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1.3 WH1 Z B il i R ERE £ 4 Kk

20,22 pm JEIEAL IEBR A WHI1 LK S
PDA }i 5 50 i R B 12 50,01 ¢ 20,1 ¢ 10
(4 1L R A 18 °F M 2 T DU S N & W PDA
Bh SR FEAE R x R8T A% e e 6 FH G TR K R R
F| 1X107/mL, B 200 pL WAEF-AR .37 °C 58] & 55 57
24 h, WHLZER, BB T MERHLILE.
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SUMIN B 1 B 7% EAR TR R

1) Plackett-Burman #3157, 3845 7] GE 52 Wi g
JI R B9 A 15 3% Ak Ay i TR I R B R K I8
pH {EAE M5 [ F #1T Plackett-Burman %31,

£ 1 Plackett-Burman & it B F 7k £ E

Table 1 Level of variables in Plackett-Burman design

A i KPR (=) mRFERE
Variables Low level High level
oI/ (g/1L) Soybean meal 20 30
FoKk#/(g/L) Corn meal 10 15
VEHMY/(g/1) Starch 10 15
BEEEHY /(g/L) Yeast powder 0.6 0.9
NH,;NO;/(g/L) 30 45
MgSO,/(g/L) 0.3 0.45
KH;PO,/(g/L) 2 3
Na, HPO,/(g/L) 8 12
CaCly/(g/L) 0.08 0.12
pH 6.0 7.5
KRR/ C 10 a7

Fermentation temperature

2) B O ki 5. R P8 Plackett-Bur-
man BT 25 R, % B0 g K™ i 5 K 3 A
BRIy SRR eI 4 AH R, &3
AL HEAT Ly (3D H R, AR [ R 56 45
Xof 7 i R e ) G R R G AT B IE
16 EEBEEBEMARLZERGLHE

MRIRAE 3.20.500 L & BEiE b k47 & B 72 1Y
K H AR T 30% . A KBTI A B N
I PR L 7E & W e KB B % ) G T A e R
T, KR . R N . R &
65 °C,0. 09 MPa FL25 W4 Jp JE AR TG 25060, Wi
Jei WA 2 TR VR 5 55 1 g 3 DA E XU I IR 160 °C, 4
KU 80 °C L ME & 10 mL/min Y 5% 14 1t 47 %
T HRAL R,

2 ZER545Hh
WHIHIEEEMRN s BEdELE

WHI1 kB 4 28 2 B 2 85 . 06 W) R 7E
KA IE T EEREHUS B8V T 15 T B8, & H 25 Jighh 7%
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455 Test tube serial number
Bl MEEEYREEER
G-25 147 & Bt Bk Bt ih 4%
Fig.1 Anti-fungal substance in WH1 culture

was separated by Sephadex G-25
AW N i T N A e I N
B T M R | B B L PP | PR RE S G AT, 508 K Y
Ty HE 2 P A Dy e B — 20, DA I A B 0 S B A
VA B2 — i R K, LC/ESI-MS 43 # 8 7 AR %
Oy AN 1043, #EIN O Surfactin 2E#Y 5 JIK
¥ 50 H

CH;—(CH,) |;—(|:H—C H,—CO—Glu—Leu—Leu—Asp—Val—Leu—Leu
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22 WH1 & B i xt it 25 2% S 9 B 22 4 < B9 HD 1

Kl 2 Wos, fEREFR AP A WHI & B K GE 18
8 2 Hb A0 T S I TR 22 I AR . TE S R Y
Wik FAE K 2 5163 PDA Hi 55 FAEK
f TR 22 1 IR K I, Wl 3 TR .

Al 2R BAG 1L T 78 PDA S BB K 24 h BPIRZS The Colle-
totrichum gloeosporioides spore growth in PDA plate for 24 h; B,
C.D: M AS A AL 5 7E & 1/50.1/20,1/10 K MW A PDA 4R
EAEK 24 h BIRZE The Colletotrichum gloeosporioides spore
growth in PDA plate containing 1/50,1/20,1/10 WHI fermenta-
tion broth respectively for 24 h.

B2 WHI 2B il 3 E R B £ £ K MsER

Fig.2 Fermentation broth of WH1 suppress the

growth of Colletotrichum gloeosporioides

A: FEE 1/10 BBEWAY PDA AL 1 AEK 24 b B9 48 SRR 1
22 The Colletotrichum gloeosporioides mycelium growth in PDA
plate containing 1/10 fermentation broth for 24 h; B: 7 PDA F#t
A 24 b B AS BIE G B 2 The Colletotrichum gloeospori-
oides mycelium growth in PDA plate for 24 h.

3 WHI ZEF il Z R ER AL BBER
Fig.3 WHI1 fermentation broth deform the mycelium

of Colletotrichum gloeosporioides

2.3 WH1 RZBE: R &AM Ll R ERB

TE B VR 7 WG 506 A B¢ F) A T8 T - ) o RE 05 A5
R0 H A0 A4 00 25 AL T RE B A RE L R Bl 2R S O
WA e . IR B 50 £5 19 WHL J& B i 8 304 il 2 i
Fia 5 d PNl 28 B EL R Y B IR BOR IR 87,506, 4
AP 4 o Ao Y @R 1R ) E R D
P A=A rpri b A SRR R R S AE L ] 4-B
H B IELIA A R b S L Ak D S8 K B

AR R 50 F5 0 WHL & BERUG 3 AR BN  HE 97 5 d
Leal was inoculated with Colletotrichum gloeosporioides for 5
days after sprayed with 1/50 WH1 culture; B: {52818 K )5 , $
AT 2R IRIEIR » 55 9% 5 d Leal was inoculated with Colletotrichum
gloeosporioides for 5 days after sprayed with water.

B4 WHI ZERMGEMEZRERE
BHEHFEMHE EEK
Fig.4 WHI1 fermentation broth suppress

Colletotrichum gloeosporioides in vitro
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2.4 Plackett-Burman iZit & £

JHE A Design-Expert 7. 0 X} %% K & ) 2 & 1
PEATAY BT . 45 S WoR 76 P<70. 05 35 Bl N . TR K .
NH, NO; .Na, HPO, 1l B 52 5 mi fig Bk o 1) 3 22
PRI 2%, H T I B 0T i O™ 5 Sy 675 ), T DA & T U
FEHL 30 °C, HoAt 3 AR EE N M H 1 it —
At
25 HOEITER

M 25 R 3R 2 FroR, 15 B 80 Minit-
abl15. 0 X 50 45 S HEAT 70 B 35 97 5E 45 A+ 9 e £
KP4 A& R E MK 12 g/L, NH,NO, 2 g/L,
Na, HPO, 2 g/L, JE ¥y 20 g/L, 2% Kl 5~ X ig ik 7 4t 1
SZMHERK 8 NH, NO, > G818 = 3 #i = Na, HPO, ,
FH B A 7K 21 A i 30 TE 3 56, 40 1R R Ol (740 9 £
LOY%. 5EbRHERKELEEZES. A TEME 15
120 g/L KV E22RA W2, Bk 15 g/L, DAy

2y S W A
F2 BHORTKKBMER
Table 2 Taguchi array design and experimental results
&5 AF 4t /(g/L) Variables MEE/ Y%
A K TEH Inhibitor
’ Soybealeigwder Sﬁfc}h NH;NO; Naz HPO, rate ’
1 8 10 2 2 59.643.8 de
2 8 15 2 4 56.4+0.8 def
3 8 20 6 6 51.1+2.3f
4 12 20 2 4 75.6%0.6 a
5 12 10 4 6 58.54+1.8 de
6 12 15 6 2 61.441.5 cd
7 16 15 2 6 72.943.5 ab
8 16 20 4 2 66.9+6.2 be
9 16 10 6 4 53.0+1.3 ef

DRPPINEAR G 7 AR H KR 2ZERAREF (P>0.05),
The data within a column followed by the same letter are not
significantly different at 5% level.
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[ 47 L, 7™ i BB R A ] A ARG X AT RE Sl T
IR JUR By 7 A I B T DAy 2 90 AR I L A e I E P
S TR U A Y WL AR 1 58, 35 3R 9 5T 9
MR FE . WHI B BCF f B R BT 8. & Tk
i 1) 9 AL AR P B AT B — P IR T 5T

TE W9 A JUK A7 25 A 19 B 3 I I
L 300 PN O B A g T LA L R AR L A M. e
W — B a] 22 5 W K gl B 0k ik B2 A BT AR
AR BB 75 5 08 TR SR B AR . T
ZRBAEIG KIP  VEAE  I Z2 R 7—9 A 8 T RIIE
Y0 BB BEAE TR o Sy A E, T EL WH & B
J0i TR JeR 3 T 976 P 1) o M G R 5 3 R R o
MBS - R A

WH I OB A% KB, 2 T T 25 g B0 L s ]
J IR ™ L O ™ W E O 6 BRI AU 1 TG TS
ZRAOT il o KRN 55 1 LAS AT LA e (] Y £
f- 33X BB RRAIE R W I IR AT AR Sy e 8% R L L BR
PRI A= A% 25 1 R0 3 3 % R A 1Y B 36

2 % x #
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Optimization of fermentation condition for Bacillus
amylolique faciens WH1 and its biological control

effect on Colletotrichum gloeosporioides
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Abstract The antifungal substance produced by Bacillus am yloliquefaciens WH1 ,isolated from the
root of rice, was identified with infrared spectra. The inhibitory effect of WH1 towards Colletotrichum
gloeosporioides was measured by suppression tests both in the plate and leaves in vitro. The results
showed that the antifungal substance WH1 produced was cyclic lipopeptide,the fermentation broth was
detected with the activity to deform the mycelium of C. gloeosporioides,and the highly diluted fermenta-
tion broth still had a significant control effect in vitro. In order to make WH1 a dedicated formulation to
control C. gloeosporioides,the fermentation condition of WH1 was optimized by Plackett-Burman design
and Taguchi array design. After optimization, the lipopeptide production has increased significantly.
Keeping the dissolved oxygen above 30%, the fermentation in fermentor of 3 L,20 L and 500 L was
scaled up successfully. Tenfold diluted fermentation broth of fermentation in 500 L fermentor has inhibi-
tory rate of 50.8% on C. gloeosporioides,and still kept inhibitory rate of 86.2% on fungus after spray
drying.

Key words Bacillus amyloliquefaciens; cyclic lipopeptide; Colletotrichum gloeosporioides; anti-
bacterial activity; biopesticide
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