VLHARM 224 ( Jiangsu J.of Agr.Sci.) ,2022,38(4) :907-914
http: //jsnyxb.jaas.ac.cn 907

ZE UL, TR0, sk o ik | 2. BTG /K ARG PR TS B AN B A4 055 15 48 5 AP [ J ] VLR b 243 ,2022,38(4) :907-914.
doi : 10.3969/].issn. 1000-4440.2022.04.006

Bhia kK FE B FE P4l B RY 0% 0 | S RE A0

H

FROR, AR, KRR, RDERT, xlREE
(LRIEAO KR e, VT35 FIR 210005, 20758 AL BHE B (R BFSEFT, 1155 FER 210014)

TEE: AU I P 2 BRI 25 45 5 RO A0 TR 43 B 0k 432 %, L5 R K R 1 1 o 4t
JIH B BE e R T, 38 A W R RO IR 30 0 2 A A X T8 TR A 22 AR BT VR P AR T 6 k., A= B
AA AR AE AT BT 45 5 B 7R | BBk LSRS26 JTGSL12 F1 JTGSM1 % 7K e 3 1 o 9 181 10 410 T 003 2R W IS J e T e 4R
e shBE 7 A= 0 & P s T AVE BN TS . 4 TR E LS R R, H Bk LSRS26 ,JTRSM 1 JTGSLI2 £ AHGHL2 &
Bacillus amyloliquefaciens( fRVERY AT ) |, Bk JTGSM22 A1 JTLM2 J& Paenibacillus Jamilae ( KB FITE) .
IKAEMEARIR 5 IR BoR |, M2 M B BE (ODyy ) = 0. 1 B, B AR LSRS26 AT JTRSM1 X 7K A8 th 28 HA (R dEVE A s 24
IRFIRER AL (0D )= 0. 1 B B AR JTGSL12 X /K REAE A S Jo 2 K o AR SRR 5 o SB35 . AR B sl 4
R, RF IR R BE (0D ) = 1.0 B, 3 Bk ZF A0 B X 7K 5 0% v 076 48 26 B AN ) 7 BE 9 B ¥R/ L Bl s
58.00% ~72. 00% , H:/ JTGSL12 (B3R, ]9 71. 62% . ASWF5T 83 T ve 3145 3 ARIL T M A= B 1, B 16 7K A
T3 100 2 W A 2470 7 A BSR4 A BR BB T BRI AR U

KR, KRB FEPUANE; RAER,; AEBIECR

FESEKE: S476 XHEFRIRAD: A XEHS:  1000-4440(2022)04-0907-08

Screening, identification and evaluation of antagonistic bacteria for the
control of Rice Bakanae Disease

LI Feng-shun"?, QIAO Jun-qing”, ZHANG Rong-sheng’, LIU You-zhou®, LIU Yong-feng'’
(1.College of Plant Protection, Nanjing Agricultural University, Narjing 210095, China; 2.Institute of Plant Protection, Jiangsu Academy of Agricultural
Sciences, Nanjing 210014, China)

Abstract: In this study, 432 bacterial strains with different colony morphologies were isolated from rhizosphere soil,
and six isolates with significant inhibition activity on both spores and mycelium were screened and obtained by spore germi-
nation and dural culture method using Fusarium fujikuroi strain complex group which could cause bakanae of rice as the in-
dicator fungus. Analysis study of the biocontrol characteristics showed that strain LSRS26, JTGSL12 and JTGSM1 performed
well in inhibition activity, biofilm formation, swarming ability and producing antagonistic substances against Fusarium. Re-
sults of molecular identification indicated that strains LSRS26, JTRSM1, JTGSL12 and AHGHL2 belonged to Bacillus
amyloliquefaciens, strains JTGSM22 and JTLM2 belonged

S B #5.2022-01-10 to Paenibacillus jamilae. The results of seed germination
ESTE LA R B S04 H [ CX(20)3126] ;198 experiment showed that strains LSRS26 and JTRSM1 had a
B A RBl 4T H ( BK20201239) promotion effect on rice germination when the seed soaking
TEER AN AR 1996-) , 20, INARFE TN, P54, BN concentration ( 0D, ) was 0. 1. When the seed soaking
IKAENG S S W B A B S . (E-mail ) 2354499463 @ qq. concentration ( 0Dy, ) was 0.1, strain JTGSL12 showed
com; TR RIS —1E# . the most significant effect on the fresh weight and height of

& HEE XK EE, (E-mail) liuyf@ jaas.ac.cn rice plants. Pot experiment showed that strains LSRS26,



908 o9 &b 2 W

2022 4F & 38 % 4 M

JTGSL12 and JTGSM1 exhibited different degrees of control effect against rice bakanae disease when the seed soaking con-
centration (0D, ) was 1.0, the biocontrol efficiency ranged from 58.00% to 72.00%. Strain JTGSLI2 got the highest

control efficiency at 71. 62%. Three excellent Bacillus strains were screened and obtained, which provided strain resources

for the creation of biopesticide seed treatment agent for the control of rice bakanae disease.
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PR TR Ry S 6 28 DR A7 1) 7K R 8 B 0 TR« -
sarium fujikuroi 50-1  Fusarium astaticum 25-2  Fusari-
um proliferatum E-Q . Fusarium graminearum DG-9
Fusarium graminearum DG-11 | Fusarium proliferatum
63-2, KA SR 30,
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BRFRIk | 2 AT T A BT A B R Ak Dy SSML 5 3R
B, BRFREERTT R,
1.2 FERAEMSEMEN

KR B R Bk HEAT RS DU A T 1 0 B . BRI
10 ¢ 3T 90 ml JCHE/KH,25 C 150 v/ mindfii7 1
h 5, RIS 2 s B e B U, R SRR AT
10 f5 6 BERRRE T B0 01l U A o3 15 P A (o 8 15
F:H K LB YPGA . 1/2TSB \M715) . “FA T 28 CH=
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Table 1 Mediums used in this study

REFRdk Gy R

PDA LA 200.0 g, BAIHE 20.0 g, Bl 20.0 ¢,pH=7.0

LB E MR 10.0 g, BEEEKS 5.0 g, NaCl 10.0 g, 35tE 20.0 g, pH=7.0

1/2 TSB JRE IR 8.5 ¢, REEFINR 1.5 g, EIbah 2.5 ¢ BERR A 81 1.25 o, BAIHE 1.25 ¢, 35 20.0 g,pH=7.0

YPGA HIAHE 5.0 g, JRER IR 5.0 g, EBEE 5.0 g, Bl 20.0 ¢, pH=7.0

M715 FERERE Y 1.0 ¢, H#ERE 10.0 g, MgSO, - 7H,0 0.2 g,K,HPO, 0.5 g,NaCl 0.1 g,CaC0,1.0 g, FilE 20.0 g, pH=7.0

SSM Bacto-nutrient broth 8.0 g,10% KCl 10.0 ml,1.2% MgSO, - 7H,0 10.0 ml, 1 mol/L NaOH 0.5 ml {df FI i 4 145 352 5 hon
A 1 mol/L Ca(NO;), 1.0 ml,0.05 mol/L MnCl, 1.0 ml

Msgg! 4] WERRSH 1.331 g, Mops 20.9 g, MgCl, 0.406 g, CaCl, 0.102 9 g, MnCl, 10 mg, FeCl, 13 mg,ZnCl, 0.125 mg, HiE £ 0.674 mg,

Hil 5 ml, (R 50 mg, ANERR 50 mg, BEMR S g,pH=7.0

1.3 HHRAENGE

K 6L 7 A L A T RS DAl TR 2B 0 3
6 HRK R 1 W 7 PDA Pk ikl A K4~5
d J& , HICHE /KGR BAR T, 20 5P AW %8 1 ml
IX10°A 6T, B 4 6 Rl FIR S IR BUR G, I
BRSO E 1 ml 1x10° 11, WL 100
wl BEJER A T PDA AR, B 145 ., F s 44k
J5 WA TR FH TG 7 25 8 A PDA FAREG 9%, 28 C 1%
F3~4 d, P A R A S, 3 I A,

K PP IR RS A A T HE DU T 0 . 6 £k
IKAEE S B E PDA P Bisfk, 2B 2~3 d
o AR R E TSN ST L (AR 5 mm) #4%
FOE, B DEE T PDA SFAicrh e e HOilA 28 <C
RiFRpsE R 24 W, &, DIV, 2+ F
Ji e SRR AL S R A B 4 A C 157 24 h 1Y PDA
AR, B ARE A 3 YK, 28 °C H T 15 3R B IR
M A6 BB I, PR A S BRI B
1.4 HEREEYFHESFENNE
1.4.1 HmHA O EWEL RN FBEE KDk
71 (Swarming ) PR BT ART AR IE AL, B
A LB B3R i R 9%, B e BT LB 35 5%
W R BUE RS 0D, M 1.0 B BB 1wl 3%
T Msgg 5553 p 28 C1EF8, /09T 24 h 36 h
F148 h WEE TR AE DG O, 3 IR, [ B
W1 wl T 0.7% LB SF-H s, 28 CHi 57,
53T 24 h F1 48 h WAL TR AR AR e Sh I O, 0 2
EHA 3 IRER
1.42 H#R@EFABKED RGN R
FERRE TG b, B4 A LB 53R 30 °C 180
v/mindi 512~ 16 h; Bl B35 95 4% ] 1% R ik

U A BT LB B 5,30 C 180 r/min k537 48
h, I FHER R DTVE LSS ISP AE R . IR IS
FHERYIZE 0. 22 pum TR U RS U8, E4T = RICROR €2
T (HPLC) A, HARKEI 77 75 4n R . HPLC 23 #Hr R
H C18 #E( Sephasil Peptide C18 5 wm ST 4.6/250) ;
WA NG (A) JK(B)F0.1% =5 LR ; R
FREER I J71%: (0~25 min,60% A F140% B; 25~35
min, 70% A F130% B; 35~60 min, 93% A #l 7%
B) ;WK 0.8 ml/min, #EAEE R 10 wl, K3 K
k210 nm A7 30 ¢
1.5 FEHHABEMESTFEE

BODUSCERSPUAN A LB 1 B 55 357 19 AR, % IR
WL SDS (- bE B R AN ) Bl S A vk /) i R KR
RI4] DNA, DAANBE S A AN ARARY 1 16S tTRNA S
53¥51, 16S rRNA JPHIP 5[4 16S F(27f),5'-
AGAGTTTGATCCTGGCTCAG-3";16S R (1492r),5'-
GGTTACCTTACGACTT-3', 5 fh b 5t 3 ) A 1y 4
ARA R F) 52, 81t NCBI P3G ) BLAST #&% iF
FFIRIIEPE AT, R ] Mega 518 R R B
1.6 AR KFEHEEERIEMN

KRR B b T AR R A3 BOh 75% 1Y & I
R 2 min, FHGH K P62~ 3 WK, FEH 75% &
3230 1 min, FHICTR 7K Mok 2200 S B sk B J5 7R 0 I
URAR 0T 1 30 Ko T KW B0, 4l
0Dy, =1.00,0Dg,=0.10 F10D,=0.01 5P
U R 2R AT B 2E A 35 R 5 R 2 90% 7™
ZEIRL, ZEA R0 S T T TR K A R B A N TR )
BRh 24 h, LTCRIKAE AR B KRG (R4S
TR, IR ZE 72 h il SR R IGO0, 1940 230 &
10 RLIEH W] & P T IAR K, B BEAS RV JE 45 47 1 1
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ki, AL IRE R 3 Yk, 30 d J5 VR A BTG R AR Rk
FIEE T PPAG S BRI AR A RCR
1.7 AR KTE SR SRR RS
FEPUANTF-HOE 105 , M2 A LB 55573, 30
°C 180 r/min}E 5% 12~ 16 h, Fic I 1% 3R R FR 42 A
YPGA £:357 7,30 °C 180 r/min}55748~72 h, 545
PN TR 20 L 80% LA L i A 259615 , W 4 2 T TR VR 45
F o R EER DT 556 T B A7 89 A SR & B B R
IKFEFFIRA (FRFEFD T JEERA =41 1) ,40%
50 #0F| 15 ml KE .08 T, 535 H 0D, = 1.0 Fll
0Dy, =0. 1 IFEHULN R A T R TP 24 h, IS K
1 25% WK AE e 7Ll (4 000 1575 B A A 2s A Fifk
SRR R 3 IR, R FHEZF R RE AN T ek,
30 d JE VAR RO, THE KRB IR AR
F2 BB KRR R 0 AR

K= BB BAREx100%

BRTARCRE = [ (O R & 0 238-4b 3 K s %6 ) /% iR
R ]x100%
1.8 HTFEHWHE

BARAL RS 734 R F Excel A1 DPS 3 {432
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2.1 HETHENS B AL iEE
H 16 4y 1 HERE W BB TR IRIR A T AS R (Y 43
BIREIR IR L, 03 B ARAR R[] BV B 2 1 41 TR
Iy RR 432 KR, R 6 HRAK R AR A
VRO BEARAT 17 MR T6 107 & A5 400 i £ FH 1 18
W, RS, 38 AR PEAY 17 BREEXT 6 1
7 B B 22 2R R ISR 25 R (% 2) B, 6 K
FEBU BN AS ] 8 7K R v A AR LA o B Y
HIOR , 3X 6 BRI R 4 ) A& LSRS26, JTRSMI |
JTGSL12 JTGSM22 JTLM2 Fl AHGHL2,

Table 2 Inhibitory effect of antagonistic bacteria on Fusarium fujikuroi complex species through plate test

AR 22 42 K2 58 (mm)

EEN=]
FF 50-1 FP 63-2 FP E-Q FG DG-9 FG DG-11 FA 25-2

LSRS26 11.00+0.82 7.83+0.62 5.83+0.62 6.67+0.62 8.33+0.94 15.33+0.47
JTRSM1 11.67+0.47 9.00+0.82 5.83+0.62 6.83+0.62 5.00+0.82 13.67+0.94
JTGSL12 10.00+0.00 9.50+0.41 5.50+0.41 7.33+0.24 5.33+0.47 15.00+0.82
JTGSM22 11.67+0.24 11.67+0.94 8.17+0.62 7.67+0.47 8.83+0.47 15.67+0.62
JTLM2 12.50+0.41 12.00+0.00 9.33+0.24 8.17+0.24 8.67+0.62 15.83+0.62
AHGHL2 8.83+0.24 7.17+0.62 5.67+0.47 5.33+0.47 3.33+0.47 6.33+0.47

FF 50-1.FP 63-2 . FP E-Q .FG DG-9 .FG DG-11 FA 25-2 4351 kg 7K R 2 T8 9 95 T4 1 ik Fusarium fujikuroi 50-1, Fusarium proliferatum 63-2  Fusarium

proliferatum E-Q | Fusarium graminearum DG-9  Fusarium graminearum DG-11 | Fusarium asiaticum 25-2,

2.2 HEHAER LR ERFEEN

ABFFEXT TR IR 6 MRIGHUR AT T AP
T ILRE ST HE AR I BE T ( Swarming ) F1 2F A FT 14 if
Ry o7 A 15 DL 53T

AP SO E A5 2R (K1) B, fEE W T
WREFEFE Msge 1, F5PUR S 38 24 h BF, H A H Ak
JTRSM1 JE B T 45 0 350%% 19 T B2, 1717 7T R LSRS26
JTGSLI2 I AHGHL2 {UAX7E 35 7 KL R M & B4k
PR Y BRI ; B A 5 SR ] B3 0, 7E 36 h B TR PR
LSRS26 JTRSM1 JTGSL12 F1 AHGHL2 #§ i LLIE W%,
BOERE PR YRR FF 48 h 4 Bk B B A PR
HNEE WAL (K 1A) s H2HE R JTGSM22 Fil

JTLM2 #5357 48 h J& , (1398 N BETE 1 W i ) 2 )
4 FRIABRTESS FF 48 h T BUAE WIS 0 1 T 2 43 B 45 1
(& 1B) R, Hkk LSRS26 JTRSM1 il AHGHL2 &
B A T T AR A 2, 4,40 ~4. 65 mg, TAIPE
JTGSL12 J& LA YIRS T B i AR, 54 3. 37 mg,
R lFah A ik g 25 21 (&1 2A) o, B 35
FRER] RS, 5 MRFS PR ) Swarming B4 75 AR B
W hn AR R JTLM2 () FE SR R s e ) 4 22, AR
KEAWH MG, LI, £ 5 5% 48 h B, T B
JTGSM22 Wi slife 1 e i, HAR IR 7 em; ¥iF 8h I 15 B
LR 25 (K] 2B ) R W, £ T8 bR Ui 2 68 1 98 55
JTGSM22> JTGSL12> LSRS26> AHGHL2> JTRSM1>
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Wy 5, it 8 3 v RO A I 2 e = A AR R S
PrA E W AE oL, 45 R an1E 3 B BE LSRS26,
JTGSLI12 JTRSM1 AHGHI2 $4A] =1 e 1 1% M 2% ( Sur-
factin) Al B TR 2 (Tturin) FIEAE R (Fengycin) .

JTRSM1 JTGSL12 AHGHL2

T

B

6rB
Sk

T REDIET B (mg)

LSRS26

A TR A LIRS s B S PURG IR 48 h L A= M 1 i
B 1 HREE Msgg BERERHREMERER

Fig.1 Biofilm formation of antagonistic bacteria in Msgg culture
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FrFPIRYEsE . PCR =428 [ Us DI 0 e 45 SR A
NCBI #EA 7[Rl R Xt R R G L EW (E 4)

=73 |
SM1

AHGHL2

JTGSM22

FPHI Xt 25 R 0, B Ak LSRS26  JTRSM1 JTGSL12
A1 AHGHL2 /& Bacillus amyloliquefaciens ( f# 3E ¥ 2§
FATF 1 ) , B Bk JTGSM22 A1 JTLM2 /& Paenibacillus
jamilae (AP AT ) o

Z'B
£
S 7t
£
ﬁ 5
= 4
& 3
HeE
® 2
w1

0 |

LSRS26 JTRSM1 JTGSLI2 JTGSM22 JTLM2 AHGHL2
L7
O24h; m48h

A FEPURRER I 3 AT B FE USRI sh i O A%
B2 HEHEE0.7% LB FiRH B EREhEE N
Fig.2 Swarming ability of antagonistic bacteria in 0.7% LB plate

2.4 HEHREEIKBREREER

CRA YU DA IR TG PR A B AE DCRHE AR
Y e DK B R e 7 e 5 SR TR 3 AR 9T i
FEHUH LSRS26 JTRSM1 HI JTGSL12 #E47 K R Al A=
YEFVEMY . RIS U AS [ B2 B A7 30 K R
TFIATIRFIAL B P X b7 & 28 FIEAR K A
RVER . IR (K 5) B7R, M 0Dy, =0. 01
F1 1. 00 MYF5PL I 2 m IR Fi S, LSRS26  JTRSM1

F1 JTGSL12 WK XS /K FE RN & 2R 80 BA E EVE
M 0Dy, = 0. 10 1Y B W= Pl 5, B Bk LSRS26 Al
JTRSM1 X7KF8 & 25 A AR {4 # HL G 4 4
JTGSL12 Ab¥E 5XF AT & 22 5 Ak i Bk = A
AR i Jo S A A A 45 R (1 6) KW, T OD gy =
0. 10 M TEIRIR NG , 3 AR 2 AT PR 7K R A A ik ot
bR AR H A R TR R R Y R, o
JTGSL12 7K R ke i Jot St 385 in A (2 s OR Ryt



912 TP 42k ¥ 3R 2022 4F 4 38 & 54

1000~
Tturin
800
=)
T 600F
@ Fengycin Surfactin
::% 400} |
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Surfactin; K TH LR ; Fengycin : {4 % ; lturin P T %,
B3 BRREGERNERARE~EREREYRER
Fig.3 High performance liquid chromatography ( HPLC) detection of lipopeptides produced by antagonistic bacteria

Paenibacillus jamilae KCTC 13919
JTLM2
ool JTGSM22
Bacillus subtilis strain PTS-394
12 AHGHL2
S JTRSM1
58 4 Bacillus amyloliquefaciens strain JFP2
3 JTGSLI2
Bacillus amyloliquefaciens strain WSM-ksu301

87

91 62 Bacillus amyloliquefaciens strain PgBE1

Bacillus amyloliquefaciens strain Md-143
LSRS26
Bacillus amyloliquefaciens strain NBRC15535

Bacillus atrophaeus 1942

Bacillus amyloliquefaciens ; fRUEN) - FT 1 5 Paenibacillus jamilae ; ARKPTZEZFFFTH
4 F$5HLE 16S rDNA B FIIMENREL TN
Fig.4 Phyligenetic tree constructed by part region of the 16S rDNA of antagonistic bacteria

%, 0 RR JTGSLI2 4b B, /K A8 b & OF 1 1k

23.57 cm, fH Bk fiF 5T &S 20 0.372 g5 JH A R F1OD,,=1.00H

JTGSM1 AbFR | /K RE A e 5 J5 444 0. 325 g, BB

2.5 FEHARE K R R B R B A R F10D,, 0,101
FIFIRIFIE B (OD gy = 1.0 F1 0Dy =0. 1) il WA

XHEFTREFRE R 24 b T M THEZERERR, FAE 30 d mop,~ootf

st R £ KRR M T A R 0, 2 R (JR1 7)) s LU

TEFTWE OD g0 = 1. 0 BHIZ i, 3 B 27 F6FT 1 68 7K A5 %

i #0  BL R TR R RE B BT A VR R B R B 5 EHAEKERFEF MR AR EER

58.00% ~ 72. 00% , Foth JTGSL12 1 B % 5t &5, 4 Fig.5 Promotion effects of antagonistic bacteria on rice germi-

71.62%. TERWOD,=0. 1 IHEFl, 3 #h 25 fiFF 14

it 7K S 1 B LB OD oo = 1. 0 FH 25 R [, BiRCN32% ~ 50% , i LSRS26 M Bk ts-

nation and radicula elongation
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Fig.6 Promotion effects of antagonistic bacteria on rice plant
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Fig.7 Control effects of antagonistic bacteria on rice bakanae

disease in seedling stage
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2 2 ST BRI R A T LT B i R
gt AR AR P AR B 1 v 43 8 A N TR
TEAS AR 432 B, IASRDK RS R EOR T F. fu-
Jikuroi \F. proliferatum | F. asiaticum | F. graminearum
AT, TR ARAT 6 B X AN [R] AR 8 3 1 24
AN RIBCR B FEHUR , Horh 4 BREEE i 5 b
ZFAUFTIA 2 BREEE A AR PSR AT T, AT
ARAF ARSI LIS B B 2 A B 48 7R
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