S 30k
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