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Toxicity and control efficacy of the novel insecticide broflanilide on
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Abstract  [Aim] To evaluate the toxicity and control efficacy of broflanilide, a pesticide with a novel mode of action, for
controlling whitefly, Bemisia tabaci. [Methods] We tested the toxicity of broflanilide on B. tabaci eggs, nymphs, and adults
in the laboratory using a leaf dipping method. Control efficacy experiments were conducted in the greenhouse using a spraying
method. [Results]  Our results demonstrate that broflanilide has low toxicity in B. tabaci eggs and adults, with LCs, values of
959.17 and 2 935.74 mg/L, respectively. In contrast, broflanilide was more toxic to 1st and 2nd instar nymphs, with LCs,
values of 3.21 and 27.60 mg/L, respectively. Broflanilide exhibited limited control against eggs and adults, with an efficacy of
less than 9.38% for eggs, and 2.31% to 35.38% for adults. In contrast, broflanilide displayed high efficiency against Ist instar
nymphs in the greenhouse, with a control efficacy of 92.76%, 82.50%, 70.11% and 93.82%, 80.08%, 72.53%, on days 10, 11,

12, 13 and 14 post-treatment, respectively. The control efficacy of broflanilide for immature stages from 2nd instar nymphs to
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pupae was low at 1 000 (50.54%), 2 000 (36.56%), and 3 000 (25.49%) times dilution, but higher than that of sulfoxaflor at
2 000 times dilution (14.49%) after 7 d of treatment. The control efficacy 14 d after treatment was 57.74%, 48.49%, and

22.26%, respectively, higher than the 18.70% of broflanilide. [Conclusion]  This study demonstrated low broflanilide toxicity

in all developmental stages of B. tabaci except 1st instar nymphs. Combining broflanilide with sulfoxaflor or avermectin could

improve the control efficacy of B. tabaci by targeting different developmental stages.

Key words Bemisia tabaci; broflanilide; developmental stage; toxicity; control efficacy

JHAy E Bemisia tabaci J&2-3# H Hemiptera
MEFEL Aleyrodidae, JE# X MATFEY A E
BUE W AE BRSNS 2 a0 A0, B EAE
JRE R G R ELAVEY FIAES T (De Barro et al.,
2011; Li et al., 2021 ) o MRy ELAE HL . Al U]
WAEL ) W R 53 D S 8 A6 AR P 22 B RN TR, G
Hu 3 ] AL B AR V)8 15 38 AR D,
( MivE, 2015; Rosen et al., 2015; k75 f4E,
2022 ) o HHETAE™ it FH AR 24 02 a] B 42 4
F EUY FE B, U AR AR Ry mUER A b2 B 4
AN 2 )7 ( Zheng et al., 2021) . 2k
M0, MERS ECHEAC B ™ i B e HAL
R, G HE: H (D RR B 8 FH R ORI =2 TR TR
BB PE, IR T B AXERE ( F U A4S,
2023 ), HETE A BN BN A HLBEZS . BT IR
Z5 | HUBR RUAG R AP AE AR E AR BRI AR
THiZht: (Xie et al., 2014; Wang etal., 2017;
Zheng et al., 2017; Horowitz et al., 2020; R 55,
2021; TSCHESE, 2023) . —LEEEE. SR A
R PLAPE R A C 2R TE N Y AT gk e ol &
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HiFl
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H BB AR A K225+ (Xie et al., 2014; Chen
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TR USRS 2 B AR = Aol fb2E

) R B30T SR R ) 5 A T 2 %) AU A B e 2 O 1
A, HoA] BB B TS | s AR Y R
PEIR SRR L, TR RGBT R 8 R H]
HIEe (RBEBESE, 2022) o %25 F 2020 4F 12 /]
28 HEEFRERC BT, HECA 2 M8I0m)™ i,
HEFRE AU A K Phyllotreta striolata, /N3E
i Plutella xylostella . it 3% # ik Spodoptera
exigua. Fi%Ht Helicoverpa armigera. JI\4H
Diaphania indica FI# I L AY#TH, [E P IMt5E
KB, JRHECREE e S E | M E | 25
H. XCGHE . SHH HFEE H 2/ F Iy B8R
BT TE (Li et al., 2022; Snetselaar et al., 2023;
Wang et al., 2023a, 2023b ) . B4, HRHEFEEI
Pk Jii %) 46 %7 & Frankliniella intonsa . JIL#j &
Thrips palmi, #H#%]  Thrips hawaiiensis Fl15%
Y% 2 Echinothrips americanus (% LCso 7F
0.513-27.650 mg/L Z[a], HJHEA K& T
(Chen et al., 2022) , XJJK&F Aphis gossypii 9
LCso 4 0.200-1.480 mg/L (Li et al., 2022 ) , X}
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b, 2% Chen % (2018 ) FI#EHZE (2005) ,
it FH 43— 2 5 1) 5 6 X AR R ARG A ) AL A
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Tissue Kit ( Qiagen ) 7 & AL I2E DNA, fif
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bp Zhithk CO 1 FEH[H# 5 Bt . PCR KWK F
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(De Barro et al., 2011 ) .

M 24 700 Ry BT R RN A FAE 7= 1Y) 10% 75
GRS e BP9, bl Al B A BR 54T
INTEVE PRI 22%J50E BB B 7 o 2 B
E 20 C R AR TR G () 3R T B 10%75% 53
M 0.1%Triton X-100 7K 5 W #5645 L e
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WY s (1. B, G) , BRI, B
gt EIC s (B 1: F, H) o

123 MEHMERBRFIANE BRGEHLA
SRIRG HAB A B R X 52 R R R A T I 2
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J& HSREET, 7E H AR 60 mm Fl&E 2 250 mL BEph
B AT 2%, JEEE 5 mm AYBE, A HIEER
Je, Kt R IE T R B S 2% e .
FEANBEMAZ AR B HL 40-50 3Kk, AT £ T,
BB E TFRIE T, 48 h J5 M IF 0 5 R
FET-IE O, FHBEMBEATE S AZET (K 1.
I, 1), St EU AT %,
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Bl RHSENBELEEAELXEMEARADSMERRS
Fig. 1 Poisoning and normal status of Bemisia tabaci at different developmental
stages after treatment with broflanilide

A KA S d JEAEIE BB s B. 500 mg/L VR M SRR AL EE 5 d JRAET IO C. WE/KALHE 8 d JEAEIE Y 1 A L ;
D. 12.5 mg/L R ANEEAZALFR 8 d JFFETH 1 I35 H; E. WE/KALER 3 d JEAZETG I 4 3457 H; F. 200 mg/L L R K
AL AL P 3 d JGAET-AY 4 14705 G WE/KALEE 8 d JS5A7TG AU ; H. 200 mg/L 1R G FEXUEL AL BE 8 d J5 SET A0 5

L VE/KAETE 2 d JBAAE RIS 7.3 000 mg/L ¥ HUSCA UL B 2 d 5 BB T 10 ol .

A. Survived egg after 5 d treatment with water; B. Died egg after 5 d treatment with 500 mg/L broflanilide; C. Survived
1st instar nymph after 8 d treatment with water; D. Died 1st instar nymph after 8 d treatment with 12.5 mg/L broflanilide;
E. Survived 4th instar nymph after 3 d treatment with water; F. Died 4th instar nymph after 3 d treatment with 200 mg/L
broflanilide; G. Survived pupa after 8 d treatment with water; H. Died pupa after 8 d treatment with 200 mg/L broflanilide;
1. Survived adult after 2 d treatment with water; J. Died adult after 2 d treatment with 3 000 mg/L broflanilide.

%At o} SRR T EA T S mE5E () 30 Pa,
WiZhit 3 mL/bk ) , FARBET)E, KR poni
M E TR, BEFREWRSE T 435 7.
10 Fl 14 d ¥ bR 5 VA 0 f00BE T IR 2 4 mLBN
A dsE (K 1. A-H) , g%, it
FBHIASCR, W8 4 KEH

132 MEHEMRBEERTEM ®HEEKA 34
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TEEIEE T R ZRE 100 Sk HaH EUR L% T
TR BRI BB L, 2GR i 3 Ik
BHE., R ohG, HEEMARYSIBIN 2T
FRRBROE S U, AR W2 RN
10 mL. E24)555 1. 3 F1 7 REcTHk B A7
g (B 1: 1, 1), 5 7 KRGttt LAF
O, THE PR AR

1.4 BESH
R B8 751 S X BRI BE T 3R LR AE 1Y B4k [ml )5

:, F DPS v20.05 3 447481173 Tang et al.,
2013) , HHEF AR LCsofH . 95%E1H
DX B AR (4 o R RN B IR ROR 1
AR REEER = (Z5H0E R - 255 R
) 2GR B 100%, BiIARR= (255 A B
DX R R — 23 6 BRI R %) / (1100
— 25 X R IX R %2 ) x100%, {#H] DPS
v20.05 %A Y Duncan [GHT & M 25 Mg, Xt
AN b B ] ) 25 57 8 B PEREA T 00T o

2 HREHH

21 BHWUELER

TR I G O g o A ] H 25 0 L) B
2R, RHRR BRI B A 75 07 W S i %t
PRAI R EE S (P < 0.05) (1), RHEHEE
LT PR X MR A LD () 2 S v, 24 S d Seit
YR AAFE G, LCso M 956.168 mg/L, X Bl 55
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Tablel Toxicity of broflanilideto different developing stages of Bemisia tabaci
B SE%C BmAOE (y) e FEXFEES BULRHIE 9500 fF X[ (mg/L)
) - M AfmE ) .
Developmental ~ Testing Toxicity p df Relative (mg/L) 95% confidential
stage number regression equation toxicity LCs (mg/L) limits (mg/L)
U Eggs 1546 y=0.549%x+3.362 5.283 4 298.620 959.168 482.336-2 844.268
18 H 837 y=1.739x+4.119 1.461 3 1.000 3.212 2.691-3.844
Ist instar nymphs
2 388 y=2.155x+1.895 4.285 3 8.593 27.602 19.853-39.965
2nd instar nymphs
W H Adults 668 y=11.586x-35.177 1.504 2 913.990 2 935.736 2 690.811-3 512.191

TEAR . 2455 8 KUNMFIL A 1 5 Hums, 24570 %t
1 W8 U RE 1%, LCso A 3.212 mg/L, 8
HOGFA BT 2 B BE ) [RIRE RS, LCso
9 27.602 mg/L, {HXTRLHEESIHAL, LCsoh 2
935.736 mg/L.

22 PBIRER

221 JAMBIBHEHRE  10% 7R H At
Ji2 1000, 2 000 1 3 000 F5¥ 1) 3 AN K 22%
FE AL 2 000 F5 7806 I B B IARCR ¥4 22
25 7 d BHIASCR IR T 9.38% (£ 2). HiZh)5
10 il 14 d, MEREIEA 1 &7 dunt, BROREUTR

EERE 1 000, 2 000 13 000 {5 AE 10 A1 14 d
HIBTRR 70.11%-93.82%, X FRZ47] 22%JRU0E i
JHeNE 2 000 A5 1 Bl 253 0 R 14.92% 11 21.85%,
2 RPN 1 I B R RCR A E R 22 55(P
<0.05),

222 MHEMBAERBENE  10%R A H AN
BER% 1000, 2 000 F1 3 000 fFRAEZ G 7. 10 Fl
14 d X} 2 #% S DL bR i A 8 A B B sk
22.26%-57.74% , % BEZAj5] 22% e HUEEHE 2 000
BB RCR 14.49%-20.90% ( £5 3 ), A WLiR
AR XL e 0 R0 IE HL B I X YR A5 o T P 2 L B

F 2 10%RAFMENBZSFFITER BTN 1 H5 HABHERR
Table2 Control efficacy of broflanilide on eggs and 1st instar nymphs of Bemisia tabaci

iYup’s 25 7d Zyj5 10d ZjJ5 14d
Wk % (k) 7 d after treatment 10 d after treatment 14 d after treatment
257l M Base  mTUMRR g (%) RIBGRR i (%) BIDRER g (%)
Insecticide Dilution number of (%) Control (%) Control (%) Control
ratio  B.tabaCl  poguction  efficacy Reduction  efficacy Reduction  efficacy
(ind) rate (%) (%) rate (%) (%) rate (%) (%)
VR R 1000 7960 15.33 9.38a 93.25 92.76 a 94.35 93.82a
Broflanilide
BRI 2 000 6034 13.16 7.06 a 83.69 82.50b 81.77 80.08 b
Broflanilide
TR BRI 3 000 6278 9.29 2.92¢ 72.14 70.11 ¢ 74.86 72.53 ¢
Broflanilide
G s 2 000 12 040 11.84 5.65b 20.70 14.92d 28.48 21.85d
Sulfoxaflor
SR (3K - 4420 6.56 - 6.79 — 8.48 -

Control (water)

[FIZEC 5 BAT AR NG FHEROR 0.05 K F 253 AR#E (Duncan REEARKIL ). FERF

The data in the table followed by the same lowercase letters indicate no significant difference at P < 0.05 level by Duncan’s

multiple tests. The same below.
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Table3 Control efficacy of broflanilide on immature stages from 2nd instar nymphs to pupae of Bemisia tabaci

[RE S 25 7d 255 10d Zif5 14d
iR (3L) 7 d after treatment 10 d after treatment 14 d after treatment
25 fB%C Base  HMUPGEE pigk (%) MIBEE pigk (%) HBIOBGEE gt (%)
Insecticide  Dilution number of (o) Control (%) Control (%) Control
ratio  B. _tabaC| Reduction efficacy Reduction efficacy Reduction efficacy
(ind.) rate (%) (%) rate (%) (%) rate (%) (%)
BB 1000 4 460 53.81 50.54 a 56.50 52.53 a 58.97 54.74 a
Broflanilide
B EL 2 000 6 060 40.76 36.56 b 48.18 43.45b 53.30 48.49b
Broflanilide
TR 3000 3320 30.42 2549 ¢ 34.04 28.01 ¢ 29.52 22.26 ¢
Broflanilide
G s 2 000 4070 20.15 14.49d 27.52 20.90d 26.29 18.70d
Sulfoxaflor
STHE (WK ) - 5140 6.61 - 8.37 - 9.34 -

Control (water)

223 MEHERBEHANRE R AR
1000, 2000 F1 3 000 5@ 245)5 1. 3 A1 7 d BB
TARURTE 2.31%-35.38%2 (0], AS[RIHkJE 2 7] 22
FAREE (P> 0.05)(F4), v UL AHAR

T e Yo R AT T L ) S R R A 25 X
HE 2570 e LN 2 000 5 fEZh ) 1, 3 il 7d
XoF R Ry AR L B IR R Ay B 57.14%

88.06% M1 91.15%, 575 A GRUA UL A7 7E ik 2%

R4 10% iR B EE W RE A R H B RAIBIERUR

Table4 Control efficacy of broflanilide on adult of Bemisia tabaci

[RE %3 ZJe 1d %) 3d ZJ5 7d
By (3) 1 d after treatment 3 d after treatment 7 d after treatment
2y £33 Base  MUIUBGES Pk (%)  HMEBGRR pigk (%) HREOBEEE g (%)
Insecticide  Dilution number of (9y) Control (%) Control (%) Control
ratio  B. FabaCI Reduction efficacy Reduction efficacy Reduction efficacy
(ind.) rate (%) (%) rate (%) (%) rate (%) (%)
R B ERNE R 1000 300 29.67 22.71b 41.33 3433b 44.00 35.38b
Broflanilide
HHEIRENEE R 2 000 300 18.00 9.89 ¢ 19.67 10.07 ¢ 22.67 10.77 ¢
Broflanilide
HHREIRE N E 3 000 300 11.33 2.56 ¢ 14.33 4.10 ¢ 15.33 231d
Boflanilide
TR s 2 000 300 61.00 57.14 a 89.33 88.06 a 92.33 91.15a
Sulfoxaflor
ST (1K) - 300 9.00 - 10.67 - 13.33 -

Control (water)

225t (P<0.05), AT LGN HUERE X AR RS UL He
PR 22, (BRFROERT . EIEZE)S 7 d
FRA B 7= B i, LA ARY 300 Sk IRk BUR LA
FHOT, AR REHEEBBERE 1 000,

2 000 Fi1 3 000 1% M FBUE UK 2 000 fE5 3 AN 7]

AFRRER O 4r 1 14.93, 6.30. 10.66.,

10.98 1 1.52 A7/H 5 DU (AR B HL R JE 5K
A, SFEI RS 17.23, 11.26, 13.78,
12.97 F1 19.87 Ki/H, (& 5). FBH 2 Fh25FIX 77
TG R 7 B A R R
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Table5 Number of Bemisia tabaci eggs on leaves after 7 d of application of broflanilide
o ) ETRABEBEOEY AR RACEY
e F I = AN = e
255 TR Total number of FrHNRE (/) O CR/ )
Insecticide Dilution ratio eggs Average number of Average number of
(grain/insect) 883 based on all adults eggs based on live adults
(grain/insect) (grain/insect)
TR HUFR B ERE Broflanilide 1 000 1891 6.30 11.26
TR BERE Broflanilide 2 000 3197 10.66 13.78
R B BENE Broflanilide 3000 3294 10.98 12.97
S s Sulfoxaflor 2 000 457 1.52 19.87
Xt EE (¥57K ) Control (water) - 4 480 14.93 17.23

3 @itSiip

ABIFFEIAE 1 P3¢ H AR X A A5 LB
A HURBCR Y 28 A RE T B B8, e IR HUIRAR XL
B A Xk AN [ S MRy LA 35 1 2 S 0k, X 1 ¢
A BRI, (B R E HOR R Y
TN o PR S AR U AR P e |
560 7 5 AR SR TRUAR UM g ot AN ) 3 LA 25 7 4
T3 P AT T 25 R 1 n] S K nl BE A7 75 B9 1)
R, I3 AR SRR U I X Ay AN [ S R
ZESRIELA, TE M RERR T ot PRt SR 0t
J¥iz 5 7 JDRy LA R

g AR A TR AT E T IR B
KU A BUBH | o ORISR 935 97, e
Ay B A SRR BT AT E , RIS AT
B AT B i A TR R 2 25 P A T AR B i
Xt B U A 35 3 5 2550 B i L A L BT
e, BIRIRZSIE] B E T I AP 22 57, AEfdH]
W8 55 R T B 4 SR 2 I AT59R S B HL
XSG %ot B 0 8 L P9 7 42 8RR, 2 2 g i
T 77 1 SRR A 45 2R — 2R

MR ER E WA GE . 1-4 @B R AL A 3 A
B, BRI A BAN ] M 2 B HA Ry U 24555 Y
BRI 22 SR, AR AN (] SRS Ay Lt
T N 2Rl . 7epiiy 58Uk | A,
1T B TR SRS, AZ 3R, A
FER A O ik, i i A A O A A A B 1 %
A SR I E A T T R SRR BB I T B A 1

S A EETT, YR HL SRR R % O A9 B ) AN
Fr, AHEZE 7 d e R 1 A AR E RO, K
IR AT B A B R B IA AR, HETR e g
MR AR, ONIEAL 1 i Rz fknt 7
SCRCETHRG AT MR BRI MR DN,
BUR 52 B S T A, HARTE AR E S,
S ELE I TRIME DA A RS i RO A L ASBF ST e
Y HR G AU e R AR A BB H A B 3, SR T
BT NS . St IRk, RSBk
B PR B At Bl VR AR PR s )
WL, HOB 2 )5 r AR B T 3R AU o
52 RO AE IR E h PR, SEFT ORI BB
RIS R IRYE , IRENIREEA T TR, 200
ALt E R 3-4 d, XHRAIIET-RIGA 271,
BT AE T R A EUOR R R R 2, ARt
ST LAV o3 22— B b i O RN OB Ry SR
T4, Al BB 18 MUEE 45 R 2%

T8 M AR S e 2 — A AL e | ik
TR Ve 2550 ) P e A7 R R AR AR o R A
B kR B T A, X LS FOK AR A A
LARTE, X2 E R B R A s
( Nakao and Banba, 2016; Katsuta et al., 2019; Jia
etal., 2020 ), KT A IR HL GRS IBE A XoF AR Ay
A\ 1A 2 W47 HLUAK LCso 4314 3.212 F1 27.602
mg/L, FHECHEALE B, fesi s & | ¥
M) o S MR ET 5 (LCso = 0.513 — 27.650
mg/L ) ( Chen et al., 2022 ). JK¥f (0.200-1.480
mg/L) (Li et al., 2022), #k#f (2.541 mg/L)
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( Zhang et al., 2023 ) FlI/NE 1% (0.042 mg/L )( 5
TESEAE, 2017 ) 55, T LSRR AUSE G 0T ARk B 1-2
W R B R B T o A5 R R et
3 A T2 0, o 28] g 28 7300 5 D4
W% (Chenetal., 2022), A HyA= il J7
T RS RS,

AHI ST B AR T BRI H S A SR e X Ay L
O A L ) DA, ST KA EUIR IS A7 O
27 A v A R, IR S ph R s A 1 S b
PrrkdE s . HETE A WIS 80, MR EAS [F]
A% ] — 250 A UM F A 22 5% (Chen et al.,
2018 ), SRS Bk — NG I P i R 28 . 4
DUAS T] o 285 ] £14) 24 750 f etk 22 53 ] B 5 R ) 1y
BIIER S LS 2754, Wae2hm A
M AN mEEREER S (CFEESE, 2013;
FHAEAE, 2014; BREFRAE, 2022), —HHEM
3 I B R 5 2 SRS A A, ML S IE R
(A REAR T LA RL B PSR Ak 22 25500 1988 | It
E 27 % M 70V B 3R SRR A A9 i), A R 7S L B9
A A T Z R A2 ), S EOR BRI
W55 25 Fsf X 30 6 1 285 ) T PR AIG F G A B Ahse HL Ak
TGRSR o 75— T, J5 HUHR L
W i B ML AR 9 AR WA, A8 B ARl AR B
M HAZG e, MR EE 2y R e, Sa—u
A FE A T 4R, (A B O R R R
TR A B 7= A T — 2 W s AR

AW FE KB, V5 R BT e Xof A% AT i
P BT, EXT AL R B B T R
ik, ZIER M AR E AR E SIS, LA
[Fi) L 785 6 24 70 AR ) 25 S AR SR UL g
PR R s, AR B TR At 7 b n] TR P RUNE
it R BT 24 R 2R A 25, A X A e R R AT
AT TR E ARG BTIA o
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