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AR . [FE) KA BB EN 8 RE M X R EME I KA G R LR 0 5 . 4L K IF
AAEmMEA, [£R] P RELEREY, kB Z69 RI4 Fo JJ-5 55 F 3R IE 7 B A $5R 69 45 40
VER, HPRAAERRIZBOARL R4, L6 FX3) 84.10%. BN T L RXEN, R4, JI-5
ARG 14 F9% R A B A A SRR, B RRGZ R4, P34 FL3] 9530%; 47
AR R R, HERT A E GBS LRI R ILT i, RIRRE G L, WY
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Identification of antagonistic bacteria against anthracnose of
Sarcandra glabra
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Abstract: [Background] The anthrax of Sarcandra glabra was serious, so far there is no research report
on the biological control of endophytic bacteria against this pathogen. [Objective] To screen out bacteria
that have an antagonistic effect on Colletotrichum dematium, and to study its antibacterial mechanism.
[Methods] Endophytic bacteria were isolated and purified from different tissues of healthy plants collected
from different regions of Guangxi by the plate dilution method. [Results] The results of the plate
confrontation test showed that RJ-4 and JJ-5 from stems had strong antagonistic effects on anthracnose of
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Sarcandra glabra. Among them, the strain with the strongest antagonistic effect was RJ-4, with an
inhibition rate of 84.10%. The results of the antibacterial spectrum showed that RJ-4 and JJ-5 had obvious
antagonistic effects on the 14 pathogenic fungi tested. The strongest antagonistic effect was RJ-4, with an
average inhibition rate of 95.30%. It shows that the strain can secrete protease and cellulase and chitinase,
destroy the mycelium of the pathogen, and inhibit the growth of the pathogen; The fermentation broth
containing the antagonistic bacteria obviously inhibits the mycelium of the pathogen, and the mycelium is
distorted, broken, and entangled, color deepens and so on. Based on morphological characteristics and 16S
rRNA gene identification, strain RJ-4 was Bacillus amyloliquefaciens. [Conclusion] Strain RJ-4 has
bacteriostatic and disease-resistant functions and can produce a variety of antibacterial active substances,
which can provide resources for new antibacterial substances.

Keywords: Sarcandra glabra, Anthrax, Antagonistic bacteria, Antibacterial mechanism, Identification
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KR B 28 715525 SCHR 18] 8 M il &k
T T 50 °C 24714 PDA 5535 500857, BEHR, H
THEHUR R
1.8.3 F=ESRE A RIMIE

AR UL 1 45 10 BT AT 7= I R 1 )
i o SR FH ELISA G 12X S0 5 7 il v ke il A5 1 &
W P A5 R RS P
2 R
2.1 HEHUAERFIE

DA 4 AN H 5 AT XUEETS A (A AR P (AR
25 MhILsrEsaifl 60 ARANES, Hirb, HR<50%1)
£7 50 Kk, 78 50%—60%IK4T 6 Bk, 7 60% LA AT 4 R
). RJ-4 F1 JI-5 405 A KERSG 2L, GY-12 F
DG-A S H=MF . RI4, JJ-5, GY-12 #l DG-A X{ /%
JEGE IR BN 84.10% ., 82.23% . 64.79%F
63.38%, IR R RI-4 (B 1), ffikm)

1 E#k RI-4 F0 JJ-5 3 BUH & B Ak 21 B HER

JE DG-A (F 1) MR I RUBE TS (192550 25 45
F) (4 P9 A= 20 R B B0 % T AR R B 4L 2L
il
2.2 HEmARERNEIE 2
22,1 FAENFEEEEMINEE
MR L 80%M FItk RI-4 1 J1-5 XA
YR 25 VAR 0 1) 5 D TR 2R A 0 B T,
PRI A 95.30%F1 77.00% (£ 2). fhbidl
P RJ-4 F1 JJ-5 X 14 FAE90 I LR #05A AS [ R
PIPIHIVERT, RI-4 XEREMNBEE . FEINR, 2
DURMFBER . —-EKEW . —LRIEm . XNF
PO . SRS 5 s, -5
STHRIREENG . FAANZE . FAESOR . — LK
BEIRSE 3 FPAEY SE A, B AR 0 R R

R 1 A E T XK E R = R R
Table 1 Inhibition of antagonistic bacteria to anthracnose
of Sarcandra glabra

R (FE AR A D) EUIIES

Strain name (collection locality) Inhibition rate (%)
RJ-4 (Rong’an) 84.10+1.10a

73-5 (Jingxi) 82.23+0.77ab
GY-12 (Nanning) 64.79+1.21ab
DG-A (Dou’an) 63.38+0.62b

e FFVEIE AR R NG FREFRORTE 0.05 KF2F 2. T,
Note: Different lowercase letters indicate significant differences at
the 0.05 level. The same below.

Figure 1 Antagonistic effects of strain RJ-4 and JJ-5 on the anthracnose pathogen of Sarcandra glabra strain Z1

e A: XHE, R Z1; BAIC: Wk RI-4 1 JJ-5.
Note: A: Control, strain Z1; B and C: Strain RJ-4 and JJ-5.
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Table 2 Antibacterial spectrum of the antagonistic bacteria

FFEZG I S 2 Inhibition rate (%)
Type Pathogens RJ-4 11-5
AAEW) Crops MHHE K BRI Botrytis cinerea YC-1 85.00 100.00
FREMBER 18 Alternaria sp. XJ-1 100.00 87.06
FHEMZZIIRE Fusarium oxysporum XJ-3 92.94 100.00
Fr IR Colltetorrichum sp. XJ-2 100.00 100.00
P IRAEZSI% i Fusarium oxysporum XG-1 87.06 38.82
25 rE Y BRI BER A Stagonosporopsis cucurbitacearum LHG-1 ~ 100.00 80.00
Medicinal plants =-LIREER A Botrytis sp. SQ-2 100.00 100.00
=L BB Alternaria panax/SQ-3 100.00 87.06
=LAIRMRIE Colltetorrichum gloeosporioides SQ-3 92.94 78.82
= LARERIE Fusarium solani SQ-4 88.23 40.00
N FARBER 1 Phoma sp. INX-1 100.00 66.25
SN KR Phyllosticta sp. DK-1 100.00 57.06
J VAR BER B Phomopsis sp. GE-1 88.07 68.81
X BB Alternaria sp. KXS-1 100.00 74.12
SEHNiH#R Average inhibition 95.30+0.30a 77.00+2.00ab

222 HFEREEIHEREEINEE

X 4 PRESHUA TR X S BRI AT I E A,
P S5 NE ! 1s) 2 IR SRS N 78 R R S e i}
FFERTA AR DL A B (B 2)
23 HEMAEMNEE
231 FESHFE

VUM RI-4 RygEG I A6, s
WEMIEAREY], RAMS:, BREFETE ., §=
[RYL A BHPE, TRIAREFFIR

B2 FEHEEE R RI-4 5053 3 &SR E F i BS-1
B4 4E A

Figure 2 Strain RJ-4 and JJ-5 of antagonistic bacteria on
C. albicans inhibition

232 RELABEFHHE

FRIPR RI-4 FH A5 [90%F 16S rRNA JEH 41l 7
PCR " HFIMIRY , RGN R 1 436 bp HIRLTTTRIF
H o BiZJFH 5 NCBI HAR R P HE T X 4
Mr, G5RER, Wk RI-4 S5H OO 2T # 8 A
U —FCRIRE, ik 99%, FAHIRISEE 9%k
16S rRNA JEHFHIRFH MEGA 6.0 B R Sk
WEER . ZREV(5 3), Fitk RI-4 SRR
FFEE (Bacillus amyloliquefaciens) Tt 25t & & W Y [A]—
o33 L, AR RARRIESFAME S 16S rRNA LA
T YE, TR RR) A M A A T A 2 AT BRI (B.
amyloliquefaciens), H&53%5 5 MK368385,
24 FEIAEEIIEIEAR
24.1 FHEK RI4 X RIERE R 2RSS0

Hi 18 4 F 1, RI-4 KIERON L 58 3]
P 4B H Y _E R — R R ZHGBUE 10 d R IR
B, WHAER, A FA LR
PRIZHS R, 10 d 5 HAH FR 24K, HEfl
RI-4 KEERIEFRIE AL WL ALK, 539
ISR 10 d J5 X B FIAb BREL S AT H5 50408 PDA
S b I XU IR T A 22 TE A T LS, 4
RRIIEIRLA T2 AARTE . IR, 5B ERIE
AR, TN REZH A T 22 AR ST A 2R (B 5)
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99 [ Bacillus amyloliquefaciens (IN999859)
RJ-4 (MK368385)

97 ) Bacillus subtilis (KR061403)

Bacillus subtilis (GQ148815)

Bacillus tequilensis (KT894729)
Bacillus mojavensis (KY085993)
Bacillus halotolerans (MF988692)
Bacillus thuringiensis (KX832697)
Bacillus thuringiensis (JF895480)

100

99

100

Bacillus cereus (KP279290)
Bacillus cereus (KY767494)
Xanthomonas sp. (1X997975)

98

—
0.02

B3 ET 16S rRNA EFMWEME RI-4 ZELEH
Figure 3 Phylogenetic tree of the strain RJ-4 based on 16S rRNA gene sequences

El 4 FEH RI-4 REE BT KURER B AU ER
Figure 4 Antagonistic effects of fermented liquid of the strain RJ-4 on the anthracnose pathogen of S. glabra

e A: X B: BIbE RI4.
Note: A: Control; B: Strain RJ-4.

Bl 5 BRI UE X R E R E A HAE

Figure 5 Inhibition of antagonistic bacteria to anthracnose of S. glabra
TE: A: JWEEIYIER H2Z; B-C: RAMGI MR R e 2.
Note: A: Normal mycelia; B—C: Mycelial antagonistic.
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6 ¥k RI-4 B EERE
Figure 6 The enzyme-producing ablitiy of strain RJ-4

T A BEEARSRM; B: BRPRAMERMEIRIE; ¢ JLT iR,

Note: A: Casein medium; B: Sodium carboxymethyl cellulose medium; C: Chitin medium.

24.2 FHEIUERK RI-4 FEEGRE

Kl 6 WoRFS PR RI-4 FoBERE S, ATLAE N,
FEE A-C A B KR, R RI-4 BERE
7R R A R B SR LA LT BTG . 27 e R A
EAN; B RI-4 FEVEMIC B A& BB 25 A |
SRR BEFILT FEIE . S5 R, EOEE.
LEYE R AL T RS P o5 19.95.76.77
78.70 pg/mL. RJ-4 FERERE /WAL T 5L | £F 4E 25 il |
HMGE KRN, WA FIRANMIRE , IR IE
T-o RI-4 F5HUA R AT T — PR AR -
3 wig

DKIAF ) N A A T LA RS AR AR ) XTAE TS
BG4 A5y A B I 58 B VR FH T e
RS, TEAEYA T A EEAEPT A
AT 9 BT VR DA A 5 2 SIS £ AR 119 25 N 4 3 45 3
—BRIE PR R W N A A T, X BRI I LA B
A [ LR RN 20 P EL AR 1S SR BTEARE
MEF DR REREN, KUK
Pk RI-4 52RApT iR @A DI E S R, ERAR e
R BRLE [F]— A0 32, 4 56 0 S fide 0 s 24 4
FFIE (B. amyloliquefaciens).

it VE R il 24 6L TRT R 1) 22 o I L O N 20
WL, BAR)TIEEEE, R4 YIBiG Iy (A
AR 2 AN 9 25 ) A VAR B AT 1S e
it} 2 AT D BB A2 1 A 16 A 22998 TR TR 22 A6 K Aot

TR A AT 22 A% T AR D S D Y
REZE ARG , L RE IR SR 55 R e o 104
HXF BEATEBER (Fusarium acuminatum)BAG 5555 /Y
RSP, SRk 87.67%, H X B &G
4510 FRIYIE At LA B AR Y, AN
0 1 O T AR T A T A LA TR XS R BB I i
WS PUER, BXT 14 Rl By H AR
PIFEBCVE T, ALFE A AR F 24 A s Dt L TR 45
3 FiF 6 At

WAL, ZEAIAE 7 AR BT ) BT AL FE FR A% b
RGN T REZ IR R | 20 L RE [ i il 2t
TR — ST TR 2 ) FH R AR TG i g R 2
ARG =%, F8A 3R, DREHG R
R RIETEHERRAFFERS. Arrebola 5
7% K BRPPRG H0ER K (iturin) = 250 i 0 R B 15
T P T 0T L P A A s A i Y (ELXG) 400 T 0
LR R KSR TR L A
153 i vE R Wl 2R AT TR, B AR R R A
PR IRZRAE G, X B 22 S T S AR TS
s R ELAT B AR . R &R (fengycin) 42
XF 22 R L B AR RS HOE T, (BRI PL
AT 2B T TG M 2R (surfactin 7 A= Y 2 T S
PEF ELA AR SR TG, AT A R ] A T A T
ol 240 TR 4 M RSV A, ORI 25 A, (R I
TR B PR LA 3 0 AR S0 T S /N R F AT
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PO A R TE TR MR, XK B KGR A
(Xanthomonas oryzae) AT 5@ BN HIVER , (HXT
T 3% T A% 9% T (Sclerotinia  sclerotionrum) 3 /F
5§50 TP R B DN A A R B R AT TR P A
N RS R Psats J A AR A 250 T T 22 A O L 4
MIEZEAL . BlRTJTRRRIEAR, Xz BA 2 1 Biih
RO

ZEHOFT TR AR A AR 2K f e, ATV R DA,
i AT O LR A L RE O 2 A, R 22 iR, &
BEEAREAER . X UK G LA LT g
HAMG . YRR, HREREED, i R DY
KINT —HRZFHAFEE G3, Al AR ERE R L
TGN AE YR TE R AR 3 MU R,
i R TR 2R BEAT R ) BT B o T T 22 2R G, 2k
ST 22 T B A5, A I ROE A e, Boffif
W, A BA s JLT BT EE AT I 22 AN REE
AR, THEAHEAS A RITE—dE . 75 A SE 56 v i
VEMD ZF AT IR AT 7 AR LT Ul . AR 4R A
ity 5 Z2 PP U TR TG PR BT, AT B g A R i
Tit B3 [ FE A0 60 B o Y ARG, SRR BT B
TIRSIHY A AN SCRIFSE T B0 AN TR U R T 2
FUFF GO S A AR E T, IR Bi R B A T T
WUE , AT A U2 b I 28 A T A R AR B T
BLFR LA B 2368 F0 HH 8] 6% B 3 OR 5 A T30 5 7
AEgRIIE .
s s

AWFIE NG R RR SR . 25, ndEk
SEATE] 60 BRAATE, XTI KU BIFEHL/E
ORI MR RI-4, HXPHHKH 14 Fiop sl A 2
A FEHURCR s PR AT LA 3 WA 25 1 e AN 2T 4
REGLASILT i, BRI 22, MR A1
T RI-4 T TR I A B0 Lo 0 T 22 B S
i, B2z, Wil Rorkigiss | w22 B inis
& B ERER T 408, R4 WA T
R FRVERY ZE AT I (B. amyloliquefaciens) . %% I Fr
R, RI-4 AR EAMEBRER, I AH R

Py A B R S A T E A
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