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Seasonal Occurrences and Management Strategies for Aphids on Red Pepper in
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Abstract This study examined seasonal occurrences and efficiency testing of insecticides with a focus on aphid

management for red pepper in Yeongyang—Gun, Gyeongbuk province. In open fields cultivating red pepper, aphids were
first observed in mid—May and the aphids density was highest in the fourth week of june. After the first density peak, the
aphid population decreased and increased again in the third week of August. Two aphid species, Aphis gossypii and Myzus

persicae were observed and the population of M. persicae was 2.2 times larger than that of 4. gossypii at the highest

density season. Among five red pepper viruses, Broad bean wilt virus 2 (BBWV2), and Pepper mottle virus (PepMoV)
were dominant and the combined incidence proportion for these two viruses was 88.0% in June, 87.5% in July, and 89.8%
in August. The proportion of PepMoV continued to increase until the later stages of red pepper growth. Field efficiency

testing of eight insecticides sprayed on foliage showed that afidopyrofen, pyrifluquinazon, and spirotetramat had a control

value of more than 95% at seven, 15, and 22 days after treatment. In open field testing, control efficiency by insecticide

rotation with different application schedules was highest at the start in mid-May. The ten—day spraying interval showed

a higher suppression effect on viral infection compared with that of 20—day. At field efficiency testing of 13 insecticides

used before transplanting, dimpropyridaz soil treatment, and spirotetramat seedling tray drenching showed a control value

of 97.3% and 90.3% at 60 days after transplanting, respectively. Three different types of cyantraniliprole formulation
commonly showed a control value of 85% at 60 days after transplanting.

Key words: Red pepper, Aphids, Insecticide, Control
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A5t Holth(Kwon et al., 2017). =} 113 Hjo|g|A Bhlzt
Hs}o] 19801l SHkofl &= Tobamovirus$! Tobacco mosaic
virus (TMV)7} 90% oA} WA= Ao & Vet o H(Kim
et al., 1990), 200051 ©]% AR E- 2% AJ 2] Cucumber mosaic
virus (CMV), Broad bean wilt virus 2 (BBWV2), Pepper
mottle virus (PepMoV)2] BHAH|E-0] £713}%tHCho et
al., 2007; Kim et al., 2012b, Kwon et al., 2017, Lee et
al., 2004). 53] =] ez 9] Z¢ vio]HAE H gt
AGE(742)e] o]E02 CMV, BBWV2, PepMoV £9]
HAgulgo] A e Eet w2 A0 R Yehdth=s Bt
otk (Lee et al., 2004).

a9 ] 3 AujA| o A=
B ool S A E(Mysus persicae),
(Macrosiphum euphorbiae), AelTAA G & (Aulacorthum
solani)o] WrAdltt X 11xlo] 9l o (Blackman and
Eastop, 2000), =tHjolA= HIXIHE, S5otEibE
2%0] LAEko] WISk H 1 E o] QITHKim et al. 1986).
IR EL B0l ES A AAHeRE Fxshy
&3t =S 7Hlshe 8 FHdleolth A S5k
AHA 9ol Qoj% thFet AlEuto] A s w5t
Zhzof 2244l 13 E Zth(Blackman and Eastop, 2000;
Ebert and Cartwright, 1997 ).
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92 W2 de AUELS Uedt: Aoz A AA
de] HFEATHChao et al.,, 1997, Larry, 2010). °]AH
AGE] WAl A A5AY) AH-2 583 A 5 shA|L
%6‘]—&']24 0H1—6‘].7]E 6‘}-{:]— /\szﬂoﬂ T;H A%”] 1'6]—/\4 o
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{tH(Herron and Wilson, 2011; Toor et al., 2008; Wang
et al., 2007). WA= XQES] A45AH AFd EA=
1980 AT 78 thefet AEo Aol st Hixy
9] 2 (Choi and Kim, 1986; Choi et al., 1989), 2000
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Z7}89tHChoi et al., 2001, Choi et al., 2005, Koo et

RE(Aphids gossypii)
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cyantraniliprole(2012¥ ), pyropenes?| afidopyropen

%5), pyridine azomethine derivatives”|

£2) tetronic and tetramic acid

(20208 55), pyridazine pyrazolecarboxamides?”
dimpropyridaz (2023 5%) 59 MEE Al MW=
A Eo| EA|F o] TFo] AEEIT QL OH(RDA, 2024),
o] w3150l AREEE ASE FAlEl e 2/ ket
ol T WA o] Fasirh & O“:rLoﬂ/ﬂt A5E

FA ) 2A2E AT Sstel 13 A Aol
ASE WAy 9 ol A BAREE 2Alsgow,
A5k Agoblo] gt b, A, Aeix7)d
AelA 24 B A S skl

o
AGRE HA DYEHY> S
. 2012¥ 5 E mjd A4
AR on, 59 352 HEi 94 4FA7H] 74
Z 10099] WhAgsh= A

o

lo= |

S
A7t 5 AGE FE U BUEHY B JFnE
gtk 20234 59 25

A A LR ZA A AlA] G} El
109 1223717 79 71_}7_:1‘_0‘ T 100920504 =9

594 2APo] MASHE A5,

24|(10X, Nikon, Tokyo, Japan)—%
FEEAS Farsto F 545kt

mlo

ARl o, & A0
o]-§5ko] RDA(2022)9]

103 HO|24A 2 TLEE
FUAG W A nFEH 2034 20125 E o
olels BUAEE 2K 79 AitE 98 Al
ZAERE 1,000 FAsH= violH A
AFsF9tk Kwon et al.(2017)0] ¥t 113

7 EZ=E =
TaTaE -
Hroje & WA A (R Aol =, B, g3}, WA, 71F Y
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Hpolg| o] ZHH 115 g2
7}A e 113 5% vio]HA(BBWV2, CMV, PMMOV,
PepMoV, TSWV) E0]4 primer(Table 1)& ©]&3}]
reverse transcription polymerase chain reaction (RT-
PCR) Wi o= zdsigint. vholgiA FHjo] 4l ==
1% JAE 0.5cm 93 Al#)S 2.0 ml tube (eppendorf,
Hamburg, Germany)©ol| ¥, TissueLyser I (Qiagen,
Hilden, Germamy)°llA] 1,500 rpm 2.2 3027F 24 3 Viral

oF 40 MY B
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AHE-S A 719549l QlAxcel Advanced (Qiagen,
Hilden, Germamy)& ©|-8-5}0], DNA Z$Zoj5 ul ZZako
gelsteirt.
AEx2N ZE SoAY

U oA aLF=of AE FEAUA R T5= o
Zufj2¢] T 8% (acetamiprid, clothianidin, dinotefuran,

SE W

imidacloprid, afidopyrofen, flonicamid, pyrifluquinazon,
spirotetramat)©] T3t A ANHEES A3Y5IHTHTable 2).

NS JFnzdrs f e 24 Gy 3hHEe

DNA/RNA Extraction Kit (Intron, Seongnam, Korea)S

ol galo] MAS &3y 5 AR SuPrimeScript ssk3nt 20229 59 49 A4)(120 cm x 40 cm, 3=
RT-PCR premix (GenetBio, Daejeon, Korea)ol| 7]} A8 1E(PRUFEZ)E gtz 2sYstygon, Fxz
RT-PCRE Agstgdct. WA 50CoA 3027 94 AQE HHFE%Ert 9 H+ 189.3uky o) +=ad

HRS-S z180510] cDNAS SHH 35}t SHHE cDNAL THA ZY B (EP-55W4H, ASABA, Nagano, JAPAN)S
95COllA 287 Z7] HAdTHy o] 95T oA 30%, 57T OllA] o] gste] ZFYA (5 31¢Y) stict. FAAE A 9 Az
30%, 72°CollA 4529 2% F7|2 F 355 P 79 =, 159 7, AP 22¥  ASeEHET 109)E
o] 72CoA 10& HFAFS F7F6lgitt &9 PCR - A}k th WA E I (Control value, %)+ [(a—b)/a]

Table. 1 Overview of primer pairs used for detection of virus infection in red peppers.

Primer sequence

Virus Primer pairs (5—3") Product size (bp) Reference
BBWV2 1-1u AAACAAACAGCTTTCGTTCCG
BBWV2 380 Kwak et al., 2013
BBWV2 IR GCCATCTCATTGGCATGGA
CMV DP ul CGTCGTGGTTCCCGCTCCG
CMV 473 Kwon et al., 2017
CMV DP d2 AGCGCGCATCGCCGAAAGAT
PeMV-F GATGCGTATGCCAAAACAAAAGA
PepMoV 594 Cho et al., 2007
PeMV-R TGGTGTGGCGCTCTGTGTTT
PMMoV 6F CAGTTTCCAGTGCCAATCAATTA
PMMOV 456 Kwon et al., 2017
PMMoV 6R GTTGTAGCCCAGGTGAGTCCACTC
TSWV 6F GAGATTCTCAGAATTCCCAGT
TSWV 459 Koetal, 2013
TSWV 6R AGAGCAATCGTGTCAATTTTATTC
Table. 2 List of insecticides for aphids used in field test of spraying treatments
Chemical Classification .. NG ) o
(Mode of Action) Insecticide % Fomulation RC? (ppm)
Acetamiprid 8 WP 40
Clothianidin 8 SC 40
Neonicotinoids(4A) )
Dinotefuran 20 WG 100
Imidacloprid 8 SC 40
Pyropenes(9D) Afidopyrofen 2.5 ME 12.5
Flonicamid(29) Flonicamid 10 WG 333
Pyridine azomethine derivatives(9B) Pyrifluquinazon 7 SC 35
Tetronic and tetramic acid derivatives(23) Spirotetramat 22 SC 110

“Rate of active ingredient.
YME = Microemulsion, EC = Emulsifiable Concentration, SC= Suspension Concentrate, WG = Water dispersible Granule, WP = Wettable Powder.

“Recommended concentration.
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x10022 AEstelon, a= FA42] HS5E%), b= At 169)5FH WAE AZste] A 1+A4E (109 74
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ZIS=E LR gulHd
YAAZIE B S FALFATE U A=A
gt 20229 59 4%

Gy 3uEoR a5 ekl
DFPRUFES YHOE WA AN A 3 47

A2 FH(5Y T AL 59 sk AlZL 69 A A7 64

& Aol gt ARE A (Jﬁ 10T)9} Hpo] 22
HAFEWEY 3057)S 2R YAl ARE AT
Holg A 7FdZEL Kwon et al.(2017)0] WHE3F 13
Hpol g A WIS AFS Zhalste] §9ro 8 XAbshGITh.
A Bl TRV o]85tsl o, A7) Y {=A]= Table
49} 7o) 1020~159 7HA 02 Aatgict.

i
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14

Of

FATs

FYERIE ol gslglon, FAA
7z

Al M x2|d =X A

sl Ao ARE FA A Az 55
ThijE-¢l oA 2 T4 13%(Dinotefuran WG/GR, Imidacloprid
GR, Thiamethoxam GR, Benfuracarb+Imidacloprid GR,
BuprofezintImidacloprid GR, Tefluthrin+Thiamethoxam
GR, Cyantranililprole SC/GR, Cyantraniliprole +Pymetrozine
WG, Dimpropyridaz GR, Flonicamid GR, Spirotetramat
SC)oll Wt % avtHEE Z¥51tHTable 3). ZA|H
o A 2 7]1E(RDA, 2024)& Falsto] apgA|

E3A 2|24 139), = A2 309), SHA A2/SHAY
BEARI5H 22 B ¥ LRORIEE) §RE 20234 53
39 FPLFATFA W A 2ol Z4’51(120 cm x 40 cm, 35
B4 B2, 34 30 F, 5190 7, 60
105 2AFeFsITh WA S 2K Control value, %)% [(a—b)/a]
X1000.2 AESHg0n, ot PAle A%, bl Ag T
ESNSI

5 AZo(UkE

06T

Fig. 1 Pictures of treatment method of insecticides used before transplanting. A; Bed soil treatment, B; Seedling tray treatment, C; Seedling tray drench-

ing; D; Soil treatment.
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Table. 3 List of insecticides for aphids used in field test of insecticides used before transplanting

Chemical Classification Insecticide Al Fomulation” Application Dose
(Mode of Action) % Method (ga.i/ha)
Dinotefuran 20 WG Seedling tray drenching 600
o Dinotefuran 2 GR Seedling tray treament 600
Neonicotinoids(4A)
Imidacloprid 2 GR Soil treatment 600
Thiamethoxam 1.5 GR Soil treatment 450
Carbamates(1A)+ Benfuracarb+ .
Neonicotinoids(4A) Imidacloprid 22 GR Soil treatment 600/600
Buprofezin(16)+ Buprofezin+ .
Neonicotinoids(4A) Imidacloprid 0.5/1.5 GR Soil treatment 150/450
Pyrethroids(3A)+ Tefluthrin+ .
Neonicotinoids(4A) Thiamethoxam 0.5/05 GR Soil treatment 3007300
o Cyantranilipole 18.66 SC Seedling tray drenching 56
Diamides(28)
Cyantranilipole 2 GR Bed soil treament 122.5
Diamides(28)+ Cyantranilipole+ . .
Pyridine azomethine derivatives(9B) Pymetrozine 10/50 WG Seedling tray drenching 52.5/262.5
Pyridazine pyrazolecarboxamides(36) Dimpropyridaz 1.5 GR Soil treatment 450
Flonicamid(29) Flonicamid 2 GR Soil treatment 600
Tetronic and tetramic acid derivatives(23) Spirotetramat 22 SC Seedling tray drenching 660

“Rate of active ingredient.
VgC= Suspension Concentrate, WG = Water dispersible Granule, EW = Emulsion in Water, GR = Granule.

“Dose(g a.i./ha) is calculated based on planting 3,000 red peppers per 10a.
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Fig. 2. Population dynamics of
0 aphids in open fields of red peppers.
W3 W4 WI W2 W3 W4 Wl W2 W3 W4 W5 W1 W2 W3 WA W1 W2 W3 W4 W] ~ W5’ means the number of
May June July August Sep. week of the month.
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Fig. 3. Population dynamics of
two species of aphids in open fields
0 ‘ ‘ ; ‘ 1 of red pepper in 2023. ‘W1 ~ W5’
W2[W3|Wa )| WL|w2|Wws|wa means the number of week of the
May June . . month.
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Fig. 4. Dynamics of virus infection rate in open fields of red peppers in Yeongyang-gun.
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Fig. 5 Occurrence of 5 types of pepper viruses in open fields of red peppers in 2023. All samples used for virus diagnosis were red peppers that have
virus symptoms.
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Fig. 6 Field test results of eight insecticides by spraying treatment for aphids in open fields of red peppers. Insecticides were sprayed once on May 31,
2022.
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Table. 4 Control efficiency by insecticide rotation with different application schedules for aphids in open fields of red peppers.

Application time for aphids control June 30 July 10
516 531 610 620 630 /10 Ap;lll:rsnper Control infexﬁsrate Control
(mean+SE) value(%) (%, mean+SE) value(%)
R1 R2 R3 R4 R5 R6 0.0£0.0¢” 100 1.1£1.9¢ 95.3
X R1 R2 R3 R4 RS 0.0£0.0c 100 3.3+3.3¢ 85.8
X X R1 R2 R3 R4 42.3+12.7¢ 97.7 8.9+3.8bc 61.8
X X X RI R2 R3 291.0+£37.3b 84.5 16.7+5.8ab 28.3
Control 1878.0+107.4a - 23.3+8.8a -

X Not sprayed.

R means insecticide rotation. R1 ~ R4 are insecticides used to control aphids(R1, Dinotefuran 5% WG; R2, Pyrifluquinazon 9% WG; R3,
Spirotetramat % SC; R4, Clothianidin SC). RS is for thrips, Fluxametamide 9% EC. R6 is for aphids, Sulfoxaflor 20% WG.
“Means followed by the same letter within a column are not significantly different at P < 0.05 by Duncan’s multiple range test (R version, 4.2.1).
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Table. 5 Control efficiency by insecticide rotation with different spraying intervals for aphids in open fields of red peppers.

June 30 July 10
. Spraying intervals i o
Cultivars (days) Ap(};:izlfl)zrsg)am Control value(%) Vl(r;i lrr;f:;fgé; e Control value(%)
10 days? 0.3+0.6b¢ 100 4.4+3.8b 71.8
Yeonggyo Sho 20 days® 7.0+1.0b 99.6 5.0+0.0b 67.9
control 1588.0£135.1a - 15.6+£2.5a -
10 days 0.7+1.2b 100 3.9+1.0c 85.1
Yeonggyo 6ho 20 days 8.0+1.7b 99.5 12.2+2.3b 533
control 1645.0+£25.0a 0 26.1+£3.5a -

“Insecticides spraying at 10 days intervals : 1% Flonicamid 5% WG, 2" Pyrifluquinazon 9% WG, 3" Spirotetramat 7% WG, 4" Clothianidin 7% SC, 5rd Sulf-

oxaflor 20% WG.

"Insecticides spraying at 20 days intervals : 1% Flonicamid 5% WG, 2™ Spirotetramat 7% WG, 3" Sulfoxaflor 20% WG.
“Means followed by the same letter within a column are not significantly different at P < 0.05 by Duncan’s multiple range test (R version, 4.2.1).
The first insecticides spraying for both 10 days intervals and 20 days intervals began on May 16, 2022.
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GR(EHA AIA ) 77} 95.7%, 87.3%2)
WA zE Ueglon, Zof|= 7k 70.8%,
63.2%% YA A7} Faskqltt. Imidacloprid ©HA 2
A 3% (imidaclorpid GR, benfuracarb+imidacloprid GR,
buprofezin+ imidacloprid GR)-& B4 A4l 30

£ 90% Sz PAANE ey, 34 602 7
80% 42 WA ETE Yetglch. Thiamethoxam GR,
Tefluthrin+Thiamethoxam GR-2 EFA A A4 304 &
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T 70% vEo® WA AT 744kt Flonicamid
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Table. 6 Field test results of fourteen insecticides used before transplanting for aphids in open fields of red peppers.
2-Jun 23-Jun 2-July
Isccticides Application : (30 DAT“)) : (51 DAT) : (60 DAT)
Method Aphids per leaf Aphids per leaf  Control Aphids per leaf Control
Control value(%)
(mean+SE) (mean+SE) value(%) (mean+SE) value(%)
Dinotefuran WG Seedling tray drenching 4.7+6.4¢” 95.7 40.3+£71.6b 84.2 32.3+18.3bc 70.8
Dinotefuran GR Seedling tray treament 13.7+10.6bc 87.3 53.7496.8b 78.9 40.7+40.5bc 63.2
Imidacloprid GR Soil treatment 6.7+4.5bc 93.8 56.0+45.9b 78.0 15.0+10.8¢ 86.4
Thiamethoxam GR Soil treatment 9.3+10.7bc 91.4 52.3+78.1b 79.4 32.3+28.7bc 70.8
Ii&gﬁ;ﬁgb&{ Soil treatment 10.042.0bc 90.8 50.3£10.8b 80.2 16.349.5¢ 85.3
lnﬁ;‘ap;’(f;fiiggl{ Soil treatment 931 5be 91.4 44.0+54.2b 82.7 22.7421.0bc 795
Thi:rii:ﬁz:; or Soil treatment 19.7+1.5b 81.8 47.3£29.9b 814 31.3+14.8bc 717
Cyantraniliprole SC  Seedling tray drenching 3.742.5¢ 96.6 41.0+8.2b 83.9 18.0+15.1¢c 83.7
Cyantraniliprole GR Bed soil treament 3.0+2.0c 97.2 37.0+12.6b 85.5 15.3+7.2¢ 86.2
iﬁ;‘:ﬁ;ﬁ’:ﬁé Seedling tray drenching 13.0+7.0bc 88.0 30.0£9.6b 88.2 14.7+10 3¢ 86.7
Dimpropyridaz GR Soil treatment 0.3+0.6¢ 99.7 3.7£2.9b 98.5 3.0+2.6¢ 97.3
Flonicamid GR Soil treatment 12.7<11.1bc 88.3 85.0+79.1b 66.6 65.7+69.7b 40.7
Spirotetramat SC Seedling tray treament 3.3+2.1¢c 97.0 17.0+4.6b 93.3 10.7£3.2¢ 90.3
Control 108.3+16.9a - 254.3+48.6a - 110.7+20.6a -

YDAT means days after transplanting

"Means followed by the same letter within a column are not significantly different at P < 0.05 by Duncan’s multiple range test (R version, 4.2.1).
Bed soil treatment date was February 13. Soil treatment date was March 30. Seedling tray treatment and drenching date was May 2. Transplanting date was May

3,2023.
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, A8 71001 100%90 7171
& 4 Siokal shlth(Lee et
al,, 2004). FUAY =] nFEAGNME 7Y AT 5%
o[s}o] HiolA HAFES Hoﬂ—zrmo‘/} o] 43714l
9L7IA] A|&H 0. & UER STt of= B4
HAste] 79 A —t—
Hpolg| A 77t ghitsl=t| Oé‘?%% =
3 3L ZH‘?’:_}-}\C])JB_]'JE‘ AdES ¢
Hpo| A Shatol] PFS F AR ehEc)

20024 .Ora]],}a} A Ao A = A
BBWV2, CMV, PepMoV7} 3310, £3] 82| &ofr=
BBWV2, PepMoV A¥H|E&0] =rhyl 319 tH(Lee et al.,
2004). 2012F4E 2016W97H2] JUAY A 50 A =
CMV 46.1%, BBWV2 41.5%, PepMoV 2.0%, PVY 2.0%,
PMMoV 4.4%, TSWV 0.1%= CMV&} BBWV27} &431=
Hpo] AR YRS THKwon et al.,, 2017). 2 A-Zi}of A=
BBWV2, CMV, PepMoV 3% Hjo]g|A 2] H|E0] 90%
olde AT Az XGE w7l vpoleA9) Hlgo| =
Uehths A3E 2oH, 53] PepMoVe] 734 74, 8¢
HAuE&o] 50%5 9 AR = UepbA X529 3y
BUEE 2 Al tigt A7 2 st

A s A§ AFAd dig i AP+ 2,
nicotinoids4|(Mode of Action : 4A)°] X3 acetamiprid,
clothianidin, imidacloprid, thiamethoxam, thiacloprid -5
Aol Hiet ASEY A o] HAE Sk (Choi et
al., 2005; Koo et al., 2014). & <150 = neonicotinoids
Aol 3% acetamiprid, clothianidin, imidacloprid,
dinotefurana A ZAO A HGA A A= A28 0 E
el o] neonicotinoidsA 2FA|o tist AHES] A4
HHo] Q& Ao 54T o AFAY AATA
2 JAE A= OE As FAY wzazTt e
%92 3}th(Sparks and Nauen, 2015; Harron and Wilson,
2017). NeonicotinoidsZ|5-°] o}d afidopyrofen (MoA :
9D), pyrifluquinazon (MoA : 9B), spirotetramat (MoA :
23) 3% Al A2 & 229714 95% ool £%t oFRE
Uetol A A9 XGlE WA $4 A-8o] Eojof g
Ao =2 et Flonicamid (MoA : 29)= ¥4 74,
229 o= 953t LS ERIAGE 159 Foll= 95%

4@4 ;

18} SAEIPY Yotk 13 BekAslE AAAE
3t AP AL Aol A= flonicamid:= 7E AFA| &
of thg 4524 WAt 7P A vehtbAl (Kang

L., 2023), nicotinoidsAlE fAIk &7 AU} 7A <
1—55 14 dhalol tjat 27hAol Hao] Wasich Tk B
AollA <=3t ekaE YR afidopyrofen, pyfluquinazon,
spirotetramatE EZgsto], & AFolM HESA 2
AlFFRFAIQ] dimpropyridaz (MoA : 36), neonicotinoids |52+
018t 21-87)2H2 7} A4 sulfoximines (MoA 4C)9]

=
[¢)
23} sulfoxaflorS EZalsF AT AL ArZA] Adlo
o ofagtet 4459l Ay mUEge] A oz
7t
A AE SFHAA F HAAA 7 AARE HA
A ZEA719) AL wl @ ZQ3lth(Lee et al., 2022).
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thoFet A9 °FA| & (cyantraniliprole, dimpropyridaz,
flonicamid, spirotetramat) = tHA| = o] AR&-% 11 QITHRDA,
2024). WOl XHE F4] A AYAR AHEEE 135
AEAY AR A3t REEY Al FFolsel o5
A2 609 O|ZAIAE 60% o|Ae] FAE Koo
AR 2 AF] mE FaAe]lE Kot 1 F
dimpropyridaz= %2 &+%7|3<! chordotonal organ®]
752 Adliste] F5elEe AEolde YLl pyridazine
pyrazolecarboxamidesZ|(MoA : 36)°f &3l= Alqt XG&
YA A 2 (Christian et al., 2023), ESEstxg|A] A4
60 o]F 95% o]Fo] St FaE YRl Tetronic
and tetramic acid derivativesZ](MoA : 23) spiroteramat=
259 AAF LS dAste] gt S Adlste
OFA| 2 (Nauen et al. 2008), SHATFAZ A A4l 60Y
% 90% olAr9] °Fa s et it Diamides” (MoA
: 28) cyantraniliprole2 &53F5 o] 284 59
ryanodine receptor®]] 2H-&-5ko] FL3utu]E F3 A A A ElE
9o 7] (Selby et al., 2013; Lee et al., 2022), o]#3t
B85 0] 3|2 Tomato spotted wilt virus (TSWV),
Tomato yellow leaf curl virus (TYLCV)Q} 22 S&3l%
a7 wpolej Aol A E 7L Qlrkar G A gltH(Jacobson
and Kennedy, 2013; Lee et al., 2014). ARE, 7}Fo],
= Hga)%e] Mo/} W (Selby et al, 2013), FEo|ao]
S SR UM = 47k APl A4 A
A A2 AFEE I glow, AEAV} cyantraniliprole 352
B4 6091 ol % o 85% +-29| WAANE ehyelch
oY FA A AAY A AGE WA olA v
8% aaon, AGE EAE7IIA= REEA] a7bAel
A A AeA ARgo] HAETh kAT FA A AHejAet
A & ARgEE A A AY, AAl7], Ay
gEXY R E FUAES FAR o|FolA loeng,
TYAE oA Agor AFA A WHo| HFAH
L= Qlth(Herron et al., 2017). wepa] A A A 249
4 5 HAA A= WIS AE(rotation)d] WHLE
] Efo] Ao} Fhthar wekEm, 2|&2Q1 A HUETHE
= a5}t

ALl 2
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2 o AE oY x| HhlEle ATIEO] HiR|MEk 488 95l uhAoRAl A} Wl AbEA] a9t A ATRs oSt Zgkt) ATIE
WS 2ARE A 5 FeRE W] ARt 69 4] BARATIE YEIGleH, olF WE WEE fAEIT} 8Y 3FAHEE THA
We7h Frtekgleh. H3blE, BaolStliE 280] WHE o, BeolsnlEe] MW=} 220 A wEE ek A5E vl
HlolHAS 2ARGH A3}, PepMoV, BBWV2 2% Hio|3A9] H[go| 64, 7Y, 8¢9 77} 88.0%, 87.5%, 89.8%= $-Hslo] WAstglon, £3]
PepMoV AU &S &2 7|2 731'—),‘—% %7]-0}0113}. 8% AAE WAE oAl9 w227 addE A} afidopyrofen, pyrifluquinazon,
spirotetramat 3%-2] ¢FA| = FAIAE] 7Y 159 &, 229 & W 959 o]Ako] 43t oS LR QIT) WA AJZA71E 1 S AT (rotation)
GIAE AT} 59 Zo0E WS A]XPHEL AL RS 7|2 100%, vFolE A FAFRE(%) 713 95.3%2] 94~ WA ATFE el o], 5‘°'J
SwE WAL o] Fol Ao FhriaL kTt 9?*117‘431 A AT E 2T, 109 744 A2)7E 209 144 A2 oe] =& fol A 3
AARTE BTk 13% ASE WAE 4 d A A2 Ay E 23, dimpropyridaz E-Z5}4] 2], spirotetramat wrﬂ*oh&—rﬂﬂ t
A 609 ol 27} 97.3%, 90.3%2] WA AIE Hehf Lo, cyantraniliprole 3F FAl= 4] 60 ofF °F 85% ¢F2| WA ENE
yreRfi it

AMRI0| 313, BE, A=A A
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