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Optimization of the solid-state fermentation conditions of
Metarhizium rileyi SZCY by response surface methodology
and determination of the virulence

XUE Rui, FU Yufei, YANG Guangyuan, PENG Yuejin, DU Guangzu®, CHEN Bin"

State Key Laboratory for Conservation and Utilization of Bio-Resources in Yunnan, College of Plant Protection,
Yunnan Agricultural University, Kunming 650201, Yunnan, China

Abstract: [Background] The insect-pathogenic Metarhizium rileyi shows promising potential
for controlling the virulent exotic Spodoptera frugiperda which infests crops, particularly maize.
Thus, this fungal species should be further developed. [Objective] To optimize the solid-state
fermentation conditions of M. rileyi SZCY, determine the virulence of the yielded conidia to
S. frugiperda, and thus lay a basis for the large-scale production of the conidia. [Methods] The
single-factor experiment and Box-Behnken design were used to optimize the solid-state
fermentation medium factors and fermentation parameters. The virulence of the conidia yielded
under different conditions to the 3rd instar larvae of S. frugiperda was evaluated. [Results]
Husked rice was the best fermentation medium for SZCY, as the conidium yield was the highest.
The culture temperature, photoperiod, and content of yeast extract powder were the main factors
affecting the sporulation of SZCY in solid-state fermentation. The optimal fermentation
parameters for solid-state fermentation are as follows: culture temperature of 22.83 °C,
photoperiod 18.68 h L:5.32 h D, and yeast extract powder of 4.98 g/100 g. Under these conditions,
the conidium production of SZCY on husked rice was 5.65x10"° conidia/g and the LT of the
suspension (10’ conidia/mL) for the 3rd instar larvae of S. frugiperda was 3.88 days.
[Conclusion] The optimal medium for solid-state fermentation of SZCY was husked rice. With
this medium and the optimal fermentation parameters, the conidium yield was higher and the
yielded conidia show strong virulence to S. frugiperda. Therefore, SZCY should be further
developed for biocontrol.

Keywords: Metarhizium rileyi; response surface methodology; solid-state fermentation; conidium
yield; virulence

3K [C AR 1B IRl (Metarhizium rileyi), |HFR3ECHEF W& THFERREE, HEAEFEFERR

#¥ i [Nomuraea rileyi (Farlow) Samson], tWHFRZE K
L e S o LN S s S (N sy
W, AT E R, RSOR K (Spodoptera
litura) . S8R Mk (Argyrogramma agnata) =2
Wk (Spodoptera exigua)<s, JLIHXT R IRFL 2 FE
A BSRBORER, 2 2400 E N SIS
AR RAEREZ - ZAE ST

PRREJE AR S R B B AE T o B 1 5t
HAET R F RGATE, AR N A ROE i %
HORPHERCR R3S, AR A 22
FrRMEZ T, AR R R R Kl
Y R o FH 5T Rk (Spodoptera frugiperda)
H 2019 4-1E 2 A H TS BOR HE R
BORBILE, CAEFRRE 20 208 (FIRX/ HEE
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M EB, FHC AR 52 m - E K™ 5 a2 A
3, TR ARAR R SRR A 2 TR VR T
B2 T 34 100 120 N RS,

H RT3 b o R A S R ek s i),
B R AR AL G A A B SR A TR R
K8 . g™, SERGEEME S
SRR B BB, AR R
K% K BT R BE R AR A5 ma Y, peah, 7
T S e e I A 0 9 98 TR PR ) R AR Bl =2
—O1 P, DAl R T B 5 A e T e A AR
R B R, SR, 3
P AR TRT 4 A 7L~ 1) 1) 3 8 2 30 o AR A P
[ A 2 T AR - [T ORI AR R 3145, BT
3 30 VR - T U 2 PR B A A T A AR 7, %
AT 45 A WA TR )2 R T 0 [ 25 R B ) AL
B T ASICHE . BRAERER AL, SRR T
L2 AR F AR ARSI P R - T OUAR O
FARARACAT LASR A5 Y, A B e 1 4 0 T
JE IO 2 o o A A
TR I AR T S [RGB R o A 1 = i
AU SR, BRIEIASRE SRS AN, R
2 H e D A 1 A PR 1) R 3 5 SRR
[N £ B e SN S 1 A S R S ANES 3 [
DR B FEPIE BN E SR SNSRI
+ S N ARSI R F- () ) 58 BAE o3 b 22

BARECFE RGO R BB 2
TR B R T2 Hodp i 7 1
2 PRV HE ] DUAAEL Y 3% 2 Y — 4 73 o il T AR
It H AT L4305 i A 40 A K 45 301 TR 2 ) 1)
LHAER, BRI A Y B 5 T8 W
()5 ez —2 Bhanu 22 R 1 1A ik LA AR
LR AR N, S AT
SREpE AR B B IR okl 2R g
N AR S T A R T4 o T4
PR3 A 7 o R o ) [ AR R A . i,

1) ] i T 92 7 00 A R T B P i L T [
BREEREFFAUEA BRI ry 474k

A G ) T3 ST 0 32 ) o 1 VR S K T o
F, R1G TSRICEHER SZCY200812 A i
TETEWR o I3 A (] 3] 725 15 % 238 i W %) B o 7
L R R S SRR, SR A R
Plackett-Burman 256 X % 77 TR AR B9 L EE . DA
B, BERbar . FICECHE . BERRIR M AL HEF
B JOHLER S B AN A e e ) 55 IR 2R A T
D, 30 5 M T2 L T [l 285 T 7 R 1% 32 S 1A
R, PR R BE IRy i 50 54 e 7 AT I3 1y
O B, 3 A ) TR AR AL A vy — o A8 il TR Y
(] 285 R A TR AR A A B e T A R W 2. B
S, 3k 0 A Ak R PG AR AR B i S o0 A AR
XTE M T M 3 WA A EE Y, ETTPEAG A A
REAE 7 43 90 o o S R TR R AOR -

1 MR5r%

1.1 ##

P B R A AR S22 4y 1 4 Ak 1 3R FR St
SZCY200812 Bk, XK B H = md Hv
T2 E R = K (104°5'3"N, 24°29'25"E,
TR 1 341 m)E i B 1 B 1 M &)y e

MR B F5 5 R SMAY K37 56024

BRI N SDY K2,

MO E AR IR LBRA EAR IR
R ALY 100.0 g, AHPIIRFIHH 5.0 mL; A
IS HREAHRL 100.0 g, FEPEFI 5.0 mL;
TR [ A IR I FOKKE 100.0 g, ALY IR AN
M 5.0 mL; KREEAEEFREN KT 100.0 g, 1H
YR 5.0 mL.

AZEENE . A . BECR . BERRR AR
M, E LR R A F . EREIK,
AR A R ] 5 3r R 1 78R K R A
bR RS BIE LRSS, RN
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SEEARGR AT SRR, JME S S
WERAPHARA A,
1.2 E#HBEFRSRE

K AR 27545 3 RS- R SZCY200812 [
PR 2 SMAY 15353, 25 °C. 268 3 000 Ix
BEFRAE P E RS S do BRI PRAAE R AR T
MR R T S R RS, HET
~80 CHAF T ERAF
1.3 ERSEFRENS &S IFR

WSR2 KA 11 FessE R, A
YU pHE N 6.7, 24 101 kPa = R ZE KA
15 min J5 %5 .

R« R TR R LA IR E
W SZCY HFEE T 25 °C 480 3 000 Ix FEGF
FPEIERSR 7 A5, BB RIFSEICSRER
SHEMT, B ERA 101 mL SDY JRIAREF LAY
250 mL #EFE I H (KW B A 10" CFU/mL),
24.8 °C 181 r/min 4618 3 000 Ix 45 FHEE 5 d
JE e

ARG R B 2% . PRI A s 3R 3L R,
Bitl 12 h 5 L2 K. SR i UM AR R
PRIV, BT RSP R RS S, T
101 kPa K 30 min, ¥H ZE %G # A,

AR« il o5 AR RIS H 2
FIJE, #% 0.5 mL/g B ELBIIE A REER, O
R AKFEEEEN, BT (25+1) °C, 8
JER(7545)%, DICRAF T 3R, g
AR E R AE R 15 d R R T8,
PR 43 A A0 25 T0UH8 A 100 5 5 R 0 AR O 22
Sy MR FLRT R AT IEAS DA e S R
Belngidk, mAE 5 KP,
1.4 Plackett-Burman i35 i& it

% FH Plackett-Burman (PB)is¢ 31X i J& (X))
JERMIG) . BEFh (X)) . FSCRC L (Xy) . IEEE
B &), 2SR THLERZEIH]

(X7) T 5 TR I T (X ) 55 PR 2R R A 7 0 1 © B B V=12
PR IR T, X IR ST K B 1 i
Th: BACE R G X R 5 K AE) L AR K
=17 G XA e/ MA), I AR w38 i)™ i i
VERWRE(Y), AR AT HAR R 2,
(CHES S A s il
1.5 mBERKIRE It

H4iE Plackett-Burman fir 45 152 1) i 2 1% 5%
BN, IR KA gy, I
5 Ak BE AR AR TS IR B, IR EE A 3 IR
BOFY(E, DA AR 2 i iy T 58 i) s 5.2
1.6 MNHEEMHCEZEEZR

R 5 F5 BE T I 3 36 15 T Ir 45 e o7 Fp s 1
B B 1 43 B PO, R Design-Expert
XIS 25 R AT AT, A5 A% AR i I LB 2
[B] 5C 2 W) Z2 000 [ A RS RS 7 R, 22 0[] S A Y
2N Y=b0+2bixi+2bijxixj+Zbiixi2
P, Y AW RAE s bo R H BN b S — UK [E]
FRE by /s BRI REL by & 5 5 o]
[EEY ¢
1.7 WiERIE

W 2 e o7 T 9 AR T A A i 1 SR A
PEATHEAS R EEARIR L, BE 5 Kk, FAERKSE
SR XTI, S B SR A R R AR RIS
[Fi] 5% 7 WsF 1] 49 43 A2 96 4 4 J5T 5 48 A a2E 41 0
E, BT HRES.
1.8 HEBAFEEMRENE

FrA L BRI IR B SRR 1.0 g,
BN 100.0 mL /9 0.01% Tween-80 JG A 7K 4
FEMAN, F 25 °C. 200 r/min $%3% 30 min, F|
FA I BRI FiOb A 2 B MR TSR E, K
/N R (1R a0 Al Ak (U R

SR EKAEIE - FRER 0.3 g Ar ARl T
¥ EAE 50 mm AR GIFRE SN, BT 120 °C
TP T EEE, PHERRGHRE, W
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T2 22 A KR

DaNa £ L BT UL A i M o[ A AN R
Begimrh, B TR (251 °C, #4180 t/min
SRR b, 5535 120 h, i BRGS0l W5
FAEFS A R, BN PEE R 5 IR,
FEANE S ML 200 43T,

SHERTEIWE : SRR REX 3 @
o TR A A TR I E . H e, BEAK
PRG54 2 AL A7 83 B F 0.05% Tween-80 TG
KR, 4 S 107 CFU/mL #4325 8114
B Hak, BUtER R, 7E RIS e
B HIRE 10 s, FKBEIEAOR T K Z R TH
BWE, B ENJKHRA RTG53
(d=6 cm) BRI FE TP A B 5 K 4t
HEE, LL0.05% Tween-80 JGEH KA 25 F1%F
M, RpAbHR 3 dER, HAEFER 30 k
3 gl A EE R4 B T (25+1) °C, A
SR E (7545)%, YA 14 h L:10 h D A A T.X
A P BASKIA SR, 24 h il seT- duk, R
Probit J5 V5B B I LTso (5P,

2 HZRE5OM

21 AREBESIEFEEMNEKEZEEER SZCY
AR E RSN
R 1 A A, SEREER SZCY 7E 4 [

IR B F 25 cCt A T REAK, (H
A W RR R T EKEZ R AEESR
Hrp, fTEXFREAESRFRE F, SRRGHEE
R v R o A A e ik 81 8.04x10° CFU/g,
e 2 v T H AR AL 3 (P<0.01) 5 17 H RT3 A 0
TEHKERAL, U 4.20%., AR &R 57
B R S A R B R R
R MR 120 h BT A R B E KT
HAEF(P<0.01),

2.2 Plackett-Burman izt 38 i & & 0 & 75
AEBFHEERFHEERER

2% 2 & Plackett-Burman i E8 45 8, DASE 4%
TR s A A W AE (Y), X8 A T
[ 1 43 B A5t G T e )07 28 56— IR |1 U 72
Y=1.39x10°-9.75x10%4—5.58x10*B+2.88x10°C—
2.18x10°D—1.99x10°E-7.51x10°F+7.39x10'G, &
ERER=0.929 1,

{8 1 Design-Expert 14.0 4% 3 2 175K
PP eS80 3, H3R 3 ATH, 7 WU AR &
SR U R B /MRIC . BEFRIREE . BBk
o, M. AR EARE S . ROt
Pic Fb R A P B ), G e 5 7 T S SRy A i 2 5
H#E. P<0.05 FnizAm B ERNE, £ 70
WY, AMAMERE . BERR G &
I JE 301 A F AR AR (1 = B R

F1 FAEEFEMNEKRZFER SZCY FARE M

Table 1

Effect of solid medium on the quality of sporulation of Metarhizium rileyi

SZCY [ &3 B ve BT s oK
SZCY solid medium Number of conidia (x10° CFU/g) Germination rate (%) Water content (%)
5 5. Soy bean 4.33+0.12b 87.22+2.19bc 8.91+£0.24a
ZFFEA Rice 8.04+0.22a 99.56+0.44a 3.36+0.09c¢

F KM Corn grain 2.44+0.17¢ 80.73+3.43¢ 4.20+0.12b

T4+ Rough rice 4.90+0.25b 93.13+0.86ab 3.53+0.18bc

F=141.36, P<0.01

F=14.85, P<0.01 F=245.10, P<0.01

s R R bR R, SR /NE TR E RIS 1% R KK

Data are meantstandard error. Data followed by different lowercase letters indicate significant difference at 0.01 level.
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Table 2 The variations and levels of Plackett-Burman design and its result

IR 5 5 [F 2 Experimental factors B TR ST
F5 g SALEY R RSO RUSRCH mRRRMOE gm0
Test Temperature Photoperiod Inoculation Carbon Rice husk Nitrogen source Fermentation Spore yield
No. (°C) (h) amount source ratio time (x10” CFU/g)
1 1 1 1 -1 -1 1 -1 4.11

2 -1 1 1 -1 1 -1 1 29.71

3 -1 -1 -1 -1 -1 -1 -1 41.00

4 -1 -1 -1 -1 1 1 -1 14.45

5 1 -1 1 1 1 -1 -1 13.55

6 -1 1 -1 1 1 1 1 8.27

7 -1 1 1 1 -1 1 -1 6.28

8 1 -1 1 -1 1 1 1 4.79

9 1 1 -1 1 1 -1 -1 0.12

10 -1 -1 1 1 -1 -1 1 42.79

11 1 -1 -1 1 -1 1 1 0.96

12 1 1 -1 -1 -1 -1 1 1.84

*3 AEDWE

Table 3 ANOVA of Plackett-Burman design

Source Sum of squares df Mean square F value P value
Model 2.400x10" 7 3.429x10'® 7.470 0.0352
A Temperature 1.140x10" 1 1.140x10" 24.840 0.007 6
B Photoperiod 3.740x10'"® 1 3.740x10'® 8.150 0.046 1
C Inoculation amount 9.932x10"7 1 9.932x10"7 2.160 0.2152
D Carbon source 5.699x10"7 1 5.699x10"7 1.240 0.327 5
E Rice husk ratio 4.784x10" 1 4.784x10" 1.040 0.364 9
F Nitrogen source 6.760x10'® 1 6.760x10'® 14.730 0.018 5
G Fermentation time 6.559x10'® 1 6.559x10'° 0.143 0.724 5
Residual 1.835x10'® 4 4.588x10"7

Cor total 2.584x10" 11

23 ARIESERBESRSHmEN RO R fBE
M2 18] ) 5 #2 ¥=1.397x10°—9.745x10%4—
5.583x10°B+2.877x10°C—2.179x10°D—1.997x10°E—~
7.505x10°F+7.393x10'G Rl 1, RigRifi g | Wkt
Bhaa . GRMERE D RECN 3k,
e WITE B T A AE AR, o B T 3 IR 30 75
X HZSHGHETREAL; R 4 aTAL, 1l 3 &b
P2 B e B o 7 9 o A e, RO T 2 B s

LTI a7 s AN N
24 MmNy ERIERITRERSH
MR 5 F5z BB TS a6 5 2 Wi [0 HP 0 iU (GR 5),

TG RS IR NLEL(Y) 5 A AR R ] DG R £
izl {5 Bh Design-Expert 13.0 X3 6 HAY
Bl 15 Z oo mlA 34y, 15 R IREETE SZCY
I 285 K W A pe B 5™ i (V)5 A28 4 ()
A B O AR C (BERHE R & i)
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x4 mERERKIITREER
Table 4 Results of the steepest ascent design

experiment

No. JEJE 25353 i (ki
Temperature Photoperiod 7 Spore yield
(°C) (h) Nitrogen (x10'° CFU/g)

source

1 17 24 7 0.37

2 20 22 6 2.68

3 23 20 5 4.01

4 26 18 4 3.92

5 29 16 3 0.03

£5 MEARRERSKTE

Table 5 Factors and levels of response surface
experiment
K A TRE BOCIUAY  CERREREk &R
Level A Temperature B Photoperiod C Nitrogen source
&) (h) (%)
-1 20 12 3
0 23 18 5
25 24 7

x6 MEERIERITEREER
Table 6 Design and results of response surface
experiment
Run A4 B BIGHRIC CEBERHE YW flsE
A Temperature B Photoperiod #} &t Y Spore yield

(°C) (h) C Nitrogen (x10'° CFU/g)
source (%)
1 20 24 5 0.81
2 26 12 5 0.04
326 18 7 0.29
4 23 18 5 5.08
5 23 18 5 4.89
6 26 18 3 0.34
7 23 24 7 2.68
8 23 12 7 1.67
9 23 12 3 1.31
10 23 18 5 5.22
11 23 18 5 5.65
12 20 18 3 1.08
13 23 18 5 5.17
14 20 12 5 0.66
15 23 24 3 3.07
16 20 18 7 1.11
17 26 24 5 0.11

IEIH TR ¥=5.20-0.364+0.373 7B8-0.006 3C-
0.024B-0.024C-0.187 5BC—0.032BD-3.144>-1.66B—
1.36C%,

FR A b 34 Fir g 57 A4 [ 0y 2 4 s v 1o (. (V)
H5&ERRE MR, kARG5S AR 5
FEEEMEEXREE, ZE2TBERE i
R*=0.983 8, Y REAERK IET R%.4=0.963 0,
FEW T ST 2 I IRy R T A B, P
SR E A L, i EARE 25 B R
TRIZAE IR 5 25 (P<0.001), [] B 22 481 25>0.05 158 B
BRI B2 . L, iz mlE 5 o 3R 1K
LB SZCY B MR FRl A & Wt Tl Y
BEARY X T A A [l ) R T O 22001, Kk
IR R TG S o T W A K I T i 1T 3 T 3 AR it
o, RIER IR B B KO, BEBITT
AR S 355 7 A Y R AR

HJ Design-Expert 13.0 FIr A48 H i 1o 7 45
A EIME 1 s, BSR4, B, CYTF1E%
AR A, MR AR 5 AT DA 38 BT e iy 1w
RO B R, X 3 A4S [ 728 B A IR 56 A5
1 2R ASAEL 43 ) 4=—0.057 .B=0.113 ,C=—0.009,
RISy 22.83 °C SR 18.68 h L:5.32h D,
BERER R S 4.98% %, ERSGEE
SZCY [ KRBT 10 K, B v 2 i1 it fe
T TR AT 5 2 5.23%10'° CFU/g.

2.5 AREBARBESEZERT2EB TR
I EMAREHRBETHNE

H 3R 7 AT, RS RS0 = o R A1
TAC 1] Ay [ e 6B 17 VAR 422 ol Ak L R b, £ 73
3RS HUE, XTRIHL BTN 3 W4 HU R
BTy, ABFE I AETE—E 25 7 . 7E 23 °C,
18 h L:6 h D, 5%[E Rk B 4544 & B ™ 41 2o
BRI, B I R U 3.74 45 TE 26 °C
18 h L:6 h D, 7% EHZ B 4514 T - i+ )
w5, BAEhE K, H5.69d.
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1

Z [/
]
P58

E1 RMEAZXEZMA~EENMEZE A O
M SO 0L 8 Ay 17 AT 4] B » W RE BB 5 B RS
M 187 TP C e T B3R A3 5 S AR ' JT 9y i 7 T ]
Figure 1 Response surface of spore output of
two-factor interaction. A: Photoperiod and
temperature response surface. B: Nitrogen source

and temperature response surface. C: Nitrogen
source and photoperiod response surface.

KT BULEAFDERT 3 KRE
HFHNE

Table 7 Toxicity of conidia by each treatment to the
3rd instar larvae of Spodoptera frugiperda

R R L R

Ib3 A MREE BIGHAW  CEERHR Bt
Treatment A Temperature B Photoperiod i  Median
(°C) (h) C Nitrogen lethal
source (%) time (d)

1 20 24 5 5.21

2 26 12 5 5.45

3 26 18 7 5.69

4 23 18 5 3.85

5 23 18 5 3.74

6 26 18 3 5.34

7 23 24 7 4.59

8 23 12 7 4.75

9 23 12 3 4.83

10 23 18 5 3.54

11 23 18 5 3.77

12 20 18 3 5.58

13 23 18 5 3.89

14 20 12 5 5.21

15 23 24 3 4.16

16 20 18 7 4.74

17 26 24 5 5.35

2.6 FIFAEZSABRIUEAZBEZH

1) 7 T 3 T A O A T 28 e P 2,
AR AR IR, H3RE N 22.8 °C,
SeEIMA A 18.7 h L:5.3 h D, FERHE K & 1 K 5%,
PET R HE R SZCY B KR IR, BiReE
10 KAF LR = f il ik 5 5.48x10' CFU/g, It
SN BT A AR AT X R DT M 3 4l BB
FEHE S 3.37 d, 5 RTEE ST B A HUNE AR
AT . UL, R BRL T A T SR R A, I
L3 I A I T 2 2 e 7 A 1 S LA i B — [
AR WAy 8 A, T AT UE R A FH e 1 T
P A3 FC SR B [ A8 R e T2 ml AT

3 WwE5E&®

S PR AR IR A O — i B 220 T SR AR BT
B, AR 200 R0 B, JUH RO R
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FRE B SR HILRA REFVEN . SR IR GE 7 2 i
3 A B TR HUACRE JE X H AR Ui T
RGeS, 4 S ER SRR A 1 40 A 1 T
7 B e AR I R A g A DG

A5 F| A Plackett-Burman 2 Box-Behnken
HROC 2 AT T T ) b 5 A ik EL A R
FEIREET SZCY T Ak ] 25 & T 2% 11 A 740
1o WF3E &P, Mg Plackett-Burman J7E0E
BRFRIR B . M RRR R O i MOGRIAYE S F 2
M [ 285 P e R DR 2R o e B e 3 X 0
B i 07 T ) s o i — 2 ) o 1T
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