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Abstract [Aim] To improve use of pesticides to control the tomato leaf miner, Tuta absoluta, a major invasive pest, and
delay the development of pesticide resistance in this species. [Methods] The susceptibility of populations from 7. absoluta in
Taigu, Ruicheng, and Yanggao counties, Shanxi Province, to seven insecticides was determined using the leaf-dip method

under laboratory conditions in 2023 and 2024. The susceptibility of a laboratory, Xinjiang population of 7. absoluta to
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different insecticides was used as the baseline of susceptibility to evaluate the possibility of resistance occurring in the three
Shanxi populations. [Results] The susceptibility test showed that, in 2023, the Taigu population was most susceptible to
abamectin, followed by emamectin benzoate, cyantraniliprole, spinosad, chlorfenapyr and chlorantraniliprole, and the least
susceptible to indoxacarb, with the highest LCsy of 4.672 mg/L. However, in 2024 the susceptibility of the Taigu population to
chlorfenapyr had decreased 2.2 times, whereas its susceptibility to emamectin benzoate and chlorantraniliprole had increased
by 0.4 and 0.5 times, respectively, with little change in its susceptibility to the other insecticides. In addition, there was little
difference in the susceptibility of the three Shanxi populations to four insecticides, namely, emamectin benzoate,
cyantraniliprole, spinosad, and chlorfenapyr. There were, however, significant differences in the susceptibility of these three
populations to chlorantraniliprole, abamectin and indoxacarb, with maximum differences of 5.6, 3.8 and 2.9 times, respectively.
Based on the susceptibility of the Xinjiang laboratory population to the different insecticides, the resistance ratios of the three
Shanxi populations to emamectin benzoate ranged from 17.6 to 21.7, indicating a moderate level of resistance. Resistance
ratios to chlorfenapyr ranged from 6.9 to 9.8, which indicates low-level resistance, and resistance ratios to chlorantraniliprole
ranged from 5.1 to 28.2, with the Yanggao population being the intermediate in terms of resistance. Resistance ratios to
indoxacarb were 4.9-14.3 with the Ruicheng population being intermediate. Resistance to spinosad was at the susceptible, and
decreasing susceptibility, stage (resistance ratios of 2.2-3.7). [Conclusion] With the exception of spinosad, T. absoluta in
Shanxi Province has developed low to moderate levels of resistance to emamectin benzoate, chlorantraniliprole, indoxacarb
and chlorfenapyr. The results of this study provide useful information for better managing pesticide use and pesticide

resistance in 7. absoluta in different parts of Shanxi Province.
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Table 1 Collection information of different geographical populations of Tuta absoluta

RAEHH (4F-H)

bt RAEH S 245 % Longitude X TFEHY
. . . . Collection date
Population Collection location and latitude Host plant
(year-month)

KAy TR X G i X Bl Ry e 37.47°N, 112.53°E 2023-8 PN ESi]

Taigu Jinzhong National Agricultural High-tech Zone Greenhouse tomato
Facility Agriculture Demonstration Base in
Taigu District, Jinzhong City

KAF TR X AR B AT FRA ] 37.46°N, 112.5°E 2024-5 PN Ei

Taigu Tiansen Agricultural Technology Co., LTD. in Greenhouse tomato
Taigu District, Jinzhong City

FH = R [ i BH e AR RUHE A 40.30°N, 113.94°E 2024-6 PNk

Yanggao Dongshuangzhai Village, Yanggao County, Greenhouse tomato
Datong City

S BT I B A S N 34.63°N, 110.64°E 2024-6 PN EES

Ruicheng Yaotou Village, Ruicheng County, Yuncheng

Greenhouse tomato
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KRN, 20 Roditakis % (2013) 1)
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3.8 fif; 3 AFIEEXTH 4Edh | IRFURBE: . 24
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TR IMRIR N« RA>PI3>FBH R, FH R )
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Table 2 Toxicity and resistance of 7 insecticides to the 3rd larvae of Taigu population of Tuta absoluta in 2023

REREIREDR

HIEPE (95%E {5 ) (mg/L)

RIrECA )

27 Insecticide ; ) *RR
Slope+SE LCs0 (95% confidence interval) (mg/L) x~(df)
T4 R & Abamectin 1.806+0.362 0.901 (0.641-1.229) 0.228 (2) -
H 4i£h Emamectin benzoate 2.226+0.303 1.166 (0.922-1.483) 1.376 (3) 40.2
TR LB Cyantraniliprole 2.314+0.367 1.653 (1.285-2.141) 2.171 (3) -
Z R # Spinosad 1.862+0.292 1.724 (1.277-2.270) 2473 (3) 1.2
HUIE Chlorfenapyr 2.697+0.409 1.754 (11.388-2.163) 0.062 (2) 3.1
S S BEE Chlorantraniliprole  1.984+0.279 1.893 ( 1.469-2.444 ) 0.334 (3) 11.1
i gl Indoxacarb 1.485+0.213 4.672 (3.319-6.324) 0.694 (4) 4.3
*RR=MH[HFHER LCso/ Bt s INAVIERY LCso RIS NFPHEXT FH4EEE | 2R R L HUiNg | S 8 Y Ikl F i e gk

) LCso fH3 918 : 0.029. 1.012., 0.572. 0.171 1 1.084 mg/L ). % 3 [dl.

*RR=LCs5, of field population / LCs, of laboratory susceptible population in Xinjiang (the LCsy values of emamectin
benzoate, spinosad, chlorfenapyr, chlorantraniliprole and indoxacarb of laboratory population in Xinjiang were 0.029, 1.012,
0.572, 0.171 and 1.084 mg/L, respectively). The same for Table 3.
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Table 3 Toxicity and resistance of 7 insecticides to the 3rd larvae of different populations of Tuta absoluta from

Shanxi in 2024
2571 it RRwebrifE BUEPHRE (95%EEM) (mglL)  RUHECAME) Lo
Insecticide Population Slope+SE LCsy (95% confidence interval) (mg/L) 7 (df)
P4 ER P Ruicheng  1.544+0.260 0.174 (0.126-0.244 ) 0.501 (3) -
Abamectin KA+ Taigu 1.929+0.233 0.613 ( 0.426-0.903 ) 4.104 (4) -
P Yanggao — 1.260+0.162 0.668 (0.487-0.958) 0.968 (5) -
HH 4k Wil Ruicheng  1.337+0.171 0.624 (0.454-0.871) 2.040 (5) 21.5
Emamectin benzoate .
KA Taigu 1.531+0.208 0.510 ( 0.382-0.708 ) 3.064 (4) 17.6
P Yanggao — 1.487+0.183 0.629 (0.467-0.851) 2490 (5) 21.7
TR B PYI% Ruicheng  2.182+0.294 3.553 (2.823-4.554) 0.983 (3) -
Cyantraniliprole P
K4+ Taigu 1.760+0.291 1.993 (1.494-2.809) 2214 (3) -
FHE Yanggao — 2.127+0.293 3.435 (2.715-4.439) 0.778 (3) -
ZARTER P9 Ruicheng  2.020+0.314 3.254 (2.503-4.303) 0.176 (3) 3.2
Spinosad K4 Taigu 1.865+£0.256 2.243 (1.552-3.250) 5.860 (4) 22
FH Yanggao — 2.406+0.341 3.726 (2.958-4.692 ) 1.935 (3) 3.7
G P Ruicheng  2.891x0.451 3.949 (3.229-5.060) 1.662 (2) 6.9
Chlorfenapyr K% Taigu 3.735+0.548 3.925 (3.255-4.669) 1.230 (2) 6.9
PH# Yanggao  2.802+0.466 5.602 (4.443-7.066 ) 0.353 (2) 9.8
AR B P3N Ruicheng  2.233+0.336 1.036 ( 0.808-1.340) 0.951 (3) 6.1
Chlorantraniliprole P
KAF Taigu 1.501£0.211 0.867 (0.647-1.227) 1.401 (4) 5.1
FH5 Yanggao  1.984+0.279 4.823 (3.525-6.981) 2.049 (4) 28.2
Efi Bk ik Ruicheng  0.929+0.133 15.538 ( 10.310-25.151) 1.050 (6) 14.3
Indoxacarb K4 Taigu 0.876+0.137 5.691 (3.271-10.385) 2346 (3) 5.3
%5 Yanggao  1.276+0.167 5.301 (3.769-7.349) 0.541 (5) 49

PR L MU | SRR R A ET U S RO
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1M PH S AR EGA R T 28.2, & Hh 45 KFht
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2023 AEAH G, RAFNEE 2024 45 %) Hlh i AU
IR 2.2 %, PIAE LCso (A 25 57 035, KB L TR 25
TR G | 22 2K TR 25 e HURU SRR R A AN
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FhE, Al 2023 4E0 0.4 F1 0.5 £, PIAERY
LCsoHERTE (£ 4),
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R4 2023 712024 FILFAKRE X EFEMEFEEX 7 FR BF BB ELE
Table 4 Susceptibility comparison of Taigu population of Tuta absoluta to 7 insecticides in 2023 and 2024

HACHWEE (95% 815 ) (mg/L)

257 Insecticide b Year LCso (95% confidence interval) (mg/L) *HAEl Ratio
B 2 2023 0.901 (0.641-1.229) -
Abamectin 2024 0.613 (0.426-0.903 ) 0.68
I 4 £ 2023 1.166 (0.922-1.483 ) -
Emamectin benzoate 2024 0.510 ( 0.382-0.708 ) 0.4
VLA o T 2023 1.653 (1.285-2.141) -
Cyantraniliprole 2024 1.993 (1.494-2.809) 12
ZAHE 2023 1.724 (1.277-2.270) -
Spinosad 2024 2.243 (1.552-3.250) 1.3
g 2023 1.754 (1.388-2.163) -
Chlorfenapyr 2024 3.925 (3.255-4.669 ) 2.2
e 2023 1.893 (1.469-2.444) -
Chlorantraniliprole 2024 0.867 (0.647-1.227 ) 0.5
B 2023 4.672 (3.319-6.324) -
Indoxacarb 2024 5.691 (3.271-10.385) 1.2

* A=A FIEE 2024 4E11% LCso/ KAFIEE 2023 4E[ LCsoo

*Ratio=LCjs, of Taigu population in 2023 / LCs, of Taigu population in 2024.

3 g

2023-2024 FFEXF T AT i R A R Y A B
WD 575, S ARRERT 7 A BRI A BBURRPE A AE Bl
A, 2023 A, FREURYE R ERHET O
W] 24 TR 2% > HH A 0> IR0 I e > 22 % TR 3R > Ui
> G0 R > A gk (LB gl LCso
J 4.672 mg/L); 5 2023 4EAALL, 2024 4E KA
e R Ol I ) SRR T R 2.2 %, X R A
S H 2 P T e 1 ORI T T, Al 2023
AR 0.4 F1 0.5 A5, XEHAt A BRI A RO PR A Ak
AT /NG BEAN, FEXT P 3 A Hi DX 2 5 s - ik
T E I B, e e %o Y A | R |
22 7% DR 2R R UG I 1) SO 2 S /N, AR X SR
% FP Rz | o 4 T 2% R PR USSP A AE T S

S, rilEcEtiZE 5.6, 3.8 F12.9 fiF, axubgf
SRR, LG DX 5317 v e ol X A ] A% ek ) 1 B
TR AEA [ A AL B PR R A7 1E — 2 e 8o 1%
HURPE2E AT R S Z A R R A OC, IR R IR
AR AR L 24 500 4 5 A 345 ( Siddiqui

et al., 2023 ), ASHFFEE 1) 7 i v i g p FhE 32
RAE A, AR RT ek ARG | A
R oGl KT A BEAh, AR R4S Bk
Vo TSNS Rt 24 SR A T A AE 26 57 . iR
R Al B 2L 2024 4R KA FHIEXT H 4 3h A
SHCHR IR I e SRR M v T 2023 ARG TR
LT 2 YRR ) BRURR R O R IR 2, 3
A DX 755 TR I A R I 0T 22 0 TR R AL T UK
R AR R RS BEAN , XA & A B B =4
ARIFREEABTTE . HrhHivE R s A 2023 4F
RAFEEXT 4B R BT, 182 40.2 £ 10 2024
A3 b IXOF T e I T A R b
17.6-21.7 £, B kS Fhitk . H 4R —
Tofr ey BT 24 1 28 A A B B 4D I AR R A PR TR 2R ol
R, ) Z T 2 Mg A i B % B
6 (Liguori et al., 2010; Kandil et al., 2020 ),
A, 52 RICYH 0T P 577 3 75 9 T i 114) 32 B2 50 =2
— . Roditakis %5 (2018 ) fiif, BKH|. FhE K
D3 224 (R R X B 42674 10 5L L4t
P o TR 55 R 2 1 7 70 v e P [ o o) FY
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MBI BCE T, 4300 61.0 F1 67.3 £, &
@A (B4R, 2022 ), Hik, N4k
TIN5 T 0 R - g T PP 4 SR AP W, AR
BRI LA AR, DUEZE Hopitk ry itk — 20 ke

SR e 2 B AR ME — 82 FH T B
6 VR I 1) R R 2SR R, AE LA B S
PR I e 25 2% ORI e B (5 H 2 P e R R
FRBERE ), 2015 4F )5, S PUrEREELE KA
ATz B, R, DL ) ) 3 X
SRR H e BT, Sk 22 573 £%( Roditakis
etal., 2018), ULAb, TEELPH, MEREZEAR HUF
i 6 45, o nm vk et e P ) o R T 4 b s Y
= T TR ik 288 995 FE T ME , W L Ik
AT R 18 423 AEBiPE (Silva et al.,
2016a ), 5 [ F 31 Vs P e A A o, A T 38 %o G e R
FH I e ) A 1) A S5 7K BT Grant et al., 2019 ),
TR [E 2 7 R T S 7 00 T e e T [ o B A % S
R 7 AT 212.7 F10169.3 158 K F
Puik (ZEmedEds, 2022), Ma 55 (2024 ) Wil
FEAE DX 13 /> A0 ol o B e S e o FY
JH AR R B BT 2, A5 R R 9 R
X R IR . 6 SRR X TR A L IR R T R
T 5 A%, Hodr g B 5 R P e S HUOR B e e i
ik 76.9 A%, JRAEAHT AL I H AP X
HOR B ™ 28.2 AR AEAKCEY M, (HE
DA &7 L[] o 0 3k — 28 2% %1 g P e R
FRATAE (et P A H 70 BT 7 0 0 v e
BIVERE R, MR S AR A

Efi BB WE TR ], R PR A e
TEF IR, A AL R IR A ER 2R B
#F1 DDT( Silver et al., 2010; Jiang et al., 2015 ),
Bz TR R A G . SR, BTk R
MOEZEEI, B, ERF . A ERLLEs)
S5 AR AR A, F v 0 T R AR X B
AT EREACEFIUNE, b iR
KA 1794 £% (Silva et al., 2011; Roditakis
et al., 2017, 2018 ), 7EFKE, = FEHHHE H[A]
FREEXT BN HUB A A=A T 18.3 i1 20.0 £5 11
AP MHZ T, ARBFRAUR B8R
X BT AE 14.3 AR R AR, AR

PR E A

M T R 28 KRB AR 2o & B 05 Sk
WA AW, KRG | R FNREL G X 1 25 AL
KB RE S, AR T H0 A H AR 20 b P 2
A, WEIREALTERR L ADP 5575 5 ATP (194 Bt
i (PMEGRAFERGE, 2007 ). AR L 3 4>
T it v - e FEI (i) e o) Rl G 7 AR AR K S
X5 Silva & (2016b ) 7F [ PG A £ 2% 25 7Bt
PERZER—2, (B 5ZERESE (2022) ARE A
R SRR b &2 B S KCEBUE A AN
CRART , H TR s ke H i B ) p e e 4
BRI R A AN, BRSPS

2 75 TR 2R LR BT I e 750 TR I 0 7 — > i
A B, SRR OR3P | R AR Ak
AR, LEAX AR E Y% 4 K
HEHE S (A, 2018), RUEARWFIREE R E
BIILPY 3 A1 DX it v i e i A X 22 R B 3R AR
SRR, (BZIREZE4E (2022 ) 7F 2 MG FHT 8 3 i
T I AR R A T 2 R R A K
PUr o UG R 5] 2 5t i e 2 P ) o B X 22
AEEC A B/ ( Campos et al., 2015b;
Grantetal., 2019 ), K, Xix— & H5R o h &
FL o TR ST R BRI, IR AR, AE
GEyrEm A

T RPN R RS Y M 2 AT L ARG
R 25 RSB UM G (R ER 4SS, 2016 ),
FAVE M T 2017 4R IR AR IR EDR s AL 1
X, FFE 7 R S A L My i, TR KR
T2 S LR TR (AR A I B, (L RE S TE
RBAAG IR R AF R MG 4, T X
FeHRFE A AT, N A Ao A HLE
VEI G , A 7 i vk o ) 2 R BRI T ) 2%
F (HENGHSE, 2025), FEULHEOLT, KRR
G BT RGE B (FAR
45020215 ZERR4ESE, 2022), MHELZF, ILPE
B AT AR RIS (2021 4F ), TCiRsg
FH 24 a3 S FH 23R B I Tt o 3K ] g 3 3
LU PG A B 24 1 KO B AR A T e o A ) B
JR A

HT, L7545 M DX A A 7 it v it ik Ak 2 B
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AR M HE , 3 AT BEIH A 45 b DXRRE X 4528
A% O BT i AL T K P o Roditakis 45
(2018) WFFEINN, PIPEAAEGET 60 1551k
B R R A Al BEVE A OG . IR, Sk it
TSI A KR, SER AT 25500 T ey,
WCH S I8 4 U0 M I 2% HOX 4% 25 JORI I Sk &
JREhZS, sl AR SRS B . 7EE
b RS S I = S U e S S O R G i)
HBIX, B R D sk PR 24 550 B el AT, s
EHZ AR ERATHG, FHEES dUgs | P2
FRER TR P A T B R A AN R £ LR Y 2
RIS o ok, RO B A
Vb in FAR AR I £ s o A AR s
A BAL 2 R B B PR R
M SEAT S8 IE G (L2 P A 7 A 5 T
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