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TEREW X MR A L. maculans 10 L. big-
lobosa 1 1 WA I S KF 77 8 B AN BT 2L
L A LB S F AN L. maculans B2 50, B
4 Danielsson 255 F] FH ¥E ¥y ZF 0 #F 5 (Bacillus
amyloliquefaciens) A M & L. maculans . K %
il (Botrytis cinerea) LA Jo 25 2 5 4% #9 (Alternaria
brassicae) 55 ¥ Ji L R 12 44 I 3¢ 41 41; Abuamsha
ZEL] I 3 1) 55 W VD B T (Serratia plymuthica) Fl
LA B B ( Pseudomonas chlororaphis) 5| K& Ak
BLMSERN T B IR L. maculans {2555 K TP & H N
WE L. biglobosa W B ARWISE .

B8 T AE DR A DA R it S A v 43 6 8 DLk
W ZE AT B (Bacillus velezensis) B #k Canl.-30, &
% B8 Bk X B A0 1 (S, sclerotiorum )  BE IR IR H
(L. biglobosa) . JK# ¥ W (Botrytis cinerea ) Fl A
W5 B (Rhizoctonia solani) %595 JF B & WA 5 i fE
F s BAE AR v o i 5 RO s B R B
RN, W TR Canl-30 7746 % JF & I A1
W, BATE X HE R Canl-30 B9 RUBEAL & B | ]
A 00 T 5 T A R B VA Tl S T A R R I
RORVEAR S 07 TTF & 7 & TR 58, LU O 12 T8 Bk 1
TF R A I 29 58 LA

1 HRS %

1.1 #HiEHRRIEFRE

Pt B AR AL 45 DL SR 7 2F AT 7 CanL-30., 71 3¢
PR A% 995 DA TR AR Ss-1 T 2 R IR 905 TR TR vk W10, A
Bk CanL-30 43 B3 [ fd 5 0 SR A B, B B Ss-1 43
B9 TH R A A T T A TR R W10 4 B TSR
B YR op EE 7 S

PR FR AR LUT 4 Fh . (D 4= A3 5 I3
JREFFRIFE(NA) FRIRE 3 g BEEHA 5 g.NaCl
10 g 7K1k 1 000 mL, BEfR ¥y 15 g, pH 7. H T 5
FRW R Canl-30 (fE R R EERE N ; (2) /N AYEE (10 L)
R FR A AR 3 g/ LUREHEAM S g/L.
ZiE 20 g/L,pH 75 (3 RAIFECL « M1 10 ) K& B Hs
FRMk MR 0.8%0 (BB 0.8%0 KBy 1.5% /)
&k 3% R EE 0.35% R FUARIRES 0.3% . Tk #h
0.25% .pH 7. JHT K EEFE Fk Canl-30; (4) H 44 2 4
I MEIUIE 1% #7 % (potato dextrose agar, PDA) ; 5 %
LR B 200 g # AGHE 20 g 7K 1 000 mL, H 4K
pH E , F T 35 7% 0l 32 T8 A% 0 1 T =% 28 12 90 7 LA
F 5 Canl.-30 AT 324449 351 B4 b0 2 B 9

1.2 BE#k CanL-30 B RFHRE R ISR

4 Canl-30 WARBIREANAE 10 L K BERE T 76
30 CHAMTHIFR, fE2~12 h I B, &R 2 h L1
WHFEL7E 12~96 h Bf ] B, BB 12 h B 1 ke, H
A3OCEE TE I A2 B Y FF 5L AE 600 nm &b Y IO {E
(ODsoo) o RV 45 T W U3 A 78 2035 Fv b 3 i A0
LA (7.6 %) Y 10 min, HEH KB EAR
TR 1k L 0.5 %) S Je 1 min, LH K bk
Ji B AR G2 B T SR Canl-30 1 1 Fl 2 41
T BELPEE 10 ASHUEF , G811 25 0 Gife 29 28 16 22 2F
614 v i ZE 96D BT o5 LA CEAIE R .

TE R e B AR 452 b Canl-30 AR B IR 1 ¢
R W R TSR R WE R 0.05 MPa, i B
BOED C. L E %I, TE = A it 42 18
m’/h(0~6 h),30 m*/h(6~10 h),40 m’/h(10~30
h),18 m®/h(30 h~ i) . 10 t A [ 1) i 0 A e
TREES 1t BEA AR ], 00424 B R W T, TR =
AW :180 m®/h(0~6 h),250 m®/h(6 ~10 h),
360~400 m®/h(10 ~30 h),180 m®/h(30 h~ i),
KWE6.12.16.20.24 .28 M 35 h Ji HUA e W AE &
WA Y B ZE L PR A B S L 7 NA 8533 B
A7 TR T 2 eV P I AN B B . KB 36 h U
CEARIE MR T 93 %0) A & T v 4% i 3k 2 ok 165
%, 2k R .

1.3 FLRMEM T &

TR R Canl-30 & 1% & W 250 » T 7E DLVE 1 T8
He bR i AR L ESE TR R B RO . BESE
T S E S L R XUELEE 180 °C L KU JEE 65 °C L, 2%
SR EY 3 000 mL/h, 7E E B O 0 A+
6% ,m/m), KJFEEBERMN (4.8%, m/m) . W K
O 1% sm/m) BRI HERWN Y%, m/m) . 1%
B BEALEE IR A 9 Tk K /N R 25 pm 24T
BB . F(GB/T 19136-—2003) 4 77 32 I 5 #3
FIBIFa 2 1 5 #(GB/ T 14825—2006 ) H (1) J7 vk 1l
FE R I B PR R H(GB/T 5451—2001) w4 5 2
52 Ay A0 0 i L T K R A = T B A
1 a0 7 G v 0 396 TR AR AR A TRV O S R
J& T 2 AT
14 FHEMMFREEFENE

1) Canl-30 A JG4 A3 700 %o A% 455 11 T 22 74 K R i
= A A E R . R F AR F AR AT I E .
TCH 78K Canl-30 A] {8k By 70 F5 B 10 5. &
O 8 BV L AR 2 6y 1y b TRORE L A
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PRIk U A A B R P B AL AR 0.22 pm) L 5 1
TH R it 78 18 P4 K TR B b KRR (121 °CL 25 min)
W 2 Fh Ak B WA N N & PDA B3 5E 56 de Ry
) AT AR RS A L KR R 43 R B = 100,
300,500.1 000.5 000,10 000,50 000,100 000 #N
1 000 0001 , il WL P-4 CELAR 6 cm) o LA il 571 1
THRY PDA -4 k%t JR B A% 818 B 22 e (L 7%
5 mm)ZM B AP de, 7 20 °C RS 36 h il
AT A T TR AR RS L TR A B R B
25 X B ST 9% B AR AT LU TH IR R R,
AR 15 d G PR A I A% R

2) Canl.-30 T &4 45 700 X 3 22 2R B2 6 B W10
G3 A ALFWE  ARAE T, SR AR AR T R DU
JE . fE PDA -4 b £ F0 &k W10, 78 20 C 55 5%
15 d, TG Z& WK B8 R T v R T 1Y 43 AR 18 7 45 3
i FRVRW (1 X108 A F/mL) . SR 5 6 7 B
TR 1 7 RELELS I 2 PDA 85 35 3 b il A
B PR KB A AR (FLAR 6 mm) B TP AR .
[& B, Bt Canl-30 #3310 g. % T 100 mL J& & 7K
FLREIRE . E 30 min, &0 (5 000 r/min) 10
min, fL 200 pL FIE W N E A JEA . BAk, 3K
5515 B 1 X RO BE M BR L 7R B M R R, B
200 pLICTR K o 800 28 A= FE AR v 5 7 BH % BR e, 8
Canl-30 & W (48 h) B>, B 200 pL EIH W, B
IEAER D, RS ES 6 K, IR S LR
EARET 20 C PR 3 d, B HEM A Bl 2 oA
i7s IR P A R R B AE D
1.5 RS 7GR RIEE

1) V15 B A% 06 LR IR 06 1 =5 N B A0S . FE B
T6 THI SR TR A 19 2 U T K v SRR A O T ) ek
PESEDOE TERMBETF EOBEEMETRAETE
TE (4 X 10°ANE T/ mL) i INAE AL -, 44 46 3
AN 100 pL BB, BRE AE AR S it i B
AR BCE 2 AR, R LI 4 AL B, A
FiAb 2R 6 J it (1D XF HRAR 3, i858 Ss, TSR AL 1
IEA LR TR T (2) Canl-30 & B W R
(CF)+ ##&H.ic N CF + Ss, 7ERERZILH T
WA T B N Canl-30 & W5 WL, 546
e 100 L5 (3)Canl-30 K WEWE 1 000 1% #i B + 4%
£ .ich CF1000 + Ss, FEREFE W T 8B T
B AL LN Canl-30 & B2V 1 000 % # B . 4
ANFEHE 100 pLs (4)Canl-30 RJEMEH I 100 17556 B
W+ .1 Powder 100 + Ss, 7E 2 A% £

PR T4 1 A6 BN Canl-30 AT M 7 100
TR B, BB 100 pL, ¥ BT A Ak B A% 31 3
HE TARRA (20 °C) L K535 7 d 5 I 58 A6 3% 5 F
5 BT A%

2) R BRI E W B RO % . Canl-30 7]
VPR IR BE 100 A5 190 B TR S 25 2 Ih SRt i I
PL Canl-30 % B BV (& % 72 h) 1K 85 25 43 531
5 A BE P X BE RN BH P X B Rt A TR 2 K T
SERIBR I W10 B 228 (B AR 5 mm) 2 Fp 2l
kR b e ofE 3 R AL BRI SR AR AR S T AR
AR (20 COREFE L7 d 52 R BE AR,

3) H ] B &l . 43 B AE A AL 4 K 1] T i s B
TP R AT o A A A B0 a5 K B BE K 1 T S
ML %4 9 AKX /N HETFLZ) S 50 m®, 3% 3 Fkb
P AL 3 RE R (1) A KA I (2) A H
WK fief frie . 1) 75 Shy R i g 7K L7 S A 0B 43 o kR Ry
450 g/ L, T R |~ AR A2y ) = b, R) B 55 25 W R AT
BT TR EE N 562.5 pg/ml; (3) Canl.-30 T i
PERS I, &N 100 g/667 m®, F T 3h Wi % 25 4%
K K Af iz 25 9% F Canl-30 A 3 1 493 750 6 8¢ T 2 1)
W5 55 28 45 /N DT SEAB AR 1L 4 2 IRIBESS 56 1 IR E 5%
WhE) A 2019 45 1 H 22 H i34 FHhseh, 45 2
WMEZE WA & 2019 4F 3 A 1 H s T e,
E HI SR LA SR FH 5 OB 1) 7 1% R A A5 A 3
DX AT AZ 95 0 R 05 1 R 1 0 o R 1T T A A 1
AEWFA]JE 2019 4F 4 H 30 H, JRBEIRI6 5 I8 25 i [a]
S 20194E 5 H 6 H. MM 5 HArifER 0
P () & 4 B CEZEFFMIIEDE 2/3 /B LD,
T E R BT AR AE N 1 B (R 2 6 P (ZEFF
F 5z AR 4 W) T AR T A 2 SR R Rk SRR
WA, R, E RS /N X BEFLE 3 4~ 1 m® A
4 T8 SRR AR A TSI B A 0 T SR L P K
B (kg/667 m?),

1.6 HBEFEITHW

F SAS #F (SAS Institute,Cary, NC, USA, v.
8.0,1999) f1 (1Y J5 22 /3 #r F2 ¥ (analysis of variance,
ANOVA) 53 B 4 1056 b AS [ b 2 4% 48 A5 £ 4 =2 18]
B . X TR A R (R AR ) L T
ANOVA 53 B Z 0, 38 i [ 0F 5% 576 4, % A 4y R A8
J AR AR 43 BT 58 L2 5 BB T 3548 e e R gy
F R B/ 2 R PR E (the least significant
difference test, L.SD) 43 AT £ ik 46 A [] &b # 2 [1] () 22
S RFEME(«=0.05),
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Bk CanL-30 A KMFAREL BT IS

£ 10 L & BERE , D30T 2 04T B CanL-30 7E
AR AR SR & B 2~12 h(30 °C), iR
B B BT, 24 h R IARECE B FRE.48 h
JEHEMIE W E R 74%, 72 h 5 3 #19E  F ik 3
100% (K 1. 761 t KEERET R BER,2~16 h B
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5% TR 5] 7 kg FR T B & 0 610" cfu/g.
16 10 t & BERE b R BE T, 40 h 5 2F 89 R 3 2
9250 # 0k K WE. KRR TH NS B MR B DRy 3.3 X 10”7
cfu/mL, W% T8 3 190 kg WM, G H &N
2X10" cfu/g,
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A TR B R 2E T0TE A3 45 s B W IR M ZE B A, R S (s 40 (4, 2F L JE 4. A Curves of bacterial growth and endospore formation

rates by strain Canl.-30; B:Morphology of the peacock blue/safranine O-stained bacterial cells and endospores.purple and red color for bac-

terial cells and the colorless part inside each bacterial cell for the endospore.

1
Fig.1
2.2 E#k CanL-30 IiZMMFAHERRE
PR AREI TR B S RER (6% ,m/m) K
SRR N (4.8% m /m) G (0.1% sm /m) VA T
B LT E Z N (2% om /m) IR A FH 55 ALK B WL
IRA YN T B0R K /N 25 pm 2245 (#3397 1
WS RN 2.0X10" cfu/g. By FIBUE (54 °C) B
PER 83.3% . VR A 98.2 % HWRAT[A] F7 105 5.3k
B T A 25 RDNRAE R 0 B AH G B AR K TR R
FIFEE R T (2025 COEAF 1 a, 36 W & &= 4EF5 76
1 00042 cfu/g /K-,
2.3 H#k CanL-30 Wi 7 B H H &
XoF 700 2 T A B AT B A I R R s 0
UE KB LI R B 100 £5 B B 2 10020, W B

B Canl-30 E 10 LEABERRGERKEFRETIS

Dynamics of growth and endospore development in strain CanL-30 of B. velezensis in a 10 L jar fermenter

1 00OFF MM TR RN 46 %6, o T K T8 Ak B 1 V75 VA
FE 100 5 AU B R 100 %, B BE 1 000 4% B9 18 R
S 35% . PR SRR AL 2 A OK B AL B 1T
WK TR, MR 100~10 000 £5 Y L1
TR 5T 4 A A T AZ B B 50 000~1 000 000 % I
THW R PN 7~10 RL/IL, B3 (P <<0.05) Ik
TR B A B0 B AR R (13 kE/ D) (A 2) . DL g
SR TOI 2 2 U8 K TR A 2 = T KT Canl-30 4
FR b T VX A% A TR DR A% TR IR A B e AR

FE A 52 2RI 9 B 0 58 o, CanL-30 9 A
PEICY) 105 WORN & ) B 0 b R A A R R A
(E 3), YL Canl.-30 ®] 32 P8 50 p & 78 10 4 il =%
SRR TR 43 A 16 B R PP T
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Fig.2 Antifungal activity of the CanL-30 water wettable powder on inhibiotion rate(A) and

sclerotial formation(B) by S. sclerotiorum (significant at a = 0.05)

JKIFR Cultural filtrate

7l Powder

B 3 E# CanlL-30 AR {4 7 %
HMEERFRESEMFHRIMISEIER
Fig.3 Inhibition of conidial germination of L . biglobosa
by the antifungal substances in the water wettable

powder of strain CanL-30 of B. velezensis
2.4 TE# Canl-30 AR 14 #7159 BA 7w R
25 PN T (] 56 45 2R 45 87K« Canl-30 A)
T P A5 50X 90k S R A% A R R T EL A T 8 4 75 96 R
Ao A BT I S A U X R AR B A
P Ss) B AT B T R BE AR 25.6 mm,

CF 1000 + Ss b3 (& B i BE 1 000 f5 + #% &
D B AL & 1 B 28 AR 15.3 mm, BT I
AL PR BE 40.2 % 5 CF -+ Ss A B O 18 R0+ 4% 4
W) Al Powder 100 + Ss OBy 57 5 B 100 5 + 4% 4%
B AL FRAEIAE i 7 AR B AR (B ), AT,
Canl-30 AT {RPEH) )X 46 A T 09 4% 8 T 1 2L
e 5 B W a AR A

TE N B 36 3% R 8, il R R R
95 ORI 422 b AS ) Ah 300 9 32 i L 7E 20 °C R KR SR
7 d, 6 BR AR A i R 3 R e BT 3 B AR A 8.6
mm, ] Canl.-30 & P& ¥ J5 5 AL B ARy 57 4b B 3 Al
AR BEE ) H AR5 1.8 mm A1 1.0 mm (& 5),
BEK AL PR BE AR 53 I BEAIR 79.1 00 1 88,406, W]
WL, Canl-30 AT 3 V03 7] T A5 28030 ] o =2 2818 0 T

R



50 ISR LR N A = = g 4 40 &
. a 10f
- 30t o} a
2 ab
g 25 £5 4
2 £g !
o = g ofF
£ 20 i |
g +J]I1 2 <
~ st L%g b
s = o 3F
£ e 2
i ) N
E o5l X1 B S
K Control Powder Cultural filtrate
C C
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FENIRE K =BT KB 1 000= KB 1 000 £5H# B +
AL T 5 T VR TR = 2 W R R TR W+ % T 5 0 3R 100 = 3 700 4
100 %5 + #% & B 8 F K F . a = 0.05, Indoor trial. Water =
S. sclerotiorum alone; CF 1000= Cultural filtrate diluted by 1 000
times+S. sclerotiorum ; CF= Undiluted cultural filtrate+S. sclero-
tiorum ; Powder 100 = Powder diluted by 100 times+ S. sclerotio-

rum. Significant at a = 0.05.

B 4 BE#k Canl-30 RR M7 BY & il S E R MR
Fig.4 Efficacy of the water wettable powder of CanL-30

on suppression of flower-mediated infection

by S. sclerotiorum on oilseed rape leaves
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Fig.5 Efficacy of the water wettable powder of
CanL-30 in suppression of infection by L. biglobosa on

leaves of oilseed rape (Indoor trial,significant at a= 0.05)
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X BEAH LE 1 8 O B BT 2 3O 2000 o 5106 il
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ABMFEE I C.D:IMsE BRI ; WK 0 =0.05, A and B:Sclerotinia stem rot; C and D:Blackleg; Significant at @ =0.05.

B 6

B CanL-30 RAIRMEMFIBAHXERFIEZFHEDKIKERR(BIEERTHAES)

Fig.6 Efficacy of the water wettable powder of CanL-30 on suppression of Sclerotinia

stem rot and blackleg of oilseed rape in the field trial in Tianmen City of Hubei Province
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Fig.7 Efficacy of the water wettable powder of CanL-30 in suppression of Sclerotinia stem rot

and blackleg of oilseed rape in the field trial in Chibi City of Hubei Province
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Water wettable powder formulation of Bacillus velezensis Canl.-30 and evaluation

for biological control of Sclerotinia stem rot and blackleg of oilseed rape

SUN Li',XU Jianwen®, LI Qinghui' ,ZHAI Yongsheng',
YANG Long',ZHANG Jing' , WU Mingde', LI Guoging'

1.Key Laboratory of Plant Pathology of Hubei Province s Huazhong Agricultural University ,
Wuhan 430070,China ;
2.Plant Protection Station of Chibi City of Hubei Province ,Chibi 437300,China

Abstract Strain Canl.-30 of Bacillus velezensis was incubated in 10-L, 1-ton and 10-ton jar fer-
menters for characterization of bacterial growth and endospore development. A water wettable powder of
Canl.-30 was formulated based on the endospores from the bacterial cultures,and the powder was evalu-
ated for efficacy in control of Sclerotinia stem rot and blackleg of oilseed rape. The results showed that
Canl-30 could grow and form endospores in the fermenters. After incubation at 30 ‘C for 48 h in the 10-
L fermenter,for 36 h in the 1-t fermenter and for 40 h in the 10-t fermenter, the endospore formation
rates were 74%,93% and 92%, respectively. In the 1-t and 10-t fermenters, the final bacterial yield
reached 1X10" cfu/mL and 3.3X10° cfu/mL, respectively. The resulting bacterial cultures were dried
by heat spray,and a water wettable bacterial powder (1X10" cfu/g) was prepared by amending the bac-
terial powder with related additives. The formulated powder conforms to the national standard of wetta-
ble powder pesticides regarding the thermal stability (54 °C),suspension ability and wettability. The re-
sults of the bioactivity tests on agar medium showed that the powder had the antifungal activity against
myecelial growth/sclerotial formation by S. sclerotiorum ,and conidial germination of L. biglobosa. The
result of the indoor biocontrol assay showed that the powder effectively suppressed infection by S. scle-
rotiorum and L. biglobosa on leaves of oilseed rape. The result of the field biocontrol assays in Tianmen
City and Chibi City of Hubei Province showed that the powder suppressed Sclerotinia stem rot and
blackleg by 55% and 42% ,respectively,and the efficacy were not significantly different (P>>0.05) from
those in the treatment of the fungicide prochloraz, which suppressed Sclerotinia stem rot by 51% and
blackleg by 37 %. Compared to the control treatment,the application of the Canl.-30 powder significantly
(P <C0.05) increased the yield of seeds of oilseed rape by 14% in the Tianmen trial and 12% in Chibi tri-
al. These results suggest that the water wettable powder of Canl.-30 can effectively suppress Sclerotinia
stem rot and blackleg of oilseed rape,and meanwhile,it can enhance the seed yield of oilseed rape.

Keywords Bacillus velezensis Canl.-30; oilseed rape; Sclerotinia stem rot; blackleg; biological

control; antifungal active substances; preventing disease and increasing seed production
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