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Resistance selection of Tuta absoluta (Meyrick) to
tetraniliprole and cross-realistic analysis
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Abstract [Aim] This study aims to investigate the trend in resistance development in Tuta absoluta (Meyrick) to
tetraniliprole, and its cross-resistance to seven other insecticides. This research will provide a theoretical basis for the field
application of tetraniliprole. [Methods] Resistance of 7. absoluta to tetraniliprole was tested in the laboratory using the leaf
dipping method. Subsequently, the resistance development trend and degree of cross-resistance were analyzed. [Results]
After 11 generations of indoor selection over 14 generations, a strain with a resistance ratio of 18.67 times was obtained. The
realized resistance heritability of Tuta absoluta to tetraniliprole was 0.188 5. Tetraniliprole resistance is expected to increase
10-fold in 3.59-8.00 generations under selective pressures of 50%-90%. The resistant strain had obvious cross-resistance to
indoxacarb, and the resistance ratio was 8.89. Negative cross-resistance to emamectin benzoate and Bacillus thuringiensis was
0.8 and 0.25-fold, respectively. There was no cross-resistance to chlorantraniliprole, spinosad, chlorpyrifos, or

lambda-cyhalothrin, with resistance ratios of 3.58, 2.39, 1.8, and 1.73-fold, respectively. [Conclusion] There is a risk of T.
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absoluta developing resistance to teraniliprole. Furthermore, the resistant strain of 7. absoluta can produce cross-resistance

with several other insecticides. These results establish a theoretical basis for the scientific application of teraniliprole in the

field and promote the judicious rotation of pesticide use.

Key words Tuta absoluta; tetraniliprole; resistance selection; cross-resistance

TN Tuta absoluta ( Meyrick ) Jig 34
H Lepidoptera Z#F} Gelechiidae, X 4R
Titi v i A v A2 ek | A A (S ESE, 2011
SREESTAE, 2018), WA TR EMMME, 2
FMERF M LB EZFE A (Desneux et al.,
2010), EZLIGHGEEIFHEYI A, fliszE
M A an EL B A TS SmPEYDCEEN, &
Az I 2 i il R DR 80%-100%
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A RIC RN A A AR P PR B 414 ( Buropean and
Mediterranean Plant Protection Organization,
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yit: (Siqueira et al., 2000, 2001; Salazar and
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XU e 24 8 % HOR 7 A i A KRBt (oA
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&5, 2021), RHAUR ik Spodoptera litura (45T
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%jMs ( Lambda-cyhalothrin ) JRZ50 FVLIR 25
RACHRAF, 96%FESEME ( Chlorpyrifos ) JFi2h
W Tk Wi 2 A IR A A, 95% 1 Z BL b 4 7
ZARFREL ( Emamectin benzoate, fajFKFF 4Edh )
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JIEH TR L BIE R EE LCso M2 95% A7 IX[H] |
ROTEAN A H B, PriEfE% (Resistance ratio,
RR) =HitEM &R LCso/BUEM &R LCspo RR<1 &
R UM, 1 <RR<S FoRJGa8 Pt s it
P£,RR=5 Fn AL Byt APt E R4E,
1991 ),

2 GR59H

2.1 TEHGE T Ok BRI E
1 ], FH i o g Xof 7 i v - ik 3%

LR FE 14 48, Kk 11 RUR, IRSPTHERTECH
1&&%%%ﬁ%wmﬁﬁmﬁhmu@ﬁmm
PERTAY 0.220 mg/L L F+4 4.108 mg/L.
ZiG B 1 AT, fEbUtEEE AR, Ikik
PR BRI R AR &, iR RZEE, Fo-F,
£, LCso fHAYH 0.220 mg/L I T+3 0.326 mg/L,
BUrEAE RS TR 1.48; F, AU, LCso 1l I
F4 1.585 mg/L, HLtEAEEGEAE] 7.20, #I2PIE L
PR Fe-Fiaft, LCs (HEMM KB, h
1.585 mg/L b7+ 4.108 mg/L, HitEEEITE
18.67, FAMENTIgHTIES RO BRI P TE,

F 1 FEMEMHEHEIT O ABROREET
Tablel Theresistance selection of Tuta absoluta against tetraniliprole

AL A AR R R E R LCso (95%EfHM) (mg/L) K (HHE) E/IRE 275
Generations y =atbx Slope+SE LCs0(95% CL) (mg/L) 2 (df) Resistance ratio
F, y=5.99+1.51x 1.51+0.16 0.220 (0.161-0.301) 5.048 (4) 1.00
F, y=5.59+1.17x 1.17+0.18 0.314 (0.174-0.567 ) 5.860 (4) 1.43
F, y=5.47+0.97x 0.97+0.17 0.326 (0.189-0.577) 4.045 (4) 1.48
Fs y=5.10+0.87x 0.87+0.15 0.777 (0.494-1.371) 2.230 (4) 3.53
F; y=5.05+1.49x 1.49+0.22 0.921 (0.619-1.440 ) 3.985 (4) 4.19
F; y=4.72+1.41x 1.41£0.25 1.585 (1.249-2.149) 1.058 (4) 7.20
Fg y=4.66+1.28x 1.28+0.18 1.851 (1.404-2.555) 1.983 (4) 8.41
Fi, y=4.49+1.03x 1.03+0.15 3.123 (2.042-5.912) 2.940 (4) 14.20
Fi3 y=4.38+1.04x 1.04+0.16 3.959 (2.716-6.087) 2.440 (4) 18.00
Fu y=4.47+0.87x 0.87+0.15 4.108 (3.001-5.579) 1.281 (4) 18.67

HLHEAEEL Resistance ratio

0123450678 091011121314
K354 C%L Generation selected
B 1 FEAE s ek B E R A R

Fig.1 Thedynamicsof tetraniliprole resistance
in Tuta absoluta

2.2 ERhEHEX UM BB RSB SCE R S
JH PO e P g e kIR e 11 AU,

HACPEBL S8 ML 1 k> 59 0.188 5 (£ 2), Fo-Fy.
F4-F; Hil B7-F 1y 5B BERY 12 35100 0.086 5., 0.277 1
01201, Z5&3£ 1 WJLLEH, 1EHEAT
(Fo-Fy), Pt R RN AL T T 1.48 %55 Fs-Fy
ML 4 )5, Pk &RIGE, WK 4.86 f%;
F7-Fi dEEZEE 5 UG Itk s e e T2,
UMK 2.59 £%, 1 (F4-F;) >k (F-Fiy) >0’
(Fo-Fy), “HEHR—,

HRYEASH 4 Fo-F g BRIZIAL 1 (1) 0.188 5,
B op 2 0.840, TESLHE 55T, HIET- 355
5 50%. 60%. 70%. 80%F 90%HH}, %ﬁ%%
TR 6T P R R BT 10 £, Al
F1Y8.00, 6.54, 5.44, 4.53 F13.59 1% (K&l 2),
TREE I, T v g e O e e I ELA
AIPTHE XS, FEILSs L IRRE SO, HAt
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*2 EFMEBEMHEAERERREREOANGE
Table2 Estimation of realized heritability of resistanceto R strain of Tuta absoluta

BEHEI R RS
Response to selection Selection differential -
PR g Lo pm B
N T e ‘ S Tz op MR LA
Selected  ( g/l ) 0 EEMIN R TEEEP g WA bk p I Op LR R B
enerations c. (mg/L) . ) . . Phenotypic Zi5+ § Realize
g Initial ) Response to  Survival Intensity Initial Final . heritabilit
Final LCSO : standard Selection critability
LCs selection rate of slope slope .. - .
(mg/L) . deviation differential
(mg/L) selection
4(Fy-F,) 0.220 0.326 0.042 7 60.99 0.6128 1.510 0972 0.8058 0.4938 0.0865
4(F4-F;) 0.326 1.585 0.1717 53.16 0.7371 0972 1407 08407 0.6197 02771
5(F;-F14) 1.585 4.108 0.082 7 50.25 0.7854 1.407 0871 0.8772 0.6890 0.1201
11(Fy-F14) 0.220 4.108 0.1156 53.59 0.7302 1.510 0.871 0.840 0 0.6133 0.1885

—_
=]
1

for 10-fold increase in LD,

PRI 10£% 5708 Generations

O50 6|0 7|0 8IO 9I()
FET-H (% ) Mortality (%)
B 2 AENEREE S T &R X I s B p
LR 10 EAERE
Fig. 2 Generationsfor Tuta absoluta to develop

10-fold resistanceto tetraniliprole under
different selection pressures

PR R R 22 B 2G50 AR SEAR A i e

2.3 AR T Y 0 R R H Ah R R
HZEHE

W 3 Frs, X7 FPOR BRI 3E B o 45
R, FAHORHEERE . SRR . Bt
WL 22 2% TR RN i R B I 3.58
1.73. 1.80 1 2.39, L5 Pumg de fb e AN 177 28 BT
PE, (HEZREEPIGER LCso HM 95% B HBR
B, HIA =L BRI T RE; X5
FETEM S BATPE, PUrEAEECH 8.89; X HI4E
R B AAAE fsg BT, A5 514 0.80
F10.25,

3 H#it5itit

VP e ek P A Sk — R 2R U e S % )
AR IA S H . SUH H RS H S R, H
H i A 5 D g e = A o i A
2018-2019 R [ 1 % FHAY ISR Mk Spodoptera
exigua (Hibner ) FH AR U s s P frig = A 1
128.1 fE 7K ikt (X 88, 2020 ); 7% Nt
B, KBS (2021 ) FPOme i BEa xS Bk N e
L Carposina sasakii Tk 10 £, S2PriEfE
Bl 7.86 FEMBIVERIRE; ERAHE (2021) HIPY
W HR PR e X VN B KW Ostrinia furnacalis i
AR, AT 1151 F5R B s & o AHFZE A Y
WA e P i o 7 T PR A 5 14 ARk k11 AR,
Hp=E T 18.67 iy bS5yt , wEw 448, Bt
PER RGNS, B 4 NRUG, bR, ditkk
JR Bk BTG TR

PUME KU DAl B9 3 BT PERLEE | IS B
i T A HOR) O RR 2=l FHER SR . H s bt
P XU PEAR 5 B AR RO S 1 n’ e Tl
5 e — 5 R R U R R B B &
A EEE (2022) 782 PN D G Uk e ot =
WA E 10 18, A7 R 013, TEESER N
50%-90%M}, Hitk FTF 10 575 1.77-11.59 18
PRIEAE (2015 ) 765 P FH e Ha Ik e Xof /) S i
Plutella xylostella ( Linnaeus ) #1771 26 1t 24 Ik
HUPERER , A7 0.1672, BHEEH 50%-90%H
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* 3 HEINEBMHEHEM HERETERRN 7 MRBAFNZERY
Table3 Crossresistance of tetraniliprole- resistance strain of Tuta absoluta to seven insecticides

) WA AR LCso (95%E {5 ) (mg/L) Fgr () DUERE

Insecticides Strains  Slope+SE LCso (95% CL) (mg/L) A (df) Resrftti‘:)nce
L o A S 0.87+0.12  1.051 (0.419-2.209) 6.314 (4) 3.58
Chlorantraniliprole R 1.39£0.22  3.762 (1.495-8.917) 7.191 (4)
R K] S 1.03£0.20  275.041 ( 139.889-536.143 ) 3.083 (3) 1.73
Lambda-cyhalothrin R 2.24£0.29  474.813 (357.4-630.509 ) 2.197 (3)
A S 0.71£0.20  117.264 (33.029-399.841 ) 2215 (3) 1.80
Chlorpyrifos R 1.68+0.21  210.776 ( 128.857-343.047 ) 4343 (3)
LA S 1.55£0.22  0.388 (0.307-0.487 ) 0.938 (3) 2.39
Spinosad R 1.25£0.15  0.927 (0.756-1.125) 1.104 (4)
B U S 1.23£0.15  2.127 (1.436-3.048 ) 3.573 (4) 8.89
Indoxacarb R 1.02+0.16  18.912 (9.528-41.913) 5.356 (4)
P 5 5 ] 2 o 22 S 1.55£0.16  0.208 ( 0.140-0.290) 3.675 (4) 0.80
A HIfR L R 1.24+0.15  0.166 ( 0.110-0.242 ) 3.680 (4)
Emamectin benzoate
WA AT S 1.29+0.28  35.95x 107 (24.061 x 107 - 54.568x 10") ~ 0.858 (3) 0.25
Bacillus thuringiensis R 0.88+0.20  9.002x 107 (3.065x 10" - 23.931x10")  4.013 (3)

S: HURMZR; R: HUlEM AR,
S: Sensitive strain; R: Resistant strain.

ok ETF 10 5755 6.8-15.0 18, MAHFIEE N
1 ARIKESS R E, it Tt 18.76 1%, &
KR H0.188 5, BILRN 50%-90%IF, it
PERGRC 10 /5, T5% 3.59-8.00 18, FHAF Mk
ST D e ek gk A 7 A B B KU AR, P E N
IRBEAH LT H R RRE , Brik i vead #2 e oR
W5 55 3% nl e i g &) A2 25 R S S TR A, Rk
A AR AT AR T ) SEPR{E, BARPLE
SRR B T HE], (H— e R s e
T A B SEARE 5, AT5SR AT LA Ay il 1
LRI ORISR LI 5%

A8 H P S FE A — b S AU P A
PRI, G A DA AR 22 fish o 1) 2% U A 7 A 4
PERYBL G, B R R ORI B T N At
BOR BRI i 2 Z B A B YL R R, Ik,
B g 3 a8 PP X e B A
o ARBEGE KB, T VR e e X D e e e
ABUEZ G, RTER U R B S H B
TGS R B bR (3.58 13 ). ik S i 45 g
(173 4% ), TEEM (1.80 1% ) MZEZAREE (2.39
) RNEEAEAZH M, PR 4EE (0.80 f%) FI

Bt (0.25 %) WfFAE g Bt FIS5 A
AT A fiGE , XIESE (2012) HRGEFT S
TR Wk 470 MR S Y T Mg o 2R %o el U 22,16 6% )
FEAEZ BN, BB HE (2021) Gk 1
T oK W AT DY M R O AR O G HL R R i
(2.8 1), H4edh (0.96 1) Lz pidk,
TR (2012 ) B 515 HUR B Ik /N S i i
XA S 4G (1.0 £% ). BEIEm (1.2 £%) A
ZARAWE (13 £5) WHARABLHYME, H
Uik A RHLE] 5 Z R B R A G, BUR R
R I RILEAR R] , (05 BTN 1 3
A B ARPUE AT BT SRR &R, T IR 1l B
HR I O R RS R ORI AELE S B, 1%
HAb R BRI A T B ELS: , HitL, 2
VAR By i 7 it v b0 vy 3 v 326 3 5 e e
e TCAE HACHE ) A BRI T S B e e fl A, A2
F TR I 0 et D s s T BT 1 A
Tt i LA tHAE S . B AERE,
AR FHAERIER, 454 AR A T v
I R S AR PUIE 1 FHB Be , A BN i
TR I 0 % P s R g 1 A A A T A e A AL )
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