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Control effect of insect pathogenic fungi combined with biogenic insecticides on the
larvae of fall armyworm Spodoptera frugiperda
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Abstract: To improve the control effect of microbial insecticides against fall armyworm Spodoptera fru-
giperda, three types of insect pathogenic fungi, including Beauveria bassiana strains IPPB343, IP-
PB1237, and Metarhizium anisopliae strain IPPM330189, in addition to two kinds of insect viruses, S.
litura nuclear polyhedrosis virus (SLNPV) and Mamestra brassicae nuclear polyhedrosis viruses (MB-
NPV), along with one species of insect bacteria Empedobacter brevis were utilized. Nine pesticide com-
binations, including fungi+bacteria and fungi+viruses, were established. The toxicity and field control
effects of six microbial insecticides used individually and in different combinations of pesticides against
S. frugiperda larvae were evaluated. The results showed that compared to the use of six microbial insecti-

cides alone, all nine mixed combinations exhibited enhanced toxicity level and field control effectiveness
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against S. frugiperda. Seven days post-application, the combination of M. anisopliae IPPM330189 and

MBNPYV displayed the best control effect, achieving an 88.75% field control rate with a synergistic toxic-

ity index of 23.78. Furthermore, the combination of M. anisopliae IPPM330189 and E. brevis suspension

achieved an 87.45% control rate with a synergistic toxicity index of 21.72. These results indicated that

the mixed use of microbial insecticides significantly enhances control efficacy against S. frugiperda in

the field.

Key words: Spodoptera frugiperda; entomopathogenic fungi; entomopathogenic virus; entomopatho-

genic bacteria; biogenic insecticides; combined application; control effect

L 5% 7% Wk Spodoptera frugiperda, SUFR K Fh
R EEH H Lepidoptera kBl Noctuidae #7874 1k
J& Spodoptera(FFIF-IESE,2018) , & J5 7 TS P s
XA — B R B i R G R 4
2022; 4 [FF-45,2022) . [ 20194F 1 IRAEFRIE
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PFERCR , TR AT Ak 2 35 st 240k i AR I O AR
BB, FEE S e A 7 il Re ok HA KR
SRAUE S, XT3 E AR 5 4ROl R
W1 I B AIOR (22 B9 45,2019) . Horb ek H 3
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anisopliae J& 5 1 53 Rk By 16 7 A 98 5 0 i)™
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LR A R AN BOE ) 1 1 22 3 T 2 A AR AT
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AT 5T 356 B 3 ol B AL 5 L ) 3K A 1 £ AT TP-
PB343 IPPB1237 5 4 fi, ¥ 4 ffit 18 IPPM330189 LA
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17 p v L O B2 B AE A PRAP I T Bt 5 e 2 4
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T BHAUAAT B



188 iR/ AN S 514
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10°4~/mL BR 46 4 45 % IPPB1237 0 1 & FF I . 5%
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5x10°PIB/mL SLNPV £ ¥ ¥ . 5x10°PIB/mL MBN-
PV &7 Fl 5x10° PIB/mL % Fa ¥ @ B V7 7 . A,
Uik B ORI A FH 25 R AL G, o R - (1) BRIEL
1B T IPPB343+SLNPV; (2) Bk 41 (4 8 1 IPPB1237+
MBNPV ; (3)ER A1 (R IPPB343+ 0 Fa b i ; (4)EK
£ [ 45 % IPPB1237+SLNPV; (5) BK 41 11 18 B IP-
PB343+MBNPV; (6) Bk ffd [ { & IPPB1237+40 F2 AT
B (7) &t 4B IPPM330189+SLNPV; (8) 4 ff,
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NPV .MBNPV FlAG R FT ] B — 7% HL X0 B b 53 1
I 3 W 4l H BB AT, LAZEIR K A R AL B o bR
JE 55 3 RN 7T RMEIF et iR b 4l AT 4K
L TR TR, FIHARX P=1-(1-P)x(1-P,) 1T
FIRFNHISIET R, Hod P, P23 5 R 4% s ) b
FE AR SBT3 A R r i sE PRiR T
TR S RANBISIE TR B P R B 14840, PRl 7
J1H6 8= CSEBRIR R LT R -BIE IR AL T %) e
IRFNIET- %100, LA PHF]EE )45 B0 ok 240 2 Fh
2550 R G AE T L DR IR 25 07 38 £0>20 B R 35 8504
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J148B<-20 5 I FEEHTEA
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o, /N ] B e 5 m DL b 1R FH A Hh 1
W&l AT 1~3 W IR AT R 2Y | it 25 B R R OK /N
w8 (202248 6 A 22 B, R M LR B R AT
JitE 2, i 24 2 K RIS K o i 2y 24 K 6: 00 2 HL
FEHL, 255 3 AT d o3l R A g A B B, SR
FS R L AT IR A, B SUE BRI A 20 MR E oK. AR
P A 25 AT BB IR AR . BRSO = Citi 251 1)
41 ROt 24 )5 1A %)) HOBO /BT TR AT T HU B < 100% o
1.3 #HESH

K H Origin 2019 31 {42547 2 4 3, F| F Dun-
can [HT A 25 54T 25 53 W S A 06

2 BER55H

2.1 R HFIXE T 3wE 40 RESE IR E

TESLR EAAFT it 2h 5 72 h, 3 Fl B U J5
P2 R O SR B 5 1 R L U 4 B R B
RG] FA AT — 2 ISR . For SLNPV X #E
Hiy 9% 1 k4 R ) T 188 , LC,, A 4.75%10° PIB/mL,
TMERAE R TR IPPB343 X Bt 57 14 M 4y 1) B 7 4%
i, LCy, 7 5.28%10° S /mL(F£ 1),
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Table 1 72 h median lethal concentration of six microbial insecticides against 3rd instar larvae of Spodoptera frugiperda

b IR e HHR L LC,/
Tritfint Regre:‘sfjrifiation Correla?ion (x 150“4\/mL/ ‘
coefficient x10°PIB/mL)
BR{01 1R IPPB343 Bombyx batryticatus IPPB343 y=0.10x-0.05 0.98 5.28+0.13 6.94
BRAUE T IPPB1237 Bombyx batryticatus IPPB1237 =0.11x-0.01 0.97 4.67+0.18 4.86
410, T 54 IPPM330189Metarhizium anisopliae IPPM330189  1=0.09x+0.08 0.99 4.83+0.09 6.18
SLNPV y=0.12x-0.09 0.99 4.75+0.14 2.67
MBNPV =0.10x+0.04 0.99 4.84+0.08 5.28
T Fa N E Bacillus brevis y=0.11x-0.01 0.99 5.00+0.12 4.94

B 8 EPR TR . Data are mean=SE.

2.2 R BT E X i 4h B A H E B A R

TE ) 40 L3ty ) 3 d, 3 R B i B X
1L BT M ) AL B IR RIOR R 16.829%~31.74% , H
1 4> 1 T 4% 18 B IPPM330189 19 Blj ¥4 4% 5% ik 3|
30.00% LA | ;2 B HOp sl 5 5 1 A R U R 20
PR OGT R Hb BT 7 &) HL Y B YR AR R 47.83%~
55.53%, ol ka1 5 MBNPV Ay [ 8] 7 1A %R
YIRE T 50.00% LA F(F£2).

245 7 d, 3l B U i L R G B b B 1 Bk 4

BB A RUR K 37.919%~49.84% , Hovb 4 fa, 14
& IPPM330189 1t H [1] B G 25U R 4223 50.00% 5 2 Fil
RO I RE 5 1A L U S 2 R B b 5 A B4l
(9 B 1A 3R K 58.94%~73.32% , H:H MBNPV HY
8] B VARCRIAE] T 70.00% L F(F2), W MBN-
PV X B b 5 ik 4y o ) FE TR] )7 3 450 SR e i, TR A
IS IPPB343 5 IPPB1237 78 H [1] 45 14 F X By
DRI BRSO 2%

R 2 6T AR BT 3o Bt 2% A 4 4 PR O FE i B A SR

Table 2 Field control effect of six microbial insecticides on larvae of Spodoptera frugiperda

e MEZERT LA 2553 d )57 d
by c e No. of insects 3 days post-application 7 days post-application
oncentra-
Treatment tion beforé Ky SIRELEN LR URELEN

application [ arval number Control effect/% Larval number Control effect/%
BRI 1 1T IPPB343 5x10°  7.1043.55a  5.83+1.45ab  16.82+1.68 ¢ 4.01+1.17b  43.32+6.24 be
Bombyx batryticatus 1PPB343/
(I/mL)
BRI 118 IPPB1237 5x10°  6.2843.33a  4.40+1.42b 299143.16b  3.92+1.13bc  37.91+5.94 ¢
Bombyx batryticatus
IPPB1237/(“1~/mL)
G0, AR IPPM330189 5x10°  7.33+327a  5.01+1.28b 31.744522b  3.68+1.33bc  49.8446.31b
Metarhizium anisopliae
IPPM330189/(“1~/mL)
SLNPV/(PIB/mL) 5%x10°  8.05+3.58a  4.22+040bc  47.83+5.16a 3.3140.62 ¢ 58.94+5.81 a
MBNPV/(PIB/mL) 5x10°  8.85+3.43a 4.91+1.47b 55.53+5.24 a 2.36+1.19¢  73.32+4.26 a
JE K8 F1 1 Bacillus brevis/(PIB/mL)  5x10°  7.9843.95a  3.63x1.99¢ 54.94+4.18 a 2.54+1.38 ¢  68.25+6.27a
TE7K X R4 CK - 823+246a  7.16%3.16a - 6.18+2.64a -

F P BIE R E B bR R . WP R NG Tk R R 22 Duncan [CHT 2 W22 4656 22 5 1.3 (P<0.05) , Data are mean=

SE. Different letters in the same column indicate significant difference by Duncan’s new multiple range test (P<0.05).

2.3 WEYMRRFIRESBIEN R R IHL RE S
4 B O SR TR -5 A IR GBIt P i 5
3 KRG TR A EA MM SR BROR . Ho,

BRI 1 {E IPPB343 5 MBNPV BEAit A 7 KRG,
AR B B, PRI FE 148 50k 21.94; Bk A
= IPPB1237 5 MBNPV B A6 FHAS 7 K5, B4k
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BCREON I, PR EE 3R EC 24,13, &fa Tk
IPPM330189 5 SLNPV A it FH 5 55 3 K isf Hip[A]
B SHEECH 20.01, 55 7 Kb R 3 135800 21.76;
4>t T4 B 1 IPPM330189 5 8 Fa AT I 1B 4 e 1 5
55 3 KA URRI B S P8 H0h 21,53, 55 7 KAt P R 25 11

FREC N 21.72; 4 fo S AR IPPM330189 5 MBN-
PV At FH e 55 3 K U [F) 2 1 H8 0k 23.78,, 56
TRMEFE I FE N 22.43(FK3) . RATELRE 5K
14K 41, 75445 H IPPM330189 5 MBNPV [ 24 7]
AR EAT, BT RR

R3 6MEEYRAFREBIERN 3 REMARHYRFNNERKRSERER

Table 3 Results of the joint toxicity test of six microbial insecticides on larvae of Spodoptera frugiperda

- BRI BhERES
T IR O e S S
szl ) BT . . BA1EM
Treatment ProF essing Mortality of Theore-tlcal S}fnergetlc Joint effect
time/d mixed spray/% n.lortahty of anulence
mixed spray/% index

BRI {8 IPPB343+SLNPV 3 58.43 53.45 9.45  #HI Additive
Bombyx batryticatus IPPB343+SLNPV 7 69.45 61.93 12.12 AH/in Additive
BRI 11814 IPPB343+ MBNPV 3 69.25 60.87 13.82 A/ Additive
Bombyx batryticatus IPPB343+MBNPV 7 75.47 66.82 21.94  H4% Synergetic
BRI (R IPPB343-+E Rk T i 3 64.53 58.72 9.95  fHMN Additive
Bombyx batryticatus IPPB343+Bacillus brevis 7 71.54 64.55 10.93  #HfN Additive
BRT 1B IPPB1237+SLNPV 3 66.83 56.44 18.43  #Hi Additive
Bombyx batryticatus IPPB1237+SLNPV 7 73.41 67.15 935 fHJI Additive
BRI F1{E B IPPB1237+MBNPV 3 76.32 65.47 16.75 /i Additive
Bombyx batryticatus IPPB1237+MBNPV 7 87.65 70.63 24.13 1% Synergetic
BRI BT IPPB123 7+ Rk T B 3 65.85 59.71 1022 #Hf Additive
Bombyx batryticatus 1PPB1237+Bacillus brevis 7 76.96 68.86 11.84  HH/in Additive
410 4R IPPM330189+ SLNPV 3 86.41 65.47 20.01 342 Synergetic
Metarhizium anisopliae IPPM330189+SLNPV 7 90.38 74.22 21.76 1% Synergetic
410 T 4% I IPPM330189+ MBNPV 3 87.33 70.61 2378  HE%(Synergetic
Metarhizium anisopliae IPPM330189+MBNPV 7 95.65 78.14 2243 4% Synergetic
410, T4 T IPPM330189+4 Fa kI 3 83.6 68.44 21.53 %Y Synergetic
Metarhizium anisopliae IPPM330189+Bacillus brevis 7 92.12 75.98 21.72  H4%{ Synergetic

2.4 REFEEHERTE A RRS R BERERER

FEHIR ST 25 J5 565 3 K, BR9E M1 AR 1 1P-
PB343 5 2 F B MU ISR 3 L 1R R B R A PR B S
Jite FF R e b B 7 M &hy A FE ] B S R0 A 48.83%~
68.11% , Horf, Bk 761 (1 R P4 IPPB343 5 MBNPV Bk &
Jit FHY P[] 977 3 205 e 5 It 24 i 55 7 R BRAB AR o
IPPB343 55 2 Fft B AU s 5 L 1R S s I 20 T VR
B W% it %o R b B AR Bk &l HL Y H ) BT R AR A
61.55%~71.52% , B[] B 6RO Y385 T 60.00% LA
b, Herb, BRA R R IPPB343 5 MBNPV Bk £ Jiti 1
() FH ] B VA RO i (R 4) o

Jii 2 Je o 3 K, BRI LR A IPPB1237 5 2 Fh 2
HU TR R | 1 L U T AR TR TR W it X b BT
TR &)y HLURG L [R) B 36 2505 Tl 58.42%0~60.35% ,
H, BR A 148 B IPPB1237 5 MBNPV BE 4 it J
(i) B ¥ 850 B A 5 it 24 )5 55 7 K, R 11 AR AT IP-

PB1237 55 2 Ff B HUog [ 25 | 1 o 2 H T 400 1B
B il FH 6 R b 5 Bk 4l H Y E ) BT 3R ARCR A
64.81%~73.82%, ., Bk 1 11 18 1 IPPB1237 5
MBNPV 5k £ Wit FH (] B {6 30 436 2] T 70.00% L
(&4,

fit 2 J5 5 3 K, 4t 7 4R B A IPPM330189 5
2 P B U O 2 | 1 P R D 4 R IR 5 it P X
by 51 1 &Jy A ] 7 96 250K R 74.6290~80.04%
B2 )5 5 7 K, 4 fa 4R fE TR IPPM330189 5 2 Fi |2
O T R | 1l L U T A TR B B i FH X B
TRk &I B ) F [R] B VR ROCR N 85.419%~88.75% , Hir,
40,1448 B IPPM330189 5 MBNPV BX 4 Jifi JH]
B B iR R Rl (2 4) . UL, & Farmm
IPPM330189 5 MBNPV A [ jf3 B b 53 132 3% 41 HL (1)
A .
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Table 4 Field control effect of six microbial insecticides combined spraying on Spodoptera frugiperda

W25 3 d iz 7 d
e o 3 da?is post-ap[Tli‘Tiion 7 da}f post-applfc‘a:ii)n
Treatment Mortality/% L IREES AR S RS
Larval Control Larval Control
number effect/% number effect/%
BRA 1 B IPPB343+SLNPV 8.03+3.52 4.13+0.38b 48.83+5.23c¢  3.15+036b  61.55+5.29¢
Bombyx batryticatus IPPB343+SLNPV
BRI B [PPB343+ MBNPV 9.88+4.18 3.08+1.16 bc 68.11+5.81ab  2.93+1.07b  71.52+6.10b
Bombyx batryticatus IPPB343+MBNPV
BRA AR IPPB343+5 fa b T 9.01+3.28 3.96+£1.66b 56.11+7.21 b 29+126b  67.93+5.32 be
Bombyx batryticatus IPPB343+Bacillus brevis
B [ IPPB1237+SLNPV 10.05+4.12 4.1840.46b 58.4243.43b  3.584090b  64.81+5.85b
Bombyx batryticatus IPPB1237+SLNPV
K91 {2 % [PPB1237+MBNPV 7.65+3.56 3.03x1.04c 60.35+5.82b  2.06£0.95¢c  73.82+6.35Db
Bombyx batryticatus IPPB1237+MBNPV
BRA 1B IPPB 1237+ R AT 8.26+4.02 3.73+1.38b  55.93+4.18b  2.91+1.04bc 67.82+5.02b
Bombyx batryticatus IPPB1237+Bacillus brevis
410, T4 B IPPM330189+ SLNPV 8.13+£3.35 2.08+0.27 cd 74.62+3.93ab  1.20+0.48d 85.41+4.87a
Metarhizium anisopliae IPPM330189+SLNPV
4 5 H IPPM330189+MBNPV 7.5342.98 1.57£1.06d  80.04+291a  1.11£0.97d 88.75+4.55a
Metarhizium anisopliae IPPM330189+MBNPV
G0, T E T IPPM3301 89+ Fa AT T 7.3343.15 1.8240.88d  75.12+6.45ab  1.5840.69d 87.45+6.89 a
Metarhizium anisopliae IPPM330189+Bacillus brevis
K IR CK 8.33+3.67 7.55+3.45a - 7.19£3.49 a -

F BRI bR R . WP R NG TRk R 7R 22 Duncan [GHT 2 B 22 K656 25 5 .35 (P<0.05) , Data are mean=

SE. Different lowercase letters in the same column indicate significant difference by Duncan’s new multiple range test (P<0.05).

3 iTig
ATFFT S 7%, B B 0 2% s ) B £

XoF B 1 AR 4N BT — s R BRIRVE T (H BB
SRR, 524 7 d J5 3 i L U D B PR X e b B R
41 L) B 16 I K 37.919%~49.84%., X 5 FE 4%
(2022) HFFE 45 5 o, 1x10° A/mL BHA X s
Metarhizium robertsii Xt ¥ b 55 Mk (1 LT, 7.18 d,
AFRJE S 11 KA B AL IESET %K 70.37% , I AEAR
B, 5%10° 4> /mL 245 [# IPPM330189 Jiti H 7 d
Ji , XoF FH (i) 4t B 1 W 40 B A B Y R R 49.8%
AW 5% 45 B B, 5x10° 4 /mL Bk 70 1 {8 5 1P-
PB343 5 IPPB1237 it J] 7 d Jiw %o 5 3l 5% 7% ik 40y 1 £
HH 5] B 6 R0 7 40.00% 24T, Toikik B 3G
I 013 U VR S (H R B 5% 10° PIB/mL
SLNPV .MBNPV F1A5 F2 AT B 3 i A= 4 5 A% HL 5 %)
FHh BT kA R R IRASOR K 58.94%~73.32%,
X S BREDCAE (2019) S5 A IFIE 45 SR 20, 76 L
4554 10/2 PIB/mL MBNPV X Bl 75 7% ik 47 HU A
HH [E] Bl YA R0 N 66.92% . v UL, e AR IR B v, B9
YA H T B ofF FF T 2 bt 5 08 K ) L ] 535 3 2 W

e 1 L HUs A B R A B TR RO A 2
R ASa]

R B T2 24700 o b B A Sk 4 B ) 4
AR o L O S B 5 A AR 25 B it FH S )
b DT IR A ) FH R IR RICR , 45 5% o ATt
FH AT 385 B R AR % HEOGRURT 0 b 53 3 e 4 L P B
TRROR , AR AR IR FH sl 3520V E T, o MBN-
PV X L HUs J B B 114 35 850VE A8, o HE TR) 08
4 T4 BT IPPM330189 5 MBNPV -4t
XoJ b B e ) U B TR R IR B T 88.75% , — &
(B ) 25 038 BOCFE i 7 d Il 22,43, B R
Mo 59 (2022) i 50 25 50, HOR 3 1.92%
1084/mL £ 1o T 2R 5 1.92x10°TU/L 75 = 4 2l
¥F 14 Bacillus thuringiensis 15 Jits FH XF 5 il Bk H
Phyllotreta striolata B ELACF ) 94.1% , Ph IR 7% T1 48
$k 165.0, HAT B I . R & fa T4
T IPPM330189 5 MBNPV iy [57 14 55 4t 5% 137 1% 4y
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