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Insecticide Susceptibility on Developmental Stages of
Frankliniella occidentalis in Chrysanthemum Cultivation
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Abstract This study was carried out to investigate insecticidal susceptibility of 10 registered insecticides to
western flower thrips, Frankliniella occidentalis, which damage chrysanthemum in the Changwon area.
Bioassays were conducted under laboratory by using collected thrips in chrysanthemum cultivation. Among
them the insecticides containing benfuracarb and chlorfenapyr that showed 100% adults mortality 1 day after
treatment. The larvae died 94-100% in insecticides containing benfuracarb, chlorfenapyr and emamectin
benzoate. The pupae died 94-100% in insecticides containing benfuracarb, chlorfenapyr and spinetoram. It is
important to use alternately insecticides benfuracarb, chlorfenapyr, emamectin benzoate and spinetoram to
spray it sufficiently on above-ground part and subterranean of chrysanthemums for efficient control of

western flower thrips that occur in Changwon area.
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AE HFHoz 7RlE] wiEel] S 27 we drz
A EE o 9 AE A &S A AE S
FEA A Tl B2 93llE FTh(Cho, 2006). 3 FA)
W Fe Alg F717F B wage] 2o 75 AE v}
o2 2=Hg uj Hok@l 221 Tl E st ® AA gAlAd
ol & g A T o] 0.7-217HE W 2 ot
] W7} 2 @ 3lck(Park et al., 2007). 53] A4 W] 2
FEAEE = A SRR HEE fom I oA
T Ao AY =2HA 7] wiEel] W St w2

(Schmidt and Frey, 1995).

ul=t AEX G MA S E=wE AN | (Frankliniella
occidentalis)y= 19700] Yo 2-E2] A o] S|
AHA AAH SR sl o™ (Kirk and Terry, 2003;
Demirozer et al., 2012; Minakuchi et al., 2013) 19803t}
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and Frey, 1995). EFAE 19934, T=olA= 200031
Ao 2 WAt Malipatil et al., 1993; Zhang et al.,
2003). GEelA = 19901l AHEA o] AlEek Auj=]el
A 2EAE 1 0™ (Fukuda et al, 1991), Y& FAA o &
19921 F3hA Aol A o] glEl & =3}, Fhi|o]d
==, I, At 59 HEIRE FHeE Qfﬂ%ﬂﬂ
1995 7K 59 Aaf, 4 59 drFoAE Fs)t
819 CH(Tatara and Suzuki, 1993; Negoro and Shibao,
1996; Katayama, 1997). -2zt 1993 AT A
HAZA] G AR Ao 2 WAE o] 3], A,
I T oS el gEolx Fal7h EAsEaL ATh(Woo et
al., 1994; Park et al.,, 2007; Lee et al., 2017; Cho et al.,
2018, Kim et al., 2018).
FRFAUAS WA A9 vk 2
H3 Qont Seletel A5 e Pt du
(Lee et al., 2017). 221} XUPH s}tz HA o
g AR R {718 F o tigk AR T A
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astal glom F7F dAoAM = dlFe oAl AEd B
9= Qg oA 2 Azt tist o4 St I 3l
ZF WA o]EHeS 348 rK(Choi et al., 2005).
NG A tgh EegFAEE o] Adde 19614
o A&oz BiH oz AANA {7191, FhbH o] E
A, MQUIE 0| =4, HEAg20|EA, 29xiA &

o Tpkgt AEe oAl Aol AEHH R BHIET
(Jensen, 2000; Gao et al., 2012). Gao et al. (2012)2 =uj]
SAEHF, 7ROl iR Al SRR ol &H I e
292214 spinosad®] 7% 1998 oA 14u), 200313
25 QlellA] 13,5008 o], 20061 F=roll A 80.8u 2] L
SAYYS HIES™ Bredsgaard(1994)= 7HalH| 0]
EAI9 methiocarb A& 7NA7F K711 4191 acephateS}
dichlorvosdl] 2%=2] Agdo] el wpAatAdol| thsfe]
ATt =iel 72 Asfeh el Agn Auj oA
AR FeaggAddol tisk chlorfenapyre} phenthoate
9] LCstel AAF] =A YEREI(Yu et al, 2002), 7,
B, =1, AT AG AVEAA A AR 2T
A HATe] Wl QU R =0l =A] §F]] acetamiprid,
imidacloprid, thiamethoxam®] th3t A& R I3}%
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O (Choi et al., 2005) 7A5A S <] Atk AN A =
imidaclopridell thall 50% w]wre] AES YERAEH(Kim
et al., 2018). lii%—gxﬂmal ShH 535 oA Aol
s ofAlell 717 =2HA Fote A 717 A&Ee
EA40] i, A= H}Ol &5 w7liske A7 vl Fot
FhAoE g3t b2 FHEE AR e
2% vlo|y S JAskEd & a4 7] ot
(Demirozer et al., 2012; Lee et al., 2017).

Zr#gEAdd= TSWV (Tomato Spotted Wilt Virus),
INSV (Impatiens Necrosis Spot Virus), CSNV (Chrysan-
themum Stem Necrosis Virus) 53} 72 A& nlo|zi~H
< mfskE F8 Fo|th(Lee et al., 2017). =3l 23}
= Hlo]#{2l= TAV (tomato aspermy virus), CVB
(chrysanthemum virus B), TSWV (tomato spotted wilt
virus), INSV (impatiens necrosis spot virus), CSNV (chry-
santhemum stem necrosis virus) 53 CSVd (chrysan-
themum stunt viroid), CChMVd (chrysanthemum chlorotic
mottle viroid), CSNV (chrysanthemum stem necrosis virus)
259 npo|2o|=7t HAEY S (Verhoeven et al., 1996;
Daughtrey et al., 1997; Matsuura et al., 2007; Kondo et al.,
2011; Okuda et al., 2013) =} =apAju)A] M= ;liagﬁ
A7t wj7fskE TSWV, CSNV 2%9] njo|g| 27} el
=12 (Chung et al., 2006; Yoon et al., 2017) Z F3}|7}
o =

2 AR A oA A3 g 5] mE RegEAE
glo] 2= Fa) 7ok AEutold Ay sl Sk oz
Sl 3t 558 S F5EE HES] 2 oA
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ZregFAdd= 2018-201997HA]

Ao =3} Al
21 10334 Aste] drAS o83 St 2/ F
PCRE o83t FAETH F 58S Arlste FRlskd
o BFe A RS FEe 3R 29 insect
breeding dish (100x40 mm, SPL 310202%)°] &3t 71
F wole FFIHA & 25°CH]l, & 50-60%, €7
16L8D 7oA ARS 5 A% A7} ket dojlA F3)
sk ok, W7, A% 47 Algel o] 83813t

Aot
Aol AR AFAle W QURE O] EA 4% (ace-
tamiprid, clothianidin, imidacloprid, thimethoxam), Z~%]x

AA 1%(spinetoram), °PHHEIA] 1% (emamectin benzo-
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Table 1. List of insecticides to test insecticidal effect of Frankliniella occidentalis

Pesticides AT (%) Formulation” RC(ppm) Group
Acetamiprid + Spinetoram 6+4 SC 30+20 Neonicotinoids+Spinosins
Acetamiprid 5 SL 50 Neonicotinoids
Imidacloprid 10 WP 50 Neonicotinoids
Emamectin benzoate 2.15 EC 10.75 Avermectins
Buprofezin + Thimethoxam 20+3.3 SC 200+ 33 Benzoylurea+Neonicotinoids
Acrinathrin 5.7 SC 28.5 Pyrethroids
Benfuracarb 30 SG 300 Carbamate
Thimethoxam 24.49 SG 48.98 Neonicotinoids
Chlorfenapyr + Imidacloprid 8+4 SC 40+ 20 PyrrolestNeonicotinoids
Chlorfenapyr + clothianidin 6+6 SC 30+30 Pyrroles+Neonicotinoids

YAl: Active ingredient, ”SC: Suspension concentrate, SL: Soluble concentrate, WP: Wettable powder, EC: Emulsifiable concentrate, SG:

Water soluble granule, “Recommended concentration.

ate), WEAS-doMAl 15 (buprofezin), ¥ 20| EA] 15
(acrinathrin), 7P} o] EA 15 (benfuracarb), o] &4 15
(chlorfenapyr)S X3 ©A 653 34 4%, F 1052
2 F3to] TAHEF g A= e AlF(KCPA,
2019y ARgstlen 7F AAld digh duky, fa/dE
AR % FHEE(ppm) 5] Y EE Table 17 2T,

o]
st
: A, A7 =23t
A 1#4o] 2 HEZ T [insect breeding dish (60x15
SPL 11060l &7g ZdE HAdS P, vAs
S olgste] BegFAEH Y o, W], 45S 24
w2 1004 FEsh FHAEER 34 =3 FAd
g 55 24FA 1052 "4 571(300 mL, airapha spray)
ol-gate] ok, WH|7], AFlA 27t 1ml¥ AE 2
A B velggo g dEsglon LAt
1 mLe] THFE AT ZegdSEs
= AR R AERS

>~
&

7}k ARG (%oye A AXE 1
) F 47| A /E ) x 10022 At
of T2 A vBlasiint. el e 10714

oAl thet =BF A Al Ao £42 Steel-

Dwass testZ F2<E 5%0A] Al AE 19 (2447H) 2
3U(7277F) &1 AT X|AREC] AfolE Zb7t H]aLst

.

4 1
oFe oM H+M

A AR 19 9 39 F9 XA Fig. 10 eI
oh A2 & 199] XJARE-2 benfuracarb SG, chlorfenapyr +

Imidacloprid SCOllA 100%5 YEFRS™ chlorfenapyr +
clothianidin SC, emamectin benzoate EC, acrinathrin SC®]|
A Z¥7; 96%, 94%, 92%2] XAHES BT} Buprofezin +
thimethoxam SC= 76%, acetamiprid + spinetoram SC=
74%, thimethoxam SGE& 66%32H acetamiprid SLZ}
imidacloprid WP= ZHZF 30%%F 20%°] XARES EATh.
AE F 3YU9] XJARES imidacloprid WP, acetamiprid SL
ZFzr A T4%S} 70%S VFEFH S acetamiprid + spinetoram
SCollA 26%, emamectin benzoate ECOllA] 6%, chlorfenapyr
+ clothianidin SCOIA] 4%, acrinathrin SCOA] 0%2] XA}
&S Bt A2 F 39 59 FXARES imidacloprid
WP2} acrinathrin SCOlA 7}t 94%9} 92%E HS 0w 1}
HA] BE A A 100%2] AAH-S vl ATt

Hol7le ofH &=

He|7]e] digh 2454 Ax 19 2 3d F9 M ES
Fig. 29] YeRNSItt. Benfuracarb SG, chlorfenapyr +
Imidacloprid SC, chlorfenapyr + clothianidin SC2] 4H¥ &
199] AARE-S 27} 100%S YERHOH  acetamiprid +
spinetoram SC$} thimethoxam SGOIlA ZH2}F 92%9} 86%2
22 H-S B9t} Buprofezin + thimethoxam SCS} acetamiprid
SLe ZHF 52%9F 42%332™ emamectin benzoate ECE
24%, acrinathrin SC= 22%, imidacloprid WP 8%2] |
ARES YERITE A2 & 399] XAHES imidacloprid
WPS} acrinathrin SCollA] 82%¢} 78%7F Ut emamectin
benzoate ECOIAT 70%, acetamiprid SLoA 58%, buprofezin
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M 3 days after treatment M 1 day after treatment
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Fig. 1. Susceptibilities of F. occidentalis larva during 1*and 3™ exposure period to 10 insecticides. Values for each mortality labeled
with different letters are significantly different (p < 0.05) by the Steel-Dwass test. Different letters at the bottom of each mortality
value are significantly different for 1 day after insecticidal treatments. Different letters at the top of each mortality value are
significantly different for 3 days after insecticidal treatments.
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Fig. 2. Susceptibilities of F. occidentalis pupa during 1% and 3" exposure period to 10 insecticides. Values for each mortality labeled
with different letters are significantly different (p < 0.05) by the Steel-Dwass test. Different letters at the bottom of each mortality
value are significantly different for 1 day after insecticidal treatments and different letters at the top of each mortality value are
significantly different for 3 days after insecticidal treatments.
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Fig. 3. Susceptibilities of F. occidentalis adult during 1**and 3™ exposure period to 10 insecticides. Values for each mortality labeled
with different letters are significantly different (p < 0.05) by the Steel-Dwass test. Different letters at the bottom of each mortality
value are significantly different for 1 day after insecticidal treatments and different letters at the top of each mortality value are

significantly different for 3 days after insecticidal treatments.

+ thimethoxam SCOl|A] 20%, acetamiprid + spinetoram
SColA 8% AMHES BT AX F 39 53] £
AHES emamectin  benzoate EC7} 94%, imidacloprid
WP7} 90%, buprofezin + thimethoxam SC7} 72%% 1}
gon YA RE AzAdA 100%e] AHE-S UE
WAt

A-|§0| otxﬂ 2k

13]-. Benfuracarb SG, chlorfenapyr + imidacloprid SC,
chlorfenapyr + clothianidin SC®] A 19 & AR 7}
7} 100%<5 2$Ath. Emamectin benzoate EC®} acetamiprid
+ spinetoram SC= 7172} 86%%} 76%% H.31.2H buprofezin
+ thimethoxam SC= 28%, thimethoxam SG& 22%,
imidacloprid WP 8%, acetamiprid SL-2 4%¢2] X|A-&-2 1
BRI A2 33U $9] XA acetamiprid SL7} 88%,
imidacloprid WP7} 86%%1S™ Uz BE AgA| oA
100%2] AAHS HERrlSIY. A 5 3949 AAES
acetamiprid SLOA] 84%, imidacloprid WP$} thimethoxam
SGol|A ZHz} 78%, buprofezin + thimethoxam SC®} acrinathrin
SCoNAM 22t 12%E B 2™ acetamiprid + spinetoram SC
oA 24%, emamectin benzoate EC 14%9] A< e}

Wk Ax T 3y Foke] FXJARE2 emamectin benzoate

ECeIA] 94%, imidacloprid WP 90%, buprofezin + thimethoxam
SCollA 72%= UERder UmA] B Al 100%
o] ArkeE B3

o FE

=35ke] A F B FoE AR e 55 AFA
1059 EegZady SSAE oA S AR
Az oFF, Hl7], A HE Zp7 Aolgt dFaapt v
EbgtoL} benfuracarb, chlorfenapyrs -3k Aol A

AT 1Y F %, amm 9% BT 96% ool 4%
ES wyoen ¥ 34 F WHu7]9] 7% buprofezin +
thimethoxam SCE A9t BE A5A| oA 80% o] <] A
FES BT} 53] benfuracarb, chlorfenapyr’l -3 A
A A7 19 3] Hd7)olA 100%2] AE5o] Yehd

A7t gulEhFig. 2).
Yu et al. (2002)2 AlF A 4052 E=FEAE
g AFol tigk oAl s AES A3 chlorfenapyr,
chlorpyrifos-methyl, emamectin benzoate, fenthion, fipronil,
phenthoate, spinosad, chlorpyrifos + diflubenzuron, furathiocarb
+ diflubenzuron AFE 484 7F 3 85% o]<] AEES UE}
W OL]- acetamiprid + ethofenproxi= 22% ©|3}e] 4 ZE—%
om AFA el wek AGERE AT A
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ol w2 oA A e AtelE Hol wapAdMe] &
AA ] AR opz} =8 3ol gle MES AFA
o tisiA = Uerd 35S AIARITE Choi et al. (2005)
< EeAEE o] A oAl digk S AR A
3} neonicotinoid Al%E2] imidacloprid, thimethoxam® T3l
Al A4S Kol chlorfenapyr, spinetoram, emamectin
benzoate, fipronil 5o thelX= E& 2rAS FASL
AT B I3} Lee et al (2017)2 7ZA7|AS A4
HjA] o] A sl A d e ol gk oA s A
ek Azt A AE 24A7F T ApjRE FAIR0]
acetamiprid (8%) SP, clothianidin (8%) SC, imidacloprid
(10%) WP, thiacloprid (10%) WGS} 7+ WU el
A Al tigk Aol FEHAA HAoH 234l
Al spinetoram¥} spinosad®] TS 47} 4, 10% oY &F
AU I EA19 chlorfenapyr7} 5% ©)d d-d oA =
TPAE Helstolof g2 de] Ao a3H Y Ao
2} B3 TE Cho et al (2018)2 emamectin benzoateS
e ASAlolA E=gTAEY 84% ol 45Es
2%°™ benfuracarb WG, chlorfenapyr SC, chlorpyrifos
WP, spinetoram WG, spinosad SC 5%2] THA| 9} abamectin
+ chlorfenapyr SC, abamectin + emamectin benzoate WP,

buprofezin + spinetoram SC, chlorfenapyr + clothianidin SC,
chlorfenapyr + imidacloprid SC, chlorpyrifos + diflubenzuron
WP, clothianidin + spinetoram SC, dinotefuran + spinetoram
WG methoxyfenozide + spinetoram SC, pyridalyl + spinetoram
EW 10Z2] gAolA 90% ool A4S el &=
g 10% 5 959 e HAEA =2 ASES YUE
chlorfenapyr, chlorpyrifos, spinetorams X335} JA| vt
abamectin, clothianidin, imidacloprid, diflubenzuron,
dinotefuran¥} 7o] &7} vhe Ato] EgtEo] 9F-8H
3 o] A F7He] 7FsAdE A ST

B AN E B=gk o] YEidTh S8 55 =
F2AEY A 105 T A 1Y § 9 A5d
Hl A= A%< 7% benfuracarb, chlorfenapyrs
et ASA A 100%, 2F5-2 benfuracarb, chlorfenapyr,
emamectin benzoateE T3+ A5 A|olA 94-100%, HH 7|
£ benfuracarb, chlorfenapyr, spinetoram2 $H+3+ 24|
oM 94-100%2] AAHE-S HATHFig. 1-3). Cho et al.
(2018)2 20o]& o|&sle] ExFTAEY HF o=
7t AFAY oA aIpRAAZE, HFelRA, RS
ZAFe A3} benfuracarb WGE 2417k oW, chlorfenapyr
SCE= 48717 ol 72t 95%0] AFaRE WAL
chlorfenapyr SCo| ¥e]& &3 XFoldd T3h= 100%,
chlorfenapyr SC2} spinetoram WGS] 9H-& 5-¢k 35Fo|)
A EIks 77} 83.8%, 78.7%E EA UERson Hasd
A X+= benfuracarb WG} chlorfenapyr SC %12 3¥

oo o

Hefo] L=HAE o6 gy 153

T ZH7F 100%, 78.9%°] AHEES Btk @9 A A
2] 3¢ ¥ chlorfenapyr + clothianidin SC, chlorfenapyr +
imidacloprid SC T A7} 100%2] A& Hlom,
methoxyfenozide + spinetoram SC, pyridalyl + spinetoram
SColM 747 75.4, 67.9%°] AEES HERRIH. spAIRt
144 F|= chlorfenapyr + clothianidin SC$} chlorfenapyr
+ imidacloprid SC7} 22} 97.6%, 100%2] AEsE-2S Yeh)
Ak
S8le] wAlske ExdFAEY e 2wt 7P =

< Nk 710l ol Al felEle] AF IS el
g FR oM drrt 13 doMe drrt v
gFo] Qlh(Pickett et al, 1988; Rosenheim et al., 1990;
Park et al., 2002). Park et al (2002)°]] 2|3}H sl
eFAdae] AL AR B AL AR oA o
2 UEE Hom Tk X A9 &, 7S A
T A BE717HESE 100%2] el F-go] VrEbtor 33
B 3 A 8%t AU E F3ke] #ve}
FAEE 7ot 3] TEekA] B2 dE T
2 ASENE st dEES Dol E-th(Uiterdijk
et al,, 1995). A F<] 2 HEXA Y ¢ A
gelal Falgk o2 A A o, %=, A 5o E
off MAslHA 7lelehy A& AsHt EdolA A& &2
HAE AR 55 AR ZEAL 9ltH(Ananthakrishan,
1993). of2|gh WA M2 Tefst, dolM A5
7HA O] wE EET17L, oA AR Alwe] 28 5eE W
A7 ol TAEH T EHAQ] Ao R AFA
2Akg-2] FQ3HS AAIBlAL ITHCho, 2006; Bielza et al.,
2007). AR 2] FspAulA o] oA WA= benfuracarb,
chlorfenapyr, emamectin benzoate, spinetoram2 -3t 4+
SAG ws At A Al aeAd
g} ke Eeseadde g 717 &2 W
Fol WA oM = A, o, W], 4%
A7F EAs] wgel 2z Aok AlsHE
Axshe Zlo] Fasith FF AFo] 9t
Ao ofe] JhAlZE SR F7H S Aol
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