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WHE: FH & 7K Spodoptera frugiperda (J. E. Smith) E—FMiT CHEARESR., J T HFEFRMENKS
R EM T TN AT, EENEGETRAEERZ HiE, WET 24 THKEHE Metarhizium
anisopliae CQMad21. ¥ G1E & Beauveria bassiana ZJU435 0 =4 MATHE (Bacillus thuringiensis,
Bt) GO33A HF Z A Xt E A s 4 k9 E ARG R . EREV: 4% THEH CQMad2l 53H
BBH ZJU435 B3 kG 10d J5, 1~3 B E MR RO 40 AR EESE T F 941 4 65.6%.58.8%F1 35.4%,
#03E BT CQMad21 Fu ZJU435 B 7| 4. CQMad2l 5§ BtEXA#HAM 5d 5, 2 B EM A RUKY AR E
TR K 82.6%, TEEHT CQMad2l (21.1%) Fu Bt (65.5%) x| AL H; ZJU435 5 Bt Bx &M 5d 5,
2 WA 4 B E A R A AR E TR h 80.4%F1 68.6%, TEE T Bt f1 ZJU435 ¥R A4, FR KK
ZRFY: TEFZREFRAFEH. RAuEEE Bt AW A KRB EH R B4 b iR B,
9 E R R A (B4 A o R 2 A 2 B 1 R O AR 1 T R 3B
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hEIHES.: S486; S476.1 XHERFRIEAD: A XEHS: 1005-9261(2019) 05-0735-06

Synergistic Effects of Fungal Insecticides and Bacillus thuringiensis against
Spodoptera frugiperda in Laboratory

PENG Guoxiong', ZHANG Shuling®, ZHANG Wei', XIA Yuxian'"
(1. Genetic Engineering Research Center/College of Life Sciences, Chongqing University/Chongqing Engineering Research Center

for Fungal Insecticides, Chongqing 400030, China; 2. Chongqing Green-Bio Institute Co., Ltd., Chongqing 404100, China)

Abstract: Spodoptera frugiperda (J. E. Smith) is a global migratory pest. To evaluate the potential of combined
microbial insecticides for control of S. frugiperda, the combinations of two microbial pesticides among
Metarhizium anisopliae CQMad421, Beauveria bassiana ZJU435 and Bacillus thuringiensis (Bt) GO33A were
investigated under laboratory conditions. The results showed that the combination of CQMa421-ZJU435 achieved
the corrected mortality of 65.6%, 58.8% and 35.4% against the 1%, 2" and 3™ instar larvae, respectively,
significantly higher than that in the treatments with CQMa421 or ZJU435 alone at 10 days post inoculation. Five
days post inoculation of CQMa421-Bt, the corrected mortality of the 4™ instar larvae was 82.6%, significantly
higher than that in the treatment with CQMa421 (21.1%) or G033A (65.5%) alone. Five days post inoculation of
ZJU435-Bt, the corrected mortality of the 2" and 4™ instar larvae were 80.4% and 68.6%%, significantly higher
than that in the treatment with ZJU435 or GO33A alone. This indicates that combination of different fungal
insecticides with Bt could effectively improve the insecticidal activity against S. frugiperdaa larvae. These results
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have paved the way for mixed application microbial pesticides for control of S. frugiperda in field.
Key words: Spodoptera frugiperda; Metarhizium anisopliae; Beauveria bassiana; Bacillus thuringiensis;

insecticidal activity

FEH DMK Spodoptera frugiperda (J. E. Smith) &% H Ak AL, A BEA BEIRAR 4 214 BRIV (1)L K
P Em A E R, woh gk, HE mR. KON 186 FEERMEYS . BRIk IR oA T3
PR, A7 78 T AR I PR A A Rl B AR AN R 0 2019 4F 1 1 Ik AE TR 2578 % B L 0 K A
LB, H O A SRR E 20 AT, TR, C R AR BB A 4

TR A A BE D A, RSN, RO 40 ZAERNTPIE, HErdEpig
4t SR Y BT BTN E R TR AP, S DR A TR [ 2 PR, X s R R R
Ky AU BRI ERRAR R T R P WRTR I,  C G R S R P R U
A FEALAE . EUEIRR 2 R S A TR O TR R, RGP, kA
e B T S TRl A A 24 1A e 1 S R 7 Vi PR R R R TS 1)

A HUEL B S ME— B H A AT TAREEIR G B U R B, BB . A, nTHREE
EHOR G PRS0, B AR E g B ™ I, GHE Metarhizium spp. 1 A {8
Beauveria spp. & H Rt L A i B B (A O R s e 2E AT (Bacillus thuringiensis,
Bt) & [ briidy L E s e 2y, HET 2 A R IL Bt (R PIEYIB G & dL. WEFURI,
Z Pl H 3 o6 Bt S IR P AP e Fel U R SR A L AR Bt X S SRR 1
A, RWIECE A Bt 45 B HO SR B 0t e ST A R AT BV ), A AT R TR R )
AR E PR R A, 7T BRI AE DL R S ] . S T4 M8 M. anisopliae CQMa421 1]
Sy HCH ARV BRI B B. bassiana ZJUA435 1] 5y BUMETE A HE PR SR AR W) TREAA R A F A= 1
] R BRI AR, Hoh S e T AR B CQMad21 Rl 4 HUARTE A OAE 10 2AMEY 8 d H T-Biva i
H% S ANHIE S M (PD20171744) PO IR & 2R MUFF B GO33A 7] b vh [ AL Rk e A (R 4P W 5
FTHFR, AR EME——A O DA H . 85 5 B s TR AR 25 (PD20171726) 2022,
AWFFTIAR 73X 3 Tl A=A A 245 P9 P9 2065 J o0k e 9 R0k 2l i) s IG5 0 M, Ol L TRDR T B A= B B v
e BT RO R AR
1 MRI5RE%

1.1 iR H

2019 4F 6 JAE = B A VLI R 2 K HURAE S D ik gt IR A2 S8 5 Y K N THFR 4 F1 AR
BEAT IS . WA 26 Cy AR N 60%~70%. S 16L:8D.

1.2 Bt A7

80 141 1/g G th 74 fit i CQMad21 ] 73 HuiE Al (EIREAZEW TREA R A ) , 100 12481
/g BRI R AT > o & ) CREIRESLAR A TREA AR ¢ 32000 IU/mg 5= AT 1E GO33A (il
RHEEDRHEIR A HRRAF]D .

1.3 RHEEENEMRAREBIKES R HEFEMSE

F 80 A2 ¥ /mL <0 T LR H CQMad21 nJ 73 HUHEVE AL 100 141 /mL BRA A fE 1 ZJU435
T3 O R 3 0 OB KR BL G 2 X107 il F/mL 40 A B CQMad21 KR, 2X 107
5 /mL BR AL E B ZIU435 BIF R L3 iy Ao v v A5 B VR 5 C T R VR AR T BRI RN
1X 107 #47/mL.

H DT 1~4 B HURANEARN 9 em BUERFRILT, £ 4~6 COKHIFIAE 5 min, EILESN]
FEA%, FRRHImi% s (Potter, 5%[E BURKARD) ¥ 500 pL CQMad421. ZJU435 FlP§ & 25 EL IR 4 (1) 9
TR B g HONCET I oK s DB bk AR AR, KR ) 2 S A BN 5 W i ) LA
A 3em, mh 3 em WBRLE (1 HHUED , CE T 26 CRS TR, M2 K2 K (3 cm



53] SHIEMESR % UECRR 5 90 2 < 2 AT TR0 T M B ORIk 15 2 P 2% HOTR PRI 5 737

X3 em) , FERER EHGHIE . B 3 IRER, BAES 15 &40, DS ERAIE R A )
Mo JESMEE 10d, WCRIET I
14 RHEEEKS Bt WEMARMKS RHIEME

¥ 32000 IU/mg Bt GO33A Fil 400 {5 /KA BL, BLik Bt BiF . 5 LRRCHI 2X 107 i F/mL 4
TLHER CQMad21 BT, 2X 107 i 1/mL BRI (18 1 B I ) 55 Bt GO33A. BRI 100 5 25 LI VR 4
P B B A HEC B + Bt BT

] b AE RS G ST 2 R 4 W L WSS RERT RIS . R OE IN S HORT EE Fr . BEALPR 3 IRE K,
RS 1S 4, DI KARBEAIE S O . IEZ0052 10d, 0k AET 1
1.5 FEFKIT 59

PRI Bt 8 14 7 2207 M Duncan’s W & W Z2 vk e HEATLLEE, ] DPS BT 8ok i)

2 ZFRESH

21 FHERMEMARBBKSRAENE

ST LR CQMad21 FIBRAU RPN ZIU435 X B 00 RORAR IS &) HURAT R v, (B Ui 1)
a0, S BE TR B . CQMad21 X 3 Al d T BAT % sk, % 4 W4 MU LF- A R JUE R, ZIU435
XF 4 Al A HAT A RS T B CQMad21 Al ZJU435 25 5R G GRIES IR 50%) JEHaR 1~3 Wit
P4y e, R A A B RS I ek s , RS R WA RS E . BER 10 d 5, 13 R DT RO Y)
B IETET 25354 65.6%- 58.8%- 35.4%, #IE 3 =1 T- CQMad21 AbFEALH) 37.9%- 26.5%- 3.9%FH ZJU435
AEPRAL 52.9% 43.4%- 21.7%. HEEAAEAINT 4 84 R U A B R ER . Al WL, ST 2 fEm
CQMad21 FIERFH BB ZIU435 BEA 1 Refs B 23 S R s (GR D

£1 LHBTEFESE CQMad2l MIkMBIER ZJU435 WEMEH AR A= A SIEHIHERE

Table1 Laboratory efficacy of the combined fungal insecticides of M. anisopliaze CQMa421 and B. bassiana ZJU435 against the 1* to 4™ instar
larva of S. frugiperda

reei| JOSE PR Control efficacy (%)
Instar Treatment 3d 5d 7d 10d
1 CQMa421 10.0+2.0 ¢ 16.7+23 ¢ 26.7+3.4¢ 37.9%36¢
1instar larvae ZJU435 19.54£2.1b 37.54£2.7b 4154360 5294430
CQMa421+Z7JU435 255%1.5a 455+28a 50.5+43a 65.6%5.1a
2 i CQMa421 454050 154%2.1¢ 203%25¢ 26.5+2.4¢
2" instar larvac 7JU435 92+08a 2754190 37542.7b 4344270
CQMa421+Z7JU435 7.7409a 30.5+2.4a 445423 a 58.8+2.8a
3 i CQMa421 00b 0.0c 00¢ 39+19¢
3 instar larvae ZJU435 45+12a 139+15b 16323.0b 21.74£22b
CQMa421+Z7JU435 53%+1.6a 1994332 243%3.1a 3544252
4 i CQMa421 0.0 0.0 0.0 0.0b
4" instar larvae ZJU435 0.0 0.0 0.0 74+38a
CQMa421+ZJU435 0.0 0.0 0.0 49+55a

T R T IE S hRUEZE AR AR P IR S5 A R NS S RERIRAE 0.05 /K ZE 5 W .
Notes: Data were presented as mean £ SD, different lowercase letters between the same instar treatment indicated significant difference at 0.05 level.
22 FHERKS Bt EMAGHKSRHFML
S FaHE B CQMad21 5 Bt S5 8R4 G K CQMad21+Bt BTl (R #HE HL5 FHK 50%)
W TR, R TR 2 W4 B A . Horh, #ER S d S, CQMad21+Bt AMFRAIRR IEAET I3
) 82.6%, T CQMad21 FFM) 21.1%H Bt HL5IH 65.5%; %5 10d J5, CQMa421+Bt ALF A 1E
TETZH 0K 92.3%, W& T CQMad21 FAFK) 35.2%F1 Bt HFIM 70.3%. {H/E, CQMad21+Bt X} 4 #
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BATHIAERT, B 5. 10 d J5, CQMad21+Bt ALFRATRSIFFET 5530 25.4%A1 37.7%, BT Bt #
T 45.7%K1 55.5% (3% 2) o Bk AR B ZJU435 4Bt ByFon F or il 2. 4 W4 sl AT B3 E A
BEFR S d JF, ZIU43S+BARFRAL 2. 4 ERANEKRIEAET 0k 804% M 68.6%, 4P T ZIU43S Huliry
27.7%R10.0%, 535 %% 5T Bt BAIK) 65.5%F1 45.7%; Hefl 10 d J5, ZJU435+Bt SeEALRSIESET N
86.5%A11 78.8%, 73 I it i T ZIU435 BRI 57.2%F1 12.8%, 17351l B35 w1 Bt B5f 70.3%H1 55.5% (%
3) o IR REW]: St T4HE R CQMad21. Bk (I{E R ZIU435+Bt 5 Bt A A AT 35 (K8 2/
Horp, Wb 4 84, BRRAMER 210435 5 Bt BUHM e fa 740 EE CQMad21 5 Bt B .

*2 R THREE CQMa42l 1 Bt MEM TR AR R4 B E R EEHIHR
Table 2 Laboratory efficacy of the combined fungal insecticides of M. anisopliae CQMa421 and Bt against the 2" and 4" instar
larva of S. frugiperda

1A p G5l PR Control efficacy (%)

Instar Treatment 3d 54 74 10d
28 CQMad21 10.7422¢ 211463 ¢ 229+8.1¢ 352+52¢
2" instar larvae Bt 547+48b 65550 66.816.1b 703+45b

CQMad21+Bt 70.9+5.1a 82.6+6.1a 88.143.7a 923+3.1a
44 CQMad21 0.0b 0.0¢ 0.0¢ 0.0b
4" instar larvac Bt 208+53a 457+63a 4774672 55.5+6.6a
CQMad21+Bt 1324484 255+49b 32.8+7.8b 37.9+7.1a

e RPEAE A CEIME £ hRAEZE, ARIRIR I P B 5 AR R NS S BER IR TE 0.05 K253 B3 .
Notes: Data were presented as mean £ SD, different lowercase letters between the same instar treatment indicated significant difference at 0.05 level.
3 IRKMAEE ZJU435 F1 Bt M EH R R AR E 4 B E N SIEHIMR
Table 3 Laboratory efficacy of the combined fungal insecticides of B. bassiana ZJU435 and Bt against the 2" and 4™ instar
larva of S. frugiperda

1430 osiil FHIZR Control efficacy (%)
Instar Treatment 3d 5d 7d 10d
24 ZIU435 143439¢ 27.0+6.1¢ 32.4469¢ 577453 ¢
2"instar larvae Bt 547+58b 655450 66.8+6.1b 7034450
ZIU435+Bt 68.9+52a 80.4+5.6a 85.4+44a 86.5+4.6a
44 ZIU435 0.0¢ 0.0¢ 0.0¢ 128+5.0¢
4" instar larvae Bt 208+83b 4574630 474670 55.5+6.6a
ZIU435+Bt 602+7.84a 68.6+72a 7254554 7884624

e RPE T AR, AR TR0 A I Ja AR KNS P RERIRAE 0.05 KFZE- 23 .

Notes: Data were presented as mean £ SD, different lowercase letters between the same instar treatment indicated significant difference at 0.05 level.

3 it

IR P A F BT N 25 1A, A S S B0 6 v T i o 2 2 3% ERRUASE AT s e 24
MO T 0 N T BRI R AR DT, R EN IR E P IO, JRAIFESCI S 4 N lE 1
AN TR LR A% HGRUANAR 25 <5 2 WOAT B el 700 0 A BB (R B 2 Y T Rk 7 20 A R B 2 2% H 32 1l 55
BUE T RS

AT, JARI G T xR E CQMad21 MERR RN ZIU435 BRG PG, XH b TT Aok 1~3 k¢
)y OB oA SRR EAT Sl A S s (R AT A o A% O B0 L 58 27 AR E AR A,
b R R ML G SN A 2 AR O 3R b R A AL, R ST Bager Pl [k,
NI I T A% GR84St DAY P e 5 I R SRR o5 AR N 0 Wb 30 0% Ul LU E PR 28 1
{RERTACHG . A MUY, TR A I 3 25 IR 3 PR 3810 2 2 bl 3R IR IR A 2
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EHARNI, AR/ E M EAER, ik B A BOEdire . fEsebrit S A, BT R HUR) 52 H R )
SR, RBUHASF A HIEPE . DIFCRM, BRI EERAE 26 C AR T EM R S8 B ), v
BB AR T 5 T AN I AR SR N LL G R4 Asias halodendri 411 U805 Jy, RIGEE N 28 °CINF 4%
R IR P LLGR 2 B B A B, X5 W) A HEL R AN ) R PR AR G B Ul i iR AP A 22 . ZIU435
CQMad21 R Jo {r H [A]45 Gl Bty 07 A0k 1) Jpe et JEE 0 R AR 0, ] 4t v FH TR B A%Rse v, X R — 20 1 m
WA S AR AR

Bt RN CHIPEAL A ERGIEIRRRE. PBERGIR, LU SR Ao P8 RO A% sh it pcie 2
AN EHRAR, B IR R Z R AT TSR] Bt A 118 B ok R R K
W Musca domestica™ . K34 . Helicoverpa armigera®" RIZE S IK Earias vittella® "5 BAT B35 W 3E 1,
W] Bt ) EEAE IR dOEC B AR AR T RE P RS 2. G RLHIRE A, Bt REFRACR d e, MRk
R E R IR MR AT bR, ST AR CQMad21 1 Bt (GO33A) EXGHFN, W
xS 9 RO AN L) R O, JE DR T 2RI EE R . AT ERAS AN [RGB O S
LIRS, A b TR 45 o 2 s R A TRV ARG R Z B LU CEAT S Bt Z AT
W S (IR PG VR T, DA A A E 40 7% ORI B RIEI 5 A 108K 7 1) o A I i Bk — 2D B WA [ A E ) 7%
AR G A 2 AL, A AR R ORI I 5 3 R B B AR A
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