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Abstract The fall webworm, Hyphanria cunea, is a polyphagous pest found on trees in residential areas
nationwide and causes significant damage by eating leaves. In comparison with pest control for crops, the
frequency of pest control for trees in residential areas is relatively limited. However, in the case of the fall
webworm, there are differences in the history of pesticide exposure by region. Therefore, this study examined
the response to eight insecticides registered as fall webworm control agents (Carbaryl WP, Chlorfenapyr SC,
Deltamethrin EC, Emamectin benzoate EC, Diflubenzuron SC, Fenitrothion EC, Flubendiamide SC, and
Metaflumizone EC). The response was observed through the indoor controlled spraying of insecticide on third
instar larvae collected from 17 cities and counties in different regions. The mortality of the fall webworm due
to pesticides increased in a dose-dependent manner and the number of days after pesticide treatment.
Furthermore, the mortality rate of fall webworm was variable and dependent on the type of pesticide used.
Chlorfenapyr was determined to have the lowest efficacy rate while emamectin benzoate had the highest
efficacy. At recommended concentrations, there were no differences after seven days of treatment between the
efficacy of all insecticides on regional populations of fall webworm, with the exception of chlorfenapyr. In
conclusion, this study determined that the fall webworm does not have resistance to these insecticides, and
thus, they can be used practically and effectively.
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Pesticide IRAC que of action Active ingredient Recommended concentration
classification (%) (x fold)
Carbaryl WP? la 50 1000
Chlorfenapyr SC 13 10 2000
Deltamethrin EC 3a 1 1000
Diflubenzuron SC 14 14 4000
Emamectin benzoate EC 6 2.15 2000
Fenitrothion EC 1b 50 1000
Flubendiamide SC 28 20 10000
Metaflumizone EC 22b 20 2000




ezt o=aEHd XY JiHESel AEHol et gks 73

i3

CEEEIECIE R EE R EETC)
W] ole] v bo] Rolgls 7S FAE det
Bl A5 AR 4710 o) APU euskct. A
MSHELLE Hol7t 3Re Y 5 LS 7]

%’% %‘T't_"_a—] ]:g‘oi T%E‘l'ol'/v\

N Y ofn
ol off t

1>

45 g4 A4H

AR A v=dE bl RS ue A A
SAEC et ofAl ¥h AE AR 7Y Aol 8 SR
715 o]&ste] BFHORE Agsiiint. By ol 7t A
QoA el & w=FBEpT 38 F 200 E HES H
7 el & 5 LEEFT](AF652, Apollo, Daejeon)Z 8]4]
3wk do W SHe) AT AEar}. Z47te] 4
SAES AxA] FH 59 F4 x| 1/24] 23
1/48 =2 3jAste] AL, FA et &t At
Ak ST Al A 1wE ZF A 9 em, =0] 4 em

ZEAR-E71(10090, SPL, Pocheon)ell 2HAIE Akarsh Wl
BaL, ofA A 1, 3, 5, 79 Tl gF9de] fle A4 €
7H2ﬂ/\e gRlstion Adde o /o] A8V g

RO 2 3 ukE o 2 =a)ElgT)

SHEN

H= 3 g Ay NGl Al FFEE A vk
A7)0 M2 RS 891 quO%Vl {18t 7} 1ALl
gk QRIEAS el om PR Hol| gk kA A
&2 HAGASES 73519 SAS iﬂ%ﬂ% o] &-3te] A
Bk 2po)E ARSI THSAS/STAT® 9.3 user’s guide,
2011).

w9t 1/2HH%E 1/411'11%k %Eoﬂf‘i i*}ﬁi 7&% 2FE %E,

Al F A% A, APAGL ARl S vFHT

RE owm AR AD MATELS kol F7HEA A
T 733 dF7F AojAFE a7t SISt Table 2).

Al AeA SFE MR ofmd] zlolE A=)
(Table 2) A& A]»‘l?s% 85 ASAIE F FEE0UTE9
A% gt 718 @A YERES M (Table 4) ol Elwl =
dolEE RE Zﬂé‘ A Aol tial] 1/l T 2]
S5UAHEH 100% AAHES EATHTable 7).

7t AgF A Al AF 3YARe 5°1i}°ﬂ% A9
MAEERZ okgo] zpol7t oy H7d o= RE
A AATNA 89.8%<1 0] HAAGES Ho Xlﬁ 7+ Zpol7
A THTable 3).

ER2HUIEE BE PSS EWPYE A9 AA W
WA G35 Bo] A A E oA A 7d /1A
20%V]9He] e XAHES B om oMY, Feh, S, 3K,
AA, A3, AR A AN s 7Y IR 2 REE
ik s ME]—(Table 6).

depEd Al @AE 1200 Agole oAl 2z
3P el A sRAEAA 95%01 ] AAR-S
wHon 79%d= BE A9 NATEC] AT FEAA
100% XAFE UK Table 5). £3F AaFe] /48] = 2]d)
M= A 7Y ol 93 FEA NAEE ALl YA
219 AAEAA 90%0)de] AAES B A THTable 5).

—_

Table 2. Analysis of variance for main effects and interaction of locality, insecticide, concentration and day after treatment in

mortality of Hyphanria cunea

Source DF Type I SS Mean Square F Value Pr>F
Locality (X1) 14 74723.36 5337.382 97.15 <.0001
Insecticide (X2) 7 2878820 411260.007 7485.42 <.0001
Concentration (X3) 2 71323.55 35661.776 649.09 <.0001
Day after treatment (X5) 2 169596.2 84798.098 1543.43 <.0001
X1*X2 95 198536.2 2089.855 38.04 <.0001
X1*¥X3 28 21712.67 775.453 14.11 <.0001
X1*¥X5 28 19030.63 679.665 12.37 <.0001
X2*X3 14 67295.15 4806.796 87.49 <.0001
X2*¥X5 14 243909.3 17422.091 317.1 <.0001
X3*X5 4 3509.047 877.262 15.97 <.0001
X1*X2*X3 189 57376.67 303.58 5.53 <.0001
X1*¥X2*¥X5 188 84516.74 449.557 8.18 <.0001
X2*¥X3*X5 28 6876.916 245.604 447 <.0001
X1*X2*¥X3*X5 431 30704.15 71.239 1.3 0.0002
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Table 3. Lethal effect according to carbaryl treatment concentration and day after treatment on local strains of Hyphantria cunea in

laboratory
Corrected mortality (%) + standard deviation
Locality 3 days after treatment 5 days after treatment 7 days after treatment
1/4RY 12R R 1/4R 12R R 1/4R 12R R

Anseong 70.2+16.1bc” 94.7+53ba  100+0a 75.4£10.9b-c 96.5£3.1ba  100+0a 86.0£19.9b-¢c 100+0a 100+0a
Buan 95.0+5.0a  88.3+12.6b-c 93.3+5.8b-c 98.3+2.9a  90.0£10.0b-c 93.3+5.8ba  100+0a 93.3£7.6b-c  95.0+5.0a
Cheongju  46.7+7.6dc  90.0+8.7b-c  91.742.9b-c 71.742.9e-c 93.3x7.6b-c 93.3+2.9ba 78.3+7.6d-c 100+0a 100+0a
Chungju 33.3+10.4dc 50.0+13.2d 73.3£10.4bc 38.3+14.4gf 68.3£7.6dc 80.0+132b 76.7+12.6f-c 88.3+7.6b-c 96.7+5.8a
Gangjin 43.345.8dc  58.3+14.4dc 68.3+5.8c  544+3.1e-f 68.449.1dc 96.5t3.1ba  71.9+£3.1f-e  86.0+13.2b-c 100+0a
Gimje 36.7£12.6dc  86.7+7.6b-c  88.3£12.6b-c 43.3+14.4e-f 86.7+7.6b-c 96.742.9ba  71.7+£16.1f-c 95.0+5.0b-c  98.3+2.9a
Goesan 13.3£2.9d  46.7+15.3d 68.3£11.5¢c 15.0£5.0g  65.0+21.8dc 88.3£7.6ba 41.7+7.6fg 91.7+10.4b-c 100+0a
Goseong 39.0+£5.1dec  47.547.7d  69.5£153c 44.1+5.1e-f 61.04£5.9d  84.7+£5.1ba 62.7+29fe  79.745.1b-c  89.8+5.1a
Gumi 66.7+14.4bc  75.0+£5.0b-c  91.742.9b-c  71.7+10.4e-c 85.0+£5.0b-c 93.3+5.8ba  74.7+5.1f-c  88.2£2.9b-c 96.6+2.9a
Haman 60.0£26.5bc  91.7+7.6ba  91.7£5.8b-c  70.0+17.3e-c 91.7+7.6b-c 95.0+£5.0ba  84.7+5.1b-c 93.2+5.9b-c 94.9+5.1a
Jinju 83.3t7.6ba 95.0£5.0a  86.715.3b-c 88.3+5.8ba 95.0+5.0a  95.0£5.0ba 91.7+2.9b-c 96.7+5.8ba  96.7+2.9a
Mungyeong 39.4+13.3dc  64.6£13.3b-c 91.6+2.9b-c 45.6+11.8e-f 71.1£2.9b-c 94.9+0.0ba 72.842.9f-c 76.2+7.8dc 98.3+2.9a
Nonsan 50.0+5.0dc  66.7+12.6b-c 73.3t14.4bc 53.3+2.9e-f 66.7+12.6dc 85.0+8.7ba  73.3+5.8f-c 78.3+2.9dc 91.7+2.9a
Sacheon 70.0£10bc  76.7£10.4b-c 95.0+8.7ba  73.3+7.6e-c 88.3+7.6b-c 95.0+8.7ba  85.0+5.0b-¢  95.0+0.0b-c  98.3+2.9a
Sangju 66.7£14.4bc  75.0+£5.0b-c  91.7£2.9b-c 71.7+10.4e-c 85.0+5.0b-c 93.3+5.8ba  74.9+52f-c 88.2+2.9b-c 96.6+2.9a
Uiseong 19.2£18.2dc  46.1+10.5b-c 52.8£10.5bc 83.2+5.8b-c 84.8+10.1b-c 96.6+2.9ba 96.6+2.9ba  98.3+2.9a 100+0a
Yeongdong 15.0£5.0d  65.0£8.7b-c 81.7+10.4bc 15.0+£5.0g  68.3+5.8dc 88.3+2.9ba 183+29g  68.3+5.8d  93.3+2.9a

“Recommended concentration.
®Means followed by same lower letters in each insecticide column are not significantly different (Tuckey’s HSD test, P<0.05).

Table 4. Lethal effect according to chlorfenapyr treatment concentration and day after treatment on local strains of Hyphantria cunea

in laboratory

Corrected mortality (%) + standard deviation

Locality 3 days after treatment 5 days after treatment 7 days after treatment
1/4R? 12R R 1/4R 12R R 1/4R 12R R

Anseong 0+0a” 0+0a 0+0b 0+0b 0+0b 0+0b 0+0b 0+0c 0+0c
Buan 0+0a 0+0a 0+0b 0+0b 0£0b 6.7+11.5ba 0£0b 0£0c 0+0c
Cheongju 0+0a 0+0a 0+0b 0+0b 0£0b 1.7+2.9b 1.742.9b  5.0+5.0bc  10.0+5.0b-c
Chungju 1.7429a  1.7+2.9a 0+0b 1.742.9ba 1.7+2.9ba 0+0b 1.742.9b  1.7£2.9¢ 0+0c
Gangjin 0+0a 0+0a 5.0£5.0ba 0+0b 0+0b 0+0b 0+0b 0£0c 0+0c
Gimje 0+0a 0+0a 0+0b 0+0b 0+0b 0+0b 0+0b 1.7£2.9¢ 0+0c
Goesan 0+0a 1.742.9a  6.7+5.8ba 0+0b 33+29ba  8.3+2.9ba 0+0b 5.0+£5.0bc  8.3+2.9bc
Goseong 0+0a 0+0a 0+0b 0+0b 0+0b 0+0b 0+0b 1.1£2.0c  2.844.9c
Gumi 33429a 6.7+7.6a  6.742.9ba  3.3+29ba  10+5a  13.3+2.9a 4.4+4.6ba 12.4+29ba 15.8+2.9ba
Haman 0+0a 0+0a 0+0b 1.742.9ba 3.3+29ba 1.7£2.9b 1.1+2.0b  2.3+2.0c 1.1£2.0¢c
Jinju 0+0a 0+0a 0+0b 0+0b 0£0b 0+0b 0+0b 0£0c 0+0c
Mungyeong  1.3+2.3a 0+0a 0+0b 1.0+1.8ba 2.7+4.7ba  1.0£1.8b 6.5+2.9ba  8.245.1b-c 13.3+0ba
Nonsan 0+0a 0+0a 0+0b 0+0b 0+0b 0+0b 1.7429b  3.3£2.9¢ 1.7£2.9¢
Sacheon 0+0a 0+0a 0+0b 0+0b 0+0b 0+0b 0+0b 0+0c 0+0c
Sangju 33429a 6.7+7.6a  6.7+29ba  3.3+2.9ba 10+5a 13.3+2.9a 4.4+4.6ba 12.4+29ba 15.8+2.9ba
Uiseong 3.053a  6.0+73a  7.4+5.8ba  5.7+2.9a 10.8+7.7a 14.1£5.1a 10.8£2.9a 15.8+2.9a 19.2+8.7a
Yeongdong 1.742.9a  3.3+29a 10.0£5.0a 1.742.9ba  3.3+2.9ba 10.0£5.0ba  1.742.9b  5.0£0.0bc 10.0+5.0b-c

“Recommended concentration.
YMeans followed by same lower letters in each insecticide column are not significantly different (Tuckey’s HSD test, P<0.05).
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Table 5. Lethal effect according to deltamethrin treatment concentration and day after treatment on local strains of Hyphantria
cunea in laboratory

Corrected mortality (%) + standard deviation

Locality 3 days after treatment 5 days after treatment 7 days after treatment
1/4RY 12R R 1/4R 12R R 1/4R 12R R
Anseong 98.2+3.1ba" 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a  100+0a
Buan 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100£0a  100+0a
Cheongju 86.7+10.4b-c 100+0a 100+0a 95.0+8.7a  100+0a 100+0a 100+0a 100+0a  100+0a
Chungju 95.0+5.0b-c 100+0a 100+0a 96.7+5.8a  100+0a 100+0a 100+0a 100+0a  100+0a
Gangjin 75.0£15.0b-c  96.7+5.8a  98.3+2.9ba 87.7£16.9a  100+0a 100+0a 100+0a 100+0a  100+0a
Gimje 86.7+12.6b-c 100+0a 100+0a 95.0+5.0a  100+0a 100+0a 98.3+2.9a  100+0a  100+0a
Goesan 60.0+£15.0dc 88.3+2.9b 100+0a 88.3+2.9a 98.3+29a  100+0a 100+0a 100+0a  100+0a
Goseong 55.9+23.5d 96.6+2.9a  98.3+2.9ba 81.3£15.5a 98.3+2.9a 98.3+2.9a 81.3£15.5b 98.3+2.9a 100+0a
Gumi 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100£0a  100+0a
Haman 80.0+13.2b-c 100+0a 100+0a 86.7+x15.3a  100+0a 100+0a 98.3+£2.9a 100£0a  100+0a
Jinju 93.3+7.6b-c 100+0a 100+0a 98.3+2.9a  100+0a 100+0a 98.3+2.9a 100+0a  100+0a
Mungyeong  94.9+0.0b-c 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a  100+0a
Nonsan 78.3+33.3b-c 100+0a 100+0a 75.0+39.1a  100+0a 100+0a 90.0+13.2ba  100+0a  100+0a
Sacheon 95.0+8.7b-c 100+0a 88.3+10.4b 100+0a 100+0a 100+0a 100+0a 100£0a  100+0a
Sangju 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a  100+0a
Uiseong 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a  100+0a
Yeongdong  68.3+7.6b-c 85.0+0.0b 100+0a 81.742.9a 91.742.9b  100+0a 81.742.9b  95.0+0.0b 100+0a

“Recommended concentration.
"Means followed by same lower letters in each insecticide column are not significantly different (Tuckey’s HSD test, P<0.05).

Table 6. Lethal effect according to diflubenzuron treatment concentration and day after treatment on local strains of Hyphantria cunea
in laboratory

Corrected mortality (%) + standard deviation

Locality 3 days after treatment 5 days after treatment 7 days after treatment

1/4 R 12R R 1/4R 12R R 1/4R 12R R

Anseong 35.1£18.5b-c” 47.4+10.6b-c  52.6+5.3b 43.9+2.7de 66.7+10.9e-f 63.2+15.8b 93.0+3.0ba  91.2+11.0a  96.5+6.1a

Buan 20.0+£10.0dc  25.0+10.0d-c  35.0+17.3b 88.3+11.5ba  95.0+8.7b-c  90.0+0.0ba 98.3+2.9a 98.3+2.9a 100+0a

Cheongju 13.3+£2.9d 11.7+2.9de 6.7+2.9b 18.3+2.9¢ 55.0£5.0ef  68.3x7.6b 65.0£10.0a  88.3£2.9a 93.3+2.9a
Chungju 6.7+2.9d 6.7+2.9¢ 28.3£7.6b 18.3+12.6e 233+11.5f  56.7£12.6b 88.3+2.9ba  93.3t7.6a 98.3+2.9a
Gangjin 21.742.9dc  30.0+10.0d-c  33.3£7.6b 79.049.1b-c ~ 61.4+11.0e-f 84.2+19ba 85.9£12.2ba  91.2+3.0a 93.0+8.0a
Gimje 56.7£22.5b-c  80.0+13.2ba  51.7+10.4b 93.3+2.9a 96.7+5.8b-c  91.7+2.9ba 96.7+2.9a 98.3+2.9a 98.3+2.9a
Goesan 8.3+£5.8d 6.7+2.9¢ 8.3£5.8b 15.0+£5.0e 63.3£5.8¢e-f  78.3+2.9b 61.7+7.6b 88.3+7.6a 98.3+2.9a
Goseong 27.142.9b-c  18.6+8.8de 22.0+2.9b 74.6+8.8b-c  72.9+10.6e-f 74.6£5.1b 89.8£17.6ba  91.5+5.9a 94.945.1a
Gumi 23.3+£5.8dc  25.0+£5.0d-c  35.0+10.0b 91.7+2.9ba 100+0a 100+0a 98.3+2.9a 100+0a 100+0a

Haman 65.0£0.0ba  65.0+£5.0b-c  38.3+37.5b 88.3+7.6b-c  95.0+5.0e-c  81.7+18.9ba  98.3+2.9a 100+0a 98.3+2.9a
Jinju 35.0+£25.0b-c  50.0+45.8b-c  31.7+54.8b 58.3+22.5b-c  68.3+46.5e-f 73.3+18.9b 86.7+7.6ba  90.0+17.3a  93.3+7.6a
Mungyeong  17.5+7.7dc 19.2£13.3de  29.3+13.4b 38.8+10.2de  50.7+7.8f 64.3£5.1b 86.4+7.8ba  88.1+£5.9a 94.9+5.1a
Nonsan 0+0d 0+0e 13.3+£2.9b 51.7+12.6d-c  63.3+10.4e-f 68.3+7.6b 86.742.9ba  91.7+104a  98.3+2.9a
Sacheon 55.0+£30.0b-c  38.3+12.6d-c  33.3+16.1b 73.3+20.8b-c 65+26.5e-f  68.3x15.3b 91.7+10.4ba  91.7+£5.8a 95.0+5.0a
Sangju 23.3+5.8dc  25.0+£5.0d-c  35.0+10.0b 91.6+2.8ba 100+0a 100+0a 98.3+2.9a 100+0a 100+0a

Uiseong 76.4+7.7a 88.2+5.8a 94.9+5.1b 93.2+7.7a 98.3+2.9ba 100+0a 100+0a 100+0a 100+0a

Yeongdong 23.3+7.6dc  30.045.0d-c  43.3+2.9a 45.0+13.2de  63.3t7.6e-f  80.0+10.0b 61.7£104b  83.3£5.8a 85.0+£5.0a

“Recommended concentration.
YMeans followed by same lower letters in each insecticide column are not significantly different (Tuckey’s HSD test, P<0.05).
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Table 7. Lethal effect according to emamectin benzoate treatment concentration and day after treatment on local strains of Hyphantria
cunea in laboratory

Corrected mortality (%) + standard deviation

Locality 3 days after treatment 5 days after treatment 7 days after treatment
1/4R? 12R R 1/4R 12R R 1/4R 12R R
Anseong 100+0a”  100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 10002
Buan 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a
Cheongju 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a
Chungju 96.7+5.8a  100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a
Gangjin 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a
Gimje 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a
Goesan 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a
Goseong 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a
Gumi 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a
Haman 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a
Jinju 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a
Mungyeong 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a
Nonsan 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a
Sacheon 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a
Sangju 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a
Uiseong 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a
Yeongdong 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a

“Recommended concentration.
YMeans followed by same lower letters in each insecticide column are not significantly different (Tuckey’s HSD test, P<0.05).

Table 8. Lethal effect according to fenitrothion treatment concentration and day after treatment on local strains of Hyphantria cunea
in laboratory

Corrected mortality (%) + standard deviation

Locality 3 days after treatment 5 days after treatment 7 days after treatment
1/4R” 12R R 1/4R 12R R 1/4R 12R R

Anseong 10002 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a
Buan 85.0+17.3b-c  100+0a 100+0a 90.0£17.3ba 100+0a 100+0a 100+0a 100+0a 100+0a
Cheongju 56.7+17.6e-c ~ 85.0+13.2e-c  95.0£5.0b-a  65.0£10.0e-c  91.7+7.6b-c  95.0£5.0ba  80.0+8.7dc  98.3+2.9ba 100+0a
Chungju 40.0+8.7e-g  73.3x17.6e-c  80.0+0.0dc 43.3+2.9e-f 76.7£20.2b-c  86.7£5.8b 48.3+2.9d 83.3+12.6bc  91.7£2.9¢
Gangjin 51.7+7.6e-g  63.3+189e-f 95.0£5.0b-c  54.4+11.0e-f  66.7+16.1e-<c  100+0a 73.7£53dc  82.5+8.0bc 100+0a
Gimje 46.7£15.3e-g  98.3+2.9ba 100+0a 58.3+7.6ed 100+0a 100+0a 61.7+7.6dc 100+0a 100+0a
Goesan 6.747.6g 63.3x153e-f  98.3+2.9ba 10.0£5.0f 83.3+5.8b-c 100+0a 55.0£10.0dc  100+0a 100+0a
Goseong 33.9+10.2e-g  61.0+5.9e-f  89.8+5.1b-c  45.8+10.6e-f  83+2.9b-c 100+0a 66.1+7.8dc  96.6+5.9ba 100+0a
Gumi 61.3+12.7e-c ~ 78.1+12.7e-c  100+0a 64.3£13.5e-c  81.3+7.8b-c 100+0a 67.4+10.8dc  89.7£52b-c  100+0a
Haman 70.0+17.3e-c = 98.3+2.9ba 100+0a 78.3+12.6b-c  100+0a 100+0a 81.4+17.9bc  100+0a 100+0a
Jinju 98.3+2.9ba 93.3+11.5bc 100+0a 100+0a 95.0+8.7ba 100+0a 98.3+2.9ba  93.3£11.5b-c  100+0a
Mungyeong 17.8423.5fg  47.8+2.9ef 73.0+7.7d 42.242 9e-f 54.1£5.1ed 83.0+2.9b 64.3£5.1dc 74.5+8.8¢ 94.9+5.1bc
Nonsan 46.7£7.6e-g  65.0£13.2e-c  88.3+5.8b-c 53.3+2.9e-f 75.0£15.0b-c  100+0a 60.0+£5.0dc  81.7+10.4bc  100+0a
Sacheon 80.0+15.0b-c  98.3+2.9ba 100+0a 88.3+10.4b-c  100+0a 100+0a 96.7+5.8ba 100+0a 100+0a
Sangju 50.0+£0.0e-g  90.0+8.7b-c  98.3+2.9ba 55.045.0e-f 95.0+5.0ba 100+0a 61.3+2.9dc  98.3+2.9ba 100+0a
Uiseong 20.8+11.7fg  39.4+13.4f 78.1424.9dc  24.2+134ef  42.7£7.7e 81.5£27.8b  61.3+7.7dc  74.7+5.1c 98.3+2.9ba

Yeongdong 45.0+5.0e-g  75.0£10.0e-c  85.0+£8.7b-c  50.0+5.0e-f 78.3+10.4b-c  91.7£5.8ba  51.7+7.6d 81.711.5bc  93.3£2.9¢

“Recommended concentration.
®Means followed by same lower letters in each insecticide column are not significantly different (Tuckey’s HSD test, P<0.05).
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Table 9. Lethal effect according to flubendiamide treatment concentration and day after treatment on local strains of Hyphantria

cunea in laboratory

Corrected mortality (%) + standard deviation

Locality 3 days after treatment 5 days after treatment 7 days after treatment
1/4R” 12R R 1/4R 12R R 1/4R 12R R

Anseong 33.3£16.9de” 31.6+24.1ef  61.4£16.0de  56.2429.9f-c 59.7£13.2f-¢ 78.9+10.6e-c  85.9+8.0ba  98.243.1a 100+0a
Buan 88.3+10.4ba  90.0+8.7b 85.0£10.0b-c  95.0£5.0ba  98.3£2.9a 100+0a 100+0a 100+0a 100+0a
Cheongju 91.7+2.9ba 86.7+5.8bc 93.3+2.9b-c 98.3+2.9ba 100+0a 100+0a 100+0a 100+0a 100+0a
Chungju 88.3+5.8b 93.3+2.9ba 100+0a 100+0a 95.0£0.0b-c 100+0a 100+0a 100+0a 100+0a
Gangjin 10.0£5.0e 36.7£20.2ef  41.7+17.6e 52.6+27.8f-e  66.7£21.3f=c  79.0£19.0b-c  86.0£13.2ba 91.2+15.2ba  96.5+3.1ba
Gimje 31.7¢17.6de  36.7+2.9ef 45.0£10.0e 76.7£17.6b-c  95.0£5.0ba  96.7+2.9b-c  86.7+12.6ba  100+0a 98.3+2.9a
Goesan 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a
Goseong 4.0+4.3¢ 52.6+5.8e-d  64.4+8.8d-c 54.2+5.1f-e  57.6+5.9fe 66.1£5.9¢e-f  83.0+2.9b 78.0£2.9bc  91.5+2.9b
Gumi 12.4+2.9¢ 20.9£2.9f 29.3+0.0e 57.5+7.8f-e  77.9+7.8b-c  93.2+59b-c  98.3+3.0ba  98.3+3a 100+0a
Haman 71.7£20.8bc  63.3+2.9e-d  78.3+£20.2b-c  90.0+10.0b-c  100+0a 98.3+2.9ba 98.3+2.9ba 100+0a 100+0a
Jinju 16.7£153de  76.742.9b-d  88.3+2.9b-c 86.7+7.6b-c  95.0+5.0ba 100+0a 90.0+8.7ba  98.3+2.9a 100+0a
Mungyeong 17.5£11.7de  17.5+5.8f 20.9+10.5¢ 18.4+8.8f 25.242.9f 32.0+7.8f 91.5£59ba  91.5+2.9b-c  100+0a
Nonsan 5.0+5.0e 20.0+8.7f 55.0+5.0de 53.3x12.6f-e  56.7+2.9fe 56.745.8¢e-f  883+2.9ba  73.3+7.6¢c 90.0+5.0b
Sacheon 56.7+7.6dc 58.3+18.9ed  56.7+5.8de 93.3+7.6b-c  86.7+11.5b-c 95.0+5.0b-c ~ 95.0+45.0ba  91.7+7.6b-c  98.3+2.9a
Sangju 11.745.8¢ 20.0£5.0f 31.7£5.8¢ 100+0a 96.7+5.8a 100+0a 100+0a 100+0a 100+0a
Uiseong 14.1£5.1de 19.2+£5.1F 29.345.1¢ 29.3+5.1fe 32.6+2.9f 44 .4+10.1ef  86.5+10.5ba  98.3+2.9a 100+0a
Yeongdong 78.3+2.9bc 78.3£10.4b-d  96.7+5.8ba 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a

“Recommended concentration.
®Means followed by same lower letters in each insecticide column are not significantly different (Tuckey’s HSD test, P<0.05).
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Table 10. Lethal effect according to metaflumizone treatment concentration and day after treatment on local strains of Hyphantria
cunea in laboratory

Corrected mortality (%) + standard deviation

Locality 3 days after treatment 5 days after treatment 7 days after treatment
1/4R? 12R R 1/4R 12R R 1/4R 12R R
Anseong 94.7+£5.3a” 98.243.1a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a  100+0a
Buan 96.7+5.8a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a  100+0a
Cheongju 91.7+5.8a 100+0a 98.3+2.9a 100+0a 100+0a 100+0a 100+0a 100+0a  100+0a
Chungju 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a  100+0a
Gangjin 81.7+153a 98.3+2.9a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a  100+0a
Gimje 95.0+8.7a 100+0a 98.3+2.9a 100+0a 100+0a 100+0a 100+0a 100+0a  100+0a
Goesan 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a  100+0a
Goseong 94.945.1a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a  100+0a
Gumi 949+5.1a  94.9+5.1a 100+0a 98.3+2.9ba  100+0a 100+0a 100+0a 100+0a  100+0a
Haman 86.7£5.8a  96.7+5.8a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a  100+0a
Jinju 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a  100+0a
Mungyeong  94.9+5.1a 100+0a 100+0a 96.6+2.9b  100+0a 100+0a 98.3+2.9a 100+0a  100+0a
Nonsan 90.0+13.2a 71.7+10.4b  96.7+5.8a 100+0a 91.742.9b  100+0a 100+0a 100+0a  100+0a
Sacheon 98.3+2.9a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a  100+0a
Sangju 98.3+2.9a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a  100+0a
Uiseong 96.6+2.9a  98.3+2.9a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a  100+0a
Yeongdong  98.3+2.9a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a 100+0a  100+0a

“Recommended concentration.
"Means followed by same lower letters in each insecticide column are not significantly different (Tuckey’s HSD test, P<0.05).
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