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Abstract; [ Aim] This study aims to assess the selective toxicity of six neonicotinoid insecticides and one
novel insecticide triflumezopyrim to Thrips hawaiiensis and its natural enemy Orius strigicollis so as to
provide a basis for the combined control of T. hawaiiensis using O. sirigicollis and insecticides.
[ Methods ] The acute toxicity of six neonicotinoid insecticides including imidacloprid, dinotefuran,
flupyradifurone, imidaclothiz, nitenpyram and thiamethoxam, and triflumezopyrim to T. hawaiiensis
adults and the 5th instar nymphs of O. strigicollis was determined using the residual film method, and
their exposure risks to the 5th instar nymphs of O. strigicollis were assessed. [ Results] The median
lethal rates ( LRy, values) of these seven insecticides to T. hawaiiensis adults were lower than their
maximum recommended field application rates. The LR, value of imidaclothiz to T. hawaiiensis adults
was the lowest (0. 183 g a.i/hm”) , significantly lower than those of the other insecticides, whereas those
of flupyradifurone and triflumezopyrim were 3. 066 and 3.949 g a.i/hm”, significantly higher than those
of other insecticides. The LRs, values of the two nitenpyram formulations 20% nitenpyram SL and 10%
nitenpyram AS to T. hawaiiensis adults were 0. 327 and 0. 201 g a. i/hm”, and those of the two
thiamethoxam formulations 70% thiamethoxam WG and 25% thiamethoxam WG were 0. 970 and 0. 685
g a.i/hm’, respectively. The toxicity of nitenpyram and thiamethoxam in different formulations and with
different contents to T. hawaiiensis adults was significantly different. The LRs, values of the tested six
neonicotinoid insecticides to the 5th instar nymphs of O. strigicollis were lower than their maximum
recommended field application rates, while that of triflumezopyrim to the 5th instar nymphs of O.
strigicollis was higher than its maximum recommended field application rate. The toxicity of
triflumezopyrim to the Sth instar nymphs of O. strigicollis was the lowest, with the LRy, value of over
65.736 g a.i/hm’, and that of imidacloprid and dinotefuran followed, with the LRy, values of 21.317
and 24. 486 g a.i/hm’, respectively. Imidacloprid, dinotefuran, and triflumezopyrim showed high
selective toxicity to T. hawaiiensis adults and the 5th instar nymphs of O. strigicollis. The risks of
imidacloprid and triflumezopyrim to O. strigicollis adults were acceptable in two exposure scenarios in-
and off-field. However, the risks associated with imidaclothiz and thiamethoxam to the 5th instar nymphs
of 0. strigicollis were unacceptable. [ Conclusion] T. hawaiiensis adults have extremely high sensitivity
to six neonicotinoid insecticides and triflumezopyrim. Imidacloprid and triflumezopyrim exhibit low risks
to the Sth instar nymphs of O. strigicollis, and triflumezopyrim has high compatibility with O. strigicollis.
The combination of triflumezopyrim with O. strigicollis shows a promising potential for the management of
T. hawaiiensis.

Key words: Thrips hawaiiensis; Orius strigicollis; neonicotinoid insecticides; triflumezopyrim; acute

toxicity ; risk assessment
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Table 1 Details of the tested insecticides
X I i e KA 45 FH .
s it 24 6] R . PRI
it 25 I | Lof Maximum M T
te if
5 Number of " erf/a' ? recommended ) * o I3
L o pesticide . L Applicable  Pesticide
Insecticides applications o field application ) Manufacturers
application crops drift factor
n rate
(d) 5 PDF
(g a.i/hm)
10% ik b AT A PR 53 57 2 21 60.00 N 2.38 FRIH B AR R BT BR A )
10% Imidacloprid WP Wheat Suzhou  Bianjing  Agro-Biochemical
Co. Ltd
20%% 1 HAJEE T 5 2 3 150.00 VN 7.23 H A =3R4k AGRO Bl &t
20% Dinotefuran SG Cucumber Mitsui Chemicals AGRO
17 % FENH 15 MR ] 71 325 YR 59 1 - 143.82 il 2.71 FEHAEW AT
17% Flupyradifurone SL Tomato Bayer CropScience AG
10% =354 15 IGE 2 07 51 1 21 21.91 K F 2.71 FEFR A ]
10% Triflumezopyrim SC Rice DuPont Crop Protection
10% SEWERH AT FEAE 4571 2 7 45.00 i 7.23 VL5 8  8 A DA AR BT R A R
10% Imidaclothiz WP Tomato NH]
Jiangsu  Nantong  Nanshen  Plant
Protection Co. Ltd
20% Ji E H e AT ) 1 - 112.86 TKF 2.77 INZR & B AR BRA H
20% Nitenpyram SL Rice Shandong Xinxing Pesticide Co. Ltd
109% 455 s e 2k ) 2 21 112.86 KR 238 WREBCR AR
10% Nitenpyram AS Rice Henan Fengshoule Chemical Co. Ltd
70% VE 2k 5 KA 1 - 56.70 FE 277 IR R A
70% Thiamethoxam WG Asparagus Shandong Huiming Vanda
Biotechnology Co. Ltd
25 % WE HE 7K 53 HORL 1 - 80.00 1N 8.02  JSRIEIXMEMIRIHIRAF
25% Thiamethoxam WG Cowpea Syngenta Crop Protection AG

WP, nJ{EMEH 7 Wettable powder; SG: R %i7 Soluble granule; SL: W&V Soluble concentrate; SC: %7 Suspension concentrate; AS: 7K
7 Aqueous solution; WG : 7K/MFCKIF] Water dispersible granule. & 2 —4 [fi] The same for Tables 2 —4.
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Thrips hawaiiensis

WIJ7/NESE

Orius strigicollis
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Fig. 1

Median lethal rates ( LRy, values) of dimethoate to Thrips hawaiiensis adults (A)

and the Sth instar nymphs of Orius strigicollis (B)
AR I 4 THE AR L A DR BOE R i (LRso ) 1 L5 5 25 FIER 75 @ ors, B3GR i 3 AR R R /ME . In the box,

the centre, bottom, and top lines represent the median value and the 25th and 75th percentiles of LRs,, respectively, and the upper and lower bars

represent the maximum and minimum values, respectively.
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Fig. 2 Mortality of Thrips hawatiensis adults and the 5th
instar nymphs of Orius strigicollis exposed to the median
lethal rate (LRy,) of dimethoate

i A 38 = pRaEe s IR g S O EUE IR B R R &
T RS HARK 1K EL . Data in the figure are means = SE. Test code
values represent the number of reference tests conducted for each

insect.
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Fig. 3 Comparison of the median lethal rates (LRs, values)

(columns) and the maximum recommended field application
rates (black short bars) of insecticides to Thrips hawaiiensis
adults and the 5th instar nymphs of Orius strigicollis
IMI; 10% Bt sk ] 3@ 83 51 10% Imidacloprid WP; DIN: 20% Bk it
AT R 20% Dinotefuran SG; FLU: 17% F5 N Pk it ] 71T 125 & 571
17% Flupyradifurone SL; TRI; 10% = % 7K W% Ig & 7% 7 10%
Triflumezopyrim SC; IMID ; 10% ZEMEMK n] {24357 10% Imidaclothiz
WP; 20% NIT; 20% %% e 1l o] %5 % 771 20% Nitenpyram SL; 10%

. 10% J e 7K 77 10% Nitenpyram AS; 70% THI: 70% 1 1
n;§7k6:}ﬁ£(*ﬁ,d 70% Thiamethoxam WG ; 25% THI: 25% g H1 12 7K 43

HUKE 7 25% Thiamethoxam WG. ] 7 45 5 W, % 1, For the
Eﬁbﬁﬁj‘j‘d\ﬁ%é@ﬂl}ﬁi@ﬁﬂﬁé%o abbreviations of formulations, see Table 1.
FR2 RHEFIAE24 h NEME S HNEBIEAE (LR, E)
Table 2 Median lethal rates (LR, values) of insecticides to Thrips hawaiiensis adults in 24 h
ol LRs, (95% ‘-1 X ] e EVEpE
» )f . 95% Confidence interval) X P df Toxicity regression R?
Insecticides N
(g a.i/hm?) equation
10% it i ] 38 A3 751
’ l#%{\ . HEA 0.365 (0.331 -0.402) 0.816 0.846 3 y=4.079x +1.788 0.995
10% Imidacloprid WP
20% ok 1 e 1T R
2 x$ﬂﬁ7{ﬁ*\11.l 1.359 (1.132 -1.635) 5.352 0.253 4 y=1.941x -0.258 0.963
20% Dinotefuran SG
17% S, R R T 6V
o AUk ﬁEHT{ﬁMﬂ”J 3.066 (2.625 -3.594) 0.899 0.925 4 y=2.269x —-1.104 0.995
17% Flupyradifurone SL
10% =GR WENE B IFH
¢ AL ,’f”j 3.949 (2.907 —5.535) 3.268 0.514 4 y=1.029x - 0. 614 0.951
10% Triflumezopyrim SC
10% S8 EMK R Y3 P4 57
eAD W\T{fk&*ﬁ”] 0.183 (0.155 —0.218) 3.718 0.445 4 y=2. 1445 +1.579 0.982
10% Imidaclothiz WP
20% W T T 7 TR
’ }%_}IEH’E A 0.327 (0.272-0.392) 0.758 0.944 4 y =1.944x +0. 945 0.99%4
20% Nitenpyram SL
10% %75 W H e 7K 571
”}*ﬁ,ﬁmﬁ Kl 0.201 (0.157 —0.251) 3.050 0.550 4 y=1.540x +1.073 0.969
10% Nitenpyram AS
70% 5¢ 27K A3 HCRL 7
’ EEI% K5y AL 0.970 (0.836 —1.137) 4.545 0.337 4 y =2.230x +0. 030 0.944
70% Thiamethoxam WG
25% K4 Al
o VI H WK S KL 0.685 (0.583 -0.806) 3.171 0.530 4 y=2.344x +0.385 0.982

25% Thiamethoxam WG

x FNE A RTBUE , y WIET-JLZRAE . « is the logarithm of the dose, and y is the probit of death.
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Table 3 Median lethal rates (LR,, values) of insecticides to the 5th instar nymphs of Orius strigicollis in 24 h
- LRy, (95% % 151X ] By ulEyy
o }T . 95% Confidence interval ) Ve P df Toxicity regression R?
Insecticides N
(ga.i./hm*) equation

10% 0 CIRLTR évsapi

’ wiw\m{kﬁﬁ}”] 21.317 (15.278 -29.835) 0.823 0.935 4 y=1.456x —1.935 0.984
10% Imidacloprid WP
20% I AT ey

‘ ulﬁtmﬁﬂ” 24.486 (17.700 -33.554)  1.041 0.902 4 y=1.531x-2.126 0.982
20% Dinotefuran SG
17 % Fi MM 1A MR T 1 35 771

b IR %EHT@M&“J 9.089 (5.703 -12.980) 0.479 0.975 4 y=1.313x-1.259 0.987
17% Flupyradifurone SL
10% = AR W5 g 2k 7 511

IR R A >65.736 - - _ _ B
10% Triflumezopyrim SC
10(/7 /=‘u<;§ n \|:| »»\;q

oA . W\TQ@%HJ 0.797 (0.589 —1.087) 1.736 0.784 4 y=1.610x +0.158 0.977
10% Imidaclothiz WP
20% 2 (152 RISl

0%.EEH’£T“§M&”J 1.432 (1.063 -1.896) 1.418 0.841 4 y=1.745x -0.272 0.981
20% Nitenpyram SL
10% H5 W s 7K 5

0}?%_}IEH’EKHJ 1.297 (0.961 -1.718) 0.012 0.999 4 y=1.739x -0.196 0.999
10% Nitenpyram AS
70% SR A HOR

0@;5&% ks okl 0.199 (0.144 -0.278) 0.612 0.962 4 y=1.477x +1.035 0.989
70% Thiamethoxam WG
25% 16 HUBR 7K 43 HIURL I

i 0.168 (0.121 -0.232) 1.576 0.813 4 y=1.492x +1.157 0.973

25% Thiamethoxam WG

x HFNE A RTBUE , y WIET-JLZRAE . « is the logarithm of the dose, and y is the probit of death.

47 R BT X B RS D A0 77 N REE B R S RO KU

Table 4 Selectivity ratios and the risk assessment of the formulations of

seven insecticides to Thrips hawaiiensis and Orius strigicollis

Py Ey——
A PRSI HQ, HO,i
Insecticides Selectivity ratio
10% 11 A SRR A

7 t@% m_”%“'] 58.403 3.4712 0.0826
10% Imidacloprid WP
20% Wk e AT SO

b UM AT A 18.018 11.1018 0.8027
20% Dinotefuran SG
17 % SF.H I IR TR 7T 5 V0

b JRIH VK AR 1 7 1) 2.964 15.8235 0.4383
17% Flupyradifurone SL
10% E/: n~%:|]»,%;m9<l

¢ BRI _H"”J >16. 646 <0.3333 <0.0092
10% Triflumezopyrim SC
10% ZBEm AT JB P A

”ﬂ_gpﬂ( JMM“'J 4.355 91.2179 6.5951
10% Imidaclothiz WP
200/ ,xu"’ "1‘3 :;‘::*;q

b A E U P 4.379 78.8128 2.1831
20% Nitenpyram SL
10% 15 5 s e 7K 1

b A ML A 6.453 107.3132 2.5541
10% Nitenpyram AS
70% GE H1 1% 7 Hi 5

i E@% K9y IR 0.205 284. 9246 7.8924
70% Thiamethoxam WG
25% W HUBE K AMBORL A

b 88 2 K 51 OB 0.245 476. 1905 38.1905

25% Thiamethoxam WG

EPEAERR B = 2% URI X R J5 /B8 (9 LRso/ FE W 8] 2 2% A X (9 LRsg o HO, F1HQ o 73 5AR
FOR BRI A RSN RI(E . 2 HQ <5, RBIMBR W H% 5 21 HQ > 5, I B KUK

A%, Selectivity ratio = LRy, of the insectide to O. strigicollis/LRs, of the insectide to T.

hawatiensis. HQ,, and HQ 4 represent the hazard quotients of the insecticides to O. strigicollis in the

in-field and off-field, respectively. When HQ <5, the risk is considered as acceptable, and when

HQ >5, the risk is considered as unacceptable.
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3 &5t

R RS R 2 e A% 5 R TR R S e 2
A FEEVGAIRMMN EEBIRZ — REMER
25 K R e 2 M 1 i AT A7 4 1 (Stark: and
Banks, 2003 ) , B H A Sy — il ZORAR XU 1Y 3 1
B 42 S 3 A0 WO [ FS T ( Gentz et al., 20105
Lin et al., 2019; Lin QC et al., 2021) , AWF5EHE T
M5E 6 FhoBr MR B e 5 R T4 £
T JOEL 52 2 110 i 28 3% EHL 1) = SRR B g Xk 88 e i 5 1Y)
B JIFN 7/ NAERE B 2E R, HOBC T B i)
IR 7 /AR I XoF 3 6 2% 150 ) U i X B 3%
HORDR R EA SRR, O LA HOR) O 25 57
Ve B — 2L VP Al X T 7 /NI 11 2 0 XURS: . 4521
FEH 8 iy 5 A e 5 /INAE M X SRR I L W i A
WAE o1 IR 1 AR, Mk Hhe bl POk Hb Y R = SR M E XS BT
Wby gaif TR 7 /N AR W 0 P R MR, L Lok
SRR EE XS A N A B SRR T /N AR ) XU 3
A

SRE RIS WE e 2 A0 U s sk 2, 7E B
TR R R DL R R s T b ki
VERT B 35 % 6] 525 B Bl 8O ool . 7EA
AR5 M W L Je 3 30 1 o o M i 5 B S ) v B
X R /NI e RURS: , LA PRI H 5] 5 5 000 2 Y
U T REAIZ RS o SR T, Hi A AR A0 3 ] S g
WA R0 E R XS A (] i R e i) XU 247 vl 42252 (=
14 2012; Wang et al., 2012, 2014; Zhao et al.,
2012) , 5% Az 1 KR B BB S AR S MR A . SR
IR ] RT3 g6 T 288 5 e g 7 96 2 IS R 44K
5 (Panthi and Renkema, 2020; Renkema et al.,
2020; Lin QC et al., 2021) ,{H — & X 7= W. /N6 s
Orius sautert [1) 7% g UK 22 S 88K, i IRV, 5
F N EAE (Lin QC et al., 2021) s SK M1, AHFFE K
P SEUILL P e P X 77708 16 s A, Ay v XU (3R 4) L 3X
55 RGOS /NI 28 KLY 55 XU ( Barbosa e
al., 2017; Cloyd and Herrick, 2018; Rahman et al.,
2022) FHFF . R BpyFh2E R F BBl Kve i)
ST T B BB 3 AN [ A R 1 S 5 B
P75 125, 2% HUR) B TR0 2 B i R R IR AR L) N R
P [ 0 2 52 i JRUBS: AR 25 SR B2 3R (Lin T er
al., 2021 ; Mahmoudi-Dehpahni et al., 2021) ,

AR [ N Bl 2 &t AS (] 550 28 g i ek w1k
H i T By 7 g B 28 A, 3k n] R %2R T HO

ol 7% SR %) e BURR A AT G, AR I K P 2% 1L
FR XoF B ] R R /N AR M B B B IR R R
SR, Wk SRk A EH PN B /N i v DRSS, A o 5
T E) 4 A AT T S e 5L B R R 7/
AEIEARIET (& 3) o PRIk, wk o e o 536 TR
B sy e v e B T R S e /MBI RS
P, X S RTABFFE N Wk e 5 2R/ A 8 e s 22
4518 (Lin QC et al., 2021) ZHFFH, (H5 —LE
TFF 5T 20 2 WA itk b X 2R S /N AR 356 /N AE 8 Orius
armatus I X\ & ( Broughton et al., 2014; fa] F} 4§,
2018) , Jf HLAERE 5 R W/ MBI IR 4F Hb 3 45 (Lin QC
et al., 2021) o % HFR ) e % B 0] 3 T 14 0]
G R EEAT 4 22 5 1T S T BOH 54 B M R ik
FEVE2E 8K 2 — (Cowles et al., 2000; Herrick
et al., 2017 ; Demkovich et al., 2018; Chen et al.,
2019) .,

5 5Bm HA A A% MU 2L, = JpUAR s I [ A i ok
YEFE T B 04 AR B 2, Tk IR R 2 4 R #EAE . SR
IR I E A A R 2 DA AR R T IR
AR B H5 P57 ( Cordova et al., 2016; Liu et al.,
2020) , = FE AR W E R A R 10 45 1 AR BIL R
TR R A HOTE A DL O H bR AR ) AR 1 R PR
R A2 3 WO B2 1Y OCTE (Liu et al., 2020) , H
T i R 7 P T 2016 4R ORISR ICH TR A
XoF AR A% AR 7 A R P B4 TR B ( Zhang e
al., 2017; Xu et al., 2019) , #5 K ET = F 48 B IE
() R 1l 25 55 T X ik SRk ( Zhu er al., 2018) {H
B ] H) I A S, H = G s e AR AR T
XL b, RUAE AR, = SR I I X R i ] ) 2
O AT I AR T H: ) e R A T = (1 3) 4T
SR NISRINEE T o[RBT, = SR W5 WE X R 7 INE
i ks A AR 1 2% DRI, JH X v g gl 2 A 7/
e B PRt (R 4) o KPR kR ETE =
FRAR I E X 4 T E S H R A B AR B (Zha
et al., 2018; Mishra et al., 2022) ., XA fE5 = A
W GE AR A )41 80 1T A S DR B H A 2 g I o 52 1
HIVE LI ¢ (Cordova et al., 2016) , 8 5 Hik
PEPE 5 0 B RS PEA OC (Li e al., 2020)

BRI AE A e ] B 28 R BTG v Y B B
HE5M . ASHRGE 1 ARG T 6 Flugh iRk a% d 5
TR = AR W X 8 Y ] N LR T8 R /N A 1Y)
PR 5 20 7 5 %o fb ) A% R Y S v U
A A Tk ER BRORD = SRR W WE X Fi /N 1) 2 R
IRV AT 232, (EL I, L bk AT 777 - BUOK 5 /e J7 /NE i
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FETHI AR o PRIt , = SR g e 6 R A ) S 2 e
T/ AESERITIG BN & B AT T o SR, 7R E A =98
AR IR IE AR S5 o R 8 1 T 0 5 2 A
ST ] & 7 KA ) 7288, DL g Al Al 4 A A
Wit 2 5 AR AT e 2k — PP Al o 55— T, X
77N 2 e A AN T 42 52 (R M 8 AR BUR) AT
AR Z i i A 0 2 el it 2577 5, 9 b | e
T A% , AR HONT T D /N A i 28 At R 5 R T g X
5, DAS i 4% s R G R A St i, £ E B ) B
25 0] SR 1) AT A
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