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Abstract The beet armyworm, Spodoptera exigua (Hiibner), is a important agricultural insect pest. IRM
(Insecticide resistance management) programs and susceptibility by generations of S. exigua without exposure
to any pesticides were examined in field-collected population (Haenam, Korea). In chlorantraniliprole
treatment, the resistance ratio of F generation showed more than 410,000 times, but the resistance ratio of Fis
generation was rapidly decreased by 271.1 times. Cyantraniliprole also decreased from 200,000 times (F
generation) to 105.7 times (Fy generation). A point mutation 14790M in ryanodine receptor was observed in
Haenam population. A susceptibility against F, generation using 11 registered pesticides was conducted in
order to develop a IRM program. As a results, the five pesticides (broflanilide, chlorfenapyr, fluxametamide,
indoxacarb and spinetoram) showed more than 90% mortality. Furthermore, all IRM programs showed more
than 91% control effect, and there was no significant difference from program 5(excepting diamide-
insecticides). These results can serve as a basis to control the diamide-resistant S. exigua in the field.
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I (Spodoptera exigua, Beet armyworm)S O}AJo}
Zv)Ee 9, B50], o}t 3F 5 107=) £
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oprlotol A= wid 4~11ATh7E A, We 7],
271 HIE T 5HOR sl AFAld thsiA w7

S 13lE =
= XU 5

*Corresponding author
E-mail: khkim@cbnu.ac kr

128

Karimi-Malati et al., 2014). APRD (Arthrpod Pesticide
Resistance Database, 2020)°] wW2™ bl diamide
As FAIE EFFste] o 40997FA] ofAlel] thste] ml=, 5
= 5 AAAA 02 Aol HalEo] It} Diamide 2FA|
+ IRAC (Insecticide Resistance Action Committee, 2020)
281 2 chlorantraniliprole, cyantraniliprole, cyclaniliprole,
flubendiamide, tetraniliprole®] 55%¢] JUtH(Cordova et
al.,, 2006; Ebbinghaus-Kintscher et al., 2007; Jeanguenat,
2013; Kousika and Kuttalam, 2020; Sparks and Nauen,
2015). Diamide 2FA|+= ryanodine receptor (RyR)ol| 283}
of ¥Ho® & F Qe dlF F7F B, 53] U
& afjZol| thall g7kl A= g4 Ath(Ebbinghaus-
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Kintscher et al., 2007; Troczka et al., 2017). RyR2 2%-<]
LA Atelol]l EAlske 23 U Y] Axx
FEA 5= (Sattelle et al., 2008), TE} 7= 282 E3)
Az W Agae] Ca¥sE 2Este 982 4EA 9
(Lanner et al., 2010). Diamide= ©] @] Ca*'¢] ¢S W
slato] A &2 08 ZEE FFH sto] XAt o|EA] ¢
tH(Cordova et al., 2006).

= A A shihgdel tisiA diamide 2FAlCl
g 7 W7kl 20149 % A-E RS 100% A
S B30, 20179% AFHE A M= =2 S
HATHCho et al., 2018). °|E% diamide A4S Hol=
bl tigk A7 AlE FYE2 UTHKim et al,
2021). FWHE HIES A AAHSE dhihgidel disted
diamide Al gt A3 MiAUS A AFe opeket
HHo 2 X5 Itk Wang et al. (2018) cytochrome
P,so monooxygenase”} A3d 2 o] Qlriar BTt
TS FollA A E gl RyRE| glutamic acid
Z¢11 0| (G4946E)S 32l 3IATH(Zuo et al., 2017). o]
© T334 dollA APE st bl RyRe isoluecine
EAH|(14790M)S 213k tHKim et al., 2021; Zuo et
al., 2020).

oheFet AAlel] gk A TS AAATIHEA A
< A iAo AFAES BUEPSAL A7t
Aol] & A FF Wt A7 88l

IRM (Insecticide Resistance Managementy 3% A 3Hd

|3+H(Crop Life, 2011). IRM 2138 FA]3517]
et A 2SR T, FASAL A7, BH

Al 1A= LS FE3 A% 7 AHE flste] A
47} wist aQlol] thigk ofsf ok A-8-<] &2tk (Wozniak
et al., 2012).

& AT e Aebd = alid A9 9] spihble] diamide
okl thet A = oAl =Eglol AuE A
WSS Wrhetdet. gk A shihdel] -3 oAl E
sl on, o] ulRe 2 diamide A e WA
£ 93 ZRIS FAst] WAEE Bt & A
TA7= diamide A& shhpie] tigh ofA] B T2
a9 7|2AEE Algstarat st
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g Aol AHEATE 2R e FE2AE
20175E oHA] HE Qlo] o] AR ATS &
o} ZF Jeke] AfAlE FEU S LA AR
g Hol|Z 3lo] o) AMSE Jae F Ao o] g3t
ARFZRALS &% 25-27°C, #F7] 16L:8D, AUHE 50~
60%33tt.

of AHgF THIPEE 20209 HehHE s A

T

NEE

Aol ARE-SE 2FAl= A shhpiel] SEE o] o
= Qe AFE olgsIeH, e, Aga 4
kv ¥ Zh(Table 1).

of M| M "ot

oHA A W7k XA oR Fgslon, wad
S A& 8em W92 2} Agh oFAlol| 30%7F FA)g
304 Bt 275t AE 90 mm HEZ T)H ] AJEHLS 71
st ZF HEZYH] 28 7] F55 oF 107y
TR om, AR HE T F ATE AR

BE AP 2% 2527°C, BF7] 16L:8D, HulFE
50~60%°] A1E aolA] o] o om, 3WHL0 7 235}
Atk LCs 72 probit #48 o]&3] ALSIATHSAS
institute, 2010).
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Mg X PCR ¥ ¥7IMY 2Y

g A sid Jee skt 18 152 2ml
tubed] 50mFE]¥ ¥& & G-spin ™ Total DNA Extraction
Kit (Intron, Seongnam, Korea)E AF&-8l%] genomic DNA
& FEsth ] ryanodine receptor (RyR)ell T
3t primers A|Zste] PCRE FZA|Z] & PCR AHES
Bioneer (Dagjeon, Korea)oll 2123l H7] MgS E431%
ot Aol ARE-SE Primers 3 EARO] G4946E0] Tt
[Forward primer: 5 - GCGTTACCAAGTATGGAAGGCG
Reverse primer: 5’ - CGTTATGCGTGACGGACTGAAG]
£ ARgalslen, 1 ol 14790Mel| thiated [Forward
primer: 5° - GCATTGGAAGTGGTCCATATAGA, Reverse
primer: 5° - GAATGACTTGGCAGATATAACGA]E AH&-
SF3ATh PCR 271 & E<dwololl G4946Ed]| thslo] 94°C
oA SE 1 cycle; 94°CollA 30%, 62°CollA 30%, 72°CollA]
13 35 cycles; 72°CollA] 5% 1 cycleZ Fe¥3tiar, 4 &4
Ho| [4790Me] thale] 94°Col| A 55 1 cycle; 94°ColA 30
%, 57°CoIA 30%, 72°CAllA 13 35 cycles; 72°CollA] 5%
1 cycle= X135t
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Table 1. Information of the tested insecticides
a)
Insecticide Chemical groups IRAC ﬁ,‘/i) Formulation® Rec.conc.? (ppm)
Bifenthrin . 2 WP 20
. Pyrethroids 3a
Deltamethrin 1 EC 10
Spinetoram Spinosyns 5 SC 100
Emamectin benzoate Avermectins 2.15 EC 10.75
Chlorfenapyr Pyrroles 13 10 SC 50
Lufenuron Benzoylureas 15 5 EC 50
Indoxacarb DC 50
" Oxadiazines 22a SC 50
" 10 WP 50
Metaflumizone Semicarbazones 22b 20 EC 100
Chlorantraniliprole WP 25
" L WG 25
. Diamides 28
Cyantraniliprole DC 25
" 10.26 OD 25.65
Broflanilide o 5 SC 25
Fluxametamide Meta-diamides, 30 4.5 EW 45
Isoxazolones
" 9 EC 45
Pyridalyl Pyridalyl Unknown 10 EW 100

3 Active Ingredient.

® DC: Dispersible concentrate, EC: Emulsifiable concentrate, EW: Emulsion, oil in water, OD: Oil dispersion, SC: Suspension concentrate,

WG: Water dispersible granules, WP: Wettable powder
9Recommended concentration.

#2ol) WHEH pyrosequencing % (Troczka et al., 2012)
S 53l genomic DNAZ |83l A1FS g3t

Aol ARE3 primer 242 74d 2] 749 [Forward primer
5" - TTCTACATGGAACATGTGATCAAG, Reverse primer
5" - ACTTGTAGCCAGCTAAAACTTACCT, sequencing
primer 5 - CTCTATCGTTTCCCTTG|2 7201, #34 ¢]
73 [Forward primer 5° - TTCTACATGGAACATGTGAT
CAAG Reverse primer 5° - ACCTATGAATATAGCCAGC
TAAAA, sequencing primer 5° - TATCGTGTCCCTTGC]
3} 74t} Forward primer} reverse primer 0.5 plE 20 ple]
1X Taq enzyme reaction mixE £33t reaction mixturesOl]
2ol 45 cycles WHEAIZTHEnzynomics, Daejeon, Korea).

PCRZZIL 95°CoA 158 1 cycle; 94°C 30%, 60°C 30,
72°C 30% 45cycles; 72°C 10% 1cycle®2 3519,
PCRL Pyro Mark Q48 Advanced Reagents (QIAGEN)9}
PyroMark Q48 Autoprep System (QIAGEN)S A3t}

Diamide X &M 22| =273

SARE AF AG9 3 QA edA AES APt
Diamide ©]¢]ofl FAIEo g oAl A 3 71ellA] 90%
o AFES Hel S A3t 49381t Program
13} 25 AAE 7] A9} diamide A VNS F71E 3}
o AN CH, program 33 4= AFE 27 A9}
diamide €Al 21E 712 sl tAsiT mpReto gz

Table 2. Tested insecticides and treatment date for IRM® programs in green onion field, Cheongju

Program Aug 18th Aug 25th Sep 1st Sep 9th
1 Spinetoram WG Cyantranilirprole OD Chlorfenapyr SC Indoxacarb SC
2 Chlorfenapyr SC Chlorantraniliprole WG Indoxacarb SC Spinetoram WG
3 Fluxametamide EW Chlorantraniliprole WP Indoxacarb DC Cyantraniliprole DC
4 Cyantraniliprole DC Indoxacarb DC Chlorantraniliprole WP Fluxametamide EW
5Y Emamectin benzoate EC Broflanilide SC Fluxametamide EC Pridalyl EW

?nsecticide resistance management.
» Recommended by a field pesticide agent.
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&7 program 5% diamide Al'E A S A9l g Z2 7]
o7 Hssith 7 Zrage] oA A &Ae A
2 Aggiglen, ol FF 2 oA vkt 2 tH(Table
2). A8 A= 10 A0 33] Aesialon, ofdle
7 =g 34ste] AREIITE Hx o AE A 2
e LT AAT F APE AP en, A oA
Azleit 2-3d el s 5 2392 A2 50
R HEsith AlY AR 4 7 2050 AAGS
o} FaYgTE Akl TP ES FetieH, WAl
H]2= Tuckey’s Studentized Range Test2 H]msle] -4
SFASL, AT viA = g olglon, 3ukE.0 ' e)u 9]
TH(SAS institute, 2010). A7+ Tt Zho] AlLkslSit.

T2l e) 9398 -
A7l vel g &
R EEEEEE

WA 71 (%) x 100

2

Diamide H|S N Z+4 HI}

A A s JAdS g S 2 chlorantraniliprole
9} cyantraniliproledl] thale] kAl 74 H7HE R854
t}. Chlorantraniliprolecl] thsle] g kel Addul=
410,0008] ]’ YERS ™, cyantraniliproledl] thalA] sfg
Akl A&Adu)E 200,000 04 LERTH(Table 3).

NEy M S0l gol U WE £y
Be AUt S JEe IO RyR Sold
H

EHo] G4946E9} 14790MS Eelsiditt, 3 EiHo]
G4946E= g1 = gllont, A Aol 14790M2 3
S AGeA BRI 4 AATHFig. 1). oldl F =Rl
[4790ME W= FA8 A3, 7h4 kol adenine (A)
3} guanine (G)2] H]&©] 95.0:5.001% 21, sl ek
739 2.0 : 98.02 = LJERSITH(Table 4).
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Fig. 1. Partial nucleotide sequences of DNA fragment of
ryanodine receptor in the susceptible strain (S) and Haenam
population of S. exigua. Black color box includes identified
ryanodine receptor mutation, (A) G4946E and (B) 14790M.
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S O = chlorantraniliprole} cyantranili-
prolec]] thate] ofwgh kAl =& glo] AtiE kAl T
/3 Wzt H7HE Agsisinh. A2l 72417 ¥ chlorantranili-
prole®} cyantraniliprole kAl tigh LCy, %ol A2 o=
74238} tH(Table 5). Chlorantraniliproleel] thsled iy
o ghihgrte] Fio] A= 4160528190, ATzt
AU Fy Aol AAHE 5100812 F Aol digk DR
ol 98.77%RAoH, FoAlthel Al = 2718 = ZHass)
o] DR %ol 99.93%$At}. Cyantraniliproled] tHaliA = F, Al
o] AFAEE 208,0008 oL}, A7t A Fy Al
A& dul= 660012 Fy Aol ek DR 3ol 99.68%31.2
o, F2l A& 10582 7H4a3lo] DR 2ol 99.95%3
o} T3 M8 chlorantraniliprole} cyantraniliprole®]

Table 3. Susceptibility to diamide insecticides in the susceptible strain (S) and Haenam population (HN) of S. exigua

Strain/ LCs

.. 2 b)
Insecticide Population (95% CL¥) (95% CL) Slope + SE X RR
0.0038 0.037
. S (0.0031-0.0047) (0.028-0.052) 130007 309.51 !
Chlorantraniliprole 1 581
HN (716.62-4,692) >2.500 0.47 +0.05 79.73 416,053
0.0035 0.0812
. S (0.0026-0.0048) (0.0542-0.1311) 0.94+0.06 262.62 !
Cyantraniliprole 128,00
HN ’ >2.500 0.62+0.14 19.16 208,000

(104-344,374)

? Confidence limits.

® Resistance ratio = LCs, of Resistance strain / LCs, of Susceptible strain
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Table 4. Genotypes of point mutations (I4790M) in the RyR genes of S. exigua

Strain/ NP 14790M 14790M genotype (7o)
Population ATA(I) — ATG(M) A G
S 150 A 95.0 5.0
HN 150 G 2.0 98.0

 Total number of S. exigua tested.

Table 5. Susceptibility to diamide insecticides of susceptible strain and Haenam population (HN) of S. exigua without any insecticide

exposure over generations

Insecticide Strain / Population (95% CL?) Slope + SE RR” DR
. 0.0038
Susceptible (0.0031-0.0047) 1.30+0.07 1 -
F 1,581 0.47 +0.05 416,052.6 0.00
! (716.62-4,692) ) : e )
164.43
F, (71.98-469.24) 0.46 +0.05 43,271.1 89.60
. 19.52
Chlorantraniliprole F; (10.13:40.00) 0.81+0.09 5,136.8 98.77
HN ' '
F 6.91 0.81+0.09 1,818.4 99.56
4 (3.36-14.07) ) : T :
F. 2.14 1.20+0.08 563.2 99.86
5 (1.73-2.65) ’ ’ ’ ’
F 1.03 1.22+0.09 271.1 99.93
6 (0.82-1.27) ) ’ ) ’
. 0.0035
Susceptible (0.0026-0.0048) 0.94 +0.06 1 -
728.00
F, (104-344,374) 0.62+0.14 208,000 0.00
F 379 0.56 = 0.09 1,654.3 99.20
2 (1.53-17.28) ) ’ (i :
. 2.31
Cyantraniliprole F (0.73-5.77) 0.73+0.11 660.0 99.68
HN . .
F. 1.62 0.83+£0.16 462.9 99.78
4 (0.41-4.47) ’ : ’ :
F 1.22 13940.10 3486 99.83
5 (1.00-1.48) ’ ’ ’ )
0.37
F (027-0.47) 1.35+0.13 105.7 99.95
9 Confidence limits.
® Resistance ratio = LCs, of Resistance population / LCs, of Susceptible strain
9 Depression ratio (%) = (RRg; — RRy,) / RRg; x 100
FH T 25 ppmol A 2] AFES Bl A3} A &Ho 7 90% ©]/d2] A=E-S 12l o= broflanilide, chlorfenapyr,

AFEL ZU15192M  chlorantraniliprole 64 THoll A

fluxametamide, indoxacarb, spinetoram®]${tHFig. 3). ¢l 5

90% ©J’¢, cyantraniliprole SAITHOA 90% o]/d<] A%

5 e ATHFig. 2).
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AF% o} M
Diamide AF4AE ST s % shehigel vha
A 1% Rlel g 24 BkE AR o F

9] oFAlE AW3le] IRM (Insecticide resistance manage-
ment) Z& 293 Fek=t o] &3t

oM MY el =2
9] Mgk 5%2] %FAI9t diamide SFAIE Z§3te] HFA]

o o} Auj|el] A-g5AT 2 A3, program 47} 94.3%2
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100 a c
90 - cd B mh
gso_ . bc T
Z 70 4 b
Eso- b
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Fig. 2. Corrected mortality to diamide insecticides at recom-
mended concentration in S. exigua without any insecticides
exposure over generations. Means followed by the same letters
are not significantly different (p <0.05; Tukey’s studentized
range test (SAS Institute 9.3(SAS, 2010)).

OfF 2| 2 133
7 = WAIZEE HSOw, program 3, program 1,
program 2 =2 WAZ7F EUTh EE IRM Z203e

91% o)<l WAIE Yo, izl 223 5
(diamide 71'& FAE A )} frolgh 2pol7t vepA] %%
T}H(Table 6).

o &
shibe WAE] e F2 s o] 71
591710 TFeE 310 M Aol Basle} 3)

(Gao et al., 2014). 53] diamide 2FA|= W] 5ol g3140]
2 A A 1o, 20061 JHEE o] % 2| EA ] AR 5
Aol B g 9JrHEbbinghaus-Kinster et al., 2007;
Lai et al., 2011; Che et al., 2013; Zhang et al., 2014; Zuo
et al,, 2020). =AM diamide AAol] thal|l A A

100 - — ——
Ew =

- —

S 80 A

£ 60 -

S

g

T 40 -

“

&

S 20 A

o

0 .
& O > 2 & Q & A ¥ D
& & & &‘“{y & @@Q & & & & &
58 & & & & & S & Nl & <&
@ & R ™ A\x\é v & & & & %
Q ; @‘—} @) @’O\’ \Q‘b
& <
< Commercial insecticide

Fig. 3. Comparison of susceptibility in the Haenam population of S. exigua against 11 insecticides at recommended concentration.

Table 6. Comparison of four IRM® programs to control S. exigua in green onion field, Cheongju

Tested insecticide and treatment date

w  Avg. damage level Control value

Program

Aug 9th Aug 19th Aug 28th Sep 6th (Mean®” + SE, %) (%)

1 Spir\l;tgram Cyantr?)n]i)lirprole Chlorsfgnapyr Indogcécarb 600 173 < 0.16b 94.0

) Chlorsfgnapyr Chlorar&rla(l}liliprole IndoSXécarb Spir\l;ftéram 600 238 + 0.44b 91.9

3 Fluxarél\e;‘t/amide Chloran\t{/afl)liliprole Ind(]);%carb Cyantr]glgliprole 600 1.68 + 0.14b 04.1

4 Cyantr}saléiliprole lnd(])s%carb Chloran\t{]a;iliprole Fluxalélat]amide 600 1.60 = 0.04b 043

5 Emamecgré benzoate Broflsaélilide Fluxa%eétamide Py]rai%:;lyl 600 130 + 0.15b 05.4
Untreated - - - - 600 29.35 £ 3.73a -

?nsecticide resistance management.
® Total number of S. exigua tested.

9 Means followed by the same letters are not significantly different (p < 0.05; Tukey’s studentized range test (SAS Institute 9.3 (SAS, 2010)).
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£ ®ole o] BarEo] gltk(Cho et al., 2018; Kim
et al,, 2021). Diamide 2FAlE o] LE}Fop, ‘EX]
S T Ao g spihbilel] gk WA o= dhl s
I QITHKCPA, 2020).

Ao oM S shihdel tiste] 24 W7F 4
2, 20139 T A ellx] BF 100% 555 Ve,
201799l Ul AFex 60% olste] AFES YERH,
el A diamide A4 o] F7kslal Ql5S Bl
31 TH(Cho et al., 2018). B3t chlorantraniliproleo]] tHaf|A]

7, A=, S ko] 4,0008] o)) A gHE Ho
o8] S shihube] Aado] Yehtal S-S Halst
HATHKim et al., 2021). ¥ A]FA = chlorantraniliprole®]
tisiA slig ekl AGAHIE 410,000 o1 gelion,
cyantraniliprole] T4 200,0008) ©]4 UERsdth. oA
Aol A, chlorantraniliprole A& wjEELpdolA]  flu-
bendiamideol] WAFAEAFo] YEREOLE, cyantraniliproleo]]
teir = wapA o] VFERA] SFkthal Bl th(Kang
et al., 2017). A4 2 A= chlorantraniliprole<}
cyantraniliprole & 9FA| 2% =2 Agdo] YeRt7]d] F
OFA| Atololl wabA g o] UERATHAL AR FTh o]2fgt o]
2z AR wFE el tisiA diamide oF
AZF FL 8712 ZH5o] A o] dojur] 4
oo B Ee] §)7] wlFo|th(Liu et al., 2015; Sang et al.,
2016). 53t diamide A5Ao] tialx Aol B =
do =2 RyRe| A EAWl7F e, wiFSsbdelA
E1338D, G4946E, 14790M3} Q4594L (Guo et al., 2014;
Steinbach et al., 2015; Troczka et al., 2015), oA
= G4946E (Zuo et al., 2017)°} 14790M (Kim et al., 2021;
Zuo et al,, 2020)°] #8# Stk A EAWo] G4946ES}
14790Mell tiated 243 A3, H Fdwo] 14790Me &
AT F oy, A =AmHo] G4946E= 1T 5 Sl
ok oRAl A Wotel A EdRo] ERle® A Xtk
PAEA A Edwe] 4790ME 018 5 Tkl oAz
ohoslie e s bE oA =Eglo] FuiARSshEA
At kAl A 37HE Fdsisith Fell diste] Fol
DR (Depression ratio)@®] 99% ©]/doz Aghdo] 7hAs}
= AL 1T F T 7I1E AollA, DR & F3l
obF-dl oFAl FE glo] TS 7 Atz Al o)
& Agdnle] s JERAATH(Shen et al., 2020). & <
A7} H5=5H] metaflumizone A& Wi FE bl o
ato] ofAl x2S T olF TS WrkeES o,
LCs tol A&A o2 7HA33th(Shen et al., 2020). B3,
HE = oS AEekA] 4ol 154 o) FoiARSaRd
< W LDy, %ol A&H 02 71430 TH(Yang et al., 2014).

IRM Z233 435 95t shihplel 559 1159
opAlof thate] oFA THd WUHE Ksiit) 9l 1% of

)

A @A) b BAE S5 Sl 5EE0 e
wrk ohe), WA EDE 48T Qe itk Ahmad
and Arif, 2010; KCPA, 2020; Maxwell and Fadamiro,
2006; Sakamoto et al., 2004; Sung et al., 2019; Takagi et
al., 2007; Whiting el al., 2000; Zhou et al., 2011). 3}X]%F
W WA, 0% oldel AEES vER ke
broflanilide, chlorfenpyr, fluxametamide, indoxacarb, spine-
torame| ATt 9] 5% SAIE o83l IRM 2238
dtitt. Diamide A& A9 Hujgds} AEFTe AR
o] ZA)H o] %2 FE3A 7SI THKCPA, 2019). 53,
AR FAglol diamide °HA| 9] A= AlGsiA F7tsl=
FAlO]2Z diamide FAIE wWiAISHA] & a3yt E4E
OE AlE A wsAEshes WHoE IRM ZEIHS
Tt 2 Ad, BE Z2a30] 91% o] 2 4
895 Jepl o, 272l program 59 WA 7k} R-<]
gk zto] 5 HolA] Fekeh. webr diamide A9 WA ]
= s iRt opde} shA] FtS W sl A7t
Ve Ao g dddn)

7]1& Aol diamide AL thFst g4 W &
7k} RyRe| W Z7h= Qlate] Aol yepdtar B
3R tH(Kang et al, 2017; Lai et al, 2011; Liu et al,
2015). B3k, shihpdel] tisiA] RyR So]4 A E<dnio|=
G4946ES} 14790M©]| H 1= Q)tHKim et al., 2021; Zuo
et al., 2017; Zuo et al,, 2020). ©]& n|Fo|Ho} k4| 7H¢
3 W7} ol9fell ttFe A miAUS # AFE F

o

i

=2 A7k
2 A743= diamide 4138 shihubdel] tigk ofA W
A TR IAY 7| ZAE R A|ZEsx} Fi).
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2 o Mgk aig A99] diamide A shih el tiste] oAl =& glo] At 7Hd 7teh AR A
54 2] (Insecticide resistance management, IRM) ZZI-S HE3Ath Al A4S Hrsk A3
chlorantraniliproledl] tHallAl F2] A& gu]7}F 410,0008] o)/do] oL}, M7t A} Feo] Agdu= 2711812 34
3] 7F238kAT). 3 cyantraniliproled] thated F2] A 3HAJH] 71 200,0008) o)l o}, Feo 105712 F43] 7+
Zeoinh F7H o, A Edwo] G4946E9F A EARo] 14790Mell sl Slsiich. o A, H EdRol
G4946E= 3ll'd kel tiste] 18 4= gIAAIRE A Eddo] 4790M2 BRI 4= ATt ofol] AA| 327gdol A
IRM 22338 FAs7] fJste] shhpte] 558 115 ofAlel diste] oAl 744 71ellA broflanilide,
chlorfenpyr, fluxametamide, indoxacarb, spinetoram®] 90% °]’de] A=E2 YePALE ¢ 5% A9} diamide oF
AE o]&3te] IRM Z2IaS A ZE IRM Z2T3L 919 o] WAI7E Yepsled, tiz7<l
Z2 3 5 (diamide Al B A1)t frel g xfol 7t VFERA] 9kSttt. o] A= IRM diamide A3 shihigo]
g oAl WA 22 o] 71x AEEH o&E F AU Aot

Molo sy, Holrlel=, SRTESNRZE, Alo|tES Y g, AFA A A
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