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B E [B®] i 1 AR RAIXERFE ST Tura absoluta 197 &R, ik H s R )t
FFE, SETFAERRE AR 2% [ ik ] SRR RAEMARE, 4
SIINE 11 R H XS v e ol . gk AR ARy [ SR ] 1 AR AGRI U R A T
FAHREY (WY ) XTONAEE I8, BOETIKEE (LCso) H 21.458 mg a.i/L; XJ 4 Hi 5 Sy OR 47 1)
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XA EE S R BAR, MR WATE CHEZRWE . WYt | diis fnEUOR P B, LCs 8
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Toxicity of eleven insecticidesto different
development stages of Tuta absoluta
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Abstract [Aim] To determine the toxicity of eleven insecticides to the eggs, larvae, pupae and adults of Tuta absoluta.
[Methods] The leaf-dipping, pupae-dipping and film methods, were used to determine the toxicities of 11 insecticides to the
eggs, larvae, pupae and adults of T. absoluta. [Results] Among the 11 insecticides tested, only emamectin benzoate had
relatively high toxicity to eggs (LCso = 21.458 mg a.i./L). However, several (chlorantraniliprole, avermectin, spinetoram,

cyantraniliprole, chlorfenapyr, tetraniliprole and emamectin benzoate) were highly toxic to larvae with LCsy’s of 0.384, 0.398,
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0.847, 1.851, 3.173, 3.748 and 3.959 mg a.i./L, respectively. Toxicity of the eleven insecticides tested to pupae was generally
low, although spinetoram, emamectin benzoate, chlorfenapyr and chlorantraniliprole had LCsy’s of 31.823, 35.811, 52.641 and
58.627 mg a.i./L respectively. Only chlorfenapyr and spinetoram were highly toxic to adults, followed by cyantraniliprole,
emamectin benzoate, and cyhalothrin, with LCsy’s of 1.434, 7.208, 37.539, 46.395 and 49.021 mg a.i./L, respectively.
[Conclusion] During the early period of T. absoluta occurrence, insecticides should be selected according to the predominant
developmental stage present. Emamectin benzoate could be used for egg inhibition; chlorantraniliprole, avermectin,
spinetoram could be used for larval control; spinetoram, emamectin benzoate, chlorfenapyr and chlorantraniliprole could be
selected for pupal control; while chlorfenapyr and spinetoram could be used for adult control. However, over time,

generational overlap will cause adults, eggs and larvae to coexist on tomato plants in the field. Insecticides with high toxicity

to the developmental stages mentioned above, such as emamectin benzoate and avermectin, should be used in rotation to delay

the development of resistance in T. absoluta.

Key words Tuta absoluta; developmental stages; insecticides; toxicity; chemical control

F o T it ik Tuta absoluta J& @ W H
Lepidoptera 27 I F} Gelechiidae, & JHTFE3EM,
AR ER A ERARER, T 2017 5 IREH
S X R I, B A EVEY R, VIR . 4R
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Wiz, AOREME, GR T AERROR AR
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etal.,2016b ). fFR 11 44755 25( Biondi et al., 2015 )
FISL LR ( Boaventura et al., 2020; #EEFE4E,
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ST )y 60 g/l LI RWERIEN (EE
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RE IR A BE K ZLA CLLAR R AR A PR A ) );
200 g/L Pome R v ) (FEE AR A A o

1.3 AR B2 A i S i | U E

Z: BB (A 25 25 PN A 0 e 6 o DU % L 7] 28
14 #55: BiFE ) (NY/T 1154.16-2013 ), T
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2 GR59H

21 FARAGFXNEHBHBIPHED

HIZE 1 AT, 11 b o3k R0 35 i Tk - o
AIREARBCRIK YUy - T AEER flCL R >R e 2 Wk
T 790> 1 A5 i A8 0 7 > o] A4 T 2R L il > S AR

VP Jhg ik 7 79> £ 22 R TR 3R B 1 71 > e AN LU
B 9 7 L0 > 0 e e T g Ak 7 ) > 5 AT e e i m]
3 I A2k T 71 > W8 H IR 7K 43 HIORE 551 > 0k H e AT i
R, LCsofHA>5 A 21.458, 59.107. 66.056.
68.521.68.982,77.090 . 80.748 . 87.295 . 149.969 ,
154.549 F1> 200.000 mg a.i/ L.,

F1 DNMREFNERBEHHEPNESH

Tablel Toxicity of 11 insecticides on Tuta absoluta eggs

95%H fFMR (mga.i/L)

53 R = 9y F&
%“J%ﬁ . ) Bﬁﬁ . LCS.O 95% confidence interval R P
Insecticides Toxic regression equation  (mg a.i./L) .
(mg a.i./L)
TR BEE T A O ETER y=- 3.515+0.701x 149.969 106.921-263.992 0.994  0.969
Cyantraniliprole OD
LEEZRHERIEA y = - 7.799+1.795x 77.090 62.921-91.011 0.978  0.179
Spinetoram SC
W e AR 43 Ok 5 y=-3.971+0.788x 154.549 111.866-269.800 0.988  0.885
Thiamethoxam WG
=Y I R k| — >200.000 — — —
Dinotefuran GR
B 24 TR 2% FL I y=-5.182+1.226x 68.521 0.000-300.836 0.987  0.019
Avermectin EC
T i 23 5 y = - 4.046+0.966x 66.056 51.803-83.761 0.957  0.303
Chlorfenapyr SC
12 e 2 T R 5 y=-2.905+0.712x 59.107 44.302-79.525 095  0.380
Spirotetramat SC
SR H 2 P B fe B R y = - 3.852+0.910x 68.982 54.090-88.909 0.961  0.447
Chlorantraniliprole SC
R 4R L5 y=-2.976+0.971x 21.458 17.000-26.789 0.979  0.751
Emamectin benzoate ME
R R IR A TR K LR y = - 5.922+1.349x 80.748 10.437-159.568 0.910  0.090
Cyhalothrin EW
L s et Pz 7 R y=-6.715+1.502x 87.295 70.447-104.909 0.955  0.622
Tetraniliprole SC
OD: /iR T, SC: BiFsl; WG: /KATHURIF; GR: nl#kiAl; EC: Fih; ME: #FLA; EW: KHHF; —

RBEATFEIT IR . AR EE

OD: Oil-based suspension concentrate; SC: Suspension concentrate; WG: Water dispersible granule; GR: Granule; EC:

Emulsifiable concentrate; ME: Microemulsion; EW: Emulsion, oil in water. —: No virulence regression was performed. The
same below.
> Y 2 T Ak 0 > 1o A0SR U T4 T K LR >k

22 AEAHFNEHBH B REEFN

B 2 A, 11 o ORI Feonii v gk 4-5
H 40 H A 3 R ROCRAR Yy + S8 R Y T g S 77
7> BT 4 TR 2 FLIN > 2 3L 2 R K BRI > TR
TR e R 4 FCTH B T R > Rl I Sk P R > e e
P g A2 17 ) > Y A 6 Al 2L 550 > H oK A Ok 7

W AT RIR], LCso fH 514 0.384, 0.398,
0.847.1.851.3.173.3.748 .3.959 .28.889 .46.078 .
72.549 F1>200.000 mg a.i./L.

23 FEAABFIXEHRBHEIEAZN
HIZE 3 A1, 11 ARl og SR X 28 A 7 - i
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I RBRIKIK . G RWRBIZEF>H THT> K L AT R L B ER K 3 HEOR ) R L
8 B L 7 > o A S v R0 > G R T e MR R TE A, LCso fH 43R 31.823, 35.811,
T 70 > 08 2 TR 8 1 7 > e A% s R B4 TR K FL 52.641.58.627.85.837.100.134.131.912,147.133
T > V5 HL I B AT 3 T Sk T R > B 4 T R L F1>200 mg a.i./L.

F 2 L EREFIEREH L RS
Table2 Toxicity of 11 insecticides on Tuta absoluta larvae

95% MR (mga.i/L)

%%ﬂ@ﬁi . ) IEIU.EDJ‘?'F% . LCS.O 95% confidence interval R P
Insecticides Toxic regression equation  (mg a.i./L) .
(mg a.i./L)

TR L IBE T 3 I AR = - 0.614+0.998x 1.851 1.519-2.262 0.966  0.254
Cyantraniliprole OD
-T2 V-3 y=0.137+0.825x 0.847 0.671-1.074 0.979 0.713
Spinetoram SC
W e 7K 43 Ok 5 y= - 3.003+0.893x 28.889 13.463-61.794 0.921 0.055
Thiamethoxam WG
I H g ] L 7R — >200.000 — _ _
Dinotefuran GR
Rl 2 1 22 L0 y=0.947+1.027x 0.398 0.318-0.489 0.991 0.848
Avermectin EC
UG B R = - 1.002+0.868x 3.173 2.439-3.977 0.986 0.797
Chlorfenapyr SC
B H 2 RV y= - 3.780+0.987x 46.078 37.583-56.140 0.991 0.870
Spirotetramat SC
S R e TR 5 y=0.694+0.726x 0.384 0.294-0.493 0.919 0.224
Chlorantraniliprole SC
HH AR icFL A y=- 1.368+0.994x 3.959 2.397-6.436 0.979 0.146
Emamectin benzoate ME
1o AR A IR S R K LR y= - 3.860+0.901x 72.549 58.772-91.625 0.957  0.464
Cyhalothrin EW
O] e P e 0 5 y= - 1.068+0.808 x 3.748 2.870-4.774 0915 0.242

Tetraniliprole SC

F 3 U FRBEFEREHHEENS S
Table3 Toxicity of 11 insecticides on Tuta absoluta pupae

251 4,5 IR R Loy SEAR (meaill)
Insecticides Toxic regression equation  (mg a.i./L) 95% confidence interval P
(mg a.i./ L)
VRUE HL Pk e rT Ay B R 5 y= - 3.785+0.775x 131.912 96.872-210.206 0.984 0.920
Cyantraniliprole OD
LIEZ KRR BTN = - 1.605+0.437x 31.823 22.486-45.960 0.973  0.794
Spinetoram SC
WE R 8 7K 7 ORI — >200.000 — _ _
Thiamethoxam WG
YR GVEIREY Rl — >200.000 — _ _
Dinotefuran GR
By 2k B 2 L y= - 3.504+0.702x 147.133 104.252-264.910 0.978 0.946
Avermectin EC
g6 S ) y= - 4.079+1.029x 52.641 19.906-243.193 0912 0.133

Chlorfenapyr SC
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43R 3 (Table 3 continued)

95% & 5 (mga.i/L)

2‘7\5%’!].4%'% . 1 @9.3753@ . LCS-O 95% confidence interval R P
Insecticides Toxic regression equation (mg a.i./L) .
(mg a.i./L)

B RS y=-4.501+1.011x 85.837 67.191-109.878 0.952 0.375
Spirotetramat SC
A M 2 T ke B VR y= - 4.061+0.998x 58.627 45.992-73.353 0.968  0.552
Chlorantraniliprole SC
FH 2 Eh L y= - 2.877+0.804x 35.811 27.252-47.743 0.946 0.474
Emamectin benzoate ME
e S R A TR K FL A y= - 4.626+1.004x 100.134 77.363-131.759 0.956 0.662
Cyhalothrin EW
] e e g e S 7 — >200.000 — _ _

Tetraniliprole SC

24 AEHFAXNENBHIES BTN

HIZE 4 nI1, 11 Alog SRR X 28 At 7 - i ok
HAFERBOCRARUC . BUIEEIFR> L2 5%
PRI 2R 8 7> 1 U B I v 0 BB A8 7 R > 4

ERTHCELIA > 0 5 SR A B /K L A>Tkt e mT e
FFI> DU e P e B 5> BT 24 TR 2R LI L ME R K
SYHORLF | 5 2R Y I B 77 30 AR 2 TR IR
F, LCso (H/ 5K 1.434,7.208 ., 37.539., 46.395 .
49.021, 134.401. 187.232 FI>200.000 mg a.i./L.

R4 NHRAFIEMREMHEAREEN

Table4 Toxicity of 11 insecticides on Tuta absoluta adults

95% &AM (mga.i/L)

%?ﬁlgﬁi . 1 @Eﬁﬁ . LCS.O 95% confidence interval R P
Insecticides Toxic regression equation ~ (mg a.i./L) .
(mg a.i./L)

V5T HL T e 7T 23 Bl B R y= - 3.307+0.912x 37.539 29.080-50.664 0.938  0.264
Cyantraniliprole OD
LI ERWERTER y=- 1.627+0.824x 7.208 5.468-9.900 0.950  0.410
Spinetoram SC
WE H 158 7K 3 TBORL R — >200.000 — _ _
Thiamethoxam WG
Ik H iz Al s 71 y= - 2.476+0.505x 134.401 84.666-297.546 0.987 0.985
Dinotefuran GR
AT 24 7 2% 7L — >200.000 — _ _
Avermectin EC
I 0l i B R ) y= - 0.269+0.747x 1.434 1.076-1.921 0.938  0.533
Chlorfenapyr SC
W2 R 2T AR — >200.000 — _ _
Spirotetramat SC
SRR Y M 2 7 5 — >200.000 — _ _
Chlorantraniliprole SC
FH 2 Eh L y= - 3.952+1.030x 46.395 35.553-59.515 0.989  0.245
Emamectin benzoate ME
o R R TR A T K FLA) y= - 4.730+1.215x 49.021 38.553-61.326 0.995  0.469
Cyhalothrin EW
U] A e i e Bk 1 y= - 2.477+0.473x 187.232 108.200-684.204 0.945  0.792

Tetraniliprole SC
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25 AREBFXARE B EMHIBENHLER
=745

P AN 7 245 3500 X6 AN ) 285 7 i v - ek 1) 2
CEA AR (B 1) ATLUEH, P 4eEbizlm
XP 4 FhAEY R —E T, LCs [HN
3.959-46.395 mg a.i./L. XJ4&ld Rl 44 HA 45

BN L HE L R R BIF  HhG E
U@%EM&Tﬁﬁ@%@Uﬁ$%%Mﬂ
nU, LCso {H4T 910 0.847-7.208, 1.434-3.173 .

1. 851 37.539 £ 3.959-46.395 mg a.i./L, HrHr, &

22 N DR AR AR ] | S M S T R R A R L

'JXTE%‘[’EE—% ERTE IR, LCso 1H5 91N
31.823, 52.641 #135.811 mg a.i./L,

200

150

100

¥ 25714 % Insecticides

B 1 ARAGHMNAERSEMEHENETN (LCy) HE
Fig. 1 Theheat map of toxicity (L Csp) of 11 insecticidesto different development stages of Tuta absoluta

3 itig

T AT T et gk P AN [ e X AN ) 24 7] ) e
PE2E RAK, SR HE IR 5307 AT LA EDUL S e
X2, X T v I S A B 4R 24 R 1Y
BEATSE L BIRME, Ttk foxt
4 R 2R 50) (CF ORI BER . BT4ER R
CHEZRWER ) R B = U, B A
DR (RIS G2 R R ) XU,
T B R0 %o JT 000 2 500 P e 3 A A1, 22 Y Y
FIEH A Bl P E o TEIE 2450 rh, R 2802474
XoF 2 At v 0 B P 2 D RS AN BRAR A 4R X
G BE AL A — & A RAE R, {2 LCs th ik
21.458 mg a.i./L, X 0[RS IR5E MR VE A ¢

(BB, 2022), WM& AR, &8
Gy HUNUAE T3 A, B SS7ErE N . iR
T 4% 78 Ab B B S H /E 5 Uchoa-Fernandes, 1995 ;

Biondi et al., 2018 ), XA EM. RH
RURL AT A, 25 S W K 22 B 24 7 0 i
T RO R, R RMEE ., P |
6 I L Y e AR R SRR A o FR T TR
T O - 08 v 1 R A T BRI, 3k SR 2450 %
-3 i 4 B SCRAT R i — 2P IR IE

21 1t 5 R 0 VS e 7 s 1 O S A
AIELTRAAXT 2 o VR Fnti v i i 1) 32 28R 3
B, G 2 Ak 2R 24 70 3R B L R v ) Rk
P, HRE T S5 0 SRR F R | BT T 2
MCEZRWER, HUOREURBER . UG
DU s e R fre T R 2y, e e 2 3R 12 R B A i H
FARICH, 5 ENEET A R,
189 R 30 36 4 245 550) Xof 2 i v v i 4y e BLAT = BE )
(BIZEAE, 2022; FPCFFAFE, 20235 WKIERS,
2024 ), XFT R, ARG R R
BESRCR AT, YO EUR B . W 4R 55
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S G TR AT B 9T R B, — B 2GR BT 2 TR 2
S VY P P ke e e o 7 s e ik i R
B S (72 h LCs<39.636 mg/L ), {HERLEZE
(24 h LCsp>155.722 mg/L ) ( JHEZES:, 2022 ),
ARAFFADGE T 48 h (HFE SRR, WhfEn]
FIE 55 1000 22 s TR 0o s e B 245 )k B AN T

FERAEDIE, T A A DA —
F2, U AT AR F ) R A i B2 SR S B
MIZGRIHA TR o Bl & AERTRIHERS , Finignt
U AR ER B, FH (B A A R AT o R L B RN &l e
MRIEABIF LR, M P AL, 224 70T i
WAT — 5 BEARRCR o SR 1M 25 i s i AN A e
RES, JFHEIHEN, o RBEPEN A
B CRMERSE, 2024 ), 7EIEBRLARIBAT 5 &
PR (3-4d) KAb2Eaiml et . Rk,
AT PR X 4y A R R R 43 e HG i A
—EFIIMAH], MIEZRWE . B R’
FURBER AR 2L o 7R SE2550 T, R HUG g
() B P 5 R i T e — A RSN, sl . 232
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