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Abstract: In order to study the pathogenic mechanism of Metarhizium rileyi on Spodoptera frugiperda
larvae, two strains of M. rileyi MDXZ200803 and SLSY200714 were isolated and identified from the
diseased larvae of S. frugiperda in the field. The virulence of M. rileyi with five spore concentrations
(1x10*~1x108 conidia/mL) to the 3" and 5" instar larvae of S. fiugiperda and the changes of protective
enzymes (POD, CAT and SOD) and detoxification enzymes (GST and CarE) in 3" instar larvae
infected by two strains of M. rileyi were determined by the impregnation method. The results showed
that the cumulative corrected mortality of the 3™ instar larvae of S. fiugiperda was 100% at the
concentration of 1x107 conidia/mL and 1x10% conidia/mL after 8 days of infection with the strain
MDXZ200803, and the cumulative corrected mortality of the 5" instar larvae did not reach 100%. M.
rileyi SLSY200714 infected the 3™ instar larvae of S. fiugiperda for 8 days, only the cumulative
corrected mortality at the concentration of 1x10® conidia / mL reached 100%, and the cumulative
corrected mortality for the 5" instar larvae did not reach 100%. After 3" instar larvae of S. fiugiperda
were treated with 1x10% conidia / mL for 36 h, 48 h, 60 h and 72 h, the activities of CAT, SOD and
CarE were the highest at 36 h and then decreased gradually, while the activities of POD and GST were
the highest at 48 h and then decreased. This study provided a theoretical basis for revealing the
pathogenic mechanism of M. rileyi from the perspective of host immune enzyme activity changes, and
provides ideas for the biological control against S. frugiperda.
Key words: Metarhizium rileyi; Spodoptera frugiperda larvae; virulence; protective enzymes;
detoxifying enzymes

LI TR Spodoptera frugiperda K J& T 53 H Lepidoptera % #} Noctuidae( Todd and
Poole, 1980) ; HZF FHEYM £k 76 F} 353 Fl, QHEEK Zea mays. KFG Oryza sativa /)
# Triticum aestivum 55 = K ERAEY), H iz FH R O™ E gt 73 24 B X Rk e

(Montezano et al., 2018) , 1 2019 FFH XA E Z B & HH T E (52405, 2019).

A7 B 2 B PR S 7 48 ) A it (LIS ()5 P £ 5 B0 b D O 0 245 1 4
I, BRI . H A B R oA LS L R YR I S AN UM B e 2 M 2R 2 245 71
FEAE T ZTE (FEREE, 2021 Guieral., 2022) o B HU R ELE AR AR T UM R
Lz —, RN 54T A5 EviiE SRy sl g iz 68 (Mahato and

Paikaray, 2021) . #fFCIAE K, FEE)E Beauveria spp. FERAE R J& Metarhizium spp.iX



2 Hu A FL R AN R b DT ROAT B VR BOR, T H N M BRI ST AU 22 4x . SR IK SR
{8 B Metarhizium rileyi X4 3 A B Nomuraea rileyi, 542 L33 H A0k R} 5 o
(Fronza et al., 2017) , {HILXHMERE4) R Sid ) ) 88 /1A R 2 % (Pang et al., 2023a,
2023b) o R &R AR B AN S 9 ROk 4 B B DA BOR O L3R4S, 2019) , tHX)
TSR Spodoptera exigua. RSB Spodoptera litura. Wi . Helicoverpa armigera “5%
el 32 A B R AOEUR 71 (Grijalba et al., 2018) , FF7EIE BLAAF Tl 5k H ) 5 th Fh
WATH, —FhEAT W R RS B B (B S, 2019)

S IREHB T R G PR T P2 ELOAERG I L W . FBIARRE . (RIS AN 5y A A 1 P A%
o RIRGHBIEREMIAE B HUABE S, A3 FL7 B R oA T R 6 i 27 328 AR BE A2 N B LR AR 1A
B 220N B UL J5 R B, S A AR BRI R AL, BRZOE RR BAE T RAAET
JE B Rk LRI T o R ARSR, TR BUARRI AR KR AR, BRI ER, e E
BT FIRIKYE (Fronza et al., 2017; Wangetal., 2021) .

FLER GG, B U= RO R, A A A DG G 5 I 1 T TR o R AR R 3 AR A (TR AR,
2016) o XX UL AR AR AL AL YR (POD) | EEY)E{LEE (SOD) it
FACER (CAT) VA KMAHEIIIARIRIERE (CarE) AR B HIK-S-H M (GST) % CF
4%, 2013) » HEHLBRANRIE, 2291 SR =4 — R 51 5k o BE 1R 1 1 4 2
RO N 2 5, B LR S, Ak oy ORy R i A i R R T R, Sl R U
— RV, SEERURRIET: (T A, 2016; HKIREES, 2018, EiKIRAE,
2023) .
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RS AR BRI A B MO 05 PR AR A, AW S A0 B 2 AR 5 A7 0 3 25 57, DAY AE /R 3R R4
TR T SR ALEI SR AL — R LR ARIE , o R SRR 4 B St B P 4R T SR
1 MRERE
1.1 i
111 B AR AN IR

PR B R TR IE B A4 (100°587 N, 100°19" E) Af AR ELEFERE (100°307 N,
24°81" E) (5 ST RO R tRAA 2 B AR 2, I 44 9 MDXZ200803 Al SLSY200714.
KPR R 2632 7 B 44k 1~2 YR (¥ MDXZ200803 1 SLSY200714 T # A FH £1) 28 3065 425 ol

£ SMAY #53:3 (B EFEM 10g, FHME40g, HEAM 10g, HE20g, 7K 1000mL) (JE



AkFEE, 2023) o ST EREFRA GEEE 25°C£1°C, AWML : D=16h : 8 h, J&IRFEE 3 000
1) AT IR )G, K HTE 4°CURFE T, DR .
1.1.2 Al d)s

R T P B S RO 1 5 B AR ML R 2 N T = P A i T K 4 9% 10 AR LA A
A FEE, TR R TN AR . WIF 4T e DU B TR U 3R 2, P S
BEFRE (K0S5m. % 0.5m. & 05m, 2PM 120 H) iaiR 1% %K, BN
BRFOKPEIEF=00 . IR (EIRE 25°C£1°C, W 75%, L : D=16h: 8 h [ N TS
A FRAR -
12 MRFE
1.2.1 ZRBERIEE N ARG KE A
1211 ZRAERNEAEEE

K EK 10 d SEIRGHB A 70 A 11 R BE N 1107 /AN/mL i TR0, B 1 ul 2
SMAY 1 PDA ¥;77% b, 7d FEMEIFIKHERE N ER. Bl BE. B 4wk
GRS, 2023) o 5 5~6 RAIEMRBEIUA L2 FEI b, MINEEAK, EXFRME T
ML 55 10 KRBT, MABIEETLRE KRR, TH%EHE TS T RS
At (H7REE, 2023) .
1212 ZREKE S TR E

KH CTAB % (JB4k5%F, 2023) $2HL MDXZ200803 Fil SLSY200714 Fitk# ik DNA,
DAFL DNA NHAR AT PCR &3, 514K ITS1 (5-TCCGTAGGTGAACCTGCGG-3") #
ITS4 (5-TCCTCCGCTTATTGATATGC" , S TAY TR (L) KA RA R
F e HUS uL 1) PCR P4 HEAT B IR W 0 BLUKAS I, B PCR P4t A A AR (L
) B ERAFMF . 25 uL KMNAKRZRN: ITS1 A ITS4 514945 1 uL, PCR Mix12.5 uL,
DNA B 1 uL, ddH20 9.5 pL. MM N: 95°CHIAE M 3 min; 94°C7AEME 1 min; 55°CiB
K 1min; 72°CZEMH 1.5 min, 35 MEFR; 72°CZEMH 10 min. $EFT7 51 F BAE Gen Bank ¢
i P EAT Blast O, SR8 5 H 0 R IR R A 5 e TR R £ 22 A TR MRAH LY 51
1.2.1.3 RGKE T

H rDNA-ITS 515 2 17 51 A BEE NCBI 3 Chttps://blast.nebi.nlm.nih.gov/Blast.cgi) ,
it BLAST F2 /P #EAT Hext, 2317 5 H M Bbk BA RN 2 A BRRARR 751 L
PEFHI) ITS X3, {84 MEGA 7.0 #ff, d@id488% (Neighbor-Joining method, NJ) #

HARGRKAM, HTRGEKE S EAHESE, 2023) .



122 S B R O STk 4 s Py 3 70

7 BN EC ] I TG B ) TR TR 43 e R A, I K S 1K 0.05%
Tween-80 FCHi UAEE R . A MLERTHEO,  H@ I A U i e 1 BRIk B, ek
PR L] BIR B 1108, 1x107, 1x106, 1105 Fl 1x10* A/mL il T [ EIF & (Pang et
al., 2023) .

fIFIREE (A ML) =% 400 x 10000 x R EHL (n 2y 80 /M Y1 B H0

KHRHE (Pang et al., 2023) K HEH TR0 3 WA 5 &) He 73 I8 i £ T i1 47 i AN
[ JEE PR FEL 7 R 10 s JRERHY, FITE B IRARIRIGR iR 2 K 43, N 12 LR
B CREFLRON — 3k ) JONE & TR BRI, 2 5 R B FRAR BT e IR B 3R A
(25°C+1°C. #PE 75%. L : D=16h: 8 h) fi7%, #F 24h (FEHK 14 50O MWH 1k, FFid
SRAET ARSI TN 1) R TS, WP AR U T A RPIR A R AW AE T2 TR A . RIS T
AR HL i “C” TRER RN A ALY R SE T duAk, SRS AR,
o 58 BT VR T 1A T T TR UK ) K BRT R % L P (R 155 9%, LR SR IR B0 12 SRR THT 2 75 A 1 6
W 22 Bt L AR R . BRBCRISR I /0 A, B R R RGER . LB
0.05% Tween-80 ALBLJyxf e, HENALEE 20 3k, FHHE 3 K, WH 8 d.

1.2.3 SR E R A FL S 0 50 R0k &)y HURH SR I 5
1.2.3.1 A &

I3 AR E N 1x108 AN/mL ()3 K44 E B MDXZ200803 A1 SLSY200714 [t 1 B 7
AbFR B B A R, R AL BR S Y 3 B R HUIMN 1 mL A B R K I RS BT B D A A
K225 5T 4°CHN 6 000 r/min £5.0» 8 min, B EIEWRAE B, PATGH 0.05% Tween-80
KRNI, KB 3 IRER (Pang et al., 2023) . ff A B RN BCA & HIKSE
B N B e S R, T R S B R RS IR T
1.2.3.2 (AP B AN A EE IS 1L D

REL RV FH 100 7 5 B Ak 4 DR R A B B PR VS VE . i F UL A (CATY %k
Vil (POD) . HEEMYE LA (SOD) . AW HIK-S-FetlE (GST) MIRMEAG (CarE)
(¥ T 435 1R P T o 2 A A e AR AT 5« AR /E S ] Pang %% (2023) 153X,
PATGTE 0.05% Tween-80 AbFEJyxf i, REAALFR A 3 IRE S
1.3 HURSH

R AR BT %, KA SPSS 25.0 BAF#E4T 77 Z o Ml 3 704, SR ) 1Al



VAT A2, THE AL RS (] LTso AEBEH I LCsos SPSS 25.0 AT RN &R 7 Z 0¥, FRH
Duncan’s #H/TZ B L. P<0.05 BARHAZ MEREEZEER, P<0.01 Faoapid [aH 5
%25, KM GraphPad Prism 7.0 #fF1ER .
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2.1 AHERFEBENHESELEMD FEESER
2.1.1 EEFEELEIR

W 2 BRE 70 3R 22 SMAY Ml PDA 55975 EREGR 7d )5, WK IR E A RSO 4
BTk, PAREIR (B 1-A. C. E. G, WHEmAKED (K 1-B. D. F. H) .
£ SMAY ¥5773k b, Witk LZ AN (K 1-A. B, E. F) ; fEPDAK;FRIEE L, W
PREH BT IL G 2 (B 1-C. Dy Gy H) o fEGEEMEE PS04 R T,
SRR, HEEOEE (B L 10 L M)« SRR RnER, hiesh, 2MEE, &
DGR (B 1-K. ND o IR S E R & S RHE.
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SLSY200714 MDXZ200803 SLSY200714 MDXZ200803




K1 SEIREHE I MDXZ200803 1 SLSY200714 FEAKHE
Fig. 1 Morphological characteristics of Metarhizium rileyi MDXZ200803 and SLSY200714
i A M B Jy3K RGBT MDXZ200803 76 SMAY 15375 IE R I HFAE; C Al D Jy3K [K4k{E B MDXZ200803 £ PDA 3 77 4%
IERTTEAFRAL: E Al F 93K RERELR SLSY200714 1E SMAY 5577 2 1E RIITEASHHIE; G M1 H Jy2K [RER B SLSY200714 7E PDA
B IR I RHE A RAAL 10T Ak 3 RSB MDXZ200803 7 fll 24 LA K 73 E 4 T RS LM A1 N 3 RSk SLSY200714
FETRSE R UL R 4 A il TS . Note: A and B was the morphological characteristics of Metarhizium rileyi MDXZ200803 on the positive
and negative sides of SMAY medium, respectively. C and D was the positive and negative morphological characteristics of Metarhizium
rileyi MDXZ200803 in PDA medium, respectively. E and F was the morphological characteristics of Metarhizium rileyi SLSY200714 on
the positive and negative sides of SMAY medium, respectively. G and H was the positive and negative morphological characteristics of
Metarhizium rileyi MDXZ200803 in PDA medium, respectively. I, J and K were the sporulation structure and conidial morphology of
Metarhizium rileyi SLSY200714; L, M and N were the sporulation structure and conidial morphology of Metarhizium rileyi

SLSY200714.

2.1.2 TS ES R

fEH] PCR ¥4 H (Y E PR ITS-rDNA @51 7 BL, 1£ Gen Bank (¥ % 4T Blast LR .
HAR B R -5 B0 P2 m S Q4B B A R DR 7 99% LA b o S5 A T A8 SR E 56 5 A4y T A W 2
SR AERATEN, X PR B AR S IR B

28 MDXZ200803
281 SLSY200714
100 | Metarhizium rileyi(MZ151847.1)

98 Metarhiziumrileyi(OR727483.1)

Metarhizium flavoviride (AY 646390.1)

99 Metarhizium flavoviride (AY 646392.1)
100 Metarhiziumacridum (HM055449.1)
Metarhizium acridum (MK286431.1)
100 Metarhizium anisopliae(0OQ186753.1)
100 | AMerarhizium anisopliae (F1545313.1)

| Beauveriabassiana(MN710408.1)

e 100 Beauveriabassiana(MN428792.1)

B2 JET ITS ZERFHIME H Wbk 5 H AR R A R GR B M (NI
Fig.2 Construction of phylogenetic tree of the isolated strain and other related Metarhizium strains based on ITS

region sequence (Neighbour-Joining method)
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22,01 PRRSE GG B 0 R SRk 3 W4 ER I E e

3 R348 B B 7k MDXZ200803 F1 SLSY200714 A3 1) B dth 57 gk 3 4 4 da /3 4 46 2
RANGE 3 RIFIRHBIE T IR, 1E5 4 RAE 5 RINAE - HEIB B m. 1258 8 RS,
MDXZ200803 ¥ J& 4 1.0x107 4> /mL A1 1.0x108 4 /mL Ab 8 40 (¥ fif 47 fit i 4 fL 3 38 1,
SLSY200714 X 1.0x108 >/mL AL BRI T A R4 RSP0 T SR A Sy (B Ag, rhfk2s
e “C” K. BERABHFRE, RAEKHEYRE L, b5 B SRR ™ A o 4%
oA

R S T M B B o T 50 b B 0K 3 08 4 e (¥ 2 T B 2 17 B O FE I B A, LTso
B . PR IRER T BIFMAC BG4 3L, B 4 RIFME, HRIPET R KR
MDXZ200803 B & 51 SLSY200714. 1.0x107 A~/mL [ 1 AL ELRT, MDXZ200803 1) 2 i1
FETHAEH 8 RI&F 100%, 1M SLSY200714 AKX F] (B 3) . 1.0x107 4~/mL 1 1.0x10%4~/mL
AR AL PRIN,, MDXZ200803 F) LTso #5322 /> T~ SLSY200714, 735/ 7 2.86 d Al 2.36 d.
1.0x108A4N/mL B R AL FEEY , MDXZ200803 ] LTso 4 5.77 ds {H SLSY200714 ()%} K[ 5E
TIRAET 50.0%, FikdAT LTso HIfi% (% 1) . MDXZ200803 1 SLSY200714 ] LCso 4
AN 2.17%100 H1 5.35 x10°, J5# ) LCso ZINFIF ) 2 15 (3R 2) o A bkl
Pions Bh BO 3 W6 4 HR 7 ) A RS 805 vk MDXZ200803 HI#E /) T SLSY200714
IR 7T

#*1 FMERFEER 3 RS SRESENES 8D

Table 1 Toxicity of two strains of Metarhizium rileyi to 3" instar larvae of Spodoptera frugiperda

P PR 17 #E (conidia/mL) BN MRAH R B E (d)
strain Conidia concentrations Regression equation ~ Correlation coefficient LTso
1.0x10* Y=-1.01 +6.10X 0.79 -
1.0x103 Y=-1.05+6.24X 0.80 -
MDXZ200803 1.0x10¢ Y=-0.33 +6.23X 0.86 5.77
1.0x107 Y=-1.17+9.97X 0.92 437
1.0x108 Y=0.25+ 8.65X 0.98 3.62
1.0x10* Y=-1.27 +5.54X 0.67 -
1.0x10° Y=-0.99 + 6.09X 0.79 -
SLSY200714 1.0x10° Y=-0.31+5.85X 0.86 -
1.0x107 Y=-0.57 +7.08X 0.91 7.23
1.0x108 Y=-1.06 +9.41X 0.92 5.98

e PR Y RIVHRA, XORB R, “-7 RoRAbBLE IR ST 3 e UKL T A 8 d KT 50.0%, FEiEXF LTso

#4745 . Note: In the formula, Y was the probability value and X was the logarithm of time. The * - » indicated that the final mortality



of the 3 instar larvae of Spodoptera frugiperda was less than 50.0 % in 8 d, and the LTso could not be estimated.

®2 PMERFERE 3 RIEMR RSB LCs (8d)

Table 2 LCso of two strains of Metarhizium rileyi to 3™ instar larvae of Spodoptera frugiperda

LS BN HRZH R FHEH K S (conidia / mL)

strain Regression equation Correlation coefficient LCso
MDXZ200803 Y =5.17x107X + 52.52 0.45 2.17x108
SLSY200714 Y =6.71x107X + 36.09 0.71 5.35x10°

e NP Y BILERM, X ZIKEMXH . Note: In the formula, Y was the probability value and X was the logarithm of the

concentration.

A100 | B 100 . [ !

E e t I — & 1
5 80 K 5 80 L
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S 60f S 60f
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40 == 1.0x10° S o40F T 10x10° |

; Sl = 10x10’ J; ol 1.0x107

2 —— 1.0x10° | E —— 1.0x10°
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FE) (d) Time ] (d) Time
Bl 3 BIARSK RSB X B M Sr ik 3 Wd 4t 8 d RITAET %

Fig. 3 The 8 days cumulative mortality of the 3™ instar larvae of Spodoptera frugiperda by two strains of
Metarhizium rileyi
H: A, MDXZ200803 1##k; B, SLSY200714 Fitk; CK, 0.05% Tween-80. Note: A, MDXZ200803 strain; B, SLSY200714 strain;

CK, 0.05% Tween-80.

222 PPRSKE KGR B R SRR S WS R B I

SHE TR 27 A1 A1 R R M PR S e 4 LI B ) 45 SRR MUK FETE 1.0x10%~1.0x10° [ B A3
R BARB LA DA RO . SEIRGMEF AL B )5, MDXZ200803 Bk 1) 1l 1 & PR AE IR
FE9 1.0x105~1.0x108 4~/mL (1) RiHFETZ3 & T SLSY200714 B #k. MDXZ200803 )1
BVFIRAEIRE 9 1.0x107 A/mL B RAFFET R 50%, 1M SLSY200714 ALAEWKE Jy 1.0x108
ANmL i, 5 R B AR R A 50%. PIFREELE 8 d N RITAE TR IIARIAH] 100% (K
4) o 1.0x1034N/mL [ AL LR, MDXZ200803 1) LTso ) W] B A% T SLSY200714, K7
1.52 do 1.0x107AN/mL B AL ELR, MDXZ200803 () LTso N 4.83 d; {H SLSY200714 %)
HEFET-HACT 50.0%, Foik#EAT LTso B (R 3) . MDXZ200803 F1 SLSY200714 ]

LCso 7374 1.61x100 1 9.14 x10°, J53 1) LCso ZINRTHE ) 5.6 £5 (K 4) o ##E LCso F1 LTso



i B 3E (R 4R 18 1 MDXZ200803 (5% /758 T SLSY200714, iX 5%t 3 4l di 5% 779 5 i o3

SR — 2
®3 FHCRRFEEXNNEBRRE S RHHNEH B

Table 3 Toxicity of two strains of Metarhizium rileyi to 3" instar larvae of Spodoptera frugiperda

P PR 7 E (conidia/mL) BN MXAE R FHEHET R (D)
strain Conidia concentrations Regression equation  Correlation coefficient LTso
1.0x10* Y=-1.11+5.02X 0.65 -
1.0x10° Y=-1.17+5.22X 0.66 -
MDXZ200803 1.0x10¢ Y=-1.05+6.34X 0.79 -
1.0x107 Y=0.95 +4.94X 0.86 4.83
1.0x108 Y=0.83 +5.52X 0.91 4.21
1.0x10* Y=-122+4.50X 0.52 -
1.0x10° Y=-1.27+5.54X 0.67 -
SLSY200714 1.0x10¢ Y=-0.96 +5.96X 0.78 -
1.0x107 Y=-0.33 +5.94X 0.86 -
1.0x108 Y=-0.49 + 6.48x 0.89 5.73

Ee b Y RJURE, XN R E. “-7 RFREAEK 5 W40 R RAIET R 8 d P RIMET 50.0%, Tkl
LTso. Note: In the formula, Y was the probability value and X was the logarithm of time. The ' - ' indicated that the final mortality of the
5™ instar larvae of Spodoptera frugiperda was less than 50.0 % in 8 days, and the LTso could not be estimated.

F4 PRERFER 5 RIEBRRES B LCso (8d)

Table 4 LCso of two strains of Metarhizium rileyi to 5 instar larvae of Spodoptera frugiperda

[EiS BT KRR R A (conidia/ mL)

strain Regression equation Correlation coefficient LCso
MDXZ200803 Y =5.43x107X +22.92 0.67 1.61x10¢
SLSY200714 Y =4.85x107X +23.23 0.79 9.14x10¢

We NP Y £ILERM, X ZIKEM X H . Note: In the formula, Y was the probability value and X was the logarithm of the

concentration.
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Fig. 4 The 8 days cumulative mortality of the 5" instar larvae of Spodoptera frugiperda by two strains of

Metarhizium rileyi

¥: A, MDXZ200803 i#k: B, SLSY200714 iitk: CK, 0.05% Tween-80. Note: A, MDXZ200803 strain; B, SLSY200714 strain;

CK, 0.05% Tween-80.
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Fig. 5 Effects of two strains of Metarhizium rileyi on protective enzyme activities of 3™ instar larvae of
Spodoptera frugiperda
iE: A, POD HREEAEML; B, SOD MIEHEAE L; C, CAT MIGPEAL L. Svt B MIEE L hRid (KNS 7 By AN [R5 R 4B e Ak 2
Xof R AL P R4 B 1k 22 S (9 S 3% 9% (P<0.05) » Note: A was the change of POD activity; B was the change of SOD activity. C was the
change of CAT activity. The lowercase letters marked on the column of the statistical chart are the significance of the difference in

detoxification enzyme activity between different Metarhizium rileyi treatments and the control group (P<0.05).
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Fig. 6 Effects of two strains of Metarhizium rileyi on the activities of detoxification enzymes in the 3™ instar



larvae of Spodoptera frugiperda
TE: A, GSTWEMEAEAL: B, CarE iG{EAMt. Giit BRIEE_EFRVE /NG = BN R K QG 1 b 51 55 0 TR 2L (K0 7 2 B 1 22 33 10
EE M (P<0.05) . Note: A was the change of GST activity; B was the change of CarE activity. The lowercase letters marked on the
column of the statistical chart are the significance of the difference in detoxification enzyme activity between different Metarhizium rileyi

treatments and the control group (P<0.05).
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