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Induction and culture condition optimization of Beauveria brongniartii
for microsclerotial production
YANG Xin ZHANG Da-Min LI Zeng-Zhi*
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Abstract: Sclerotium is a dormant structure of some hyphomycetes with high resistance ability and stability in soil. In
recent years, it was found that microsclerotia (MS) of some entomopathogenic fungi formed under special culture condi-
tions. Beauveria brongniartii is an important entomopathogenic fungus mainly for soil pest control. In the present study,
formation of MS by B. brongniartii in shake culture was observed, and the indices of carbon source (A), carbon-nitrogen
rario (B) and inocula amount (C) were determined to be significantly important factors, while the initial inoculation vol-
ume and rotation speed were not important. By a steepest ascent design and a central composite design, an optimal
culture model was determined, which resulted in a maximum MS production of 8.24><103MS/mL, while A=30.66g/L,
B=7.59:1 and C=1.03%. A optimization test resulted in a MS production of 8.00-8.25x10°MS/mL, 21%-25% higher than
the maximum yield produced in the initial test. The data of this study will benefit the potential application of B. brong-
niartii MS for soil pest control in the future.
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i I HYETH Beauveria brongniartii (Sacc.)
Petch & — i E B B LU SR ECTE 1R N A0
T 95 36 W55 i 4% (Zimmermann 2007 # i 45
20090, i1 B U SRR 1 R AR
W T A 5% ) B 6 T TR AT B A R N 9
D70 AR AT LLZK &I OT At 3%, (HUB0RE
TN S A A7 ORI S T  RUSDRE A v ™ A2 K
wmor AR, UM R F A IR AT
AR 1 8L RORL R A - (Jaronski &
Jackson 2008). &L JLAF i ] 1% b w] A 1 g o
BRI, kR AR IRAT R,
KR E A OBEA24F 1995),

KT KA BRI 2 b e AT
HVTR 22 (AR 2 K5 95 7 T (RRAEIESE 2006) .
] P 10 6 FH e W ) A% R0 i gl A
Aoy BHA BOR. HAL Bt BA
e b E R 7 B4 (Faria & Wraight
2007) ¥, AR ALY AR AL
NI | I | I 4 6 | U P = S |
SN o TR AT 0o S O A A R B 22,
EATRAS RER I 52 e AR, B 40,
DAL 757 2 R — e it . A i K ) S Ak
TERB ™ b o

Jaronski & Jackson 2008 4F 1 {4k 18 1 1 Y
PREE IR A= W A e T 2- = Metarhizium ani-
sopliae )11 #% (microsclerotia, LA fji#x MS)
H3REE L F (Jackson & Jaronski 2010), 7EH
) B v6 5, @i SR M Tetanops myopae-
formis — JE LT R R1IX 100%, A% 0381 HH H)
R N R T e ok (R R O P
Br o B IT: T TR 22 B8 T AT T TR 1) R A
BLMIRIRAE, HRDAA—, RS2, &
2 ZOR BT ARG S R E ) R LI &Y
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¥ H e FEORAVE T R A RIS, 2
EZ-E7/brr)NEN: SR wee e S P SiE kY TR

(PIER A2t s YIRS BN, eI A A8 I
BRI 22 BN B R AR . i, K
N4EH 1 Verticillium dahliae Ff) 1% A5 AR HRCIR 2
T LRI 30 dFZ A (Fravel & Tjamos
1995); FEMFEFL (>50°C) &K, &M
WL AR o3 AR T B VARG, (H AR AT IR FR
ARG (BFEFRILAE 2004) . X PR S5 1)
PO RS A MR 1 2 5 30 A= 977 o 70 v e 22 44
Mo AP ARLR, AR Ms X+
e N A A B AT . ST
MS IR KIREE . BFR A0 (N ICEE 2011)
DL A FENLE] (Manuel et al. 2005; Amyotte et
al. 2008) #A B HEIRSHIRIE, (A2 P ERY
IR B, JUH R T Rif AR B .

Jackson & Schisler (1995) 7 K &k JH 5 B
Colletotrichum truncatum ¥R )2 i P Hh 14 21|
200-600um A /MK MS, Connik et al. (1997)

F1 Boyette et al. (2007) Fftiil| T LAy i L Joks
A0 B A K L RIE B MS i), TR T
R EL 75 Sesbania exaltata “EXIB iE M5 o

1T, Dunlap et al. (2011) & F X X K&
WSZLINBEWi i B Mycoleptodiscus terrestris
W 5 B RS W AT BRDY 1 E 7 B A 1 3
ik 22-26°C. TiFM%E (2011) SN
Bk 18 1 1B B Beauveria bassiana MS 1)1 5 1%
I, GBS T RBEAIE-80 X MS TE R
S, JFUEBH MS TR 31 1 35 b AT 45 75 1 i
I, Frankliniella occidentalis T Ml B RAET - %
FEms B E T 81.1%-92.2%. #HE, BT
S (2012) WiFFHRERKENTE Nomuraea
rileyi ft) MS, X§ &S0 1k Spodoptera litura 14d
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[FIESLR T IX 78.56%

SRM S B A A DLAE (ORI U8 R AR A 5 5
FEIEIRT RS R T MS 77 B R i DA K % E
A, RSEMR AR SR AR 2, AR5 EAT
TEARER I A FE TR 4 S T2 4 N Ah v
TIX W50, ARG RPN IR 4k G ot
BT ZRET MS FmitaE . &, Rl
X MS T A B VAL BT 5 S T i ek

1 MR 5 7

1.1 EkEERE

1.1.1 $ERE R A K E1ETE Beauveria brong-
niartii Bbrl7 Btk, 708 HZBENE, FEH—
Pt o, oy 22 AR K 22 B AR I 6 48 R A SE
K= it

1.1.2 B59R%E: SDAY /ARG I3,

1.1.3 PRI TR SEmtEh . PR ICE A &Yk
A2 B B WL EIFIE (2011) [HRIE; H R (K
POs RARE GBI o BRI 05 R 7 Sk
FELRCTT WA 1-4 ISR ot e pH 42 6.8,
10°Pa KA 20min #FH . HIZ7 B P & S i 40%,
T A % 6.052% 115

1.2 ik

1.2.1 BRNEAL: K URIEEUT 10% H 7K 4
Fh#) SDAY P I, 7E 25°C FRi9% 14d J5, &
WK AT 25T 0.05%IM:35-80 TS 1 K
W, FTHTRAD S Rkt H &K EE h 1.0x10%/mL
(7 BV A

1.2.2 }i5%: 1E 250mL Bedhrr, 2 100mL 3557
W % 0.5%IERI RN T &I, B IERAR IR
25°C, 150r/min Z5fF FHEiFR. HFRAMIGERE 8h
R, DASIRei R M 2 ph T o B H S AORE
MEEE TR P AE IR TEAS 55 6 RIS 1R R %,

S EIRIAE (2011) AT, KA
B, IR MS IR, IR IR
1 Calcoflour White (Fluka) #ff, 7628 Bk
B MR 3 ANER CRFED.,

1.2.3 REEZAMDAL: UL PR ZE R
RWEAAF. 1 RFEFSER: Y0 H s R 2
S b8 R FR HAR S AR, 53
SRR P IR T . B X MS B
77 S A A R T I E o - TR AR T
B, R A5 Ty 22 0 W, B/ B3 2RI
{§i ] DPS #ff:, One Way J7Z43#7, Duncan
S ZERTR e 20 AT F SR80 (RSN 5L
SEft b, HE DRI . BRELL . b
REIREEH . RO S AP EAT 00 3% S T
MS PR E N T 3) BBENCH Sz MR
3 DRI S50 0 2t 1 08 3 TR T, DS AP AR A o
FE RN T7 1) (B EDESE 2010), A i Y. [T (1)
Hul L, T MS PRSI X, 4) Pl
A5 ARG Box-Benhnken [P H /M2 & S0 ¥
TR G224 2006), #E—D kT 3 K% 3
KPR WE . T 23 BT S5, A5 MS 7 B i A
. 2). 4) SEEG4E B Design-Expert 8.05 #4044
BEAT 53 HT

1.2.4 B3R M. 7= AR SR
W 1) MS HFERIZEAE AL IR BEAT I . A5 56 5
%S W E A (2011) IRE: 2) BRAY
AT B5 9% 6d JGEEFRBPEAR L SmL BF IR
HAE L E B AR E e AR L, BARK BB
LR )4 (2012) [F4RIE .

1.2.5 MS MW ANTF45 S K 5 B 22 R 7 A
W PR FE 6d Ja i E IR I RS
(diatomite, DL RNRjFX DE) ffiykZiL %] 5g
DE/100mL }iFil. FAMI/KE TR MS. A
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R1ETREFREHET Bor17 Bk MS FIZFEBTE. EMEUREKE MS-DE NEAREXNNERFEE

Table 1 Production of microsclerotia (MS) and blastospores, biomass, reviving rate of rehydrated MS-diatomite (MS-DE, similarly

hereinafter) and conidium production of Bbrl7 isolate of Beauveria brongniartii in various liquid culture of different media
NEBTEE
107conidia/g

MR FHEBTTE
Carbon Microsclerotium 10° blastospores/mL
concentration production MS-DE

(8/L) (10°MS/mL)

8 20:1 9.67+0.29¢g 14.50+1.00f

8 15:1 10.00+0.92¢g 19.42+1.32ef
8 10:1 13.67+0.85fg 23.67+1.12¢ef
8 5:1 19.12+0.28de 30.38+1.01ef
16 20:1 11.17+0.29fg 47.00+2.17e
16 15:1 13.08+0.32fg 28.83+0.56ef
16 10:1 14.82+0.92ef 223.33+18.52¢
16 5:1 48.00£0.14b 103.75+11.17d
32 20:1 25.50+0.08d 270.83+£13.76b
32 15:1 33.17+1.84c 210.00+14.66¢
32 10:1 66.00+0.98a 109.174£16.67d

41.67+1.16¢c

313.33+21.95a

SME

Biomass

(g/L)

MS EHE
MS reviving
rate in MS-DE
(%)

dried MS-DE

6.45+0.40gh 100a 58.45+5.19f
5.54+0.82h  100a 61.50+2.38d
5.25+0.18h  99.50+0.50abc 67.10+8.96d
6.71+0.15g  96.97+0.53abc  73.26+10.97c
11.15+0.88f 96.00+0.81bcd 60.28+7.07e
13.41+0.57e 94.06+1.86cd  95.40+10.27ab
18.45+1.20d 95.05+2.05bcd 113.64+11.32ab
19.17+£1.52c 94.07+1.04cd  114.73%4.24ab
19.65+0.71b  93.22+1.70d 70.95+9.69¢
21.53+0.30b 92.38+1.20d 85.10+4.71b
22.60+0.47a 92.92+0.58d 190.47+0.47a

21.11+0.57c

91.15+0.99d

167.40+0.47ab

VE: AT AR FBFRRAE 0. 05 K FEZERTE (P<0.05) . FEF.

Note: Figures of different letters in the same row indicate significant difference, with a=0.05. The same as below.

1 DE VRGP HIE2YEAR b o UELR F 535
KRG TR, i E K5 E X (Halogen
Moisture Analyzer) Ji{HE/KE, 2EKE
<5%, FHREWHIE R AR (RFR MS-DE), H]
B OP AR T AR, 4°CTABR (CFil %
201D). it 7 4 A )5, B 25mg BORL N & 5mL
0.5%It:3-80 TG EI KM, IRATHM 4 2% /KB
RRFRAE B ORR4PPAE 2012).

2 R 5007
21 HEKBERE MS £ KER

TE LRI 20g/L, TRALL 5:1 IR IR
W, BB AL TAE 240 WHT R, TE AT R
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(TR 22, A8h o B3 BEG N 72h J5 B 2291 R
R, BHIE K MS; 120-144h iH 206G 1K MS
TERCCE 1) S FLA% 2 {E 200-800pm . [,
“EHy (590435) pum.
2.2 TR LR Bbr17 E#k MS FIZF A il F == LA
R EREMEENT

I WA Nk 20g/L. 40g/L. 80g/L, Ttk
AL Hk 20:10 15:1, 10:1. 5:1. fEEFE
6d, Al REE T MS B, T R B
P FRRR TR 6d, AR R T MS Bt
e A BB EY R, AR L ME R LR
AR SR R I TR R S AR AL, A
IR B I, ARBR A L ST R T 77 A4 K MS
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DLACZES, BB R AR wHEF (P<0.05) &1 H A A, A
IR T MS R A 707 1 T O A= 4 & 1) 2 5:1 R L ZE AR PR s B B T D
s Hop L 10:1 FIBRE LIS MS FlZE Y 1) 7 RS FR

G H

1 RIRERREIEFE Borl7 BHRRY R B K& MS-DE BAZFN EKIEAFA~HE  A: 25 1K, AN EMTIF
IRTEMAI RN 22 B: 2 R, WLIFRERE: ¢ 3R, MLREEE: D: HAR, TFHENEZ: B &
5K, SRELUMRE: F: 586 K, KRATCHMNEK: G: WRAKGM TR LEK 24h JFE 5 H: HIZEK 192h
JaTFHE . #rR: A, B. F. H=200um; D. E=300um; C. G=400um.

Fig. 1 Sclerotial development in aerated liquid cultures of Bbr17 strain, germination and sporulation of rehydrated MS-DE
granules. A: Day 1, conidial inocula germinate and produce a homogenous hyphal mass; B: Day 2, hyphae start gathering;
C: Day 3, massive hyphae are gathering; D: Day 4, MS bodies begin to form; E: Day 5, MS bodies keep forming; F: Day 6,
well developed MS; G: Reviving MS after 24h rehydration on water agar plates; H: Sporulating MS propagules, after 192h.
Bars: A, B, F, H=200um; D, E=300um; C, G=400um.
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2.3 MS-DE BRL /KR E 75 K =7

FT A AL BRIF) MS-DE ki 4 52 /K 5 90%LL I
HEER IR A (R 1, B 1-2), (HARRRIKE
AR LG R T MS 1R 75, 7E 20:1 Al 15:1
I L N 2 %A A B 100%, W3 =T ik
F R R T AL B o AN [R5 200 43 A AR = A

A FRE, DU IR SRR A MS
SORJE Ay A AT B 2 o 3 e TR
IR A o E A RcR, LR BL 1001 1K
FULL R 7 5 2 T A AR B
2.4 REEZMEFHHE—THE

FE TSI A1 25 My 52 AR PS8 AR 5 L o

2 Bbrl7 FIEEY MS-DE #R&AEKIREETHR L EXKFMESHNERFAER MS

A: T MS-DE B3R,

brJl=1cm: B: E/KHBURTH ESEKH MS-DE, bi=1mm; C-E: MS %% BAIES, calcoflour white %4 (h: C:
iR 6 RITWAZ, WIZANR WLRERS:, RIOGH, WEEHWEGI; D: BAKAEZNIILRZ MR LAER
Py E: HKEIZFREZAINEZ. k. C. D=200um; E=40um.

Fig. 2 Dried MS-DE powder and the morphology of MS-DE rehydrated on water agar and MS stained by calcoflour white

under fluorescent microscope. A: Dried MS-DE powder, bar=1cm; B: Rehydrated MS-DE on water agar, bar=1mm; C-E:

Morphology of MS stained with calcoflur white under fluorescence microscope. C: MS on day 6, showing a compact gre-

garious outer layer of mycelium and loose core in a MS; D: Reviving hyphae in and on a MS rehydrated on water agar; E:

Hyphae inside a revived MS. Bars: C, D=200um; E=40um.

http://journals.im.ac.cn/jwxtcn
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MS PRI I K (RS 1, LR IR 7R 56 10k
— 3D W S R ) 5 W TR o IR R R
(A, g/L) FIBRELL (B) R 5H 5 EMA
KEJERE (C, %) B (D, mL) FlFEHE
(E, r/min) %% 5 KT HEAT 7K 75k,
MS & 5 W N A . g5 B 2 i A
R’=0.999 , AdjR°=0.993, J5 £ &A% R* N
0.999>0.99, KW 7 B B E AR . 1
R, BRUEREE A (P<0.01) St b 2 A 1
WAL B iR € (P<0.05) J& &K1, W]
fE v MiSE D M E BARERT

(P>0.05), AIfEEEE (K 2D,
2.5 ERFEMRKIRLE

FEW AT RS2 06 ) et b, #3255
BRI 7 1) 5, 33— v e e TR0 R AN
e RBESH. BIRIRIE (A, BRELL (B) FIfEhp
(O R A ma R AT A AR R R
(D) FFE (B) AnfEERARMA B E R T,
EPEIARIK o S BENCH S50 TR 7 /KT Je &5
FRKIH, FEWEIRIE A b 30g/L, BRAELL By 7:1,

BeRhE C o 1% MS PR,

2 AL

A, DI E A g R G s R 3D,

F2 WRKE. BRA. EMHE. ERENERES MEFERKETH MS FEMEYE
Table 2 MS production and biomass resulted from two levels of C concentration, C/N, inoculation amount, load and rotation speed

BEAALL

A

Test No.

AWRIRIRE

Carbon

CHEfE

Carbon to Inoculation

concentration | nitrogen ratio| amount (%)

(g/L)
1 -1(10g/L) -1(4:1) -1(0.4%)
2 1(30g/L) -1 -1
3 -1 1(9:1) -1
4 1 1 -1
5 -1 -1 1(0.9%)
6 1 -1 1
7 1 1 1
8 1 1 1
9 0(20g/L) 0(6:1) 0(0.6%)
10 0 0 0
K1 (MS) 21.33 24.50 27.75
K2 (MS) 40.34 34.12 33.92
#%Z Range 19.01 9.62 6.17

P&

P vaule

D &KiE | EFRE MS F=2 EHE
Load (mL) | Rotation Microsclerotium | Biomass (g/L)

speed (r/min) | production

(10°MS/mL)

1(125mL)  1(200g) 15.83+0.80g 10.88+0.92g
-1(80mL)  -1(100g) 33.17+1.18d 22.41+1.02bc
-1 1 21.00+0.84f 14.46+0.38def
1 -1 41.00+1.66¢ 21.17+0.59¢c
1 -1 19.50+1.13f 13.75+0.91ef
-1 1 41.67+1.17c 24.33+1.62a
-1 -1 29.00+1.84e 15.38+0.47de
1 1 45.50%2.03b 23.50£0.57ab
0(100mL)  0(150g) 52.00+1.49a 13.83+0.40f
0 0 52.50+1.45a 15.45+0.27d
31.21 30.67
30.46 31.00
-0.75 0.33
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2.6 FLESIRE flR MS FEIRE TR SH B — 2 T a5

PL MS F=i g RAE I O St & B4k ¥=80.50+3.65A+3.52B+1.90C-1.00AB+
FTE Ms PR ILE 4. Jlid Design-Expert #F%f  0.85AC-1.55BC-5.02A%-2.32B%-2.13C%, JjZ/h#r4h
SIS EARIAT IR IEERG, HREIMAAIKE REIR, P =0.0011<0.01, LML R, £

% 3 ®BEMCIK RTINS MS =8

Table 3 MS production resulted from a steepest ascent design

RIS |AKRRIRE B RXALL CEME MS =8

Test No. | Carbon concentration (g/L) | Carbon to nitrogen ratio | Inoculation amount (%) | Microsclerotium production
(10*MS/mL)

1 24 5:1 0.8 6.28+0.22c

2 27 6:1 0.95 7.08+0.12b

3 30 7:1 1.1 8.08+0.49a

33 8:1 1.25 5.17+0.24d

i

T4 FOHEESEEIRITE MS F8

Table 4 MS production resulted from a central composite design

RS | ABRIRKE B XA L CHEME MS =8
Carbon concentration (g/L) | Carbon to nitrogen ratio | Inoculation amount (%) | Microsclerotium production
(10°MS/mL)
1 32 8:1 1.1 78.83+1.20abc
2 28 8:1 1.1 75.00+1.86bcd
3 32 6:1 1.1 73.30+1.68de
4 28 6:1 11 67.50+0.81e
5 32 7:1 1.2 80.67+1.70ab
6 28 7:1 1.2 70.17+1.04de
7 32 7:1 1.0 74.80+0.62cde
8 28 7:1 1.0 67.67+2.05e
9 30 8:1 1.2 79.50+1.94ab
10 30 6:1 1.2 76.00%2.32bcd
11 30 8:1 1.0 79.20+0.99ab
12 30 6:1 1.0 65.50+1.83e
13 30 7:1 1.1 79.67+1.88ab
14 30 7:1 1.1 80.00+1.66ab
15 30 7:1 1.1 81.83+0.58a

http://journals.im.ac.cn/jwxtcn
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SIS, 2R UE R ECh 0.9808, &R
& ZHCH 0.9462, R 5 SZBRIG IS R AT
HATRF IR, T DO sza g5 ST 2 f Al
. 58T A% AL B C IRE (S KT 0.99
(P<0.01), Xf MS HIF=AEH W& m; 8> C
EAS I R T 0.95 (P<0.05), X MS (=44
BEAERM . Wy EI A U, Y
A=30.66g/L. B=7.59:1. C=1.03%}, MS /=5,
HHFR M N 8.24x10°MS/mL.
2.7 EERIE

4 3 AL IRISUE RS 45 AL, MS 77 3553 il
) 8.10x10°MS/mL .  8.25x10°MS/mL Al
8.00x10°MS/mL, ZESH1E 1% . PALiI4E Stk
W1 46 W5 1 B K 6.60x10°MS/mL 2
21%-25%

3 Wi

AN 5 A0 SR B MS B m ik ] 455
7% (Hawke & Lazarovits 1994), 1A IR 2 K
1% (Jackson & Schisler 1995); %= A [mlFP 2t
WA AR . AHFFCE T AR A I R
() MS FT i I R IR R S G fa TR R

(Jackson & Jaronski 2009). Bkl AfEE (£l
M4 2011) FISEICHEF AR (B%h P4 2012)
KA sl LR, ko BRI G
R B MS J= 5, 1 & BRI EEAR] T MS 7= 51
e, X540 128K (Jackson & Jaronski
2009) AH A, H IR TN 46 A 17 A 3 [ P A B (3
41725 2012) AR .

MS TEfEEE T AR T DLZ B ORY, 8T45
WEPEAEAE 4 N F R OKE SR, IF KR
-, K IX R e, o ok S L
A TG R R R BORE AR, (RUBORL A 1 AN H 3
DMETFGE TR CRIBERXSE A 1998), Ktk

MS B QKA 2 . 72 L3, MS JiokifE
g K E I RS A N E S E I e,
0 A B 7 I 2 AT R vy S 1 e 0 e v K 3
617, DREFAEMT . SR, BT R B2
RO Note, mHWaARREYIT, &
WIAE R I I 28 D A2 B A3 A0 A BE FE ™ 11 40
ML, PR R, R Gl BB 221,
IXAEA 9T (Jaronski & Jackson 2009;
WA 2011; FRANTAE 2012) THIYTWEH.
I, Ay BRI s U MS TG 52 i S R
LT FEANTISE, iR Xt 78 )3 FH 7 =)
BONEIE. XKW, RESWATIEIR AR T
SH B2 PR Y ORI, HEE MS
(1) FE T) R 1 . FH e A R B i R 26 . i HL
A G FE B MS-DE il F1D6E H b5 st it (1) 7 v
BCRABAT Fp i I AR VR

MAEFE 7, MS-DE T8 5 R A JE—Ff
{7 (marcescence) MPIRZAR, B IKIN TR 22 /K
Br, W BB ERIPRE, R
gk, PSR T X5 WAE LA 80 A
AR ) B HOs o B 1 1 22 R R R K &
FRAP IR FE (Pereira & Roberts 1990) A1,
R, B ANERTR MS K it FER A A
] “Bi%”  (germination) M “WikZE” X
A, XPREAZ, REELREEPE 2
AIREA A IS R A, (BRI R 2
TR 22 K 75 DG MS FURL S [ HH B
rez (B 16D, HSETZRAM MS KA
M2, ZPEAREI T Ar. Wik, [
WA R R CHERERT N R A
“HZI7 (revival) Fil “EIRER”

[REFERENCES]

Amyotte SG, Dobinson KF, Grant S, Kang S, Klimes A, 2008.

Microsclerotia development in Verticillium dahliae:

[CEZE]E



836

ISSN1672-6472 CN11-5180/Q  Mycosystema July 15,2014 Vol.33 No. 4

regulation and differential expression of the hydro-
phobin gene VDH1. Fungal Genetics and Biology,
45(12): 1525-1532

Bai YW, Hu DF, Hu QP, Yang JR, Zhao JX, Zhu HQ, 2011. For-
mation conditions for microsclerotia of Verticillium
dahliae. Mycosystema, 30(5): 695-701 (in Chinese)

Boyette CD, Bryson CT, Jackson MA, 2007. Sesbania exal-
tata biocontrol with Colletotrichum truncatum mi-
crosclerotia formulated in ‘Pesta’ granules. Biological
Control, 52(3): 413-426

Connick WJ, Jackson MA, Williams KS, Boyette CD, 1997.
Stability of microsclerotial inoculum of Colleto-
trichum  truncatum  encapsulated in  wheat
flour-kaolin granules. World Journal of Microbiology
and Biotechnology, 13(5): 549-554

Deng CS, Zhang AW, Nong XQ, Gao S, Jiang HL, Hu JW, Li
JY, Tian JX, Li JG, 1995. Field experment on Beauveria
brongniartii to control white grub in groudnut field.
Chinese Journal of Biological Control, 11(2): 56-59 (in
Chinese)

Dunlap CA, Heilman MA, Jackson MA, Palmquist DE,
Shearer JF, 2011. The impact of temperature on the
production and fitness of microsclerotia of the fun-
gal bioherbicide Mycoleptodiscus terrestris. Biocon-
trol Science and Technology, 21(5): 547-562

Faria MR, Wraight SP, 2007. Mycoinsecticides and my-
coacaricides: a comprehensive list with worldwide
coverage and international classification of formula-
tion types. Biological Control, 43(3): 237-256

Fravel DR, Tjamos EC, 1995. Detrimental effects of sub-
lethal heating and Talaromyces flavus on microscle-
rotia of Verticillium dahliae. Phytopathology, 85(4):
388-392

Hao XC, Liu ZY, Wang B, Yu XB, 2006. The application of

response surfuce melthodology in optimization of

http://journals.im.ac.cn/jwxtcn

microbial media. Food Research and Development,
27(1): 38-41 (in Chinese)

Hawke MA, Lazarovits G, 1994. Production and manipula-
tion of individual microsclerotia of Verticillium dahl-
iage for use in studies of survival. Phytopathology,
84(9): 883-890

Huang BL, Liang JN, Liu XY, Zhu H, Zhu F, 2004. Occur-
rence of eggplant wilt and factors affecting growth
of Verticillium dahliae. Acta Phytophyliacica Sinica,
31(2): 157-160 (in Chinese)

Jackson MA, Jaronski ST, 2009. Production of microscle-
rotia of the fungal entomopathogen Metarhizium
anisopliae and their potential for use as a biocontrol
agent for soil-inhabiting insects. Mycological Re-
search, 113(8): 842-850

Jackson MA, Jaronski ST, 2010. Composition of entomo-
pathogenic fungus and method of production and
application for insect control. U.S. Patent
US2011/0038839

Jackson MA, Schisler DA, 1995. Liquid culture production
of microsclerotia of Colletotrichum truncatum for
use as bioherbicidal propagules. Mycological Re-
search, 99(7): 879-884

Jaronski ST, Jackson MA, 2008. Efficacy of Metarhizium
anisopliae microsclerotial granules. Biocontrol Sci-
ence and Technology, 18(8): 849-863

Lin HF, Lin SG, Wang QL, Yang XQ, Zhang L, Zhou YW,
2006. Growth of Beauveria brongniartii and two va-
rieties of Metarhizium anisopliae and their virulence
against white grubs. Chinese Journal of Biological
Control, 22(2): 123-127 (in Chinese)

Lv GY, Zhang ZF, Pan HJ, Fan LF, Li J, Fan MH, 2010. Opti-
mization of submerged cultivation medium compo-
nents for lentinan production by Lentinula edodes

using response surface methodology. Mycosystema,



wR F [BRRERNERNESIEFREFRK

837

29(1): 106-112 (in Chinese)

Manuel D, Rauyaree P, Ravindra G, Seogchan K, 2005.
Mutations in VMK1, a mitogen-activated protein
kinase gene, affect microsclerotia formation and
pathogenicity in Verticillium dahliae. Current Genet-
ics, 48(2): 109-116

Nong QX, Deng CS, Gao S, Li JG, 1998. Colonization of
Paecilomyces lilacinus on soybean root and its effect
on rhizosphere micro-organisms. Microbiology China,
25(3): 136-139 (in Chinese)

Pereira RM, Roberts DW, 1990. Dry mycelium prepara-
tions of entomopathogenic fungi Metarhizium ani-
sopliae and Beauveria bassiana. Journal of Inverte-
brate Pathology, 56(1): 39-46

Su P, Liao XL, Zhang J, Xue ZJ, 2009. Advance in control-
ling Holotrichia diomphalia by Beauveria bassiana in
peanut field. Guangxi Agricultural Sciences, 40(4):
373-377 (in Chinese)

Wang HH, Wang JL, Li YP, Liu X, Wen JZ, Lei ZR, 2011. Liquid
culturing of microsclerotia of Beaveria bassiana, an
entomopathogenic fungus to control western flower
thrip, Frankliniella occidentalis. Chinese Journal of Ap-
plied Entomology, 48(3): 588-595 (in Chinese)

Yin YP, Huang S, Song YZ, Wang ZK, 2012. Microsclerotia
artificial inductions of Nomuraea rileyi CQNr01. Sci-
entia Agricultura Sinica, 45(23): 4801-4807 (in Chi-
nese)

Zimmermann G, 2007. Review on safety of the entomo-
pathogenic fungi Beauveria bassiana and Beauveria
brongniartii. Biocontrol Science and Technology,

17(6): 553-596

(B Fp 3253 3L K]

NS, AT, ANE, BB, REGE, MERR,
2011, K WEHEHE LGOI I TR A AF. 274t
30(5): 695-701

AR, skE, R, &, FRE, FEIEK,
Bk, S, AR, 1995. BRTH R AR
Az g U R B YA R . R E BT, 11(2):
56-59

WAL, RAE, KRR, RRERR, XA, 2004. i1
FER I RE K B A K SE A DR . AR 2R
31(2): 157-160

M2EM, Rbek, KR, £1%, 2006. WA 7 VETE
AT AE D R IR B N . Rt RS IR,
27(1): 38-41

G, SRRV, R, JuEE, B, D,
2010. Wi N IR A VAL A 26 2 0 R R IR L.
YA, 29(1): 106-112

AW, ERF, K&, WA, T, A,
2006. A [K i B R 6 fo 1 S 40 B AR 1) 2R K

PR K FERT g ) 75 1 e . T EAEIBG . 22(2):

123-127

ARE, A, m, BRE, 1998. A K A AR R
22 RN AENG ). AR A, 25(3): 136-139

i, BEBERL, 5K, BEIEAN, 2009. EEEPEAEL
I I S LRIR. TR, 40(4): 373-377

T, TR, R, g, My, HwEO,
2011, 7 v G A i T R 5 L TR - AR R A A
WARRE TR, N B A=, 48(3): 588-595

AT, s, REgK, TR, 2012, SEREFRE
CONrO1 THHRAZ AN T SR 7%, o ERRRE,
45(23): 4801-4807

[CEZE]E




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks true
      /AddColorBars true
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


