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Abstract The results of the control schedule test focusing on viral disease management in the red pepper
cultivation area in Cheongsong, Gyeongbuk were as follows: There was no difference according to the type
of control schedule or the type of pepper as a result of examining the type of control schedule in relation to
the density of insect pests (thrips, aphids, and oriental tobacco budworm) in virus-resistant and general
cultivars in pepper fields. The viral infection rate was lower in treated than non-treated tests in the control
schedule treatment only at the end of August investigation; and among cultivars, the infection rate of resistant
cultivars was lower than that of general cultivars. The yield of red pepper increased by 80.8-103.5% in the
treatment with control schedule, and the yield between cultivars increased by 9.6% in resistant cultivars
compared to general cultivars. In synthesizing these results, it is recommended to apply a control schedule
that can manage aphids and thrips by July for high-yield general cultivars, in addition to considering the use
of resistant cultivars and quantitative aspects to reduce damage of pepper by viruses.
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Rom A= AuHZ ZE 7,906 ha, H'F 4,682 ha, A
£ 4,320 ha <=0 tHKOSIS, 2020).

ZAEIM = SFeAIG L] AuAA 0] 1,456 haZ 7P WAL,
B, B3, 94, HE ToltHKOSIS, 2015). ol & H%
219 w A WAL 201399 1,038.7 ha, A4HF 3,117 ton
oA 7+ FAe] et 2015d9]E 682 ha, 1,987.4%,
20183l 500.3 haoll Al 1,565.5 ton©] AYAFE] 9 tH(Cheong-
song-gun, 2020).
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(KSPP, 2020), °ol& & A& &4
IEAE vpolgf o] &3k Bato]AH 9
=THSeo et al., 2011). =3k 5o dAlsly
b, Hatolgoff ¥ EegAdy
4 A AT (RDA, 2020) X GE, FAEH
of 9 whul} T2 F=2 AAAIA| oA
(Kim et al,, 2012), 2=A] Auje] 739 FAE <}
of ot Fal 7t Agk Holth,

oA HNEES CMV  (Cucumber mosaic virus),
BBWV2 (Broad bean wilt virus 2), PepMoV (Pepper mottle
virus), PVY (Potato virus Y)$} 752 nlo]8]| & wj7)sl=
o A Afule] A9 Gl o) W sle violg s 7
HEo| 45.8%, A ALFAN ] 79 82.4%E X GlEl ¢
ok 25441 TafjEct vlolgf 2z Aztel] ot 2214 3|7}
FZ2 o]ZtH(Lee et al., 2004). =3 ZFA o] o] vlg|=
F= YT Z2=HSANH (Frankliniella occidentalis),
OB (E intonsa) 2 SN BH (Thrips tabaci)Z
& W2 FFolA= Gull EFato] AA Wi &
Hol] AR AL, o]F I F7} FojA|H el 9|7} stk
A H FH 58 T Ax o]Fox HAHE FEHZ Hollo]
FE2d o] Akt (Moon et al., 2006; Seo et al., 2018). &
AEEF= TSWV (Tomato spotted wilt virus)E 7l sk
ol matola Wuks FAstar, Ak A5 719 B4
HAY Fo] YslEo] 159 FF ST AEAE AHE
FEAIZITH(Cho et al., 1989; Whitefield et al., 2005).

SEuetelA 5ol BAEE tgs BE 5 T2 9
7F Ak Walle= A3t A7 whet &fol 7k YA o
I BAH, Bxlo|ame] HAAOR IFE FiL 3
(Kim, 2000; Seo et al., 2011). °]& & ZA}o]= TF9]
A WYk gAste vlolg 2o o3 nlolg A2 Ag,
Al7] B droe) wet BAsle 8 Hlo]y o] FRY o]
W&ol Apol7k lout ARAGeIM = 20004 o] F= HE
el mlste] @AEo] AA3] Eob 1999 1.0%04
20003l 30.5%% S7FsE H 200733 20081 AL =
¥zt 32.5%9F 36.7%2] £ WSS B AHHoR F
7¥skal ATHKim, 2000; Seo et al., 2011).

o] WA ek ol 9] FRHe AN AV AY F
o e} zfo]E Kol AAAu|A] M = EnfRato]a X
7 $AsARE =2 A oM = A ElERl o8 HdutEe
Hro|g2E0] $38k=t] 53] CMVE 200090 ©]§
3] WAool £} 3 dth(Lee et al., 2004; Cho et al.,
2007; Kwon et al,, 2017). A5 &L Tt 7|5 A EES
FETOR QlEl o]&0] 7Hlske Tt 2lEE0] Hiold
2o AL et ATl A S Yol Batel=,
HE, g3t 2 74 ¥AS F= Yepdth(Kwon et al,
2017).

3

T ¥0 ok
o o
o
N

fo o

morfr
:oé

iy

9%
s
9,

S
¥

)
=0£
il

W ke ot ol
R

L
)

af

s
o}
=
=

Ho

I3 A7 S B SR thke Welle A}
9lste] A=Y AuistolA = A7 F 10~153]9] HAE
Az atod WSl 1= (Kim et al., 2012) =31 oFA| 2
I oA AR 7)Ee] mjold) o= Qs i ETIES
ZIehe FoF ARl FuFY TaF B NS AE
wo] 74738 sk 8<lo] H AL YTHKim et al., 2006).
mebd B A A IFA sl 2%

5
|

lo

2 9% WA AZE 93 FRekEr
wolelzs A FF Qb FF 7] wholei2: g o]y

&3 a5 A B a5 skl e 24 WA soiTh

AMNEER A D& [y
ANExZE A5 T ASS FLAE(36°23' 28"N,

A5 A5

129°04' 32"E)9] AET FA7ISAE AlgEFe] 1mx
14 m 2719 A FTE G 45HE v x]8te] Faaiaict.

AT e AR 49 23Y SleH, o)F &
110 cm, 2% & 35 cmZ & 2Qiste] 59 49 A T34
4S5 g5t HE A9 A
ofp| At H|E S 1029 & 120 kgS LT AXSI0, I
FAS F FHR 62 ke, 12 T £t
e s HEES 102 1~2kg 2o 3Asle] SHELE
2 5ol 9w Axsich 44 WAEE AP 1F

o

<

FT A9TE PEslel WAL A4e 59 7Y,
BA0 40 emz 7} 0@ F 7054 Atk A4 F
2~y o)

S8 gEE TEise] BeTh A4 3% ¥ kg
& w39] Yo7 mja)g osl] Ssked AFu)s A5
3, velE Eoe Ro) F3u.

yo 2

)
2

=
AE F ATolv 28 54 55 st Al
25%2] HA(HA 15%, FASE)E A
AFH EA 5 Table 13} 23, Al59 524

A st ARgskAT

i3
ol
ol
3R
(o
=)
o,

o i

2 L qr 12

=V
o
==

U4HH HE AE

Al Agst HAE 2 Al 7 E J9bEk] AES 738
st slEol Aaehe vlolyaye] AE EHo=
AY e} FAde [ Gl FAH S & HAES F8s)
Atk HAEL 68 2THE 82 koA 83 WAIE &
ko7 Ao WAE A9 CE B ATE s ot



Comparison of pest occurrence and viral disease incidence rate in red pepper

Table 1. List of 25 chemical compounds formulations tested in pepper field

Chemical Active ingredient (%) Formulation® Chemical class
Acetamiprid+Indoxacarb 4+5 SC Neonicotinoid+Oxadiazine
Acetamiprid+Spinetoram 6+4 SC Neonicotinoid+Spinosyn
Abamectin+Sulfoxaflor 1.5+6.2 SC Avermectins+Sulfoximine
Bifenthrin 8 WG Pyrethroid
Chlorfenapyr 10 SC Pyrrole
Chlorfenapyr+Clothianidin 6+6 SC Pyrrole+Neonicotinoid
Chlorothalonil 75 WP Organic chlorine
Chlorothalonil+Difenoconazole 4+2 SC Organic chlorine+Dioxolane
Clothianidin+Spinetoram 6+4 SC Neonicotinoid+Spinosyn
Emamectin benzoate 2 EC Avermectin
Flonicamid 10 WG Meta diamide
Flonicamid+Thiacloprid 10+5 WG Meta diamide+Neonicotinoid
Fluazinam 50 WP Dinitroniline
Fluxametamide EC Meta diamide
Fluxametamide 5 EwW Meta diamide
Indoxacarb 10 WP Oxadiazine
Metaflumizone 20 EC Semi cabazon
Metconazole+Pyraclostrobin 8+9 SC Cyclopentanol+Carbamate
Methoxyfenozide 4 WP Benzoylhydrazide
Propineb 70 WP Organic sulfur
Pyridalyl 10 EwW Untitled
Spinetoram 5 WG Spinosyn
Tebuconazole 25 SC Triazole
Tebuconazole 25 EC Triazole
Trifloxystrobin 22 SC Strobilurin

3SC, Suspension concentrate; EC, Emulsifiable concentration; WG, Water dispersible granule; WP, Wettable power; EW, Emulsion in water.

Table 2. Pesticide spraying timing and treatment pesticides by control calendar

Date of Control calendar type .
treatment Targeted pest % B C Fungicides

. . Clothianidin+ Emamectin benzoate Acetamiprid+ .
6/4 Aphids+Thrips Spinetoram SC? EC Spinetoram SC Propineb WP

. . . Abamectint . Chlorothalonil+
6/15 Aphids+Thrips Fluxametamide EC Sulfoxaflor SC Fluxametamide EW Difenoconazole SC
6/26 Aphids+Thrips Acetamiprid# Flonicamid WG Clothianidin Fluazinam WP

Spinetoram SC Spinetoram SC

. . Chlorfenapyr+ . . Metconazole+
7/06 Aphids+Thrips Clothianidin SC Spinetoram WG Spinetoram WG Pyraclostrobin SC
7/16 Helicoverpa assulta Indoxacarb WP Chlorfenapyr SC Indoxacarb WP Tebuconazole SC
7/31 Helicoverpa assulta Metaflumizone EC Bifenthrin WG Methoxyfenozide WP Chlorothalonil WP

. Acetamiprid+ Acetamiprid+

8/12 Helicoverpa assulta Indoxacarb SC Indoxacarb SC Chlorfenapyr SC Tebuconazole EC
8/26 Helicoverpa assulta Pyridalyl EW Methoxyfenozide WP Metaflumizone EC Trifloxystrobin SC

“SC; Suspension concentrate, EC; Emulsifiable concentration, WG; Water dispersible granule, WP; Wettable powder, EW; Emulsion in water.
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IF ZEFE dojyAa & 2 Y dlu AH & L, 0F S, vio|2 A mal =A
a5 w9 Al T Hlelg Lk oS ¥ Y A} sz WA AE FAAE B FAA Mol 5
o] dotur] 95k AF2 upelH A A FF viEZ Follom AIRES A5 ASYHE FAlslr] st
g, Zepghet A At F5 VHESRE, AFEE 245 AL, AlF AR AU, S8, Eely
&l A AeIIth(Table 3). ZH74] F552 &9 & W o BALES AR OH, vl oFE =
BAIAM 29 49 gl SREIgeH, 59 7Y 23 & ARSI 282 AE ol&sto] AARERE 2717}
ATt At FE2 HEE AGolM BHH R o] g Ao Aol & 7 it 10574 o= AdAste] AksIIS
S e F F5S Addstien, A F52 A5 M, BE AR 3RO R Fsigith. AslEe 4 AT
FAA Aol A Fete] o] &aiiitt. F5E v w A oM & F AR 10579 ol BT fAlFE A5 =
Walls Al A A8A1he BUAE S ol &kt Ateiien, FAdE s 9 1050 & ddes e
T 1058 2ARET. e e E 953 A%l
ot %2 EAlste] WS, BN TE olgte] 2AFIe] F
48 Ao W2 op At FHRLGAZY SR 4L 8K shelth slbe AR Hol oje )
2 E77) 20, ARET7], HAR=)E ARSste] 229 Al TS A ol FHE B3 o7 IslE
gl Aasiglet oA AL v 2ol 7 dEge F vt da) 54 Bole A& Ja A= APt
Table 49} Ow] oA MEE oplo] Tepheld e g Grh Lol TR wolgsge] WS, 53] ¥4
w2 3RE AXSYON S 4T Tejslel ATAY] Fo Bre) vleleiast EAlste] wASKE A9 ol
£ 48] 24dsto] At (Lee et al., 2015; Kwon, 2017) PCRE-AS 53F no|gj~
T glo] Hlele 2 19 S (Fig S Hole 3%
Table 3. Red pepper cultivar used experiment e F4E A= el 2l= %_Xﬂ _TE e Al
om, BE FAks 3NEO R FE
Class Commercial name Enterprise
TSWYV tolerant Bigc.alllla Asia seed. szl
TSWV to?erant Callajjang Nongwooblo szl g9 12200 Z28ksr] AlAsled 987tA 7} Al
Susceptible Geumsugangsan Daggiee Korea S o] Qe ARG B TEZ Szei] 7} wEme
Susceptible Geochanghan Sakata Korea A AR Ehe T T =
RAE EYHA0R, 7 AR 08 2As,
Table 4. Weather situation of pesticide spraying day in Cheongsong
Temperature (°C) L
Date - — Precipitation (mm)
Mean Maximum Minimum
6/4" 23.8 33.0 15.2 0
6/5 22.7 32.1 45 0
6/15° 223 28.6 14.7 0
6/16 21.1 29.1 14.3 0
626 223 27.2 19.2 0
6/27 223 29.6 17.5 0
7/6" 22.0 28.6 17.1 45
7/7 233 29.6 19.0 0
716 20.3 28.6 14.1 0
7117 20.3 28.5 13.3 0
731" 24.6 30.5 19.5 0
8/1 25.7 31.7 22.0 0.2
8/13° 27.5 33.9 239 0
8/14 275 33.1 22.4 0
8/28° 26.0 315 22.8 6.0
8/29 26.6 33.2 23.6 7

*Spray day of pesticides treatment.
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Fig. 1. Photography of damage symptom by virus in red pepper
field in Cheongsong.

Lo} vpol Ay AAFE
ﬂ J 2}o]2 SAS TR IS
?AE}(SAS/STAT® 9.3 user’s guide,

Density of Frankliniefla sp.f10 flowers

2 J-'—I'
Mg WM ¥ E5Y SAYl ¥y Us
Ag WA We FApgee] By UEE RE 2

Ao AR ZJol7l AL (6D 152 dF3, 12,
F=1.13, P=03747, 62 259: df3, 12, F=5.51, P=0.1084,
79 69 df3, 12, F=3.46, P=0.0512, 79 162: df3, 12,
F=2.17, P=0.144)(Fig. 2A) 25 Z=9o| u}2 232
A UEE BE ZARIAA BAEER Zfol7t fIsith
(62 159:d£3, 12, F=135, P=0.3046, 69 259: df3, 12,
F=033, P=0.8017, 72 6%: df=3, 12, F=0.72, P=0.5616, 7
2 169: dE3, 12, F=0.17, P=0.9167)(Fig. 2B).

HE UMY Y £33 TGS 44T

g YA E] BE AGE AAEE BE RAAA
oM WAFEE Zpo|7k fIASH (Fig. 3A) #5180l e
AGE LS BE AR A 2po]7t It (Fig.

Density of Franklinieffe sp.f10 flowers

/15 6/25

Date

W Bigcalla

Ocallzjjang

B Geumsugangsan

B Geochanghan

7777777

7/6 7/16

Date

Fig. 2. Density of Frankliniella sp. per 10 red pepper flowers depending on control calendar (A) and pepper cultivar (B) in red pepper

field in Cheongsong.

Legend in (A) refer to Table 2 (A+Fungicides, B+Fungicides, C+Fungicides).
Same lowercase letters on the bar among date are not significantly different (Tukey,s Test, p<0.05).
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Fig. 3. Density of aphids per 10 pepper plants depending on control calendar (A) and pepper cultivar (B) in red pepper field in

Cheongsong.

Legend in (A) refer to Table 2 (A+Fungicides, B+Fungicides, C+Fungicides).
Same lowercase letters on the bar among date are not significantly different (Tukey,s Test, p<0.05).

Table 5. Damage of pepper fruits by oriental tobacco budworm depending on control calendar in red pepper field in Cheongsong

Treatment”

Damaged fruit rate (%) = SD

727 8/13 8/27
A 0.0+0.0a” 0.1+0.3a 0.4+0.4a
B 0.4+0.5a 0.6x1.2a 2.3+3.2a
C 0.3+0.3a 0.2+0.4a 1.0+0.9a
Control 0.2+0.2a 0.3+£0.3a 2.843.0a

JRefer to Table 2. (A+Fungicides, B+Fungicides, C+Fungicides)

®Means followed by same lowercase letters within the column and same uppercase letters within the row in each treatment times are not

significantly different (Tukey’s Test, p<0.05).

GNE ¥ E3E HujUY TiE
A48 WA whe Huibg dls) e 2AAZTE
of me} xjol7k I em(Table 5) 3% FEERE Apo|7}

o7} UATHBY 27Y: g3, 12, F=4.75, P=0.0209)(Table 7).

JF FE vtolgay oFES ASE7IRI 69 25
A7 E ZFol7t gidovked 159: 43, 12, F=1.0,
P=0.4262, 69 259: df=3, 12, F=1.26, P<0.331) A% 37|
o]Foll= A FEQ vlAEe} Aepgela 9] oEFEol
FolaAl WUth7¥ 69: df3, 12, F=21.4, P=0.0001, 72
169: df3, 12, F=68.02, P<.0001, 79 27%: df=3, 12, F=
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Table 6. Damage of pepper fruits by oriental tobacco budworm depending on cultivar of pepper in red pepper field in Cheongsong

. Damage rate (%) = SD
Cultivar”
727 8/13 8/27
Bigcalla 0.3+0.5a" 0.5+0.7a 1.5+1.0a
Callajjang 0.2+0.2a 0.5+0.5a 0.9+0.5a
Geumsugangsan 0.1+0.1a 0.5+0.7a 1.1+0.6a
Geochanghan 0.5+0.5a 1.742.8a 2.6+3.5a
YRefer to Table 3.

»Means followed by same lowercase letters within the column and same uppercase letters within the row in each treatment times are not
significantly different (Tukey’s Test, p<0.05).

Table 7. Virus disease incidence rate depending on control calendar in red pepper field in Cheongsong

Percentage of diseased plants + SD

Treatment”
6/15 6/25 7/6 7/16 7/27 8/13 827
A 1.5¢1.7a 3.3+4.9a 23.24+6.2a 40.6+5.4a 49.843.1a 68.7+12.5a 74.3+7.6ab
B 0.7+1.4a 0.7+1.4a 24.94+72a 41.44+72a 50.2+8.4a 72.6+16.4a 82.1+15.3ab
C 0.0+0.0a 1.5+1.7a 19.7+5.6a 38.1+5.1a 43.8+7.4a 61.8+19.1a 68.5+17.8b
Control 0.0+0.0a 0.0+0.0a 22.9+11.7a 46.3+£10.7a 52.7£16.0a 83.1£14.9a 96.0+17.5a

“Refer to Table 2 (A+Fungicides, B+Fungicides, C+Fungicides).
®Means followed by same lowercase letters within the column and same uppercase letters within the row in each treatment times are not
significantly different (Tukey’s Test, p<0.05).

Table 8. Virus disease incidence rate depending on pepper cultivar in red pepper field in Cheongsong

Percentage of diseased plants + SD

Cultivar”
6/15 6/25 7/6 7/16 727 8/12 8/27
Bigcalla 0.0£0.0a" 1.1+2.2a 1.1+£2.2b 5.1£3.6b 10.9+4.8b 14.8+6.0b 15.1£5.4b
Callajjang 0.0+0.0a 0.0£0.0a 0.0+£0.0b 4.0£1.3b 5.1£2.7b 7.9+4.1b 8.7+£3.2b
Geumsugangsan  0.0+0.0a 3.0£3.4a 11.5+4.3a 26.0+£3.5a 30.847.0a 47.8+9.6a 60.1+7.9a
Geochanghan 0.7+1.4a 3.7+4.4a 9.2+1.3a 27.5+3.6a 30.9+5.7a 55.8+6.3a 67.9+7.6a
JRefer to Table 3.

®Means followed by same lowercase letters within the column and same uppercase letters within the row in each treatment times are not
significantly different (Tukey’s Test, p<0.05).

Table 9. Yield of red pepper depending on control calendar Table 10. Yield of red pepper by cultivar

Yield (kg/plot)

Treatment” Increasing rate” (%) Increasing rate

Cultivar” Yield (kg/plot) o

A 47.048.7a° 80.8 (%6)

: 3

B 50.0+5.8a 923 Blgcalla 50.5+9.0a 94.2

C 50.0+4.9a 103.5 Callajjang 51.949.5a 99.6
Control 26.0+12.8b _ Geumsugangsan 46.9+6.5a 80.4
JRefer to Table 2. (A+Fungicides, B+Fungicides, C+Fungicides) Geochanghan 44.4+7.1a 708

®[(Treatment yield — control yield)/control yield]x100 JRefer to Table 3.

“Means followed by same lowercase letters within the column and
same uppercase letters within the row in each treatment times are
not significantly different (Tukey’s Test, p<0.05).

25.86, P=0.0002, 8¥ 13¥: df=3, 12, F=48.84, P<0.0001,
89 27%: df=3, 12, F=92.23, P<0.0001)(Table 8).

Y’Compared control data of Geochanghan in Table 9.

“Means followed by same lowercase letters within the column and
same uppercase letters within the row in each treatment times are
not significantly different (Tukey’s Test, p<0.05).

TSR Fol7h dgtort WAHERE Hol7h SIS,
12, F=8.0, P=0.0034)(Table 9), 5 42 z}o]7} ¢l

M8 UNY Y EFE s0F &Y ATHAE3, F=1, P=0.4262)(Table 10).
Ag HAEE T I TR HAE A



A= el a3 AYAkA 9] shtolth(Lee et al., 2004;
Cho et al., 2007; KOSIS, 2020). A2 o2 23 2H&9l
FFAE) Al TS HalSel ofst 7 43 A5 A
7F sl gledl ZPdle eAYgey oY, T a
e gy Al ogk Wolu Y&, FAHY|, 71+
o, Rl 72 /N siFFol o Fefr} vtolys
o] o3t a7} =718} AtH(Lee et al., 2004; Seo et al.,
2011; 2018). 53] Hiolejzof o3t 15 Faf= 1970 H
FH AEH 02 BT e Aty 2G| et Ty
S50 2ol W7} YR Qlth(La et al,, 1972; Lee
et al., 2004; Cho et al., 2007; Kwon et al., 2017). Z 2=
A Eoly; FaE 9} 22 2372 vzl sl #ds
+ CMV, BBWV2, TSWV&} 2+ njo]gf i o] Whilo] =
ZHAA F7FFL JtH(Cho et al., 2007; Kwon et al,
2018). o] gt Hlo|H A EL vlojg A A& aA o R
AAT = A= 55 AI7E §lo](KCPA, 2020) vlo]H =&
w7k wizlE el 7t S8t
FAY AL EE dubd o g £ 9 0.3ve] mgke
Uoked 69 159 ZAblA 7P WEr) 29k, o] Fole
= 3 0.1771] olstE FAETE. AR o= Eie
A e} divAdYt F2 S sked 23 H,
i, AE AHeA = tigsAga 7 -89, A F
A71e AqER 6dolut 742 AolSIATthKim et al,
2012; Seo et al, 2018). FAHH FALEE 24 A
W2 zto|7h gilem FAEFIME 64 25% o] FHH
AT vt BAY 28 Aol Hlste] dWxr} o
2 AR WAY A8 AT ApolE HolA] ¢igith
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