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ABSTRACT: The susceptibility of the western flower thrips, Frankliniella occidentalis and garden thrips, Frankliniella intonsa was
evaluated using 51 commercial insecticides. 15 kinds of insecticides which showed more than 90% mortality against both thrips, F.
occidentalis and F. intonsa was selected. Many active ingredients were misused and abused in commercial mixture formulation
insecticides. Since the F. intonsa was more susceptible than F. occidentalis, it was considered that both thrips can be controlled by
insecticides that showed insecticidal activity on the F. occidentalis. Lethal time (LTs, and LTys), systemic toxicity and residual toxicity
of selected insecticides were compared. Both chlorpyrifos WP and chlorpyrifos + diflubenzuron WP revealed the fastest toxicity within
2 h (L'Tys), while spinetoram WG revealed the slowest toxicity as 62.3 h (LTys). Chlorfenapyr SC showed toxicity at foliar and drenching
application while spinetoram WG was toxic only in foliar application. Chlorfenapyr SC showed residual effect at 3, 5, 7, 10, 15 days after
treatment and both benfuracarb WG and chlorpyrifos WP showed residual effect at 3 days after treatment. As a result of treatment of
selected insecticides for field population of F. occidentalis, the population collected from horticultural crops showed lower susceptibility
than the population collected from vegetable crops.
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Table 1. Tested 51 commercial insecticides

Insecticides (AI*) Formulation® Rec. Cone. Insecticides Rec. Cone.
(ppm) (ppm)
Avermectins Mixtures
Abamectin (1.8) EC 6 Abamectin + acetamiprid (1.6 + 7) ME 43
Emamectin benzoate (2.15) EC 10.75 Abamectin + chlorantraniliprole (1.7 + 4.3) SC 30
Benzoylurea Abamectin + chlorfenapyr (0.5 + 10) SC 35
Novaluron (10) SC 50 Abamectin + cyflumetofen (0.8 + 10) DC 108
Carbamate Abamectin + emamectin benzoate (1.7 + 1.7) WP 17
Benfuracarb (30) WG 300 Abamectin + spirodiclofen (1.2 + 28) SC 146
Diamide Abamectin + sulfoxaflor (1.5 + 6.2) SC 10.6
Cyantraniliprole (5) EC 50 Acetamiprid + etofenprox (2.8 + 8) WP 105
Neonicotinoids Acetamiprid + indoxacarb (4 + 5) SC 90
Acetamiprid (8) SP 40 Acetamiprid + lufenuron (8 + 5) SC 65
Clothianidin (8) SC 80 Acetamiprid + novaluron (7 + 9) EC 80
Dinotefuran (10) SL 100 Acetamiprid + pyrifluquinazon (7 + 5) WG 60
Imidacloprid (20) ME 50 a-cypermethrin + flufenoxuron (2 + 2) EC 40
Thiamethoxam (10) WG 100 Buprofezin + dinotefuran (20 + 15) WP 175
Nereistoxin analogue Buprofezin + spinetoram (20 +4) SC 120
Thocyclam hydrogen oxalate (25) WP 250 Buprofezin + thiametoxam (20 + 3.3) SC 233
Organophosphates Chlorantraniliprole + thiamethoxam (8 + 16.5) SC 49
Chlorpyrifos (25) WP 200 Chlorfenapyr + clothianidin (6 + 6) SC 60
Dichlorvos (20) EC 100 Chlorfenapyr + imidacloprid (8 + 4) SC 60
Pyrethroids Chlorpyrifos + diflubenzuron (20 + 7) WP 270
Bifenthrin (2) WP 20 Clothianidin + spinetoram (6 + 4) SC 50
A-cyhalothrin (1) EC 10 Cyantraniliprole + pymetrozine (10 + 50) WG 120
Pyridine azomethine derivative (IBR°) Cyantraniliprole + thiamethoxam (20 +20) WG 80
Pyrifluquinazon (6.5) SC 32.5 Dichlorvos + \-cyhalothrin (20 + 0.8) DC 104
Pyrrole Dinotefuran + spinetoram (16 + 4) WG 100
Chlorfenapyr (10) SC 50 Emamectin benzoate + flonicamid (2 + 7) WG 45
Spinosyns Emamectin benzoate + indoxacarb (1.7 + 8) WP 48.5
Spinetoram (5) WG 25 Flubendiamide + thiacloprid (10 + 10) SC 100
Spinosad (10) SC 50 Methoxyfenozide + spinetoram (6 + 4) SC 50
Sulfoximine Pyridalyl + spinetoram (15 + 4.5) EW 97.5
Sulfoxaflor (7) SC 35
Tetronic and tetramic acid derivative
Spirodiclofen (36) WP 180

2Al, Active ingredient.

PEC, Emulsifiable concentration; SC, Suspension concentrate; WG, Water dispersible granule; SP, Water soluble power; SL, Soluble concentrate;

ME, Microemulsion; WP, Wettable powder; DC, Dispersible concentrate; EW, Emulsion in water.

‘IBR, Insect behavior regulator.
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Table 2. Comparison of susceptibility of £. occidentalis and F. intonsa lab strain adults during 3d exposure period to 51 commercial

insecticides
S F. occidentalis F. intonsa
n % Mortality (mean + SE) n % Mortality (mean + SE)
Abamectin 35 21.4 + 4.1fgh* 49 63.3+6.7a-g
Acetamiprid 45 4.5+22h 53 344 4. le-i
Benfuracarb 50 98.4 + 1.6a 61 100.0 + 0.0a
Bifenthrin 49 6.3+3.4h 49 19.5 £ 8.1hi
Chlorfenapyr 50 100.0 £ 0.0a 53 100.0 + 0.0a
Chlorpyrifos 49 100.0 +0.0a 47 100.0 +0.0a
Clothianidin 43 13.3 +7.7gh 51 79.8 £ 16.3abc
Cyantraniliprole 58 8.7+ 4.8gh 49 18.4 £ 7.7hi
Dichlorvos 43 49.0+4.1c-f 42 78.5 +0.9a-d
Dinotefuran 48 6.5+4.2h 51 69.5 £ 23.4a-¢
Emamectin benzoate 65 78.6 £ 5.0abc 47 929+7.1a
Imidacloprid 36 16.2 + 8.5fgh 49 75.6 +£9.7a-¢
\-cyhalothrin 42 33.3+ 1.4e-h 44 39.0 +9.2¢-i
Novaluron 50 0.0+ 0.0h 61 14.9+£7.7i
Pyrifluquinazon 43 29.6 £ 9.9¢-h 49 47.2 +£12.1b-i
Spinetoram 38 95.6 +4.4a 58 100.0 = 0.0a
Spinosad 44 94.4 + 5.6a 58 100.0 = 0.0a
Spirodiclofen 48 1.3 +£0.8gh 60 12.5+5.7i
Sulfoxaflor 49 13.3+10.2gh 54 13.5 £ 8.6i
Thiamethoxam 36 14.6 + 6.4gh 56 72.6 £ 10.7a-¢
Thiocyclam hydrogen oxalate 52 22.9+ 11.9fgh 51 24.8 £ 7.0f-i
Abamectin + acetamiprid 47 74.5 £ 6.7a-d 53 100.0 = 0.0a
Abamectin + chlorantraniliprole 53 7.5+ 4.6gh 44 20.5 + 3.6hi
Abamectin + chlorfenapyr 52 96.0 +2.2a 54 100.0 £ 0.0a
Abamectin + cyflumetofen 44 40.8 £ 7.3d-g 46 36.7 + 6.6d-i
Abamectin + emamectin benzoate 70 91.3+£6.2a 69 100.0 = 0.0a
Abamectin + spirodiclofen 41 78.6 £ 6.0abc 69 100.0 + 0.0a
Abamectin + sulfoxaflor 37 25.4 + 13.4e-h 51 143 +4.3i
Acetamiprid + etofenprox 41 30.9+ 7.3e-h 51 58.8 +4.1a-h
Acetamiprid + indoxacarb 55 15.0 = 7.6gh 43 23.9 + 16.6ghi
Acetamiprid + lufenuron 56 10.9£3.1gh 45 9.6 £ 4.8i
Acetamiprid + novaluron 45 53+5.3h 52 18.9 £ 2.8hi
Acetamiprid + pyrifluquinazon 47 12.5+2.7gh 46 6.1 £3.4i
a-cypermethrin + flufenoxuron 44 30.0 +4.2e-h 44 45.4 £ 11.6b-i
Buprofezin + dinotefuran 50 25.9 + 8.8e-h 45 11.1 +£5.91
Buprofezin + spinetoram 43 929+4.1a 51 100.0 = 0.0a
Buprofezin + thiametoxam 49 13.6 +£9.1gh 55 66.7 + 4.0a-f
Chlorantraniliprole + thiamethoxam 50 21.7 £ 2.3fgh 55 7.1+ 1.4i
Chlorfenapyr + clothianidin 60 100.0 = 0.0a 49 100.0 = 0.0a
Chlorfenapyr + imidacloprid 54 100.0 £ 0.0a 51 100.0 = 0.0a
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Table 2. Continued

Insecticides F. occidentalis F. intonsa

n % Mortality (mean + SE) n % Mortality (mean + SE)

Chlorpyrifos + diflubenzuron 55 100.0 £ 0.0a 61 100.0 £ 0.0a
Clothianidin + spinetoram 64 94.6£2.7a 48 100.0 + 0.0a
Cyantraniliprole + pymetrozine 52 14.7 £ 9.3gh 41 9.7+5.0i
Cyantraniliprole + thiamethoxam 41 21.8 £ 2.0fgh 55 13.8 £3.7i
Dichlorvos + \-cyhalothrin 44 57.2+2.5b-e 59 100.0 = 0.0a
Dinotefuran + spinetoram 61 97.4 +2.6a 54 100.0 = 0.0a
Emamectin benzoate + flonicamid 45 85.1 £8.5ab 49 87.9+3.1ab
Emamectin benzoate + indoxacarb 63 84.0 £ 5.0ab 54 82.9 + 14.8ab
Flubendiamide + thiacloprid 45 15.3 £5.3fgh 43 19.8 £ 13.7hi
Methoxyfenozide + spinetoram 47 100.0 + 0.0a 43 100.0 + 0.0a
Pyridalyl + spinetoram 38 923+7.7a 46 100.0 = 0.0a
Control 56 53+25%h 44 5.0+2.5i

*Means followed by the same letters are not significantly different (p = 0.05; Tukey's studentized range test (SAS Institute 9.3 (SAS, 2011)).

<-F. intonsa &-F. occidentalis

Benfuracarb Chlorfenapyr B Spineotram .
100 100 Chlorpyrifos 100 Spinosad
T N L \\ 100 * - * - * 100 S—= SH——=
\ 4 N
\ — 80 N >~
20 b hs ‘<%> \ 80 80 = w0y
N\ 2 Z N\ [N
Z 0 \ £ 60 I g o T 60 \ £ & *
= \ g * s £ \ ]
5 \ g AN H g * H N
E \ 40 e £ 40 T~ £
s % . = N ® . s \‘
20 AN 20 20 20 e 20 T
e ~.
[ 0 0+ [ 0 4
12 1/ 1/8 1/16 1/32 1/2 1/4 1/8 1/16 1/32 1/2  1/4 1/8 1/16 1/32 1/2  1/4 1/8 1/16 1/32 1/2 1/ 1/8 1/16 1/32
Dilution Dilution Dilution Dilution Dilution
. Buprofezin+spinetoram
Abamectin+chlorfenapyr Abamectin+emamectin benzoate P P I Lo N
100 100 &> & 100 o —o—o—> Chlorfenapyr+clothianidin Chlorfenapyr+imidacloprid
N - 100 S——— . 100 <&
\ ~_ ~
801 o . 80 80 * 20 R o]
N\ * & N\ * \ \
z \ z N AN Z \ z \ \ o \
5 60 é = 60 N N = 60 £ \ \ z . 3
I} Y s g =} \ = 60 \. £ 60 ~
£ N £ xR £ . E \ £
g 40 N g ?\ g ™ E \\t N E \\
£ %\\ 40 e \ M 40 N\ 40 —~—s 40
~ ® ~ e ® %\\ = b
20 N 20 20 20 e 20
. e N
*
0+ o4 0 0+ 0+
116 1/2 1/64 1/128 1/256 116 1/32 1/6s 1/128 1/256 116 1/32 1/e4 1/128 1/256 116 1/32 1fe4 1/128 1/256 1/16 1/32 1/64 1/128 1/256
Dilution Dilution Dilution Dilution Dilution
Dinotefuran+spinetoram Methoxyfenozide+spinetoram Pyridalyl+spinetoram
Chlorpyrifos+diflubenzuron Clothianidin+spinetoram 1004 6—4—4—4—% 1 - — W1 6o o 6 o
100 1 ¢—6—6—— 3 100 T >
— — o
~e 80 80 . 80 ~
80 80 - ey .
z — z T~
g z 35 60 . £ 60 R 4 Z o *
< 60 3 60 £ N £ g
£ t ] Y ] s N\
2 2 £ AN £ E 40 \
£ £ 2 \‘ ® .
2 2 — 20 o 20 20
~ e
04 0+ . T . . ) o 0+ 0+ T . . T \
1/16  1/32 1/64 1/128 1/256 1/16 1/32 1/64 1/128 1/256 1/16  1/32 1/64 1/128 1/256 1/16 1/32 1/64 1/128 1/256 1/16 1/32 1/64 1/128 1/256

Dilution Dilution

Dilution

Dilution

Dilution

Fig. 1. Susceptibility difference between F. occidentalis and F. intonsa adults during 3d exposure period to 15 insecticides. Sample size,
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Table 3. Lethal time of £, occidentalis lab strain adults during 3d exposure period to 15 insecticides selected from Table 2

Insecticdes n Slope + SE LTso (h) (95% FL?) LTos (h) (95% FL)
Benfuracarb 52 32+03 43(3.5-5.1) 14.0 (11.6 - 18.2)
Chlorfenapyr 52 43+1.1 119 (7.9-16.2) 28.6 (19.8 - 81.8)
Chlorpyrifos 46 - - <2.0
Spinetoram 43 2.5+£0.2 13.5(11.9-15.3) 62.3 (49.0 - 86.6)
Spinosad 47 35+04 12.2 (10.2 - 14.4) 36.5(28.4 - 54.5)
Abamectin + chlorfenapyr 48 23+0.3 5.6 (4.0-7.1) 29.4 (21.6 - 48.3)
Abamectin + emamectin benzoate 55 24+0.1 6.5(59-17.1) 32.5(28.7-37.7)
Buprofezin + spinetoram 54 3.1+£0.2 7.4 (6.5-8.3) 25.5(21.7-31.7)
Chlorfenapyr + clothianidin 62 44+0.7 10.0 (8.2-11.8) 23.7 (18.9-35.1)
Chlorfenapyr + imidacloprid 60 4.0+0.5 10.4 (8.8 - 12.0) 26.7 (21.7 - 37.0)
Chlorpyrifos + diflubenzuron 47 - - <2.0
Clothianidin + spinetoram 59 29+03 10.1 (8.6 - 11.6) 37.6 (30.3-51.1)
Dinotefuran + spinetoram 55 33£04 8.4 (6.7-10.1) 26.7 (20.9 - 39.3)
Methoxyfenozide + spinetoram 53 3.8£0.7 9.5(7.1-12.0) 26.2 (19.2 - 49.8)
Pyridalyl + spinetoram 46 52+04 15.1 (14.0-16.2) 31.4(27.6 -37.6)

°FL, fiducial limits.
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Fig. 2. Mortality of £, occidentalis by foliar and drench application
against 15 insecticides. Sample size, n= 45-60.
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Fig. 3. Residual effects to £. occidentalis adult against 5 single
active ingredient insecticides (A) and 10 mixed active ingredient
insecticides (B).

benfuracarb WG+ 212} 91.6, 91.0, 97.0%, chlorpyrifos WP
=77+ 100.0, 97.9, 100.0%, chlorpyrifos + diflubenzuron WP
= Z+7F 100.0, 96.6, 100.0%9] =& A=a 315 LeRch
Chlorfenapyr SC+= Z1Z} 83.8, 81.8, 100%2] Ar=a 115 Y&}
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7+7+48.2, 81.0, 100.0%, chlorfenapyr + imidacloprid SC+= Z}
7+ 47.9, 97.0, 100% =2 34, 2123 o] 4 9] chlorfenapyr 2F
ABEAg o] A Vet Spinetoram WG 77} 38.1, 88.9,
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Table 4. susceptibilities of £ occidentalis adult populations collected from chrysanthemum, strawberry and watermelon to 15

insecticides selected from Table 2

% Mortality (mean + SE) / population

Insecticides HS IC CJ CA BY
(cn) (Ch) (Ch) (st) (s (W) S strain
Benfuracarb 91.6+2.13ab® 91.0+1.5a 97.0+3.0ab  100.0+0.0a  100.0+0.0a 100.0 +0.0a 100.0 + 0.0a
Chlorfenapyr 83.8+54ab 81.8+69a 100.0+0.0a 100.0+0.0a  100.0+0.0a 100.0 +0.0a 100.0 + 0.0a
Chlorpyrifos 100.0 + 0.0a 97.9+2.1a  100.0 +0.0a 100.0+0.0a 100.0+0.0a 70.3+7.0bc  100.0+0.0a
Spinetoram 38.1+1.3de 889+57a 71.7+11.1ab 100.0+0.0a 100.0+0.0a 91.4+4.8ab  100.0+0.0a
Spinosad 73.7+4.8abc 653 +3.2a 76.1 +1.7ab  100.0 + 0.0a 979+2.1a 82.1+3.6abc 100.0+0.0a
Abamectin + chlorfenapyr 65.0+ 8.5bcd  62.1+14.0a 100.0+0.0a 100.0 + 0.0a 97.8+22a 100.0+0.0a 100.0 £ 0.0a
Abamectin + emamectin benzoate 51.0 +9.8cde 70.4+7.7a 72.8 + 4.6ab 93.4+4.2b 98.9+1.2a 100.0+0.0a 100.0 £ 0.0a
Buprofezin + spinetoram 60.2+23bcd 749+ 6.9a 76.1+£3.0ab 100.0+0.0a 100.0+0.0a 65.7+4.9¢c 100.0 + 0.0a
Chlorfenapyr + clothianidin 482+ 3.6cde 81.0+6.3a 100.0 +0.0a 100.0+£0.0a  100.0+0.0a 100.0 + 0.0a 100.0 = 0.0a
Chlorfenapyr + imidacloprid 479+28cde 97.0+3.0a  100.0 +0.0a 100.0+£0.0a  100.0+0.0a 100.0 + 0.0a 100.0 = 0.0a
Chlorpyrifos + diflubenzuron 100.0 + 0.0a 96.6+1.7a  100.0+0.0a 100.0+0.0a 100.0+0.0a 77.8+8.4abc 100.0 +0.0a
Clothianidin + spinetoram 62.8+6.1bcd 80.9+2.2a 91.1+£59ab  100.0+0.0a 100.0+0.0a 87.8+6.2abc 100.0 + 0.0a
Dinotefuran + spinetoram 72.7+6.8abc  69.1 £7.2a 67.0+9.2b 100.0+0.0a  100.0+0.0a 79.0+10.8abc 100.0 + 0.0a
Methoxyfenozide + spinetoram 71.4+10.2abc 89.7+10.3a 972+2.8ab 100.0+0.0a 100.0+0.0a 97.6+2.4a 100.0 £ 0.0a
Pyridalyl + spinetoram 282+ 11.5¢f 67.5+119a 84.8+152ab 100.0+0.0a 100.0+0.0a 100.0+0.0a 100.0 = 0.0a
Control 4.1 £2.1f 4.6+23b 6.5+0.5¢ 5.6 +5.6¢ 5.8+ 0.5b 44+23d 6.1+3.4b

aCh Chrysantheum.
bst, Strawberry.
‘Wa, Watermelon.

dMeans followed by the same letters are not significantly different (p = 0.05; Tukey’s studentized range test (SAS Institute 9.3 (SAS, 2011)).
HS, Hwa-seong; JC, Jin-cheon; KM, Ku-mi; CJ, Cheong-ju; CA, Cheon-an; BY, Bu-yeo; S-strain, Susceptible strain.

Sample size, n=45-60.

oA 96.12 Z=7¥at Al#l|7} QKL et al, 2016). 0|9} ko]
spinosad+=IPM Zefo]] Q3 A 3-S5, A3/ e 44
o] 2 Q3}r}ta Walal 9t Herron and James, 2007). 3+ 3
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of thal W ob 244 S Lehfaick. olet o] 3 A)
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o0 Lee etal. (2017)& o] AHEA|7] 7} Al 2] 235 4
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A5-o] Aol A e ST Al ol A 4, SHof| A 2w
FAelrt BR Ao Ak, ZraA el A
© ASAl tiet g HasH S 5 7] 2ol A=Al
g AFAS 2Bk 710] HHehui(Reitz and Funderburk,

2012), Thopst okAle] 234 o] cake] 2o gho] 1
E|31 ¢JcHImmaraju et al., 1992; Bredsgaard, 1994; Robb et
al., 1995; Zhao et al., 1995; Jensen, 2000; Morishita, 2001;
Bielza et al., 2007; Dagli and Tung, 2007; Weiss et al., 2009;
Kay and Herron, 2010). Cloyd (2009)+= Z:=-Z22Hd| <] 3}
S Aol 8- A3 o] Fleg el 9 ke A8l
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