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Response surface methodology-based optimization of culture
conditions of Cordyceps javanica with effects on virulence
and protective enzyme activity of Spodoptera litura

TANG Yongyu, WU Guoxing, LI Ran, YANG Yantong, WANG Sijie, LIANG Chen,
ZHANG Man, GAO Xi

College of Plant Protection, Yunnan Agricultural University, Kunming 650201, Yunnan, China

Abstract: [Objective] To optimize the solid-state fermentation conditions of Cordyceps javanica
BdO1, determine the virulence of the conidia to the 3rd-instar larvae of Spodoptera litura, and
study the changes of protective enzyme activities in S. litura after infection by C. javanica.
[Methods] The optimum solid-state medium and culture conditions of C. javanica Bd01 were
first determined by single factor experiments and then optimized by Box-Behnken response
surface method. The virulence of the conidia to the 3rd-instar larvae of S litura was determined
by the immersion method, and the changes of enzyme activities in the larvae were determined
by a spectrophotometer. [Results] With the spore yield as an indicator, the sporulation conditions
of C. javanica were optimized as medium nutrient content of 30.24 g/L, pH 7.55, and light
duration of 12.06 h. Under these conditions, the spore yield reached 2.78x10° spores/mL. The
conidial suspension of C. javanica at the concentration of 1x10® spores/mL was virulent to the
3rd-instar larvae of S litura. After seven days of treatment, the LTso, LCso, and corrected
mortality rate were 3.11 d, 4.68x10° spores/mL, and 88.68%, respectively. The activities of
protective enzymes in the survived larvae of S litura after treatment were significantly
different from those in the control group. [Conclusion] The optimized culture medium can
significantly increase the spore production of C. javanica. The lethal rate and lethal efficiency
of C. javanica to S litura larvae were dependent on the concentration. The protective enzymes
in S litura larvae may play a key role in the defense against the infection of C. javanica.
Keywords: Cordyceps javanica, Spodoptera litura larvae; culture conditions; virulence;
protective enzyme activity
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8.5. 7.5. 6.5, 5.5 HAAN[FALHE, JLA 28 °C,
RH J 75%+5%M IO RS , R 528
SRR 2 d DU 1 IRV BLAR, SEELEIES 10 K.
LB IR 14 K, IE R R
1.5.3 FEBIEMEKE KT

DLAF UM . 2200 EE . ArvA e
B 4 RIBRTE , it PDA 81455 35 2 b i 4 2 0
B 28 °C. RH K 75%+5% Jo G B 1% F 46 1
F%, R+ T GEA 2 d WE 1 IREE ER,
LR FEE 10 K. HEERFRE 14 K, g
PR R
1.54 ARXBHEKE KNG

TR TAEG A w4 F 3] PDA [
iRk b, BFOGRETREI 5 0, 6. 12, 18,

Table 1 Media and their nutrient composition used in this study

Culture medium Ingredient

PDA basal 200 g peeled potato, boiled in tap water for 30 min, filtered with gauze to obtain potato water, then added
medium with water to 1 000 mL, and then added with 20 g glucose and 15—20 g agar, with natural pH of 1x10° Pa
Improved Adding carbon source and nitrogen source: 2 g of soluble starch, sucrose, wheat bran, soybean powder,
medium PDAL1 and yeast powder, with a total of 10 g, with a natural pH of 1x10° Pa

Improved Adding carbon source and nitrogen source: soluble starch, sucrose, wheat bran, soybean powder, and yeast
medium PDA2 powder 4 g each, totaling 20 g, with natural pH of 1x10° Pa

Improved Adding carbon source and nitrogen source: 6 g of soluble starch, 6 g of sucrose, 6 g of wheat bran, 6 g of
medium PDA3 soybean powder, and 30 g of yeast powder, with natural pH of 1x10° Pa

Improved Adding carbon source and nitrogen source: 8 g of soluble starch, 8 g of sucrose, 8 g of wheat bran, 8 g of
medium PDA4 soybean powder, and 40 g of yeast powder, with natural pH of 1x10° Pa

<l actamicro@im.ac.cn, & 010-64807516
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it (£ 2). L Design-Expert 8.0 F4) i 1 ]
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W T PR Sl Ak 32 R T U0 AR S B 35 3R BT AR
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VA (s BN N K LB 2 o i = SRR D AW s e
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Table 2 Coding of factors and levels

Level A: Nutrient content  B: pH value C: Light (h)
of medium (g)

-1 20 5.5 6

0 30 6.5 12
40 7.5 18

PR 20 3k 3 WAL, HE 3K, LL0.1%MiR-80
T KIZ B g dOo X R . R
T AN TS5 (28 °C, RH H 75%+5%, L:D=
14 h:10 hyf 5%, A5 K ] — B [A) 5 46 2 4 5 0
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H R IP B R M A 22 M
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BUIURAR B 12 h R/NIEAR — 30 3 iR
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TFR R 10-15 s, B F 28 °C .RH K 75%+5%
RIS FE RS, SR 12, 24, 36, 48. 60
M 72h, &6 kikdi 1 AEE, AL 3 A
B . RIS B B AL BE A RSO R 4 TR
RER G R E-80 °CokA, FTJm LB is 1k
W . SR &L, AL (g) 51
BUBR AT (mL)FE 1:(5-10) A FL B AL BRAE &, vk
WAH . 4 °C. 8 000 r/min &5.0> 10 min, W I
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K% 240 nm, ZE K E  HARERE AL BR UL CAT
T PRI R S Ul B
1.7.3 IENYEGE RN E
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PRI S B S
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Figure 1

t/d

Effects of different media on vegetative growth of BdO1. The data in the figure are the average

valuetstandard error; Different lowercase letters on the bar chart at the same time indicate significant
differences among different media (P<0.05). PDA: Potato dextrose agar, PDA1-PDA4: Improve potato

dextrose agar base medium.
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Figure 2 Effects of different media on spore production
of BdOl. The data in the figure are the average
valuetstandard error. Different lowercase letters on
the bar chart at the same time indicate significant
differences among different media (P<0.05). PDA:
Potato dextrose agar; PDA1-PDA4: Improve potato
dextrose agar base medium.
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Figure 3 Effects of different carbon sources on vegetative growth of BdO1. The data in the figure are the
average valuexstandard error. Different lowercase letters on the bar chart at the same time indicate significant

differences among different media (P<0.05).
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Figure 4 Effects of different carbon sources on
sporulation of BdO1. The data in the figure are the
average valuetstandard error. Different lowercase
letters on the bar chart at the same time indicate

significant differences
(P<0.05).

among different media
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Figure 5 Effects of different pH on vegetative growth of BdO1. The data in the figure are the average
valuetstandard error. Different lowercase letters on the bar chart at the same time indicate significant

differences among different media (P<0.05).
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Figure 6 Effect of different pH on spore production
of BdO1. The data in the figure are the average
valuetstandard error. Different lowercase letters on

the bar chart at the same time indicate significant
differences among different media (P<0.05).
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mE 8 i, B3t 14dJa, WbkAY =l
FEAS R BE R S EBH A B NG, #£ 0-24 h
JERESEETT TR ™ i R 5 S T i ek
S MIERRET O 12 h B, BRI
AR, 5 1L.15x10° fiiF/mL, &8 THAE
MEF T ™ . OB 24 h BF, AR
/N, A 4.22x107 17 /mL, EMETH
S HRAS T A 7 Al i . B ARG B U I O BT
)2 K B TG R AR F AR AR K, BTG RR
I 12 h A B RR B cE e BRI K

Figure 7 Effects of different light duration on vegetative growth of BdO1. The data in the figure are the
average valuetstandard error. Different lowercase letters on the bar chart at the same time indicate significant

differences among different media (P<0.05).
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Figure 8 Effect of different light duration on spore
production of BdO1. The data in the figure are the
average valuetstandard error. Different lowercase
letters on the bar chart at the same time indicate

significant differences among different media
(P<0.05).
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Table 3 Box-Behnken response surface experimental
design results
Test A: Media of
No.  nutrient

B: pH C: Light Y: Spore yields
values (h) (x10® spores/mL)
components (g)
-1

0

0 1.63
1 1.62
-1 1.44
3.14
2.76
-1 0 1.71
1 -1 1.74
-1 -1 1.83
1.51
1.63
1.91
1.43
2.50
2.69
1.56
2.81
1.92

|
—_
S O O = =

O 0 N3 N U B~ W N~

_______
T N VE R TR SR
o | o 0o o~ = = o O —~ ©o o
—_
|
iR
- o0 o © = © = |

—
N
|
—_

AR TR pH A B JGHREHK CP iy P A
/NF 001, BB THEFEAK, BEHHSEIG TR
FH) A 28 5556 B R 6 5 i S M K
222 BEZRMNEHERESZSN
NN TN T R A e A
B 9-11 i, B B/REIRILE SRS
pH. JERERHG AP AT 2 S8 52 1A X T
HURCTR BAO1 7 55 119 52 0 o DA IR 10 18 9 AT Il ]
DIE A i, PR 558 B R 50 559 22 i
M )z TET T 2 P AR T AR AR B ke, o 7 T 2k 14
TE I B R BE , 5 Rk BRI R, 8
PR AR B 5C BRI AR S  E BH 58 AR
FAARRE . 3 N2 m B 2 0] B9 52 BAE TR
H: BB BAO1 7 i A7 5, FF AR Bl 25 O R R
ORI TTR:0) | I P U6 S vt By Ny = D =N 3
/N



Gk B | HUEW2AR, 2023, 63(12)

4565

% 4 Box-Behnken Mg H L5675 ZE 947

Table 4 Variance analysis of Box-Behnken response surface test

Source Square sum df Mean square F Pr>F Significant
A 4.51 9 0.5 8.15 0.005 7 *x
B 0.005 513 1 0.005 513 0.09 0.773 4
C 0.017 1 0.017 0.28 0.6142
AB 0.000 8 1 0.000 8 0.01 09124
AC 0.004 225 1 0.004 225 0.07 0.800 8
BC 0.032 1 0.032 0.53 0.491 6
A 0.02 1 0.02 0.32 0.590 1
B’ 1.29 1 1.29 20.99 0.002 5 **
c? 1.16 1 1.16 18.78 0.003 4 **
Model 1.52 1 1.52 24.74 0.001 6 *x
Residual 0.43 7 0.062
Lack of fit 0.21 3 0.071 1.31 0.387 7
Pure error 0.22 4 0.054
Cor total 4.94 16 0.5 8.15 0.005 7
**: Extremely significant level (P<0.01); *: Significance level (P<0.05).
A B ey Spore yield (spores/mL)
:é‘ 35
= 3.0¢ 8.00
g 25 —
- s %750
a L =
E‘ ;
% — 40.00 o
00 g 7250030003i2g°® 6.50 2
ol 90 ¢ 202000 émmyﬁ¢o°“ 20.00 2500  30.00 35.00 40.00
A A: Nutrient content (g)
B9 EFHRMHEEM pH 3 BAO1 770 B HI0 MM F(A)FI% 5 £ 5 (B)

Figure 9 Response surface (A) and contour map (B) of the effects of nutrient content and pH on spore

production of BdO1.

Kl 9 ARG FRILE IR & A pH K HAZ
AR T B BAO1 = AR 520 . &
ATEN, REFRIELE SR G pH 28 HAE A
o7 T P (A B 3% BEBE 45 2 K1 (B) 2 LA [
B, MIGFREE IR F (e 20-30 g, pH 7E
6.5-7.5 ZIali, JTCH: B R TR 7 34 T4 KA
SR ; YIGFRILE IR & A 30-40 g, pH

FE 7.5-8.5 Z AT, JTCH: H 5 7= A o DA e R A
FFR BN

Bl 10 g3 35 38 0 o & ROk B R
S8 H AR I TCRE L 25 BAOT 77 7 2 1 5% 00 38 3k
VLT DUE Y, 5538378 35 10 1 1 Ao Bt
e H A e 7 T PR (A RS RE BE , 25 2k I (B)
SEIEETE , 10 RH $% 3% B8 IR L 5 5 0 U

e
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Figure 10 Response surface (A) and contour line (B) of the effects of nutrient content and light duration on
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Figure 11
production of BdO1.
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Response surface (A) and contour line (B) of the effects of pH and light duration on spore
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R EFRAEE RN N 30.24 g/L,
pH fHR 7.55, LMK 12.06 h, FEix&MF
T, BRI AN 2.78x10° 8 F/mL. N
T 56 SR R A s, TR S R ) S 0
VR JR BRI (8 1, % o A % 3 2% 1 ] 4
Jye WEFRIEE R E i 30 g, pH{H 7.50,
JEMEET K 12 h, ST 31T 5 P15
UESEEG BT AR TCRE R A T 3 (R
(2.78+0.05)x 10° ff1F-/mL ., 2B E 45 5 546
TN 285 R A —F, [N R A S 45 IR A
PG RAF, 1B e O T A T R
BdO1 fpe /= fu s e v 58, BB LS RO A AR
SR TR A RS
2.3 MEEHEE BAO1 X RISR 34 &=
BE H M E
23.1 MiEHERENFNEE 3 R4 HAHE
MR

JIUE B BAO1 A LU RO AR e ok
i 3 e, HEREOET, SRR L A
SR 4 MAET- WG B0 ) TR, PRAr B 4k 2
IR, RIMAUR BRI AR, fadsr it
JE R MREIE S S bW —8(E 124,

12B). Hy AT GIE B 2 IO HR G 4R e T R
TR B BBET, (HAE U SR % HOs R
AU 20 8 d S, ASIRIHRE B TU: He B
T B TR RSO 3 WA R AR IEAE TSR
M 5 FroR, 4553 0 Rl A 68 TR Ok B Y
B, BHEoR g 3 B i B TR T, A
TREIFWRAE N 1.0x10° 8 F/mL B ESET:
Fik i KA 88.68% . i+ 2 72 W e FE
1.0x10° i F/mL B (42 IESET- R B 3% & T
1.0x107, 1x10°, 1x10° 1 F/mL, 4 &%
T BE 58 (21.0x 107 M EF/mL)R, RIFAET
RAETFIRBY B BT AR , Bl AR, f)a
N ARG I TR (B 12C).
232 MEREFETRSEE 3 B4R
o B

AN TR) e B )98 F B TR TRV AR S ik 3 i 4
BN G RN 6 iR, 78TO RUR T
F B BARTE LT, RIS 3 B4 R
FET-HRAMAMIXT AR, H LTso A 5 2 A ;
7 7E LA 1V S 5 i A L T, X R S0 ik
3 AN B R A, LTy 800, AR A
LTso Fifi 75 00 22 V7 VR Mk 3 A R AR i ot v o il

4 C _ 100 —1x108

% - %10’
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Figure 12

Toxicity and infection symptoms of Cordyceps javanica spore suspension with different

concentrations to the 3rd instar larvae of Spodoptera litura. A: 2 days after the death of larvae. B: 3 days
after larval death. C: The result of toxicity test. The data in the figure are mean#standard error. Different
lowercase letters indicate significant differences between treatments at the 0.05 level.
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x5 AERENEAEEATFEZRNBEURE S RmEk 7 Fos, IO d g

3R HARITIET RS d)

Table 5 Cumulative mortality of different concentrations
of Cordyceps javanica spore suspension to 3rd instar
larvae of Spodoptera litura (8 d)

Concentration Average Corrected mortality
(spores/mL) mortality (%) rate (%)

1x10° 90.00 88.68+3.27a

1x10’ 73.33 69.81+1.89b

1x10° 55.00 49.05+3.27¢

1x10° 38.33 30.19+1.89d

CK 11.67 -

Different lowercase letters indicate that the average value is
significantly different at the level of 0.05.

EA TR, RIEOR K 3 B4
A AT SR BRI, LTso A8/Ne 24Uk Ny
1.0x10° filF/mL B, JTCH: B 5B X6 A8 430 7 3k
3 WA EE AR, LTso o 3.11 do 4
JER 1.0x10° #F/mL B, JTOH: U BRI S0
I 3 W4 MBI H RS, LTsoh 9.69 do
233 MEHEFENRAUEE 3 @4 R
iR E

X RS 3 15 4l A ] b R HK ) B )

F6 NERERENRAEE 3 4 BB S et

VRO ST R T RLA A R, AR
FH], MEE PR RBGIN, RIS S) dL )
FET- BB W 2 %, LCso 287N, JTUHE HU BB R
RO 3 W4IMAY LCs 2391 45 8 KN
4.68x10° f11/mL, 55 7 KM 1.23x10° #1 F/mL,
%6 KA 2.96x10° 1 F/mL, 5 5 KN
6.45x10° #1F/mL, %5 4 KA 1.15x107 #1F/mL.
RIPTC: o B A T VR A AR SO ik 3 de 4
A B R, BT Y LCso BEAIK
24 MEHER Bd0l WHRSUEEL B
MR P B 78 14 B 22 Mo
2.4.1 Bd01 MRUFWLHBAEARNIELSEE
(CAT)iE R 52

22 )T BT BdO1 AbBIJS A RHEOR Mk 4h
WK CAT 1AL I & 13A FToR, 2440 PR
[B)7E 12-72 h Z[alEf, CAT iGtESEE G BTG
TR, A BILE 48 h F1 72 h B 3k B i KAl
869.54 U/g Flfx/MH 603.08 U/g, Hd g R(H 5
[ S0 Xof BEURE LG S 2 3 i, A RSB0 BRI 1.44 4%
b BRIHAIAE 12—-48 h ZIA[mF, T de B R

Table 6 LT of Cordyceps javanica to the 3rd instar larvae of Spodoptera litura

Concentration (spores/mL)  Regression equation Correlation coefficient/R® LT, (d) 95% confidence limit
1x10® Y=3.897x—1.923 0.851 3.11 2.828-3.390

1x107 Y=3.142x-2.070 0.921 4.56 4.150-5.011

1x10° Y=4.366x—-3.907 0.938 7.85 7.132-9.024

1x10° Y=3.777x-3.725 0.781 9.69 8.361-12.494

x7 MEAEENPIEE 3 ENBOBICPKRE

Table 7 LCso of Cordyceps javanica to the 3rd instar larvae of Spodoptera litura

Treatment time (d) Regression equation Correlation coefficient/R? LCso (spores/mL) 95% confidence limit
8 Y=0.513%-2.908 0.934 4.68x10° 1.51x10°-1.05x10°
7 Y=0.570%-3.472 0.923 1.23x10° 5.50%x10°-2.46x10°
6 Y=0.691x—4.475 0.928 2.96x10° 1.62x10°-5.42x10°
5 Y=0.794x—5.405 0.923 6.45%x10° 3.80x10°-1.14x107
4 Y=0.861%—6.080 0.940 1.15x10’ 6.96x10°-2.04x107
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BdO1 4P )5 BEME B 5 S AU 4 BRI
) CAT T 1, 45 Ak P 16 P 35 R F [R] 10 ) HEL
b FREF ] R 60 h F1 72 h B, RS0 AR Y
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Figure 13 Changes of activities of CAT (A), POD
(B), and SOD (C) in Spodoptera litura infected with
Cordyceps javanica Bd01. The data in the figure are
the average valuetstandard error. There are
significant differences between different lowercase
letters or CK treatments in different time (P<0.05).
*: There is a significant difference between CK and
treatment at the same time (P<0.05).

BFESA 72 h B, RESUR AR N SOD i M i
/N, 1.58 U/g (EATS8R s T R X BR SOD ik .
HEA b TR ] B RHSOR AR N SOD T 4 7
TR HE 2 .

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



4570

TANG Yongyu et al. | Acta Microbiologica Snica, 2023, 63(12)

3 WREER

AR BRI R, A 55 97 58 55 i
HAERE IR AT RN TR, R L 5 R %
By MR AR FR A A TR kP . BRI
EFERLAY . B AR BORR R R A S8 55 A DA
T B AR K 0 PR BT 550 BT R 7 A R i A R
7175 1o TR 7= A0 o 1 AT B X LR 3R A
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7.50, JEMEMH 12 h, fEIZAMET, BEIREm
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FERG AU MR SR RN R AR L, 25
T PR BT TS P A B S B S 38 S A A
P AL, ABEFEHTUE: B BdO1 #1 1
I ALFRRI S Mk 3 i 4h HL 72 h 5, POD i
PERISE R EAE TR LA, RIEREIRW
¥, CAT. SOD JE I EFHE FREA#
o B = TS PR AR AL 1 R A BUAEAS [R) A e
B, "R T 3 MR AR FARIMNHE,
HUAR N ERA 1A BT AN 5 I Al R TR
B 3 0 4 U T B R, HAR N A
& Z G0 A B L R X R A AR e, R S



VKK | YRR, 2023, 63(12)

4571

TN ZEFS BRI IE 5 LR BEIDRE, SR B JRK
GEme] eI, U HUORC BRI TE RO 3 e 4

LI N Y PN
R,

B A K SO S R G A
I H A DA DR RS 1k T R AR

AT FE Ry B G AT 5 TR H e T X AR SR Bk Y
PR FIALA K A oy A T T 4 4 i O X3t T
WM, EAE T N2 M EHFTIRARTE L A
FEHT T BUEYIBTR B

S

(1]

(2]

(5]

FRACH], ZRKIL, ZREbE. M RISOR M & R S 4R
BBIAD]. ZHAFE, 2013, 41(16): 7153-7155,
7179.

CHEN DL, LIANG YJ, LI XW. Occurrence regularity
and comprehensive prevention methods of Spodoptera
litura Fabricius in tobacco[J]. Journal of Anhui
Agricultural Sciences, 2013, 41(16): 7153-7155, 7179
(in Chinese).

FIRE, R, T, Bk, IR RIEUROR
W FAEY A 0], TLPEARLA4R, 2006, 18(5): 51-58.
QIN HG, WANG DD, DING J, HUANG RH, YE ZX.
Host plants of Spodoptera litura[J]. Acta Agriculturae
Jiangxi, 2006, 18(5): 51-58 (in Chinese).

S, L, FE. BRSO &4 5.
FRE 7R, 2008, 29(4): 51-53.

PU GQ, JIANG DY, WANG J. Beware of the
occurrence and harm of Spodoptera litura[J]. China
Sericulture, 2008, 29(4): 51-53 (in Chinese).

WANG ZC, LIU SS, LU KJ, XU XY, ZHANG TY.
Concentration, characterization and risk assessment of
polycyclic aromatic hydrocarbons and organochlorine
pesticides in soils from the Corn Belt of Northeast
China[J]. European Journal of Soil Science, 2020,
71(4): 654-666.

JARA EA, WINTER CK.
organophosphate

Safety levels for

pesticide residues on  fruits,
vegetables, and nuts[J]. International Journal of Food
Contamination, 2019, 6(1): 1-8.

WA, KB, AN B T R IERISUR K B IR 1)
ok o 25 =N 0 ok [J]. sk Bl 2, 2013, 30(3):
461-464.

CAO MZ, ZHU WF, LI CH. Laboratory screening of
green pesticides for controlling of turf pest Prodenia

litura[J]. Pratacultural Science, 2013, 30(3): 461-464

(8]

(1]

(in Chinese).

WA, HUE U R R OR R BT SRR (0], R e
AR, 2022, 2(2): 95-99.

JIANG XF. Research progress on entomogenous fungi
insecticidal ~ synergistic =~ ways[J].  Heilongjiang
Agricultural Sciences, 2022, 2(2): 95-99 (in Chinese).

JAMUNARANI  GS, RAMANAGOUDA  SH,
VENKATESHALU B, JAYAPPA J, RAGHAVENDRA
G, RUDRESH DL, KULKARNI MS, MAHANTESHA
BNN, GOPALI JB.
indigenous endophytic entomopathogenic
Beauveria bassiana UHSB-ENDI (Hypocreales:
Cordycipitaceae), Spodoptera litura
Fabricius[J]. Egyptian Journal of Biological Pest
Control, 2022, 32(1): 1-15.

BATOOL Z, RIAZ MA, SAYED S, MAJEED MZ,
AHMED S, ULLAH S. In vitro
entomopathogenic fungi
armyworm Spodoptera
Fabricius (Lepidoptera: Noctuidae)[J].
Journal of Tropical Insect Science, 2022, 42(2):
1997-2006.

FITRIANA Y, SUHARJO R, SWIBAWA IG,
SEMENGUK B, PASARIBU LT, HARTAMAN M,
RWANDINI RA, INDRIYATI I, PURNOMO P,
SOLIKHIN S. Aspergillus oryzae and Beauveria
bassiana as entomopathogenic fungi of Spodoptera
litura Fabricius (Lepidoptera: Noctuidae) infesting
corn in Lampung, Indonesia[J]. Egyptian Journal of
Biological Pest Control, 2021, 31(1): 1-12.

HER. RRERMETE M w20 be AR F HUR SO
FO Pk BF 5T (D] W I K 2 L 2 A I 3
2019.

XU ZM. The pathogenicity of Metarhizium rileyi and
toxinagainst the garden pest Spodoptera liutura[D].

Isolation and evaluation of
fungus,

against

synergy of
and differential-chemistry
litura

International

insecticides against

Liaocheng: Master’s Thesis of Liaocheng University,
2019 (in Chinese).

N, BN, TR, ABEERE, R, ROk i
H B HO BT 2 S5 S L 0 I E SR (7). PR3 B o7
#Z, 2021, 43(5): 1079-1094.

L1J, LT J, YU QL, ZHENG GL, ZHANG B, LI CY.
Advance research on antiviral immunity response in
lepidopteran insects[J]. Journal of Environmental
Entomology, 2021, 43(5): 1079-1094 (in Chinese).
DING JN, ZHENG HH, CHI DF. Effects of a
Beauveria bassiana  (Hypocreales:
Cordycipitaceae) strain on detoxifying and protective
enzyme activities in Xylotrechus rusticus (Coleoptera:

pathogenic

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



4572

TANG Yongyu et al. | Acta Microbiologica Snica, 2023, 63(12)

[15]

[16]

[18]

[19]

Cerambycidae) larvae[J]. Florida Entomologist, 2015,
98(4): 1148-1156.

WA U IR O1[J]. AR ZURHFE 58, 2021,
42(11): 72-73.

CAO BW. lsaria javanica Ij01[J]. Pesticide Science
and Administration, 2021, 42(11): 72-73 (in Chinese).
KEPLER RM, LUANGSA-ARD JJ, HYWEL-JONES
NL, QUANDT CA, SUNG GH, REHNER SA, AIME
MC, HENKEL TW, SANJUAN T, ZARE R, CHEN MJ,
LI ZZ, ROSSMAN AY, SPATAFORA JW, SHRESTHA
B. A phylogenetically-based
Cordycipitaceae (Hypocreales)[J]. IMA Fungus, 2017,
8(2): 335-353.

OU D, ZHANG LH, GUO CF, CHEN XS, ALI S, QIU
BL. Identification of a new Cordyceps javanica fungus
isolate and its toxicity evaluation against Asian citrus
psyllid[J]. MicrobiologyOpen, 2019, 8(6): €760.

WU SH, TOEWS MD, CASTRILLO LA, BARMAN
AK, COTTRELL TE, SHAPIRO-ILAN DI
Identification and virulence of Cordyceps javanica
strain wf GA17
population in
Aleyrodidae)[J].
50(5): 1127-1136.

Xaem, HE, RER, WE, P, B, I,
AR, BER, FE0R, F/NE — K T
FERA 4y it e A BUR S B3R SBUR I RESE[)]. P
MO AR, 2022, 51(5): 89-96.

LIU QJ, YI J, WU GX, GAO X, JIA B, TANG P, HE
MC, SHI KA, ZENG SQ, LI JL, QIN XP. The
identification, cultivation and pathogenicity of an
entomogenous of Xylotrechus
quadripes Chevrolat[J]. Journal of West China
Forestry Science, 2022, 51(5): 89-96 (in Chinese).
SRS, AR, RMEAE, TR, MR, W N
AL MR AL SLGY-2 PP fLAAFT]. PRIG R HiA4R,
2020, 42(4): 1019-1027.

nomenclature  for

isolated from a natural fungal
(Hemiptera:
2021,

sweetpotato whiteflies

Environmental Entomology,

fungus in larvae

ZHANG SL, ZOU X, SHANG SH, YU XF, YANG MF.

Optimization sporulation condition for Cordyceps
cicadae SLGY-2 by response surface method[J].
Journal of Environmental Entomology, 2020, 42(4):
1019-1027 (in Chinese).

s ML, XUfEEE, ARRE, ARk, RMEAE. WRAE
SLGY-2 X RHEUH A 1 R B R M P P 4 i 15 1 )
SEMA[I]. Al A oA AR, 2020, 39(4): 30-36.

ZHANG SL, LIU JF, ZOU X, YANG MF, SHANG SH.

Effects of Isaria cicadae SLGY-2 on the development
and protective enzyme activities in vivo of Spodoptera

<l actamicro@im.ac.cn, & 010-64807516

[22]

[24]

[26]

litura[J]. Journal of Mountain Agriculture and Biology,
2020, 39(4): 30-36 (in Chinese).

W], w30, AR, MO R, BRAS. R A
SIHTRAR AL VUSRI 2E AT I TCS001 1Y K& I 25 1F (7).
R 2R, 2019, 21(4): 444-452.

YANG K, SI W, LIN H, LIN FR, YUAN J, CHEN J.
Fermentation
velezensis

condition optimization of Bacillus
TCS001
methodology[J]. Chinese Journal of Pesticide Science,
2019, 21(4): 444-452 (in Chinese).
ARAREE, RS, BINESE, Ko, RME, A
N T 78 510 183 X A i U o 7 ) BRA P AR R AR R 52
m[J]. PEEAROL RN, 2016, 45(4): 158-161.
ZOU DX, SHI GY, LIAO WIJ, JIANG XJ, WU Y],
LAN X. The influence of nutrients on the growth of
high toxicity Beauveria bassiana of Endoclyta signifer
Walke[J]. Journal of West China Forestry Science,
2016, 45(4): 158-161 (in Chinese).
PR, BRELBARE- BT D oRe R, XIEL, FWRA. WE AL
ERAEERE A LG-9 KA Do X A A6 28 2255 1 1)
AR BB, 2018, 57(8): 71-76.
CHEN M, MUKARAM A, LIU Z, WANG XD.
Optimization  of

using  response  surface

fermentation  conditions  for
anti-streptomyces LG-9
methodology and its inhibiton on Verticillium dahlia[J].
Hubei Agricultural Sciences, 2018, 57(8): 71-76 (in
Chinese).

EopAe, &g, B, w2 R e, NPl TER
S, TAEST, RRSRHE. KL RN A Ak O A A E Ry
AT IR DSYZ RBEAME]. IR R 224l (A
SRR, 2021, 52(2): 241-246.

XIA BH, ZHAO J, GONG P, HAN XB, PENG YL,
LIU K, WANG CQ, DING YQ, DU BH. Optimal
fermentation conditions for Bacillus amyloliquefaciens

DSYZ based on response surface methodology[J].

using response surface

Journal of Shandong Agricultural University (Natural
Science Edition), 2021, 52(2): 241-246 (in Chinese).
INEERE, R, 2R, vE, ZIRR. BTN 2
POk AR EERE A 001 BRI A& W 25 HORAL ).
B K227 4R, 2015, 46(4): 481-485.

SUN JD, WU Y, LI HQ, QIAO X, JIANG ZM.
Optimization of culture conditions using response
surface methodology for biomass
Streptomyces ahygroscopicus 001 strain[J]. Journal of
2015, 46(4):

production of

Shenyang Agricultural
481-485 (in Chinese).

FEBL, ATETR, ORI, ZEREE, KT, B
PSR SHE R SZCY MR BERE 35 510 &

University,



Gk B | HUEW2AR, 2023, 63(12)

4573

[27]

[30]

Hop I E[J]. AEYAAE R, 2023, 50(2): 514-525.

XUE R, FU YF, YANG GY, PENG YJ, DU GZ,
CHEN B. Optimization of the solid-state fermentation
conditions of Metarhizium rileyi SZCY by response
methodology and determination of the
2023, 50(2):

surface
virulence[J]. Microbiology China,
514-525 (in Chinese).

WAL, ShEE, D, IR, BINERL Pk
o 1 s o A B As-68 BRI RR G R IL L 7 Fl Kk
TR 25 P vy o o7 TG DA [D]. W VLIS R 2% 2= e (A SR
24 HR), 2021, 44(2): 188-196.

JIANG DH, GUO X, MA JJ, WANG XD, YANG SYY.
Response surface optimization of medium formula and
fermentation conditions for antagonistic strain As-68
against Xanthomonas oryzae pv. oryzae[J]. Journal of
Zhejiang Normal University (Natural Science Edition),
2021, 44(2): 188-196 (in Chinese).

JASL, R, BRI, 207, Mo, s, SERL
ARSI I 1 B0 3 TR R 0 9 Sk e DR 2R BRI A R
MRE[]. BIITAEL:, 2022(4): 44-50.

ZHOU L, ZHANG S, CHEN L, YUAN F, ZHOU XP,
HUANG SW, LI JY. Screening of highly virulent
Spodoptera  litura
determination of four insecticides[J]. Heilongjiang
Agricultural Sciences, 2022(4): 44-50 (in Chinese).
WRA R, TR¥, M, HOCRE, Mg, 257, H
A T5] i DX 453 i TR % RHSCR R 7 1 (], R AR R
2oER (A RBEEE), 2020, 35(3): 430-435.

CHEN ZH, XU L, HE QC, XIAO WX, LIU Q, LI F.
The virulence of Metarhizium to Spodoptera litura in
different areas of western Yunnan[J].

strains  of and  virulence

Journal of
Yunnan Agricultural University (Natural Science),
2020, 35(3): 430-435 (in Chinese).

SRANTE, SRSy, A TR X AR R 4 U B
JIET]. Ak W58 5 0, 2015(4): 6-10.

[32]

GUO LQ, GUO YL. Toxicity determination of
Verticillium lecanii against Spodoptera litura[J].
Agricultural Research and Application, 2015(4): 6-10
(in Chinese).

ST, WAEgE, B, EFHRE BRI AR R R
I &y o0 B0 M ST 0], VLI RO R, 2012,
40(2): 100-101.

GUO YL, TIAN XJ, LUO S, LI XH. Pathogenicity of
Beauveria bassiana to Spodoptera litura larvae[J].
Jiangsu Agricultural Sciences, 2012, 40(2): 100-101
(in Chinese).

SRHENE, FAF, XIRAR. B I K A T
TF-2 B MR 30 52 00F (0 4R e B A BOR 1 [)]. R AUz
i, 2020, 63(6): 744-750.

ZHANG TF, WANG R, LIU CZ. Infection process and
pathogenicity of entomopathogenic fungus Lecanicillium
longisporum strain TF-2 to Acyrthosiphon pisum
(Hemiptera: Aphididae)[J]. Acta Entomologica Sinica,
2020, 63(6): 744-750 (in Chinese).

B, 5 T TR X o 2k PR A DA R i
PRSI, A ARDT, 2022, 48(5): 129-133, 157.
JIANG CY. Effects of infection by Metarhiziium
anisopliae on the activities of protective enzymes in
Phyllotreta striolata[J]. Plant Protection, 2022, 48(5):
129-133, 157 (in Chinese).

SKREE, PR, SRR, SKPRE, sKEE, BOR, WA
RO R T A T A R O N LR A A
4 i 6 M 0 AR R[], B AR 2F A, 2020, 34(12):
2701-2707.

ZHANG C, CHEN SB, WU CY, ZHANG BY, ZHANG
Y, TENG B, HU BJ. Screening of Beauveria bassiana
strains with high virulence against armyworm and
activities of protective enzymes in the larvae infected
by fungi[J]. Journal of Nuclear Agricultural Sciences,
2020, 34(12): 2701-2707 (in Chinese).

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




<<
  /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 /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /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 <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /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 <>

  >>
  /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 false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /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 /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


