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Abstract: In order to evaluate the sublethal effects of chlorfenapyr on Fo generation and progeny
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(F1 generation) of Tuta absoluta and to explore the response of detoxification enzymes and
protective enzymes in Fo and Fi of T. absoluta to chlorfenapyr. This study used the leaf soaking
method to determine the toxicity of chlorfenapyr to 7. absoluta, and the sublethal effects of LCas
exposure to chlorfenapyr on growth and development of Fo and F; generations of T. absoluta were
analyzed by bioassay and the changes on Fo generation and progeny (F: generation) of T absoluta
of detoxification enzymes and protective enzymes in the body after LCys treatment were
determined. The results showed that the activity of chlorfenapyr to the 2" instar larvae of T.
absoluta was high with the LCso value of 1.33 mg/L. The number of eggs laid in the sublethal
pesticide concentrations LC»s chlorfenapyr significantly reduced of Fo generation. Exposure to
sublethal pesticide concentrations reduced the weight of Fi pupae, significantly prolonged the
pupal period and total pre-oviposition period. In terms of detoxification enzymes, there was no
significant change in carboxylesterase (CarE) activity, but glutathione S-transferase activity (GSTs)
and Mixed-function oxidase (MFO) were distinctly inhibited by sublethal concentrations of
chlorfenapyr on Fo generation. There was no significant CarE activity compared with the control,
but GSTs and MFO were distinctly increased by sublethal concentrations of chlorfenapyr on Fi. In
terms of protective enzymes, the sublethal concentration of chlorfenapyr significantly no
significant the activities of POD and SOD on Fo generation in 7. absoluta, while there was
inducedeffect on the activity of CAT and the three protective enzymes CAT, POD and SOD on Fy
generation. In summary, chlorfenapyr at the sublethal concentrations can significantly affect the
growth and development of 7. absoluta and the activity of some detoxification enzymes and
protective enzymes in vivo. Therefore, this study provided valuable information for promoting the
rational use of chlorfenapyr for controlling 7. absoluta.
Key words : Tuta absoluta; chlorfenapyr; sublethal effect; detoxification enzyme; protective
enzyme

FE NI Tuta absoluta (Meyrick) , SJ&5¥ H Lepidoptera Z £} Gelechiidae, X
YA ZE M A AR EHEDD e ) 2 B B R NAZ AT JL (Desneux er al., 2011).
ZHGEIE TR M, T fE T N A ARG AR K 80%~100% (Desneux et al., 20105 5K
W&, 2019) . EFELUYRGEE, WGEN, HER 8007 At RHE Y Lty
KE (Roditakis er al., 2015; 3KH:ZFEE, 2018) o F.7E 20 #4060 ARG, Fahid i rE
T 5 WA 7] [ 5 30 X I, FFRN = A RHEY) b B4 B 16 5 P BN 1R Y0P (Barrientos et al.,



1998) . 20 4l 90 X, EAEL PR A XA RE, oz X — Aotk DAz i i 35
(Desneux et al., 2010; Silvaetal., 2021) . HAl, FHAEHEKCT BERM. BEEM. HF
ML SEMFEI K 80 24 E R LAKHLIX (Biondi et al., 2017) o H 2017 4 8 H/EHEH
B AL R A L KRIMIEE S, NAERMIE RO F RS F A REESF 5,
2019) o SARE[E], FAEHECARY E, e E 13 G MR AEHEY), HIEHE
FEARWI K (BRAEESR4E, 2022) o AR4E MaxEnt T, 7% 478 - dofs 2576 o [ AR 3d A X 947
SERE, M E o E AL (PR, 2022) .

HHT, EANAMERT G ATE R g b, PR R BRI A SR, HIRNEZ )
T 2 AR IR R I R2 I, A2 25001 3 D018 sl B EOEK T, E—IRIBR T
HR O B AN A T BEALR. (Lee, 20000 o REGHITEIER R — DN E, ik
TEM G R R AE RS AR, som H AR & R RS RINAEAFRE . RE . B0, Bl 17
REE (ECERSE, 2011) o MBI FE HUh i X W5 55 /R IR W% Trichogramma chilonis Ishii Fo
FR R R i T ) o R 2 S, (HRE PR T F e AAEVEEL] (Wang et al., 2012) o [
B, RSB Spodoptera litura £ RO ST BOEA BALF G, HAK KR G 22 E0H ()
WA, 2022) o HUTE A0 & 0] LA S RIS Blattisocius dentriticus Fo ARME 0 75 iy Al
FEONIRAERT, T O B A R AL A TE ) AR (MRS, 2020) o Taleh 5§ (2022) AT
TEDRRER . P RUBERR A B R R R h o e AU TR bt el R IgE ch bR I S5 SRR B S e
VR IR I R IR, R BT 243706 7 R e P A K R B P AR A TR R T B o A RO R i
LB I T 2 A TS U A A (AR (2RI AR, 2022) , (B i fil TS AE A e x 7 v
gl A e D M A A AR

B St 7% s ) 1 R BRI 3 8 e P, LA ORI B SRS SR A T o 1k
TR, DA R oo AR 2 AT I A (Van Leeuwen & Dermauw, 2016) o CATHE
RFW, FELIRIREL Bradysia odoriphaga 4 BB A 24 h J5, H GST. CarE Al MFO
MRS KA (Zhao et al., 2018) o JSfultth, CYP450 1 GST 25 7 MH 3% 7 AR it & 1y
S BRI PO AR A CROCIESS, 2024) o hAh, SRR BLIZ G T B 615 5 R o
W Spodoptera frugiperda Y& SOD il POD {47l LTt (ZiE5%E, 2021) o 2R, fEZ5RE
YESE (2022) RIRFFFTA, RS T 7 v ek S0 = AR PR e T BT P P e S e O P T fr
SSL, ARJRIN CYP450, GST Fl CarE V&1 T0 35 72 o 22T SR 5 0T 25 90 Vi - e 4 ifg A1
CRYEEHIRZ IR, H AT R WARIE .
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S0 5 7 A0S S AR AR gl U BT A P A 3 e 2 A CR A Bl PO VS A K AR A o A
BIF FEAR R 77 IR 5 0T 28 90V R 0 S ST 5 RS 1235 e o 3 oA 25 1 A (R 97 Bl oK
Sk U I, T 7 45 SR tof ERUl A E 8 A H 1) ERAGE FER AT S ¥ 28 v R AL T A N A
M54,
1 MRERE
L1 RIeR

BRI BRI AR RE T 2023 4 3 IR A oM A RETTHT B 2 (105°51'54"E,
24°07'05"N) , K RAE R (R AMFE B T N LAURAE, IRE 26°C+1°C, RH 50%~60%, J6HE
F# 16 L - 8 D i 3%,

PHRREY: KRB T H R MO R RSR A R, 76950 2 i & KRR R AR 3]
30 cm BT T4 PR i
1.2 2551 Rt 5

7% U IR 2, W BB R AR AR AR . BRZIAEA A (MFO) ELISA
R R, LIGEERCE R IR A R B HBE-S-H B (GST) | JRIRARAE (CarE).
ALY LR (SOD) « AR (POD) | I ELERE (CAT) b M A7) £ AT XL
ik (BCA) H A& & MKA &, M@ samA#F.
1.3 E4E

SRR AL BRI 72 HO i 0 28 e Vs ek 4y B A AR 00 % o ARE F kT o ORIp AT B
Z: 514> (Insecticide Resistance Action Committee, IRAC) % 22 55 ik#E4T ek, KR M
VI S T 500 P 2 e A O i T BBURME (Rodlitakis ez al., 2013) o HUlpfis i 24 56 H
DMSO ¥ i#, H1 0.1% Triton X-100 Beil s il FEERR, R ERBRRERC AR 5 MK 0.5+ 1.
2. 4, 10mg/L) , LL0.1% Triton X-100 ddH,0 A%t R4 . K&t Al T LRk 15 s,
BN B fIFR R Eh (18x12x8 em®) , BT, FHRAALE AR MR O AT (R0, AR5
BR800 2 4. 10 Sk 1 N4 EE, 3 RER, 48 h il st WS I, LLE
Tl fub i R S A AN OABE T, AR IR IhZE, B XA, BLA LCasv LCso WKIE -
1.4 HEHRETHEAIEEFMEHE Foo FIEYFRHERNZE

¥ SO 23 51 FH % 0.1% Triton X-100 ddH,O ¥ # B % LCos, KM F £ LCas Zii
2115 s, B, LAE 0.1% Triton X-100 ddH,0 3231 15 s I F XTI, B4 60

RN B RBER 2 i A A0V k&l SR BRI A b, N TR R IR . LCos



8 48 h Jm, KEAFIE A pE T IRk (LR R A gl RO R BB, HRE AL R
OB 38 T A, BRI A B . R MR, AR B R ORI, I 10%
W B KRR AR IR o K H HHF AR 1D R O, IR S SRR R, DLOREE IR HObk Py v
SRR I E L PR R . RS S

B3R S A A FREFRIL (d=60 mm) #, REFPBEEMEREFRM, FLAL. Bhik 60 kK
AN B (k<6 h) , EABEFRILAP T LA TR, 5. TEMSIEE F4&E 12h
TSR B 4N e F (R B 3 AR B, R SRR A, B AP KRR, R
ISR ME d ™ B0 H ) PO S SRL.
1.5 chHAEE T BTE R B X 2 R AR 2 R B TR

T TR I RRE VB A A 0.1% Triton X-100 FRIXUZE K 53 Tl U IS AR 28 LCas, ¥
AN AE IR BT 15 s JEHUH,  BALE 0.1% Triton X-100 ¥ IR 15 s HIF Al
FONATHR, BONFRER &, BT, MR AR IEARAEE I, R 2 Wl E TR
Brge. AbIE 48 h {F B OB WEAIES S, 103 I ANEE, A3 RES, STEHEA
WA, —80°CHRAF o BEE M 2 4% WAF0) G Ut B REAT B4 o B ARISCERIEN 2 85 48 h (%) e,
TRAF IR o

B % 43 BV bR 2 A R % 10 3k, FREE, it 2 mL B0 W, IS
TR SN PG, MANANER (d=2 mm) I H] SH@E & AT ECCkH #, T 4°CF L 3 000 r/min
B0 10 min, B8 AR A5 AL

BEE I 52 AR P A PR A ] 7R 6 BA S ELISA ar il ik 77 & 5 B i A Varioskan
LUX £ IhBEREFR{X (Thermo Fisher Scientific, S5 ) il 52 B 1.
1.5.1 2 B VR 2

SR B (2023) 17052 GST. MFO BE& 1, CarE BRI 14 255 25(2021)
AR AT o

GST iEMM 2 : 2T 1 mg HLEATE 37°CHIBR T IERFIE B, KRR B FEIK 1 pmol/L
GSH WIE#E N | AMBREERAL (U .

GST 1= T T Vil IR JEE > s I A 23 M R A < X?‘ﬁi% OD—illl & OD
FEATURE B> S REIN (] < R UAEAR R IR FifE OD—7H OD

MFO #E M E : I R BUAE S FBRAE S OD, AR IINRE i OD AR bR E f A i i 28
ZRIRE AR, TR R R B e MFO VR

CarE {5 MM 2 . 2T 1 mg HLUE ATE 37°C NN, FEE 0B AL IR G (E S In 1 72 X




N 1AEEEPERAL (U o
(DA MITE—DA ZE 1) < JRBAR R EIAR
A it B >< A i DU 8 >< S5 S 1]
AA: OD]QOS-ODl()s

1.5.2 R EHEEN &
Z MK B4 (2023) KIJ7EENE SOD. POD. CAT 1R Bl i 14

SOD JEVENIFE : ££ SOD i ZR K F] 50%0S , #XS BRI E Oy 1 ASEEE L AL (UD.

(A1 OD—%{ 25 (1 OD) — (il OD—JiliE % 11 OD)
D 4] %= x 100%
SOD %178 OD—X 1% F1 OD
SOD ] 2  J oL e 155 8
50% < FFMAEA B H Ik

POD iEMENE: FT 1 mg HLUE AL 37°C RN, HE5 A 1 png KBl & &
SUCA TAEREERAL (U .
. SR AR AR <1 000 e OD—%H 0D
POD i = —— ——— — X p
TR AR 8 > g I i 1) > AR A AR i PR 122x e ie
CAT BEEHTENE : 3T 1 mg HLEARFPE R 1 umol Ha0, IR, K EX N 14

LG R K AN QUD IS

CarE &=

SOD ¥ =

(e OD—ll%E OD) %271
(6OxHUFE &) xfFllFEA R (IR IE
1.53 HARSENE

CAT ¥5=

BCA HA&FEINE:

FEIRE R R (u/mL) —HRE AU IE > S S0 0O b A2
L6 HHiEALE
SR DPS i {77 Koot SR BES 0 0 B, Tk SEBOEIKFE LCas, LCso JJE

95%H B AF X ] L SPSS 27.0 HAX AL ar RS HGATMSIAEA k50 70 (P<0.05) .
2 HBRESH
2.1 HIERENEMEHENERNSINE
SR 0T 7 TR R 2 R UK B IR B LCso 4 1.33 mg/L, EHBEIKE LCas N 0.78
mg/L, FHEAERWE 1 PR, Hop UG LCos AT 5 S 7t S G 1 080 771 5 % 78 5 5 -k
SR A KRB SSRGS
F1 BEEXNEREN 2 RN EHNE

Table 1 Toxicity of chlorfenapyr to the 2" instar larvae of Tuta absoluta



LC2s (mg/L) LCso (mg/L) LCos (mg/L)

B df
RERLhRiE (95%EAFXT8]) (95%EfFIX M) (95%EEXMD  RIFE 2 Pl
degree of
1% Slope+SE (95% Confidence (95% Confidence (95% Confidence Chi-square P-value
freedom
limits) limits) limits)
2.90 +0.44 0.78 (0.48~1.05) 1.33 (0.97~1.67) 4.92 (3.73~7.67) 0.68 3 0.88

2.2 HEERE LCos BB TR E A B IRE M F I 220
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WP R FE LK T TR F I (P<<0.05) , TMixtsiEAR Fo ML R Zm (K 1-B) o X
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Fig. 1 Effects of LCas chlorfenapyr on larval period (A), pupal period(B), total pre-oviposition period (C) pupa
weight (D) and fecundity (E) in Fo and F, generations of Tuta absoluta
e ox, RARFEER (P<0.05, Student’s t {46 ; ***, HEWEZEESR (P<0.001, Student’st %) ;
ns, LRFEZE R (P>0.05, Student’s t #98) . N[ . Note: *, Significant differences (P < 0.03, Student’s t-test);
**% Extremely significant differences (P < 0.001, Student’s t-test); ns, No significant differences (P > 0.05,
Student’s t-test). The same applies below.
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Fig.2 Sublethal effects of chlorfenapyr on detoxified enzyme activity of Fo (A) and F, (B) generations of Tuta
absoluta (Mean + SE)

24 HEHEE LCos WHIIEFIE TEABIHRRIFEEE MR

U I B BE A B LCos X b i 2 W4l ety — @ (5. U A 2E 48 h )5,
SEAR Fo FUARIEE CAT HIBE ELIE /7 S50 IR AI EL 535 B TF (P<<0.01) , 1B CAT FIBA I3 fE
WS, 1M SOD A1 POD ont HEAHEL T B AR (B 3-A) o 78 HU i I BB B LCos Ak
UG, 7 F [ SOD BELLiE 71 5 X AR A B FRR(RE &M, 1l POD Ml CAT 5%t
4 CK MR EMEER (K 3-B)

>
-
¥
S

[ OCKHELC25

—

(=

o
T

o
()
T

{471 Bl LIS 71 (U/mgprot)
S

Antioxidative enzyme activitives
o
<)
T

%]
(==}
T

ns ns
s | -
HEMMENE SR TA N AR
SOD POD CAT

E A

()



™

160 - O CK BLC25

—_ — —_
(=] [3%3 P
(=} [=] (=}
T T T
=}
7}

i

[*))
T

R B LLTE 71 (U/mgprot)

Antioxidative enzyme activitives
[oe]
T

ns

N
T

AN ELEE A it A AL Bl
SOD POD CAT
FHRF,

B3 S BT R AR Fo (A) RIF, (B) MRS EES PRI CPISbRiEis)
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3 gigEitie

SR S — PO B AT AR, B BRI AR L T2 R BRI R 1 R A
X, CRCNH FEE )2 AR B (Black eral., 1994) o A FORIFIZ A E T
SR X A I 2 gl I AR T, AR LCso o 1.33 mg/L, R Huigh 5 %) A
ARG R R . e A RS TSR (2014) K F/NREK Plutella xylostella
5 T UG 0 A FE DR AU A AL, B U I B B B R R, R i A
S 0 AR i R D ROCR, R T A i ) TR v B R L

ZR B DR HL et 2 R SRR F M T 52 503 o SRIM, % SRR SRR R AR R, ST AR
WHICAIE, KRR R EKR S ESPAT NRATES, S8
R PR E) A1 (Havasi et al., 2022) o AGIGHI T T i 8 -k 70 2 55 T i s 7 5
BERFE R A, WEFCRMA, s S SR R0 T i s i A AR Fo B4R
Fi & BUEY S 48bR, HOESGERN AT BRI = s SRS E . Bk S, sl
LCos Ab3H 5, FAE I SRAR Fo AI-TAX Fo S0 UK & P 353 LA e A i 0t B T S SR 30
R, XV REAEAE N IERONL, B T Sl i U SO0 B A A gl s A KR B AR —
SEIAMHIE o 1X— 4551 5 i i W BIEME T X AR TR Paracoccus marginatus 1HE9)%:
R — 2, RIAC IR EL, ARTOBMG A Fo 21 Fs A HRUNF IRJREAC, e R 7301 410 H B
TIEIR (Lietal, 2022) o S EAFOY S Wi B B Pl v AN A5 1 b7 ) S B4R AR (RIRREE, 2021
RIS, 2024) , (EAWF TP IIER] . T LCos e 25 50 s i HL S5 AR A



IR E M, (TR Fy R SO IR AR L BRI Ah, SRAR Fo MI7AR Fo (7=
ERRTARA, RHAERRF IR R ERC. X5 Jia %5 (2022) ST UG I BOEHE
/NSRRI T 45 AR, RO 6 Y BOPEIR FE T 350 SR e A R 74 0 EE P AKC, Fo 197 B0
BB EE TR SR, ENRERIRT SR, FoRMEYE B e RS LC) AR T8 B 3
Ve, LCio SEIRM T MEVEATE /7, T LCyo & FR T HAER f. Bk, WEIERE M
AMFNEEAER T R REGRSE, R IR R T8 Ml sha B AR
ZEF (Costa et al., 2014; Rix etal., 2014; Odemer et al., 2018) , HF 7 HLufhifiE Xt 2 A i
B Y SOE RO, RE A5 — 25 s WU v I PR T A e vl R R Je B
PSR L.

R BRI AT ASE M B R DI R R R e SRS . [, e AT LU
Wi R FE G (7 M (Leeuwen et al., 2006) o fFFFREIE Y B dUA N EZEMEE, AE08 /SRRt
WA RS . G TR R SR UGN AR B (AR SR, 20200 o FERF TSR
Bk JF & AR R P9 VE PR ROS IORR B b kB, e T AR rh 1) GSH YA #E, FLpk Py 2 25 i)
GST /=4 (Rodrigues et al., 2015) o AiXSeHr, 28 g W EAER & PiE 48 h 5, 58K
GST [IEFLLIG 77123 T %, 45385 Kinareikina 55 (2023) {EZX W70 —8, ¥R
GST 2 5 TR Z5 i fE . AN, 2348 MFO B LIS /1B B35 B, 58Uk (2020)
TEEDB R W BOEIR i T RAEL, HE—BIE MFO 25 TSRl i . AR5k
I CarE #15 % LT, HFESMRAAWE . AlKE, Rlins R EREAN GST. MFO
(RO L TG AR T BT P T e, AR FE AR AR DX A B T BT . X —
%55 Pan S5 N (2023) WFFEAHAG 4 I Panonychus citri %75 T30 SUALRE I R 2482 J5 P450
RiILRE LT R, KA 2 AWM 2 5 B RE0S I A 2 B 25 AR R 25 T A R 3
B,

BHARNAEE H B3 (0> -OH Ml Hy02) , HEHRIEE ZANER YN, HAkN iER
RGeS HPLME (Allen and balin, 1989) , JEfitf difk =4 #HE(EMH . 41, SOD.
POD FI CAT W] i & BRAE VIR 1 P9 2 R AVE PR 3R, DAMORORY dudk 4 52 SMIEH #4)
JRRE (Bashanetal., 2009) , @it I5E CRA"EEVE A TR FEAR B HUxd 2% B30 b 24 1k
WEL BN A EENII AN E CT A, 2023) . LiSE (2022) BFFUREL, Uil
ALFR 2 A IO I 27 U fS LS PR 45 SR 2R, Ui % B % 535 ) CAT R POD &1k,
[FJI % SOD, XA SOD. CAT. POD fEAJI 1) B EALH] A4 4E EEAEH . AWt
FEME— LIRS T L BOACHR JBE rh g fi5 A 30 52 A Fo 8 At e e e AL BBVE P (R . 25 21



2R, R Fo Wi SOD. POD {1ETCHI BAR L, 2RI A AP B AE SR AT R K 4%
YEM . 1 CAT B AR EL B35 BT, X5 SRR S SO E R B AR EE 3 R SURidi 4l B
5, BHAN CAT GRS (IS, 2021) AHFFE, U0HIER BT i £ 52 3] sl i 7 5
SR FEIE 5, CAT WIRERSE | EEZRFIEMAER . R Fid, {R47HE SOD. CAT
AN POD & PETC WAL, X W OR B AE 1A b T REAAE IR BN

5 b, U1 B v 2 i T 0 ) B R R, T X 2 A VS M ) S B E R A

L i 3 e i RE AN ORI R 324, A Bl T3ROS B T A A R AR

TS WU g A R 25 PR K 7 A o SR, A6 H AT S8 7 R A A T P 2 o Pk )

KRB SIS 71, 2D 17Xl 525 1R o JUgh s i RS, R

BE— 2B RIRATE T o
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