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Isolation, identification, and biocontrol activity of an
endophytic strain Bacillus amyloliquefaciens CGB15 from
sugarcane

ZHU Luyuan, CUI Guobing, SUN Wenda, YIN Kai, BI Xinping, DENG Yizhen"

College of Plant Protection, Integrate Microbiology Research Center, South China Agricultural University,
Guangzhou 510642, Guangdong, China

Abstract: More than half of the crop diseases are caused by fungal pathogens, which comprise the
majority of crop pathogens. In addition to germplasm improvement via breeding and application of
agrochemicals, another efficient strategy for disease prevention and control is to isolate and apply the
biocontrol rhizospheric and/or endophytic microorganisms of the crop. [Objective] In this study we
screened, isolated, and identified the endophytic bacteria with antagonistic effect against fungal
pathogens infecting major crops from sugarcane to provide a theoretical basis for developing a new
strategy for the biocontrol of crop fungal diseases. [Methods] Plate confrontation assay was used to
isolate bacteria against multiple crop pathogenic fungi from sugarcane leaves. We identified the isolates
based on 16S rRNA gene sequences, tested the inhibitory effect of the candidate strain on the sexual
mating/filamentous growth and teliospore germination of Sporisorium scitamineum causing sugarcane
smut, and then carried out field trial to explore the effect of the strain on sugarcane smut under field
conditions. Furthermore, we examined the inhibitory effect of the candidate strain on the appressorium
formation of Pyricularia oryzae causing rice blast, as well as on diseased spot formation of detached
leaves and rice seedlings cultivated in pots. [Results] The isolated bacterial strain CGBI15 was
identified as Bacillus amyloliquefaciens. CGB15 suppressed sexual mating/filamentous growth of
S. scitamineum, making the fungal colony appear smooth under confrontation culture conditions.
CGB15 suppressed the teliospore germination of S. scitamineum, with an inhibitory rate of
(89.01+0.12)%. Under field conditions, CGB15 treatment showed a relative disease control rate of
48.65%. The supernatant of the fermented liquid of CGB15 inhibited the appressorium formation of
P. oryzae, with an inhibitory rate of (93.55+1.11)%. Moreover, such supernatant suppressed the
formation of diseased spots on detached leaves and rice seedlings cultivated in pots. We thus infer that
CGB15 can produce and secret bioactive compounds to suppress the cell differentiation and
pathogenicity of P. oryzae. [Conclusion] B. amyloliquefaciens CGB15 is an endophytic bacterial strain
isolated from sugarcane leaves and has the potential to be applied in the prevention and control of

sugarcane smut and rice blast.
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WAE TR TEAE I R rpad ot 27 A | A 5575 X
51E FIAE, ATLMRGF E s e ENER . [FI,
A AR TR AT DL 43 1 LA 0 BRI R A AR A
P, A TR R R TR R E AR YA
T E R T o FEARAEY N2 55 VR i) 9 AR A T
EWkia# 129 A, 54 Mg, EENZFM
M & (Bacillus) . {BCR- il 5 J& (Pseudomonas)
o T A FC TR R (Klebsiella) . BFT I & (Enterobacter)
Y B AT EEALICEE BN,
HECHRIEZ 21 &, S aFEEE. 1
FREE . A s E Mz s P, Hop sy
55 8 2 W 8 ZF A I8 (Bacillus spp.). X
28 I (Agrobacterium radiobacter) . 115 ¥ JFT
Wi (Pseudomonas spp.)Z7, Hop, ZFAMH
J& 41T BGMRC03005 Xif H ik #f 161 3 22 4} 14
(Sporisorium scitamineum)ft) 3 FIEZ . HARA
WERERE AL . DU TR 22 Tl A IR A f 1 2k
KEBHAMEERS, Hit, @8
PN A= T AT AR A e 50 LR A A T eI N 1 A
Bite, e FErl 1Ty,

AR BT B RO BB A A
J7L SRR R, — B AR B ST B R
Z—o AT A B HLE LA LU LA
(1) 5 TE PR BE IR S 375 (2) bt
WY GUAER . PUREAS); (3) AR
M5 4) BREYBURED @k 2F AT R
MR SRS B e, e XL —E
Al FZECEEERR T 253 1 B
TEM ZFFATTE , X KA BEAS A S f e
J1. R ARy L B A 5 8 b R R 5 e i
HE AT SR, Btz %+ 4
NS 1 BRI TEAD ZF AT I CH22, X il =A%
BT AT SR ZL A IR FAY e A5 LA
AT T4 B A 2] 1 RRRE S5 DT BIABURE 2
10 1 T A 2 FRAFF B U SR T A AR T s 2E AT
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PR O3 B R, RS RR AT M S AR AR YY)
RN H R IE B OC TR Y N AR fil e A 2 1
PR T R R A0 £ W B 1 A A DGR 1A

ARWETENH BEM B0 85— Pk 5 CGB15
FA) PN A A BT, 22 55 5 R i DE M9 ZE AR 1T (Bacillus
amyloliquefaciens), CGB15 X} ZF{vjj 5t 14 18
22 KA B R IAAVE AT s OF RBAE S 4 il
I A TRk TR A PRI B R B R TR 22T
B AR K, 7R H ST R Ra I p
PR AR . CGB15 M 3% W L B 11 il A
B A6 7 B B B S R R B, Rt
CGB15 HA W T H e SR A 5 7K F A
HEWIBT IR IR RE

1 #RE5xF*

1.1

AT ] TP AR IRF 5 532 (1 22 R B A
e A SRR B (Sporisorium scitamineum)
PSS BE RUAR AL T R AR WT17 H1 WT18 (A PR
4. FEFLHE (Pyricularia oryzae) Guy11l FEEE(A
TRAZH) . 75 8% 55 & 55 T8 (Peronophythora  litchii)
SHS3 B #Rk(FE g A Ko7 2 T IE R PR |
Ji2 76 i) 3% 70 B4 (Colletotrichum  gloeosporioides)
16GDYJ1 FRR(HERI A K AR K w2 s |
A LM 22 I S AR 4R T R (Fusarium oxysporum
f. sp. cubense) XJZ2 Tk (I ARk K27 2 F1E
HFRE ).

B3R 6 i I IR B SR I B Y Oy 28 °C,
JHC v R 7 S SR TR BT RS SR L YEPS,
MRAE N PA, ZHBRAESE A W bR
B, R P IEEFRAEE h PDA. HAKFC BT
YEPS $ige 4. MEEHERY 10 g/L, HEAMK
10 g/L, TEHE 40 g/L, BEERFHRS 1.5% agar;
PA [EIRREFR3E . UK 2.5 ¢/L, JEWE 2.5 g/g,
PO 40 mL/L, EEEREEEUY 1 g/L, BiEHE
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10 g/L, ¥ pH 2}y 6.5; HA8 MREFRIL . Ri g
N 250-300 g #EVF, JKZE 1 L (EAEFERS
1.5% agar); PDA [{kREF:5: . W44 PDA
T¥r 46 g/L.

1.2 HNEEHMSE. Fit

M RoRAE . HREGHAP . B e 22)0t Aok
H AR AR R 27 A 5 B TL T TEAE 5 L Y T A
HI(113.34°E, 23.15°N),

M e KRR Ak 3k, 3%
i EALE R 1 min, 100 mL Z %R 1 min,
6.15% % A i -20 B EERIZ L 5 min, 3%
AR 1 min, KR AYHLEKEE 5-6 K, Ik
fJE 1 R TM 7riK

HERAW . &5 1 IRPERMIK, IRETH
AR LB AR b, TEE, 37°CIRF7F3d,
WA A WA, WA BN #E A E 4,
T L FHREM T

M WFES . BOH BRI 2-3 e, oF
JESE4, 1 mL KB aik, 5 2 mL
TR E.OE T, REE.G, W EEmE, W
BRI 100, 10%, 107, 10*, 10°,

W TE 2 M e TR RS I A SR U
BBV 34 LB BAR, T, i, 28 °C
B SR 3-5 d R IE T S PRE A FIE S,
FH LB W IARE #7537 °C il LR 5 76 LB
PREE SR PRI . SRR, LB Wik
B 37 °C IR . RIAREE 7 TR
T3,

FEPURBRPR L : 4 T TR P o 1 [ A 85
FRIE, BT 12 cm Zb3ATHERR 3 uL AR
IR K (ODeoo=1.0), [RIFEAIE £ 3 pL LB K5
FEHA S XTI, T JRE M T 28 °C 855
293d, IrARKRE 3 MEY¥FEL, Sk
T2 AHEARER . T RRN O 220K LA

PRI 18 DA TR PR R A R i el s o 55% 3 d
J& , PRk 50 B4 A B S 2 S P AR A BRI SR
TR 22 TRV A 2R (%)=
ﬁ%%ﬁ%*@—ﬁﬁﬁ%%*@x
R RV A2
1.3 AEEHMESFEE
W B Al Ak J5 1 P9 2 0 R B B LA IR N
MR 17 PCR P3G, ffi F 16S rRNA JE K 38 H]
S5IMI(27F: 5'-AGAGTTTGATCCTGGCTCAG-3';
1492R: 5'-GGTTACCTTGTTACGACTT-3")",
P Uk Z M. 2x Phanta Max Buffer 25 pL,
10 mmol/L dNTPs 1 puL., Forward primers (10 umol/L)

100

1.5 pL, Reverse primers (10 umol/L) 1.5 pL,
DNA template 1 ul., 2x Tag PCR StarMix with
Loading Dye 1 uL, Ffil ddH,0 % 50 uL. §"3%
AR 95°C 3 ming 95°C 15, 58°C 15s,
72°C30s, 30 ME¥; 72 °C 5 min,

P8 my B0 Be b AT 1% B Bl B
B TS R Uk, ARSI 1G4 3 Y B PR B o K
WHE, B O KB AR AR X IR . S A% A9
W R Bk R S w AT I . 6 s NCBI M
i# 17 BLAST 7£ 16S ribosomal RNA sequences
(bacteria and archaea)%§#i# & H L XN 3 R 15 1
16S rRNA Fr4l, R IHAHBIE KT 96%1 ¥ 51,
AT 23 B T R s G & o
1.4 HEHBEENE. CGB15 R XMT
B & B A &

T RE 6 S SR TR PR IR PR B AL S
R TSI YEPS R E IR AL, T 28 °C,
200 r/min ¥R REFE 12 h, BIAT 152 B R0
AR TR RS N B YEPS g Bk
50 mL B0, BT 28 °C. 200 r/min £ K H
B8 12 h, BASFRT R R o

CGBI5. KptriE: MR PIBUE L
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BB V5 43 Bl A LB Wik 3= 3, F 37 °C.
200 r/min ¥R HREFE 12 h, BIAT 1530 5 A
P ARATF A TR BRI INE AT LB B55R 3L 50 mL
BLEY, BT 37 °C. 200 r/min &R PR
12 h, BPFSrs k IEW -
1.5 HEEBEFHEL

TR A PR T A R SR . T
O PR A A (R AR S WT17 5 WT18 #1
T6LF TR B J B Pl 2 T T A M/ 40 1 )R B R Y
T E SRR i A 4 PCR B UE(f
FH bE4 Fl bES JEH 5[ H1N, BE )5, 7EHR
HEHPEIBUR AT 1 mg HET 1 mL
WK, AT TR, RS R
10", 10°, 10°, 10*, 10°, FiRFR)S B4
B 200 pL, 43534 F& 4 CGBL1S FiFl . K
JAFFE ISR %R E ODeoo 29 1.0 LGB,
U EIEW) P PDA AR -, T EEOHH
BUCE T 28 °C HiFR A 3R 3 d, MR L s &
TR, BARKER 3K, BREE
2 HAREL

FET A A0 AT o 5 BT B il Al e . A A4t
BT PA VA FREFR 1R, FE R KIS
TIE L, F L. CGBI5 fEMIA LB 15kt
iR 2 ODgoo 29 1.0, BOEC R, H AR
W AT TCREKERN S ERT R E N
XFRRAL . A3 AR TR EE XA N 2 10° A /mL.
B 20 pL T2l T T s K8 A b % i ik
HREFRL) 8 h, MEALF W] & TV BB 2 JEL A 155
Iidsk. BARKES 3K, BREE 2 MY
REL,

AL A0 TRT B A LT B ) 26 (%)=

ATE B LA FAL

¥ S

1.6 CGBI15 BEgE &N (F 51 H2)

CGBI15 T 37 °C. 200 r/min fEEKHHEE

100
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ODgoo 24 1.0 JGH 20 pL f5 F B PEAS I K% 5=
M [Pel 15 5L R TR+h 2R BRI . Peh K%
FECREZUREE PR AN | Cel i F5 B (L 4E R
R, 3532 0L Ly 45 SCEU O R w47 4
ML, R Inar 5 & AR T 37 °C Hi5%
FEaE SR 12 h, [RIEHRE ROK 52 QR (Dickeya
zeae) MS2 FRRU U IE X IR | WLELEE B A 1R
k. BARKBELE 3K, BRAS 2 1M AR
B,
1.7 HIEFHIR

FEAE A A R 2 18 3R 5 2 Sl iy 7K 2
FAER, FRAT 2018 4EHHE T2 5 mHEECGH
B0 22), 2021 405 3 FE MR, ATk
HUH v g 500 m® . A3 2 370 AT AR Y T AR
FF AR I 35655 R % B (I Be e H
R 6L Mk PR PR R VRO A CGB S it FH 21 (D
IR M SR TR R R ZY 3 d S [ A AR AR
AR AR CGB15 A BEK), 4
53 ANEA ., 2021 48 3 A W00 H BEME AR 74k
B, o6 Hwigeit H e R A Ol a0
AT BT B | AR R R A
WK IRH (%), JHITHE CGB1S AbHXT H i 2
TP HH TR X B 550 (%) «

TR B AR R0 R (%)=

PR H AL

HREA L

CGBI5 AL H s R X B (Yo )=

K BEALR R — CGGISALIALR A
o HEZH 5

1.8 KFEM AR XK EM

IKREN B AR RS20 . KRB K RE(CO39)
14-16 d, BUMM IFEBT 2G5 KA, SRR e
R, RS BSEAT F PR RS ZE 90 mm*90 mm
B TE RS RN o AL PR CGB1S L i ik 4
FIREBLA TR 4 AR T, 4 BRSO O TR K B R Y

100 ;

100
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AR oy AT, TR 10° AS/mL,
B 20 pL XK AR R A B, T
28 °C HiFRAH N BIE R SR 12-24 h, T35 2O0RS
ZER(12 h:12 h)RE 5% 3-4 d, WMEEs BRI,
BB EL 3 K, BREGFAHEEE 2-3
KRN B

FEARFERD LI . FABLA TR 40 A A - B (M
JE4 10° A~/mL, LAE/KF CGB1S FiF W 4l
BB TIA 0.25% 0 mt3-20, 1751 )5 25 i
WrEA K 2 FR/KRE(CO39) M b MR
PR FE T 28 °C BRI IBHEFE 36 h,
%28 °C I HE (12 h:12 h)§E35 3-4 d, WL
FEAAREIE SRR AE I B G oL, AR B [ PR
IR T 2 A1 0 <Pt S A s o U S5t i R 4 74
P, BARKER 2 K, BREMEIEGE
4-5 BRAKRET

2 BERXR504

21 HEALXESSENGEREEEELZ
A R TR AT

FEATH REM: Fr 23 18 25 T N A 4 1A
L 16S rRNA FENFHIY 45X, e
EATMRE MR 1 s,

FET Y LR S A 2 AR R
e A A, R R AT vk EL A AR BT A T
T30 N A= T AR AR Ay R 7 A 80 ) LR T 22 A
Ko HATERAERIEE . FHERRER R . #hEOR
JEL TR AR I 5 CGB15 HEA7F- i X IRF 5K
55, RIB—R4i5h CGBI1S5 )N A I RE . &40
il 22 P 4 pe b DR DA 0 B LR P 22 A, B
2 i R [ LI I TR 22 58 oA K (1),

CGBI15 W& 7E LB P 30w L & i
R, PARE ISR ABI(E 2A); 454 16S rRNA
FE RGN 5 7 41 L X, CGBI1S T bk A A T 25
AT (Bacillus amyloliquefaciens) (Kl 2B),

K1 EBOEH 16S rRNA EENFLELER
Table 1 16S rRNA gene sequence analysis of part
of the isolated strains

Number Identification (genus)

sl Micrococcus yunnanensis

s3 Staphylococcus hominis

s5 Staphylococcus sp.

s6 Moraxella sp.

s9 Dermacoccus nishinomiyaensis
s10 Agrococcus terreus

s11 Staphylococcus sp.

s12 Pseudomonas oryzihabitans
s13 Pseudomonas sp.

s14 Staphylococcus sp.

s15 Moraxella osloensis

sl6 Uncultured bacterium clone ncd2145h01cl
s17 Bacillus circulans

z1 Exiguobacterium profundum
z2 Rummeliibacillus stabekisii
z3 Micrococcus sp.

z4 Micrococcus luteus strain
z5 Brevibacterium casei

z6 Staphylococcus epidermidis
z7 Dermacoccus sp.

z8 Bacillus aerophilus

79 Bacillus sp.

x4 Bacillus velezensis

CGBI15  Bacillus amyloliquefaciens

CGB10  Burkholderia sp.

Sequence identity>96%.

2.2 CGBI15S FI HEHEBIER

R R 3 ) Sy R A M R
W, HPASCHE WT17 5 WT18 H RS
JERE SR T PDA RKigedt, LB MR A ST AU
W22, TR A G BRI T 22 P Y% 5 T I BRIk 4
WA TS . ST 75 B AR R 20,
ATRIME CGB15 B MR X IR () H 5 i Al 3 22
MW WT17 5 WTI18 Wik 2Ot (Bl 34), &
NAMERLA SR LI R Z 5] CGB1S Fkk
11K 8

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

Pyricularia oryzae  Peronophythora litchii  gloeosporioides — Fusarium oxysporunt
Guyll SHS3 16GDY]J1 f. sp. cubense XJZ2

Control

Inhibitory rate/% (78.25+0.78)% (88.78+0.07)% (74.26+0.92)% (70.83+0.84)%

1 FRAFUFLER

Figure 1 Results of plant confrontation. Bacterial colony of a same strain appeared differently when grown
on different culture medium used for different fungi. The confrontation cultures were allowed to grown for
3-5 d, before photographing.

(4 (B) Metabacillus galliciensis (NR 116886.1)

— Bacillus capparidis (NR 156073.1)

— Bacillus gobiensis (NR 147766.1)

_r Bacillus zhangzhouensis (NR 148786.1)

Bacillus pumilus (NR 043242.1)
_[ Bacillus stratosphericus (NR 118441.1)
Bacillus xiamenensis (NR 148244.1)

Bacillus licheniformis (NR 118996.1)

Bacillus atrophaeus (NR 024689.1)

- Bacillus atrophaeus (NR 112723.1)

Bacillus nematocida (NR 115325.1)

— Bacillus velezensis (NR 075005.2)

11CGBI15
Bacillus amyloliquefaciens (NR 112685.1)
Bacillus amyloliguefaciens (NR 041455.1)
Bacillus amyloliquefaciens (NR 117946.1)

~ Bacillus vallismortis (NR 024696.1)

Bacillus nakamurai (NR 151897.1)

Bacillus subtilis (NR 102783.2)

— Bacillus tequilensis (NR 104919.1)

{‘Bacillus halotolerans (NR 115931.1)

Bacillus mojavensis (NR 112725.1)
Bacillus mojavensis (NR 024693.1)

Tree scale: 0.01

2 CGBI5S HEURMEBLEE

Figure 2 Bacterial colony and molecular identification of CGB15. A: the colony morphology of CGB15,
cultured on solid LB medium; B: the phylogenetic analysis of CGB15 based on 16S rRNA gene sequence and
BLAST search, using BLAST Tree View tool (neighbor-joining method, threshold for maximum sequence
difference was set as 0.75, and all the other setting remained as default) of NCBI (ExtJS version: 7.1.0.46).
Accession numbers for the sequences used for the comparison were labeled following the respective species,
and CGB15 is highlighted in red font. The 0.01 scale bar represents 1% change of amino acid residues.

P4 actamicro@im.ac.cn, & 010-64807516
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Jy— 5, HREE R R A,
993 S ) 3 o At AE IR AS PRI IS EL A
AT AT AT . R IRATT i — 2
Kl CGB15 TR AT T ek S 7 M R A 7 4% 7
TR RRGTHAMEGIRCR . 251KV, EHR
FEP N CGB1S & e i, REAA G H- e
OO M SRR TR A F 1 (18 3B), | ARGk F
(89.01£0.12)%. 53— 7T, JCIw KSRt
R Y VR AT AN S T B A SRR T A1
T i fa Rl 1Y e 22.(] 3B), #E—#ESE CGBIS
RETE J I 4 5 4000 11 I 7 S M R A TR A A7 1
REEYIR . 25 F, CGBI15 BEREM i H ik #E
Fo0 3 BEORY B A PETC &/ AU B 2T A, R REPI
HAMIFH A, Tk AP B2 TR Sk
Y TE EHREROCHL SR, NI CGB15 Wl e
B B 1 H R A SRR iR 1 T .

(A) Control

PRI e R AT 2 — 253X ) 4548 T CGBI1S
PRS2 75 B A1 ) e i R A 1 R 2R . FRATT 3
BT TR 0 SRR854 500 m® . fU3EZ) 370 A
AR, 4328 6 A/NX, AT H (]
o X R A8 T T e S e M R A TR A TR VAR
CGB15 Jiti JH ZH 7E GE T T pee 8 16 M 6B T i TR
29 3 d J [n) 1 HRARHS - e Fnid B4 Wit CGB15S
KWW, R EA T 3 AL 1 /NX
2021 4 3 AW H s AT EiR b EE, 6 )
WIGETH R SRS AR O o A5 R oR, X
M5 CGBI15 AbBEA/NX A K tEtk, I
F AR, KRR 1.6-2.8 B
Wbk, WTREZHY CGB15 AbFRLZH Y &5 DT &
RMMEGE F LR %R H CGB1S AbFER
EREAR T AR TE AR B, XA 3 A/ X 3
TR 37 I\, BN 369 b, 384K B9 4 10.03%,

CGBI5

(B)

Control

Supernatant of CGB15 fermentation

Supernatant of Escherichia coli
fermentation

E 3 CGBI5SHFIHEEAEENEGTHES/MZELEKWQA)SZBFHELE®B)
Figure 3 CGBI15 inhibited sexual mating/dikaryotic hyphae growth (A) and teliospores germination (B) of
S. scitamineum. Arrows denote promycelia from the germinating teliospore colonies. Scale bar=1 mm.

http://journals.im.ac.cn/actamicrocn
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CGBI15 AbHA KNG 19 A\, EI 369 tk, ik
RIRFN 5.15% (B 4), 25 b, FRATTHY H )it
Wi CGB15 HA i H e b A 1Y 1
H, HEAEXT B8R 48.65%
2.3 CGBI15 ) §l/KfEfaER

FEg R KR ) = Ko 2 e P,
R A0 TR B ) 42 Y K R 1 DG B AE T o AR TR
W &Y B G AR AT, T 7 AR AR Y TR 24
JE KRR, PR, SRR AR A A A A
BB B, T DA Az R A AT
BRI 25 R R, CGB15 & % 1 Wi Ak P g A4
SNz a = (A RN o= A s o o e 8 A
B, (ARE P0IBT (B 5), B
$71(93.55+1.11)%.

FATHEMA M CGB15 X 7K FF R 9t s 1 )7
PR . G5 BOR, FEARLIE P R i KR A
W 3877 A MR B i R B, (HJ2 DL CGBILS 1
PR KRS F52 10 I WAL PR 7 F B R, 3
FlK ARG B Rt )5 LA = AR EE(E 6A), R

BEPD ] RIRE] 100%, 75— 71, FEALE A
J0 - BBk R 2 R AR K R, G R A T
AbFE 4 BROKFELNT, 3615 Aok R, #%ER 57 d
Jr A B 0-3 SURBERIT R 7 H, 4-6 HUR
BERIM R 6 B, 79 GOREEIT A 2 o TR
IEFI CGBL5 Fabk b i Ak P A A5 AL 1 147
AT, EERUKRET R R BSR4k 0-3 4¢,
Ko TCRBEH B, (U B/ NEBE(E 6B),
SRR CGBIS 13 O R M -9
BOY A B BRI . 8 L, CGBIS 1
PRAE WS TR P 0, S 2 0 o R A R o
(IR 18 A B K R I 98 B T i o
2.4 CGBI15 HHkRIE AN
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Figure 4 Field test of CGB15 against sugarcane smut.
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Control Supernatant of CGB15 fermentation

Bl 5 CGBI15&IKESFMN LFREZ M BESEMWERTK
Figure 5 The supernatant of liquid-cultured CGBI1S5 significantly inhibited appressorium formation of
P. oryzae. Scale bar=5 pm.

(A) Fermentation Supernatant of (B) Fermentation Supernatant of
product CGBI5 product CGBI15
Control of CGB15 fermentation Control  of CGB15 fermentation

ML

Bl 6 CGBI5 HIfERAESI &I F ik
Figure 6 CGBI15 inhibited the formation of lesion of P. oryzae on rice leaves in vitro. A: infection assay on
rice leaf explants; B: infection assay on rice seedlings.
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Figure 7 The virulence test of CGB15. Dickeya zeae MS2 strain was used as a positive control.
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