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EMXRERENE TB-12 Bk 2B &G
i R HEER MR

T H.F B, EZEH EFHK

CRAb AR K2 A fl2e2EBe WL f£E 071001

B E.UAHFHIH (Botrytis cinerea Pers AR FEH . R A LA ZT KB ERX £H
FLEANF R, TB12 B A MR A ARIIEFREHRFRAL, URZEHREERE
¥ H Bacillus velezensis TB-12 BB R, T @ T RN HE KT TB12 gH %
FREROGRERERE AL EZANAEF I LN — T AR ARG SR AT REE
MpR AR, BREAV.TB12 RO Z AL BB FAMAEHIAE 2%, BTG 4%,
MgSO, « 7TH,0 0. 1%, KCl 0. 05%; &2 & 5 &4 4 B A F 1000, £#LF 50 mL, #74
pH 8, X B a1 60 h, ¥ 5@ & 30 °C, K41k 180 r » min~', B R A A ah X 832 A0
Yo, A0 TB12 B AN H R B O HHKAREMT 69.4%., 2R ABEN, LS
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RET 32.6%4219.5% ., TB12 fitrxt %3k BERA RIFHBHEE,
KB FNKEIN ; LB PTG ; IR L8 ; BFIARICR
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U R, St24 & BERON B/ AR TR A DR P RIS T
FIFEFT . 100 mg « L™ 329 i 1 185 55 1) PR 3P 4
RCREAF 24 h JFBRGXE] 94. 320,120 h J5 2K
85. 4%, AT DLAES) A 3 rp 43 B e T — Akt
B K B W B B E R R B A ST B /R 1E
B (Burkholderia gladioli) Wk 18BS-12, HE &
TR RFIGRCR 251 82.37% M1 75.61% ., H
HIAE BT Rk 2 B TR AAT R M ERE . AL
T TR T R  BRIRBIA RIFBE, A F] T
BRI A= IR L RAERR AT e S
B, L5 RS ARG UE 5K 25 FAT B 25 B 1A
It S, SERAMZ T IZEH T ARER
KRR R B IR . £
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HIANTE BB T , 3 R B MR B AR R B BT VAR »
BRI A AR EINEIEEN TB-12 Bk, L
R (Botrytis cinerea Pers. ) iR RETE /N
R HIEZARAL B 7 v, i € TB-12 T HR 10 %
FERBEEE SRS, IT 8 AR R X R R JE &
T BB B AR 2R N M BIG ROR AT B %6, LU
WIAA G R AE = T 24— e S H
B 16 o7 FH 1 FF Je B8 e B i

1 #H57FE

1.1 s

SIS B TR BRI TR A 5L R AR Y K e 7 L
(Botrytis cinerea Pers.), Bl K E RIS PLANE
Bacillus velezensis TB-12 B &R Rwl k&b K
SRR A LR RSB

BRI NA B FREVE R ARG (NB) 5
FE DA (PDA) B 37 ZE 0 BL I PR WL AR B 2
SR AR,

MPRFENEER Lo, WA 100,
NaH,PO, « 2H;O 0.2%, Na,HPO, + 2H,0
0.4%,MgSO, « 7TH;0 0.05%,pH 7.0~7. 2,4
T 250 mL =AM P, BHCKEE 50 mL,
121 ‘CKH 15~20 min,

1.2 REH*E
1.2.1 TB-12 EtkER ML NIE XM 7R 57

¥ TB12 RIS AL 7 HAHE BEA 5 mL
TR B & W B, M T 50 mL(250 mL =ff
HONB B ZEHEH, F 30 °C,180 r » min 'R G 1
7% B 2 h B — RO RE (ODgo ) AR 3
W L ODgoo HYAARKR , K5 35 B 18] A 4 Ak, 22461
TB-12 WM A KR, & TB12 WkEM T
iR EF,30 C,180 r » min 'IRGE R B
A K M 235 5B AP A KB B G M T
KRG IR T e e .

1.2.2 RERFREMIH L

REERE TR R 2 FR T 51 )y 223
11 IR L PRS0 P PRI EERh &R 200,38
iR 50 ml(250 mL =i , KEERE N 30 °C,
Bl 180 r « min™", RTEFEFRETIAIY 48 h, &
fEZET ,5 000 r » min "0 10 min, ¥ KRB K &
T L ROR I BT A TS T . Sl R TR 1 O O

PIgR B 2.0%. & A 2.0%, MgSO, + 7TH,0O
0.05%.CaCl; 0. 02% .NaH,PO, « 2H,0 0.2%.
Na, HPO, « 2H,0 0. 4% B il & B3 35 45, Hop
VEREIRERE AN FLE  H R DR AT
TERYAE 6 Fh AR A S IR 2 A AT R LR
55, LATR R Bl TR o il R IR T - DA ik
B 2.0%. A 2.0%. MgSO, « 7TH,0 0.05%.
CaCl, 0.02%. NaH,PO, 2H,O 0.2%.
Na,HPO, « 2H,0 0. A% B il R B85 32 3, H
EHEEOF R SEAR . JRE DR 4 RE B
R O E DO 7 AR [ Ak A TR
TTHieE AT, DU e G /IR . RIa THLER
FITFIE : LIBRGERTR 2. 0% BoE AR 2. 0% . TGHL
5 0.05% Be il & B 3 55 %, H ik £ CaCly,
MgSO, . FeSO, .MnCl; . KCl, ZnCl; .NaCl 2 7 Fb
PR T WL FE AT PU DS EL B e, LA i B 38 T
PLEL.
1.2.3 IEXRELE

TERI 20 1 B 3 SR R A5 o W R b, R A
Lis (4D IEAESLIR (R D, MR HR_RH DA
[ EC L XT LB TR RE 2 . FEARAL G R I 4L B
Fehih b, R KL 22804 TB-12 Bk HK
BEAE W R RUNFE 2 FrR,

£1  TBI2 HEABEREER
ExRAZREERAT

Table 1 Factors and levels of orthogonal design for

medium composition of strain TB-12 %
BEE 7K Level
Factor 1 2 3 4
BRUE Carbon source 1.0 2.0 3.0 4.0
#AJE Nitrogen source 1.0 2.0 3.0 4.0
TeHLER T Inorganic salt 1 0.01 0. 05 0.1 0.2
TeHLER 1T Inorganic salt 11 0.01 0. 05 0.1 0.2

x2 T2 AKRERKEERRL
HEEERKER

Table 2 Factors and levels of orthogonal design for

fermentation conditions of strain TB-12

HE K Level
Factor 1 2 3 4
R WemsHE] Fermentation time/h 24 48 60 72
S4B Media volume/mL 30 50 75 100
10 & Inoculation volume/ % 2.0 4,0 8.0 10.0
pH 6.0 7.0 80 9.0
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L.2.4 FEPUAE TB12 BN B K BRI 4

g osb e
I PDA 45 | 0 ST M7 T 22 o —

FRRRAL 1107 ~1X10° cfu » mL™ KB M T5 = /

Wi LA TB12 bk BT e A T AR 0 R 1 Zf /-

BRI RFER A TB12 Btk R B 152 e

& BE ISHON R B B, MEMMA KT 4~6 0 5 10 15 20 25 30 35 40

MR, AR R A R R B LABHG 5 X 4b B IFHA] Timeh

T » LA T R K A R T A TR 4 1 TB12 EERRIEK B

HEM BN IKERE. BB THE KNI E, Fig. 1 Growth curve of strain TB-12

5 d J5 W TB-12 Bk R BEr= 4%t 1K B9 4 Bl 9o = 0

R, RALTE 5 LA 5 fR. RIEA. FEh i H: 8r

MK BRI T B, 24 h 54 B REBEW A gﬂ, 6

R B WG A, A LGB K xR, 5 d mE o4

JFEE TE-12 BT R ATF DA A4 50 s 2 % % % %

5 &, B 5 M. ARIEFINKER N 5 Bhr e E o pr “%J?’ P

53R TR S, T 8 1 KR B A e BB
T ¥r= 29 H X FHRT 2R B2 B

?%Eﬁe ;(%ﬂ&ﬁﬁ T *ﬁﬁ‘;&ﬁ% /(_ﬂﬁﬂg 2 7R [E) R IR 3o 2R T R B A SR
TR R HBED X100, BRACR (0) = (X 1 Fig. 2 Inhibitory effects of different carbon
[Zﬁ‘ﬁ%?gﬁ T ﬁﬁgﬁﬁ%%ﬁ) /3 B [Zﬁ‘ﬁ%?g source on Botrytis cinerea Pers.
<100,

1.3 BUESH

IR R A SPSS 16. 0 B AFAY BRI & 5

12r
10

L 5

g
oF B
k! %
LU SRR TR R R B g
=g
2 HRESH : LA
i
2.1 TB-12 BRI EKH L&
e & 1 AP, TB-12 Rk K2k o 0~ B3 ARREMKEEAENHHEE
6 h NHERHA, 7~12 h ¥4k K, 13~24 h Fig. 3 Inhibitory effects of different nitrogen
R, 25 h G ELEKHEATT I, FEEk source on Botrytis cinerea Pers.

T B AR K AR A R , AU IR S

S I4 -
R TR LR B TB12 % B AF TR 5 onf
s 12 he Es 0
e

2.2 RIEWHIRRIFEMTHE R IE S

S HOBE [ B IR A R I P B P R L3 £ of
S . N ~ 3 = 0 L L L L L L !
BN BOR BB 2~4) , Z s F7 5 (e I3 CaCl> MgS04FeSOs MnCl: KCI  ZnCl: NaCl:
%?Lﬁﬁa%%&ﬁfﬂiaﬁ%ﬁ@ﬁﬂ 8.5 m;ﬁ FeALER Inorganic salts
AR SRR BT AR IAE T —
HAEXEF 11.0 mm; & B35 BT AL ER 05 Fig. 4 Inhibitory effects of different inorganic salts on
KCI i1 MgSO4 H, O ﬁﬁ M%E ﬁ%l"ljj@‘l Botrytis cinerea Pers.

13.4.12. 0 mm, (R B 20 /8 R B S o7 2L ) B
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TRiR &R A ML 43 00 R 2R AR O R
MgSO, « 7H,O F1 KCl,
2.3 RBREFEASETIHNER

FERf E St R TR 3 B 41 A P 28 (W LAty L
IR A MR E R IE R S5, 3R 3 WA, Bk
PR B ok 9 DL IS M R B K, H Ra >Rp >
Ruo>Rc, AsB.CD, AW E A 4, B FL b
3% EETE H R 4%, MgSO, » TH,0 0.2%, KCl
0.2%, MTFZREPIFRE LA ET, B

KBHS5MEEERRN 8 S48 AB.GD, 317
HBEAES, G5 R A .8 S & & BB TS 14
3R, M B A, 14.0 mm, M, 508 R AR
FEUE AN 2% BEE AR 4126, MgSO, -
7H,0 0.1%,KCL 0. 05% ., 53R FAEM KRR
FIERFT= AN EBE AR 11, 2 mm M L, 01k
JEME B EARW I T 25% (P<C0.01), 253
BE.

%3 TB12 Bk A BIEFEEAREZ MU TRER
Table 3 Results of orthogonal design for medium composition of strain TB-12
iH IR AR Tl T Tk 11 WEEER
Ttem Carbon source/ % Nitrogen source/ % Inorganic salt I/ % Inorganic salt 11/ % Diameter of inhibition zone/mm

1 1.0 1.0 0.01 0.01 8.0£0. 40

2 1.0 2.0 0.05 0.05 8.5+0.25

3 1.0 3.0 0.10 0.10 8.5+0. 36

4 1.0 4.0 0. 20 0. 20 9.040. 70

5 2.0 1.0 0. 05 0.10 8.4+0.17

6 2.0 2.0 0.01 0.20 12.5£0. 61

7 2.0 3.0 0. 20 0.01 13.0£0. 45

8 2.0 4.0 0.10 0. 05 14.0£0. 23

9 3.0 1.0 0.10 0. 20 13.4£0. 21

10 3.0 2.0 0. 20 0.10 12. 8£0. 59

11 3.0 3.0 0.01 0.05 11.5£0. 35

12 3.0 4.0 0. 05 0.01 13.5£0. 35

13 4.0 1.0 0. 20 0. 05 10. 5£0. 47

14 4.0 2.0 0.10 0.01 9. 040. 60

15 4.0 3.0 0. 05 0. 20 11. 3£0. 56

16 4.0 4.0 0.01 0.10 11. 0=£0. 20
K1 34.0 40. 3 43.0 43.5
Kz 47.9 42.8 41.7 44.5
K3 51.2 44.3 44.9 40.7
Ky 41.8 47.5 45.3 46.2
W*ER 17.2 7.20 3. 60 5. 50

2.4 BEFEFHERUEZTIHRER

R 4T MRS RANREHE N
AsB,CD;, B EEENTE] 60 h, 2 & 50 mL, 3
fpi 8%, pH 7. LRI BTG FIF L
Heag, PR SMETEERERW 10 SHE
AsB,CuDs BEAT HERE . SRR B 10 B35
JLZH B W R T AT TR O M, T B RO, R
18. 8 mm, [RIMERZHE RN AT 22800
AR KRR E 60 h, B M 50 mL, 3 &
10%,pH 8, £ Bk, 5 Hah R B 75 L1 5%
FIr=tE M B AR 11, 2 mm ML, & R BES 3R
EMBEBEMRAE  MEE AR T 67.9%

(P<0. 0D, 57k B .
2.5 fHE4E TB-12 BHkx Fm K BREIBE
R

R MBI B HAEIUNE TB-12 Btk R
P 3 RO 3 i K B R B TR ROR , SR Nk 5
I 6 Fron. BIA TB-12 kA4 e Ae >t 2
TR BEIR BT AR I B A RCR A 3 s e
DAL B TR B Bl OE 2 T 69. 200, BRRGK 2 T
58. 2%, lLARALRT# &Z BEIR A A L2 4R = T
32. 6081 19.5% ., [RIES R B, BN % A K 25
o B T8 B3 R IR B
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Table 4 Results of orthogonal design for fermentation conditions of strain TB-12
WH Rt [A] e MR WEEER
Ttem Fermentation time/h Media volume/ml. Tnoculation volume/ % pH Diameter of inhibition zone/mm
1 24 25 2 6 13.5£0. 50
2 24 50 4 7 15.8£0.55
3 24 75 8 8 16.2£0.76
4 24 100 10 9 15. 6£0. 55
5 48 25 4 8 14.5+0. 38
6 48 50 2 9 15.0£0. 67
7 48 75 10 6 12.5+0. 10
8 48 100 8 7 15. 50, 47
9 60 25 8 9 15.0£0. 84
10 60 50 10 8 18.8£0.55
11 60 75 2 7 17.0£0. 32
12 60 100 4 6 15.5F0. 44
13 72 25 10 7 12.0£0. 76
14 72 50 8 6 12.5£0.51
15 72 75 4 9 11.5£0. 51
16 72 100 2 8 11.4£0. 47
K1 61.1 55.0 56.9 54.0
Kz 57.5 62.1 57.3 61.1
K3 66. 3 57.2 60.0 60. 1
Ky 47.4 58.0 58.1 57.1
W*ER 18.9 7.1 3.1 7.1
%5 TB-12 %8¢ EE R B A EEIT B MR ERNARPIER
Table 5 Protective effects of leaf spraying TB-12 fermented liquor on plants against Botrytis cinerea
28 % Group I TEHL Disease index BFIARER Control effect/ %
R A Fermented liquor A 31.2 52.2
KB B Fermented liquor B 20.1 69. 2
X}H8 Control group 65. 2 —
*6 TB12 £B L iEHIT AR EEEIT I E R R ERGITIER
Table 6 Therapeutic effects of leaf spraying TB-12 fermented liquor on plants against Botrytis cinerea

#1591 Group

JRIEFEEX Disease index

BETAMCE Control effect/ %

KEEW A Fermented liquor A
KRB B Fermented liquor B
S+ H8 Control group

36.1 48.7
29.4 58. 2
70. 4 —

3 iFig

BEMKERZ -FEHERENEIRE, HTH
5 PRI TE AR A R 2 S o ), A8 R K
S EMIR BBk KT, AR HE
Hi KBS T, N R E I, A R AR OR IR T
TIKER FE A BB, RaB5 %A
IREE TR FAE K SR BRI Y ZXK Wk e HL R %
LB BERCR . RIS H A B HIROR .
ZXK REBERACRELE, HEAEWPIAES I EIE

ZRU L ARRIT AL TR E RN, LA
ZEAUFT R AR B AN AT . FEAE BT IR
AR A R B AR AR A W R M S AR
J 25 RO AT R R RS A SR R AR P M T
PR 28 A AR 2, BEAT T 50 AR B0 1Y TR A
WIT B R KR R M,
ZRBFEENE A BEIN TB12 1§
WRIEAT BT AA DRAL , 35 1o L 2R VR P 7 7 0 o
W BRI . RGN R EERE R IE
SIS » TB-12 MRS 35 it K 5599 A )7 TR s SR
AR T 32. 6% 19. 5% W FHEA KB/
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Optimization of Fermentation Conditions and Disease Control Effectiveness
Research of Antagonistic Bacteria TB-12

WANG Wei, LI Jia, JIANG Junpo, WANG Shiying
(College of Life Science, Agricultural University of Hebei, Baoding, Hebei 071001)

Abstract: Botrytis cinerea was used as indicator bacteria, The fermentation medium and process
parameters of strain TB-12 was optimized by single factor experiment and orthogonal test to improve
antibacterial effect of strain TB-12. Pot experiments were also carried out to investigate the control
efficiency of Botrytis cinerea with fundamental and optimized fermented liquors comparatively. The
results showed that optimal medium lactose 2%, casein peptone 4% and MgSO, « 7H,O 0.1%,KCl
0.05%. The optimal fermentation conditions were; inoculation amount 10%, volume ratio of seed
liquid fermentation medium 50 mL,fermentation time 60 hours,initial pH 8,fermentation temperature
30 °C,rotation speed 180 r » min~', Compared with the fermentation of culture medium, the inhibition
effect of TB-12 strain on Botrytis cinerea Pers. increased to 69.4%. Pot experiments showed that
after optimization the preventive effect of TB-12 strain on the prevention of tomato gray mold was
69. 2% ,and the treatment effect was 58. 2% , which increased by 32. 6% and 19.5% respectively. TB-
12 strain had good control effect on tomato gray mold.

Keywords: Botrytis cinerea Pers. ;fermentation;antagonistic activity;orthogonal test;control effect



