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Insecticidal activity of mixed formulation with buprofezin and single
formulation without buprofezin against citrus mealbug, Planococcus citri
Risso (Hemiptera: Pseudococcidae)

Young-Uk Park, Jun-Won Park, Sun-Young Lee', Seung-Hwan Yun, Hyun-Na Koo and Gil-Hah Kim*

Department of Plant Medicine, College of Agriculture, Life and Environment Sciences, Chungbuk National
University, Cheongju 361-763, Republic of Korea, 1Apple Research Station, NHRI, RDA, Gunwi

/ : Abstract : \

Nineteen registered insecticides including 8 mixed formulations with buprofezin and 11 single formulations
which is not including buprofezin were evaluated by spray application for their toxicity against adult and
nymph of citrus mealybug, Planococcus citri. Five mixed formulations with buprofezin such as buprofezin
15EC+acetamiprid 4EC, buprofezin 10SC+clothianidin 3SC, buprofezin 20WP+dinotefuran 15WP, buprofezin
20SC+thiacloprid 5SC, and buprofezin 20SC-+thiamethoxam 3.3SC showed high insecticidal activity (>93%)
against nymph and adult of P. cifri. Insecticidal activities of EPN 45EC, fenitrothion SOEC and methidathion
40EC in organophosphorous group showed 90 to 93% against nymph only. In addition to, insecticidal activities
of acetamiprid 8WP, clothianidin 8SC, dinotefuran 20WG and thiamethoxam 10WG in neonicotinoids group
showed above 90% against nymph only. In systemic and residual effect, five mixed formulations that was
already proved to have high insecticidal activity showed low toxicity with below 60% against 3" instar nymph
of P. citri in tomato and rose under greenhouse. Control efficacy of five mixed formulations with buprofezin
was above 90%, 80% and 70% at 5 days after treatment (DAT), 10 DAT and 15 DAT, respectively.
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al., 2002).

AAA 2= 27128 Aol ARg-H= °FAll= chlor-
pyrifos, methidathion, buprofezin % malathion §¢] ¢l 2
o, @A ekt Z e g ZA o) Aol S5
oAl Tl 1953 A 17%0] B 1659 2zt 55
Eo] ATHKCPA, 2011). SpARE 27FR2pA 8= %ﬁg
sk & AAE 23 Q71 hiel HE54S 7R oA
o YAl A= -
okz| A4to] ZQ3}cHJeon er al., 1996; Kerns, 2004).

Buprofezin (2-tert-butylimino-5-phenyl-3-propan-2-yl-1,
3,5-thiadiazinan-4-one)-2 7| €19] AJTHA S AAol= 254
Az A A|(insect growth regulator, IGR)ZA|(Uchida e al.,
1985; Tunaz and Uygun, 2004), Aonidiella aurantii (Maskell),
Saissetia oleae (Oliv.), Planococcus citri (Risso) 12| il
50| Ax o] H5aN
Q= Ao HIEQtHYarom ef al., 1988; Mendel ef al.,
1991). T3t buprofezinS =757k d#| 9] HZ o2 AeA]
Q= Leptomastix dactylopii®}t Cryptolaemus montrouzieri
o EAo] A9 = Aoz BUETHCloyd, 2003; Cloyd
and Dickinson, 2006).
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Icerya purchasi (Maskell)

2 2 diH
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271222 E= 20119 109 A Q204 iﬁx‘ﬁ}oi

54319 2. v(Han and Kwon, 2003; Ji ef al., 2010), %
et EFARA A 2~3Ad T ARSSE AAHIE /\}%0
ot} o) AFSL &% 25~27C, W=7] 16L: 8D, A%

T 50~60%0) A 3~4 cm®] Ko] W T} 4~575 Sk~

g A1S871(21x8x7.5 cm)e] Ho]= FEalo] A%l

= e 2 F BAE s 555
o] Q= AFARA §7]017 3%, 7l o] EA 15, vy
FE|Lo|EA 53, DY Ako|EA 13, 7|E 15& g3t
11%-9] T4} buprofezin} }_t,g}:al g0 34|12 AFL3}9]
th o5 ofAlY duty, AlY, Faded %

Table 13} ZTHKCPA, 2011).
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Table 1. Active ingredient, formulation, and recommended concentration of insecticide used in toxicity test

Common name

AI” (%) & formulation”

Recom conc. (ppm)

Mixtures

Buprofezint+Acetamiprid 15SECHEC 75

Buprofezint+Amitraz 12.5EC+12.5EC 62.5

Buprofezin+Clothianidin 10SC+3SC 50

Buprofezint+Dinotefuran 20WP+15WP 100

Buprofezint+Etofenprox 1SWGH8WG 30

Buprofezin+Thiacloprid 20SC+5SC 100

Buprofezin+Thiamethoxam 20SC+3.3SC 200

Buprofezin+Tebufenozide 12WP+5WP 120
Organophosphates

EPN 45EC 450

Fenitrothion S0EC 500

Methidathion 40EC 400
Carbamate

Benfuracarb 30WG 600
Neonicotinoids

Acetamiprid 8WP 40

Clothianidin 8SC 80

Dinotefuran 20WG 100

Thiacloprid 10SC 50

Thiamethoxam 10WG 50
Pyrethroid

Etofenprox 10EC 100
Other

Amitraz 20EC 200

YActive ingredient.

PWP=wettable powder, EC=emulsifiable concentrate, SC=suspension concentrate, WG=water dispersible granule.
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e UE Sl vl LY E o] =4 oFA|S] acetamiprid,

Table 2. Comparison of mortality of 19 insecticides against
application

clothanidin, dinotefuran, thiacloprid % thiamethoxamojj A=
LI 80.0% ole] A HAAIN 11 9 7o EA|
oFz| 9l benfuracarb@} THAZO|=A 2FA|Ql etofenprox,
71231 amitrazof| A= 5 70% o]she] AFEdS Hel
Buprofezin} Z3+H 347125 buprofezintacetamiprid,
buprofezin+dinotefuran, buprofezin+thiacloprid, buprofezin+
thiamethoxam, buprofezin+clothianidino] 4 100%%] A%
AL Btk I3 Y buprofezintamitraz, buprofezint
etofenprox, buprofezinttebufenozideol A= 22} 63.3, 26.7,
26.7%8] WE AFIHE BT, 910 ATEA, FEolA

Planococcus citri egg, nymph, and adult female treated by spray

Mortality” (%, mean+SD)”

Common name

Egg” Nymph Adult
Organophosphates
EPN 2.6+2.8 a 93.3+5.8 abc 63.3£5.8 def
Fenitrothion 7.6+4. ab 90.0+10.0 abc 66.7+5.8 cdef
Methidathion 19.5£9.0 b 93.3£11.5 abc 60.0£10.0
Carbamate
Benfuracarb 7.946.5 ab 70.0+0.0 d 20.0+0.0 g
Neonicotinoids
Acetamiprid 11.4+4.4 ab 93.3£5.8 abc 76.745.8 bede
Clothianidin 6.1£2.9 a 96.7+5.8 ab 60.0+10.0 def
Dinotefuran 44442 a 90.0+0.0 abc 86.7+5.8 abc
Thiacloprid 4.7+2.8 a 80.0+0.0 bed 60.0+10.0 ef
Thiamethoxam 73422 a 100.0£0.0 a 83.3£5.8 abcd
Pyrethroid
Etofenprox 47422 a 6.7x11.5 f 33+5.8 h
Other
Amitraz 52+3.6 a 33+£58 f 16.7+11.5 gh
Mixtures
Buprofezin +
Acetamiprid 1.8+1.0 a” 100.0+£0.0 a 93.345.7 ab
Amitraz 4.6£3.6 a 63.3£5.8 cd 20.0£10.0 gh
Clothianidin 1.6+1.0 a 100.0+£0.0 a 93.3+5.8 abc
Dinotefuran 9.8+4.5 ab 100.0+£0.0 a 100.0+£0.0 a
Etofenprox 9.2+1.8 ab 26.7£5.8 e 13.3+5.8 gh
Thiacloprid 8.2+2.9 ab 100.0+0.0 a 100.0+£0.0 a
Thiamethoxam 4.6£1.8 a 100.0£0.0 a 100.0£0.0 a
Tebufenozide 9.4+0.9 ab 26.7+5.8 e 6.745.8 gh

a)Monality by single formulations (2DAT) and mixed formulations (4DAT).
®Means followed by the same letters in a column are not significantly different (p = 0.05; Tukey’s studentized range test).

C)Egg-hatch suppression.
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=& &AL 19l buprofezintacetamiprid, buprofezin+
clothianidin, buprofezintdinotefuran, buprofezintthiacloprid,
buprofezin+thiamethoxam @] 57}%] A+ buprofezing 3
FotA] e Aol vl g0l A= A5 E ]l o
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S B¢rh, 181 7Rl o] E A9l benfuracarb= 26.7%2] A
TEAS HeEileH, v 2y E|leo| EA| 9] acetamiprid,
clothianidin, dinotefuran, thiacloprid, thiamethoxam@. Z}-Z;
76.7, 60.0, 86.7, 60.0, 83.3%5 RE thyo|A] okZo] i3t
At e ASSAS YERR I FAIQ] buprofezint
acetamiprid, buprofezint+clothianidin, buprofezin+dinotefuran,
buprofezin+thiacloprid, buprofezin+thiamethoxam-2 4JZ=of|
s = 90%01de] w2 A5Ede HYANL buprofezint
amitraz, buprofezin+etofenprox®2} buprofezin+tebufenozide
A= 20% ofste] W& AEE/AS HAlrh Aol et
buprofezintacetamiprid, buprofezintclothianidin, buprofezin+
dinotefuran, buprofezintthiacloprid, buprofezin+thiamethoxam
o] =& 52/ buprofezin©] IGRAQ 3-& AH7e
S A5adyt obd buprofezing A|eJ3H ©A|o] A%}
el A AF2HY S71= AZEo At

Buprofezing ©|-§-3to] 27} 2|9 A58 A+
2 Mendel et al. (1991)¢f &J5}H buprofezind Y7459
0.017} 0.05% =2 9U7IA] =EA|HS o 22k 22%%}
7%9 At Alea HYlaL, Alzto] Agol whet A 2wl
A5 FoEE 9UAA 429 F5(0.01, 0.05%)0] Al
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St Ao g Kerns (2004)9] Hiro] w2 imidaclopridE
gyl i AEstgE wl, 272 gk Al
7} W8] Zoj=i= Zo@ BTt 5149} imidacloprideh
dinotefurang X QA X oW Euphorbia pulcherrima)®] A4
ol APfstiE W, & FART 272 of dfsto]
50% u)qke] AFE8LgS AR 17t QIth(Cloyd et al.,
2012). E3t thiamethoxami} dinotefurang I1HZH|$A
(Solenstemon scutellarioides)®] A3} &7]9 2tz X251
= o, E7]9 A Aol Astls ol Hop 272
glof tiste] g0l & ez HuHGtWilmott,
2012). spARE 2 AdoAe g Aol L5 A Fol
PAI= FE 7oA HE o 2AECH, &
ROl A= Au|7h EnfEEY S AT oY AIE 1
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Fig. 1. Foliar and root up-take systemic effect of five mixed
formulations to P citri nymphs in tomato (A) and rose (B).
Mean with no letters in common are significantly different (p
= 0.05 by Tukey's studentized range test (SAS Institute, 2008).
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271222 HY| k3o t)3t buprofezint+acetamiprid,
buprofezintclothianidin, buprofezint+dinotefuran, buprofezint+
thiacloprid, buprofezin+thiamethoxam$g 59F4 9] AaAS
Erheol Aulo] 2H5ER Aele F 77 2o
(Fig. 2). EulEo|A = kA2 2] & 3YA}ol| A buprofezint
acetamiprid, buprofezin+dinotefuran, buprofezin+thiacloprid,
buprofezin+thiamethoxamo] Z}Z} 53.3, 56.7, 53.3, 71g2]1l
50.0%9] A=gAS UEY AL, buprofezintclothianidin
2 46.7%9] 4E=24S %1, buprofezint+thiamethoxam
o] SUATA 50%9 S B A o] thE 484
L zhao] "olAe Ao Ushgth Z1efu Ao
+ buprofezintacetamiprid{to] 3 YAl A 66.7%, 5L}
A 46.7%°] ASB/ES EAATE I &) 498452 B 3Y
Ab ZARRE 30%0]8ke] W AEEdS Utk Mendel et
al. (1991)= ZEA1E9] Citrus sinensis©l| 4] buprofezin T
AE Z7HE2A - 9] oFFof tiste] 0.0025% FkoflAf 1t
A AR B3 AR F 28U7HA] 90%01/ e A
A skl shATE £ AgloA 2 A= 4
nol Ao Had Anets thE AR, T2 582U
= 73RS BT 9 g whet o= vERd A
2 Azt

)

o &

80 1

A --Buprofezin + acetamiprid
70 4 -©-Buprofezin + clothianidin
-o-Buprofezin + dinotefuran
60 -B&-Buprofezin + thiacloprid
\’: —A-Buprofezin + thiamethoxam
S 50 4 -e-Control
<
=
§ 30 4
20 4
10 4
0 @ @ @
3 5 7
80 1
B
70 A
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= \
~
g 50 4
=
= 401 |
=
§ 30
20 4
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0

Days after treatment

Fig. 2. Residual effect of five mixed formulations on mortality
of P citri nymphs in tomato (A) and rose (B). Vertical bars
represents standard deviations of the mean.

Azl 27 EE ol tiEk 5F oFAle] WAl A
= Fig. 33 ok ofAIAR S SR = SEAA 2T
90%00 2] WA EIE VR IAL, 1092174 = buprofezint
acetamiprid, thiacloprid, thiamethoxam©] 90%©]A}o| 3itt.
S 1520 A 5ok B 90%ulite] WAl7}E 1}
eRgick. 27bzb a o] dhet WA B 0 2 Han e dl
(1991, 1992), Kim ef al. (1995)0] 9] HFh}, TholofZ,
AEist AR ARt AzEqA s3stoH, & A
Blof| A A% buprofezintamitraz®] ¥A| 717} 90%0]A4F2.
2 A S

ASA Y e A AP oF oFAlol tiet A4
o] FHL e AANA MZE siFEAY] tetes o
20{2]2L Qi Curtis, 1985). Wilmott (2012)9] oJ5}H £
-2 H | of abamectin, azadirachtin (Omazin), bifenthrin
HAE @=o® AYsldlE W LCsodk 148.5, >319.6,
1331.0 pg/mL=Z Yeldth sEA|TE o] 9FA&S abamectint
azadirachtin (Ornazin), abamectin+bifenthrin £3H%|2] A
LCspgto] abamectint+azadirachtin (Ornazin)-2 27.18 pg/mL2
abamectin®] LCsoZtE e Wol& AWk abamectintbifenthrin
2 157.57 pgmL=E Fobxl o]gdt AAd= AR
ofwl oHAlE AMgehLbel mhe AT e Beiae
Wi AL ekl S gk wus gk olefat o
FANEL 13s1o] & u buprofezing E38F3} acetamiprid,
clothianidin, dinotefuran, thiacloprid & thiamethoxam %
S GAIE ol&rt E7FE A of thet WAIAE Al B4
EZE o]g3 WAIZE Aol Sl Ao Az ghow
27HEZAA | 0]919] thE Fof gt A5ayt F4e] 2
2% Aoz AlmEh

100 4

80

60 4

40 { ©Buprofezin + acetamiprid

Control efficacy (%)

-©-Buprofezin + clothianidin
S Buprofezin + dinotefuran
20 4
-2rBuprofezin + thiacloprid

- Buprofezin +thiamethoxam

5 10 15
Days after treament

Fig. 3. Control efficacy of five mixed formulations against P,
citri under the greenhouse condition.
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