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Abstract [Objectives] To evaluate the potential of Metarhizium rileyi FIMR2 as a biocontrol agent for Spodoptera
frugiperda. [Methods] The pathogenicity of FIMR?2 to the larvae, pupae and eggs of S. fiugiperda was tested using the leaf
dipping method under laboratory conditions. [Results] A spore concentration of 2x10® spores/mL achieved a corrected
mortality of 1st to 5th instar larvae and pupae of 100%, 95.78%, 87.15%, 64.67%, 38.00% and 93.93%, respectively. LCs
values of 1st to 5th instar larvae and pupae were 3.12x10%, 7.94x10%,2.13x107, 7.46x10% and 1.25x10° spores/mL, respectively.
LTs values decreased with increasing spore concentration and increased with larval instar. At a spore concentration of 2x10°
spores /mL, LTs, values of st to Sth instar larvae and pupae were 3.93, 4.32, 5.62, 7.19, 9.41 and 4.45 d, respectively. In
addition, the hatching rate of 0-hour-old eggs and 24-hour-old eggs were 84.53% and 89.77%, respectively, and the survival
rates of newly hatched larvae inoculated with FJMR2 were 1.81% and 3.02%, respectively; significantly lower than that of the
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control. [Conclusion] The FIMR2 strain was highly pathogenic to st to 4th instar larvae and pupae of S. frugiperda,

reducing both the hatching rate of eggs and the survival rate of newly hatched larvae. It consequently has high potential as a

biological control for S. frugiperda.

Key words Metarhizium rileyi; Spodoptera frugiperda; insect states; pathogenicity; biological control

T Sk Spodoptera frugiperda (J. E.
Smith ) J& F## H Lepidoptera 7 1#F} Noctuidae,
VR TR, GG EARAR AL 2k KT
R F L, FRONFE K KRS M RS
Yy, BAGEAERXEYT ., BHERE R . O CHUE R
B V6 XEBE RS 4R 5 ( Sparks, 1979; Montezano
et al., 2018) . FHITRAMEH 2019 4F 1 H AR
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14 EREEE FIMR2 i wiEs R
Bow il E
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FETH (%) = FEHREIA S %0>100,

KIEFET R (%) = (AbERZARET % - X IR
HIET R ) / (1= XFHRLIFET-# ) <100,
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21 EMEEEmsHH., ERRBRRKEE
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T GTROIK 1-5 4 3 RT3 R AR T
FIMR2 {24, 23R IRERETE FIMR2 12445 1 d,
FAG A R BEAT . R EORRIE 5 4]
MRZH S TCI 25 5. 1-3 4 7 3R IR G B
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PL4 e o, WIBET R BARZEER, 2 h
SR (E 1 A), RIBEEE 1 d)E, REREK
MEFEAGRE2Z (K 1. B) , B33 dE
BERmEESOERT (B 1. ), i
AR s d IR REGE (Kl 1: D) . 1§
LSS 4 d BIBET, 5 dEREET, NIt
AR RS (B 1: E), SRIBHER 2 d 5 VAT
TR AGAREZ (K’ 1. F) , ME™
AT (B 12 G) o BRAFIE I PIL G 1K
BTG, B9 2 d Rk K
WHGEZ (E1: 1), FEkbatas (F
1. 1),

1 B Aish ., WHA0AL R
FRIRFER FIMR2 HFEK
Fig.1 Symptoms of different states of
Spodoptera frugiperda inoculated by strain
Metarhizium rileyi FIMR2
A HHSET: 1d N B 4IHUBETES 1d; C. #HE
T2J5 3d; D. #hH3ET )5 5d; E. WigET: 1d P
F. BTG 2d; G MisETo/5 5d 5 H. WeRseTs

JG2d; L RHAETIE 5do
A. The larvae died within 1 day; B. The larvae died 1 day
later; C. The larvae died 3 days later; D. The larvae died 5
days later; E. The pupa died within 1 day; F. The pupa died
2 days later; G. The pupa died 5 days later; H. The adult
died 2 days later; I. The adult died 5 days later.
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IR E

WHoE &I, SRICESHEE FIMR2 AN [FfLF1k

B PR VRO B M B 1-5 I 4 RN 4 B0
J1 (E2) 2 2x10" i F/mL WAL FE 9 d,
1-5 % % HL Y A2 I P8 T2 F 43 51 A 40.76% .
31.33%. 21.89%. 13.55%%1 4.53%, WM IESE
T30 43.56% . BEAR T B A T+ , Bk FIMR2
X 1-5 35440 HURTER A BOE 3B W s o YAk
JE 2108 JF/mL iF, 1 {840 s Ay AT R
4 100%,2-5 B4l HU RS IEFET- %53 51 95.78%
87.15%. 64.67%F1 38.00%, WHAIAZIEFETH N
93.93%,

2.3 FIMR2 x5 72 i 4h o F0 4% B9 B 58 dh
RE LCy

JERGHETE FIMR2 7 [m] i B 7 12 15 oAb
B9 d JEXF 1-5 W4l HURIE A9 EOE R 34938 2 i K
(B ARTEFET- RT3 45 BES I BBE R EE LCso

(£ 1), 250075, MEYRBIAK, 5
FEHRE LCso BEK, BN F SRR 1-5
W4 HUE) LCso 20910 3.12x10% . 7.94x10%
2.24x10°, 2.13x107 Fl 7.46x10% #1F/mL, X
f) LCso N 1.25x10° i F/mL, 54 E45HRF%
A, B bt ST IR 1-3 4 4 H RIS X 2 TR e A UK
4-5 ARz,

24 FIMR2 35 Hb % 7 i 4h A0 b B9 - B 8
AfE] LTso

Bl FC SRR FIMRY TR PR IR0k 3 1 44
TN, B D7 e &0y e AT ) 2 BUBE RS [R] LT s0 4
BE(F2) . (EWIEJ 2x10% - 2x10° #1F/mL fY
JEEI, VIR A LTso A 7.79 d B2 3.93d,2 %
L LTso M 8.54 d FEZE 4.32 d, 3 #¥4hH LTs
M 10.67 d F % 5.62 d, B LTso M 11.46 d =
4.45d; 78 2x10° - 2x10° fd 7-/mL JEFE N, 4 #
4 LTso M 9.79 d FEZ 7.18 d; 7 2x107 - 2x10°
filF/mL JEEIN, 54 H LTso M 10.84 d R
9.40 d.,

25 ERFEHE FIMR2 325 & il 3 50
£

FECEHETE FIMR2 W5 Hh S I IR (1) R 5
Pt T2 5m (P>0.05), [HXF IR LR FI4)



34 TEEAE: JEIREEE FIMR2 X 553 573 A 7] e 2S5 A BOm HERTT 52 - 555 -

100 1

o0
S
N NN N Emicl

)

(o))
(=]
o

e
;*I*-;*-I-E

o+,

f
i
]

R

IS
(=)
P

o
e

i
i
o

KIEFET-H (%)

Corrected mortality (%)

o
(e
o
B

o
+;|-_._
o
o

i

i
i

£
S

T
%
s
S
hd

[\®]
(=)
-I-E:

o
o

o
o
o s
e

o
b
Ed

o+
o+,

H_N_ N N N NN EN
o+

T

T'FE
o
oty

]

o
+++i+'"

4 2x10*
m 2x10°
m 2x10°
[ 2x107
2x108

e 3
EEEFEEEY

o
!

,",

o, e "
SRR
||

ey

o

et

= q-l- L ;'I- .'I-
P

1i#% 1stinstar 2% 2nd instar 3% 3rd instar 4¥% 4th instar 5%} Sthinstar % Pupa

U Insect states

B2 FEHFIMR2## 9d REMARHES HAFEHRERTE
Fig. 2 Corrected mortality of Spodoptera frugiperda larvae and pupa treated with Metarhizium
rileyi strain FIMR2 inoculated after 9 days

P B S (bR R, TR — AL EARA A [A)/ING B R0 [l — 8 1 4l RO Rl R B2 1Y
WIESET %2 7 % (P <0.05, Duncan’s # & WM Z LML) -
Data are mean + SE, histograms with different lowercase letters in the same series indicate

significant differences at the same insect stage between different concentrations
at the 0.05 level by Duncan’s new multiple range test.

®1 RREEE FIMR2 M EM R IH4 RAGFEIEIEFIRE LCs
Tablel LCgvaluesof Metarhizium riley strain FIMR2 to Spodoptera frugiperda larvae and pupa

& e, o L [ 1o 1
Insect rfo”r;hology Regre%]sgiriziation LCso (spores/mL) 95%9:0/:1§d1:n[fe'?imits 4 I
1 i#% 1stinstar =0.656x - 2.949 3.12x10* 6.27x10* - 3.31x10° 1.895 3
2 #% 2nd instar »=0.649x - 3.178 7.94x10* 6.27x10* - 3.31x10° 1.170 3
3 #% 3rd instar y=0.463x - 2.941 2.24x10° 8.74x10° - 5.76x10° 2.637 3
4 J% 4th instar y=0.410x - 3.005 2.13x107 7.35x10° - 9.68x107 0.846 3
5 #% 5thinstar =0.390x - 3.459 7.46x10° 1.31x10° - 3.84x10" 0.897 3
I Pupa y=0.509x - 2.593 1.25%10° 3.50x10% - 3.10x10° 4.894 3

P AR B (P<0.05) (£3) . &
RSB FIMR2 4b3 5, BP0 h ORFI 24 h
B R IRE AL SR 45510 84.53%F1 89.77%, 45 1%

TXT FRLA IR L% (95.52% ); 48 h BPfiE{L %
FIXTHRATCH EES (P>0.05), H—E504

PELh A IE A, KIERWIS 0. 2 A1 48 h ADRLE
ST FIMR2 Ab3)S , P14 HAE TR 22
J91.81%, 3.02%FH1 16.26%, 5 % T X 2H
WIEL) AT F (81.50% ). L4 L) FE5 R,
FECERETH FIMR2 BEZ EFECONAIIFILR, I

St 4 e LA e % U
3 i

RGP EEN A RE, FEE
Yk ik Rl E Bt (Ordofiez-Garcia et al., 2015;
Mallapur et al., 2018 ) o A SCAEE H a9 A &2 B0,
e TR 20 A TR 2 JR % A i, DX b, £ 43¢ i 1) A0 5
s I o, B AR et B e 4y e b i3
BIEIREHER FIMR2, TR, K&
TR T i, B R R 1) D L AT TR R (S0 e 4
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* 2 RRZEE FIMR2 X EH R 54 HAER 4 HIERTE LTs
Table2 LTsovaluesof Metarhiziumriley strain FIMR2 to Spodoptera frugiperda larvae and pupa

W (#1F/mL) LTs0(d)
Concentrations ] ] ] . .

(spores/mL) 18 1stinstar 2 % 2ndinstar 3 & 3rdinstar 4 % 4thinstar 5 % 5th instar ¥ Pupa
2x10* 7.79+0.40Ba 8.54+0.16Ba 10.67+£0.23A — — 11.46+£0.61Aa
2x10° 7.20+0.12Ba 7.82+0.05Bb 9.91+0.44Aab — — 9.85+0.42Ab
2x10° 5.1840.21Cb 6.09+0.30BCc  9.40+0.52Ab 9.79+0.36Ab — 9.85+0.42Ab
2x10’ 4.24+0.19Dc¢c 4.84+0.11Dd 6.72+0.37Cc 8.24+0.48Bc 10.84+1.46Aa 5.20+0.07Dd
2x10% 3.93+0.05Dc 4.32+0.15Dd 5.62+0.24Cc 7.10+0.33Bc¢c 9.40+0.46Aa 4.45+0.17Dd

FPEHE A BEARERR ;R TEEE S b5 A AR RS 8 /R (7] — 3Rk B[R] R /9 LTso 28 Duncan’s #i & %
ZEERIAFAE W E V22 5 (P<0.05 ) 5 RSB 545 A AR/ NG F-BEFRIR [F]— W8 A [R5 Rk B2 1 1Y LTso 48 Duncan’s
WML AFE R EMEZE S (P<0.05) o — FORFH ST MBS TR AR T 50%, JCIEANE LTsoo

Data in the table are mean + SE, and followed by different uppercase letters in the same row indicate significant differences

in LTs, values at the same concentration between different insect stages, while followed by different lowercase letters in the
same column indicate significant differences in LTs, values at the same insect stage between different concentrations at 0.05

level by Duncan’s new multiple range test, respectively. — indicates the mortality of infected larvae less than 50%, LTs,
values cannot be estimated.

®3 RREEE FIMR2WEMIRMIIE . ML ERMYIFEL REFERNHM
Table3 Effectsof Metarhizium riley strain FIMR2 on the egg-hatching time, egg-hatching
rate and larvae survival rate of Spodoptera frugiperda

S i (d) IIBEAEA (%) BHL)E 3 d AR (%)
Treatments Egg-hatching time (d) Egg-hatching rate (%) Survival rate of larvae 3 days after hatching (%)
0 h Bl 0-hour-old eggs 3.25+0.50a 84.53+£2.67¢ 1.81+2.23¢
24 h B 24-hour-old eggs 3.25+0.50a 89.77+£2.26b 3.02+2.66¢
48 h Bl 48-hour-old eggs 3.00+0.00a 95.52+1.81a 16.26+3.86b
XTHE CK 3.00+0.00a 94.19+2.10a 81.50+5.74a

FP R bR, RISVEBR S AR A NG TR R 22 5% 3% (P<0.05, Duncan’s HI&EMEE) .
Data in the table are mean = SE, and followed by different lowercase letters in the same column indicate significant
differences ( P<0.05, Duncan’s new multiple range test).

AR A 4l A B B B (R 5%, 20195 7R
WFRIZE, 2020) , TXE 3 LA E YT A 4 R H
THREMBTHALZE (Yuand Mccord, 2007 ) .
AMFFE 2 N EOR e 2B, PPk FIMR2 X HE
Hu DT 1-4 54l R R B BRI BOR T,
EFE T RAE 64.67%-100.00% 2 [0, LTs, 7E
4.86-7.10 d Z[a], 74h, Ftk FIMR2 n] g %%
IR b 5 1 B A AL, O H S 35w Ak 4y
PUEAET . YW E N 2x107 0 F-/mL H3E K4k
R T B AL BN, , BT 3 d g AE
RN 1.81%-16.26%, FIAHE K FIMR2 fig

S0 AR AV 5 e 9 R SRy A TR X — 45 SR
T R e 5 1 R e A B T B R AL T A

I SR A BRI, st iR T X LB
IBHIMERE . ARBFSE AL, FIMR2 BEAR UL o7
IR, HEBBERIE 90%L) F, KRR T 1
PR, MEFEE (2021) ML, KK
SREP CDTLI1 X b 57 73 Ik 0 1) B R AU
20%, T U2 5 A T R AT R B ik Bk
JEANT]  Hb T - HEHA AI ARRARRARE T,
A G 28 AR 4 RS, S AT i R AR e Bl s
THRBEAM:, 3t R 8 5 5 R R AR A /L
Biiih LA FE AR (Maeral., 2019) .
A kR AR LR I R SR AR, AE - a
it R 3R DA B 6 R ek R kR R B
58 B L, A e — A R AT RS E
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3y

HBF#EKE M ( Garrido-Jurado et al., 2015; Rogge
etal., 2017) o P, ATLAEJEAE LIRSS
F, IR BN R b B M S EF I EH Y

i Lk, SRIRERETE FIMR2 PR i
DI 1-4 Wl L A E A R U
A [ B 42 1) 5 5 A AN ) RS A AR, 2
b DT A EL S T A A B R o (EAS Y R
TROE M E NS T BRI, ZESLBRI
LR ARBE TR S 2 1 SR BR 8T rh #4850 R b B
B FRRsL IR, A RRIRAIGE . i5h,
ACHIF 5 I 2 X R b 5 7 B T SO ) SO Tk A T
TN, HR TR BT A IR, S B A
Fe AR BT I6 B 8] J5 223 75 X5 w399 9 R S50 i %) 2
s ST HEA TN E .
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