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Abstract [Aim] Two bioassay methods were used to evaluate the toxicities of different types of insecticides against
Maruca vitrata larvae, and to establish the relative susceptibility baselines of M. vitrata to commonly used insecticides, in
order to provide reference for systematically resistance monitoring and management of M. vitrata in China. [Methods] The
susceptibility of the 3rd instar larvae of M. vitrata to eight commonly used insecticides (chlorantraniliprole, cyantraniliprole,
indoxacarb, emamectin benzoate, abamectin, spinetoram, lufenuron, broflanilide) belonging to five insecticide categories were
determined by diet surface overlay bioassay method and diet incorporation bioassay method, respectively. Based on the
bioassay results, the relative susceptible baselines of M. vitrata to these eight insecticides were established. [Results] The
LCs values of the above eight insecticides to M. vitrata larvae were 0.007-1.413 pg/cm® by diet surface overlay bioassay, and
0.025-4.178 mg/L by diet incorporation bioassay, respectively. Compared with the diet surface overlay bioassay method, the
bioassay data obtained in diet incorporation bioassay method had smaller chi-square value and larger P-value. At the same

time, M. vitrata populations showed higher genetic purity of the population in the diet incorporation bioassay method than in
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the diet surface overlay bioassay method, and also showed the highest repeatability of bioassay results. So it is the recommended

bioassay method of these commonly used insecticides against M. vitrata larvae (except indocarb). [Conclusion] The relative

susceptibility baselines of M. vitrata larvae to eight commonly used insecticides have been established using two different

bioassay methods respectively, providing reference for the resistance monitoring and chemical control of M. vitrata in China.
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Tablel Relative susceptibility baselines of the 3rd instar larvae of Maruca vitrata
against eight insecticides (diet surface overlay bioassay)

PR (k) BEJ1 )75 R

2“’5%“] Number of test ~ Toxicity regression LCs (95%2 cL) oLl fﬁﬁ P
Insecticides insects (ind.) equation (ng/em”) df  x’-value P-value

S H R g e 384 Y=0.188+0.941X  0.631 ( 0.431-0.999) 5 2.366 0.797
Chlorantraniliprole
TR BE Cyantraniliprole 384 Y=-0.129+0.861X 1.413 (0.965-2.267) 5 0.456  0.994
Efl 4L, Indoxacarb 384 Y=1.651+1.606X  0.094 (0.075-0.119) 5 3.983  0.552
PP S e oy 4 ) 22 T PR A 384 Y=3.139+1.464X  0.007 (0.006-0.009) 5 8.097  0.151
Emamectin benzoate
B[4t % Abamectin 336 ¥=1.838+1.697X  0.083 (0.016-0.132) 4 7.258  0.123
LFHEZ R EE Spinetoram 336 Y=0.149+1.519X  0.798 (0.609-1.120) 5 4770 0312
T IR Lufenuron 384 7=0.311+1.427X  0.606 (0.473-0.791) 5 2228  0.817
TR HUGE A Broflanilide 384 7=2.399+1.929X  0.057 (0.046-0.070) 5 2.803  0.730

CL: #{5FR Confidential limit. & 2 [7], The same for Table 2.

* 2 EIEFEIE 34X 8 R BFMERESL (AR ZE)
Table2 Relative susceptibility baselines of the 3rd instar larvae of Maruca vitrata
against eight insecticides (diet incor por ation bioassay)

e 2—p NG N == | H

257 PUAMEL (5 ) BARIIR g osmen  amg forfn i

.. Number of test Toxicity regression p)
Insecticides . . : (mg/L) df  x~-value P-value
insects (ind.) equation

SR I 288 Y= - 0.580+0.934X 4.178 (2.549-7.687) 5 1931 0.859
Chlorantraniliprole
TR R BEE Cyantraniliprole 252 Y= - 0.867+1.406X 4.135(2.892-5.559) 4 1.914  0.751
Efi U, Indoxacarb 288 ¥Y=0.454+1.732X 0.547 (0.427-0.708) 5 3.229  0.665

P G BT 2 T 25O Y ik 288 ¥=2.469+1.545X  0.025(0.020-0.032) 5 1.059  0.958
Emamectin benzoate
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4E3R 2 (Table 2 continued)
ﬂ:‘ S N == I > =1
257 P (k) ﬁjj @E’ﬁ%ﬁ LCsy (95% CL) FHEE FHME P
.. Number of test ~ Toxicity regression 2
Insecticides . . : (mg/L) df  y -value P-value
insects (ind.) equation

P[4 7 2 Abamectin 288 ¥=0.373+2.262X  0.684 (0.549-0.821) 5 3.067  0.690

LFHZ R HEE Spinetoram 288 Y=-0.359+2.313X 1.430(1.143-1.780) 5 5.625  0.344

AEIR Lufenuron 252 Y=0.576+1.527X  0.420(0.325-0.552) 4 1.755  0.781

TR HR W BENE Broflanilide 288 Y=0.854+1.938X  0.331(0.278-0.396) 5 2.641  0.755

23 FAREYMEFREPAETREH R TR

ESMMEER

PR AR 52 7 1 W E S A A —RE 22 57
TRl 24 5 I 5 19 5 24 245 70) S O R I | i
JB . BTAE R 2R . DR RTR H SER T  Y) A2

RBY B A 34317% . 14.286% . 31.225% .
26.956%F1 17.321%, fABHEZ5EMER 5 2524
AR S R A 14.796% . 24.744% |
9.116%. 10.189%7%1 14.286%, FILLE I, F&ES
RO, At 2 78 AR 25 7R 1 AR 5 R
BN, R AL (£ 3),

x3 2HMENFZNETAERBEAFNI T XKIE IRHHETEEEEMILE
Table3 Comparison of the repeatability of mortality of the 3rd instar larvae of Maruca vitrata
determined by two different bioassay methods

AR REL
SRR ) SeH (k)

N 2R FETR (%) (%)
255 EXU e ! ..~ Total insects Death insects . ° ’ .
Insecticides Bioassay methods Insecticide number number Mortality rate  Coefficient
concentration . . (%) of variation
(ind.) (ind.)
(%)
SR VR ES)TSFS 0.631 12 10 61.111£20.972  34.317
Chlorantraniliprole Diet surface overlay bioassay 12 7
12 5
TR 2 v 4.178 11 6 50.253+7.436 14.796
Diet incorporation bioassay 11 6
12 5
EiL Fa el 24 e v 0.094 12 8 58.333+8.333 14.286
Indoxacarb Diet surface overlay bioassay 12 7
12 6
TR 2 v 0.547 12 8 58.333+14.434  24.744
Diet incorporation bioassay 12 3
12 5
[ TE S a2 e v 0.091 12 5 55.556+£17.347  31.225
Abamectin Diet surface overlay bioassay 12 9
12 6
TR 2 v 0.741 12 7 52.778+4.811 9.116
Diet incorporation bioassay 10 5
12 6
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4% 3 (Table 3 continued)
B (k) stdugr (k) A
5 N 2751111735 , FETH (%) (%)
255 AR T .. Total insects Death insects . .
- . Insecticide Mortality rate Coefficient
Insecticides Bioassay methods . number number 0 ..
concentration (ind.) (ind.) (%) of variation
' ' (%)
T ) e} 2k 0.606 12 7 47.222+12.729  26.956
Lufenuron Diet surface overlay bioassay 12 4
12 6
TARHE 251k 0.417 12 6 47.222+4.811  10.189
Diet incorporation bioassay 12 5
12 6
TR IR a2 s 0.057 12 6 55.556+9.623 17.321
Broflanilide Diet surface overlay bioassay 12 6
12 8
T RHE 251k 0.331 12 7 58.333+8.333  14.286
Diet incorporation bioassay 12 6
12 8

TRDRFZ I v 2500k BE B pgfom?®, SR AL TR 2GR0k B 5 TDRH 2576 Th 245500 W B 50l mg/L, Fomfi el o

ST 2579

The unit of insecticide in diet surface overlay bioassay is pg/cm’ meaning the insecticide content per cm? the unit of
insecticide in diet incorporation bioassay is mg/L, meaning the insecticide concentration added to artificial diet.

24 AEEMFEPEIEIEEFHBFNBEFS
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B S IE M A RPR (b () R rililFh
PR TR RS H Ao 24 70) B SRR B 25 57 0 PR (b
(B BE A, 6B FR R AR A a5 A5 27 T I 4l B =
LB 2 A= Jrvk v, b A RS B4 7E
0.861-2.313 Z[u], Pkl 2 ik i) mbR AL b
TE 0.861-1.929 Z[], FalkHE 245 i Rl R AH 7E
0.934-2.313 Z 1] . faRHE 245 74 7T 5 o Aff 7 S e B
IR IR AL LA (1),

25 AREMFEPIEIEEREE NBTBEE
BEEILR

o E R A DB ) B TR, (e /)N
T S A I BRCE 5 BRI 10 2 SN, AR Y
LA TR . PN 2 AT, B SEhra:
RO 55 B B 2 6 1 2 5 L L) L 2 i
AT, FRDRLZG Y 2 (EAE 0.456-8.097
Z I, SEHIE R 4.00; FREHE 250 72 (H7E 1.059-

5.625 ZIal, FIME K 2.65, BITEA MR BB
FERE b, TRHRZGEN o OGPRZE BN, i
TRRRZ51E ) PE I RZG A R E 2: A B ),

3 o TR} 25 iE: Diet surface overlay bioassay
A TERHE 243 Diet incorporation bioassay
A A
B2r o
<
> @)
i . 0 e o 8
.0
2 1F o
0 | 1 1 1 | | | 1

1 2 3 4 5 6 7 8
Z% B Insecticides

1 2FhEMNE T %N E L Z R BN
BEFAELLR

Fig.1 Comparison of genetic purity of Maruca
vitrata populationsin two different bioassays

1: FH A H B Chlorantraniliprole;
2. TR H BN Cyantraniliprole; 3: B 3 Indoxacarb;
4, B ILFTAE R R K B iR L Emamectin benzoate ;
5. PT4ERZE Abamecting 6: L HEZREE Spinetoram;
7: EUBENK Lufenuron; 8: MWRHHF A MELK Broflanilide.
¥l 2 [7], The same for Fig. 2.
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10 - O 1A%} 24 Ey3: Diet surface overlay bioassay
A FERHE Z5H: Diet incorporation bioassay
Qo 8 O
= o
7
Nx 6 ~ A
o o
R 4 @)
4 A A )
2FR & X
A
| | | | | |

P P-value

o
N O

3 4 5 6 7 8
Z% B3] Insecticides

B
2 O 1Al 2 fi¥: Diet surface overlay bioassay

A TERHRE 25 Diet incorporation bioassay
1F O A
& a 5 A R o
[a)
0 | | | | Q | | |

1 2 3 4 5 6 7 8
2% B3 Insecticides

B2 2FMAENAEPIEZEEEYNELRENEHEELLER
Fig.2 Comparison of discreteness of biometric data of Maruca vitrata in two different bioassays
A2 FOR R AP0 i B RO (s B. 2 FOR[RI A e Jr b i P A

A. Chi-square values in two different bioassays; B. P-values in two different bioassays.

3 @itSiip

B T A R ) BB SR 2R TN T 2 Pk
IV B EARYE , EPULA T I K ya i B
TR (HRRKIHAE, 20005 2RE5AR%, 2001; 2
FIGE, 20125 B% 255, 20205 EWOREE, 20215
PREGSE, 2023 ), Ui . fRDRE2 B A iRDREHE
N, BT N TR AR B TE P S P2 T
W CEXRWEE, 2021 ), il E s e, &
B A& SR B AR L 2 TSk i 00 I
ik (B322%, 20205 TUORSE, 2021), A
AR 24 BV 3 I A R fd A R R A AR
JH(Bolzan et al.,2019 ), 1z v T —ALEE Chilo
suppressalis . KYEE Sesamia inferens . L 53 A
Spodoptera frugiperda S5 H B d (BT Wil

(Hardke ef al., 2011; #X49%, 2016; BX=
SE, 2020 ); PEHE 24k F 2 A B &
YERT, 7E—ARME | SV EKIE Ostrinina furnacalis |
ki % . Helicoverpa armigera Fl & 9\ 4 i I
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W rh BA — e 3 (RS, 2015; EHEESE,
2016; X4, 2023; FESFEASE, 2023), ULE
SR 2 — B ™ UM T 5 S O R SR A TR I
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2013; FHESE, 2014), fAR2YBEL MR RHR 2Y

VA AR 245 0 B S SR Y BE T ROR
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AL IR, SR AR R 24 sk A R 25 1
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2, eIl E IR T IR R R T S
%o WA R, 2 MDA A RIZEEL
HGH A PR IEA — 2 WZEER iR, 1R HUR
UG | B 24 G 2R Ui 2, alUiiR . &
BN R AT, G B AR R L B A
XA o BRIy UL 5 SEME AR X A% U Y
bk R S It T2 b, b7 1 ) 245 79)
77 313 B 0 40 A P Y Ay L R o SR U i 25 2
700, Do S RS T P e 5 R A 45 XU I 24
BT, R G HAT P R R, AR
PPk A RIS , TR st AR A4 14 A R s B AN R
DA BT S S MR 4 R O T ) P B T PR 251
AT R RER (b (H) AR
AR AN 25T BURR B 22 SRR, B(FHOR
AR AR ot A2 BRSO (B %225,
2020 ), ASBFFEEE R W RN 25 1% T RE S b
FER AR R ZERE , RIRPE P IR T J3t
e BARRAERL, X5 25500 i OB — B A
TERHEE AL (2) LARAE S R B0 He el
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AN AR AP B HORE . (e ) MR B AR
FERSIS (P ) SRt R R (72
S RBOEAR ) fely o BARRDREZG Ik Al BORT A 1
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245500 B it P e AV e AR E R AR o 2 U TR
TR A AT AN R [a) R, (0 AT R 5 S B A it 24
07 XA Bl 2 , AN QnARDRHE 257 Be HEf S i 245 55)
XA RETE . R, fPEHE 255 S A Tl T
SIEME XA [) 245 700 ) S T

MW R SR R B U, 2 — o 7R ) i 5
-3 18 BH TR R R, HEAS AR . A AL
KL JLPXT A sl H 3 B 3 H R A8 (BE
e L FIBRIK , 2018 ), Bfi H i i il 5% 711 S 72
YER A mEYE, R e iR E A K
SOk S SR AR T AR TI5RE, 2019 ),
ABFFE T, B HURAE 2 Fp AR ik R I
e, AR RDRL 24 R ) A T RDRHE 2
B, XAT e el A B R IR A G (12T
e, 2019 ), BHFIRNEE T AE S B2y 50 i) TR
BRI, S AR R R 85 oA, i
T 52 M i g 4 SR A E A Mk

XUBE i 288 245 30 1)V HTAIL ] 30 ok 3o B8 R 7k
MY Ca™", IR E LRSI s, B R
e I iR RO AR, S B iR
( Cordova et al., 2006; Lahm et al., 2009), H
BAEVEN, FENZER Athetis dissimilis . Hff
Sk Spodoptera exigua . W EKEE | /N
% Agrotis ypsilon %E WP EGE ( TR,
20145 TA&REE, 2017 ), LT 3EME L) dUBCE I
KA i e R P R, IR BT A
AR ISR R ROV, AR IRGHBE T HE
TR AFERETT . L, FSRAEFE I 15 21 S
24 F P e T 5 0 S PP e Xo) BT O S M g A X
fiX, EAREILLL 72 h BIBET R AVE B iR
BCR AP IR FIWARYE . WUBERE S 25 75 A =
JUaE L REPEAR . R AR AR R AREE, SR
VR Fg R S B e S LB e 21 24 500 DRV LA A S
Y BRSO RS, B3z 1 T AR B A
T O\ & b IR A g g M 3 B9 B 45 ( Cordova
etal., 2006; Gao et al., 2013; &XJHHEE, 2017;
Wei et al., 2019; XIHi45, 2023 ). L2
BEAE UL G MR ) RGPS 25 ) (B H 524,
2018 ), HAA 5] Al 7 55 U1 T S M (1) 34
L ST 1 N s 21| = e S i

( Cordova et al., 2006). [Hitt, 7EHERGIEYEL
FHZGEH ( BPLES 2 a5 AR I e R & A= ) 1Y
AR T ( E24%, 2023), HRZFIMGATVENEL
IR YEALIRTE” MBI, B N
e =

25 LRTIR, fRPBHE 25375 F iR Rk 2 Bk AR ST 5
SIEUE 2y U 24 70 ORI v R 1 A
TP BHE 25 E ARG 2R ol T | B iR B A ] A 1k
5 TR 0 e AR, R A TR R
Pt Mz . ER\AHG Dk 5 24 500 ) B 00 5 o T AR 24 i
DS A TP e R = N AE TR ST
ST S A ] FH T Bl 4 AR 2% R AR b (H R T
MU R =, ST 5 JERE T H HE FH 25550 ) f
B BT I 7 AR RS Iz
VY o AN 5T 45 S SR B G SIEHE X A [R] 2R 2% iy
TR A Py 7 VR R AL TR YR , oA )s
R G e T 5 M 1y B 24 v W I DA R e PG B
it T 5%,
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