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Major viruses infecting rice are transmitted by planthoppers such as small brown planthopper (SBPH), brown
planthopper (BPH) and white-backed planthopper (WBPH). In this study, we investigated planthoppers cap-
tured during 2015 to 2017 by a smart sky net trap (SSNT) system installed in 40 areas in Korea, which is an au-
tomatic, rapid and real-time insect surveillance system. The average rates of captured migration plnathoppers
was 27.5%, 17.2%, 15.3% and 10.9% in Chungcheongnamdo, Jeollanamdo, Jeollabukdo and Gyeonggido,
orderly. The highly migrated month was July for SBPH, July to August for WBPH and August for BPH. To inves-
tigate the viruliferous rates of planthoppers of rice during 2015 to 2017, we performed RT-PCR using specific
primers for each rice virus. RBSDV was detected from 0.4% in SBPH, while no viruses were detected in BPH
and SBPH. Rice planthoppers exist all around in Asia. They can move long distance by wind from southern
countries to Korea. Monitoring the migration of rice planthoppers and their viruliferous rates is important to
prevent the outbreaks of rice virus diseases.
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1997)0]H], o] 5 =ujollA TAYst= Bio|g 2 3502
ST QlatSutolg A (Rice stripe virus, RSV), WA= $|<=H}
o] 2 (Rice black-streaked dwarf virus, RBSDV) & | $]=H}o]
A (Rice dwarf virus, RDV)7} R 1 E QA EHHEE,
2009). RSVe} RBSDVE] tfj 7]} 52 o H - (Laodelphax striatellus,
Small brown planthopper, SBPH)|=, RDVY] mj7/j& & 2%
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tfju] 2 (Nephotettix cincticeps) 2.2 &# A tHKim 5, 2008;
Kuribayash 5, 1952; Nasu, 1963). o 8= =] EZe|Eo
2 HAEglo) 20099 7|75 FlAE == Aol &
ol=|AtHKim 5, 2009a; Otuka 5, 2010). =W =2 S =+= 4]
el F-2 o B 2]ofl B (Nilaparvata lugens, Brown plan-
thopper, BPH)2} 85871 (Sogatella furcifera, White backed
planthopper, WBPH)7| &4 $1thHOtuka, 2010). o 54 B
59l fBT, HETe} AFETE FWE HEste] obilol A
A3} 25 55, GBS TE 5 AR o FE LA 2=
3l Q= Ao 2 HEtHAbrahamit} Nair, 1975; Chend}
Cheng, 1979; Fernando, 1975; Hinckley, 1963; Otuka, 2013).

o HFof| o3 H& AL} = RSVE= Phenuiviridaex}, Tenui-
viruss o] 7=, 2 0= AMLE o]z 2o &3t
(The Online 10" Report of the International Committee on
Taxonomy of Viruses, 2016). RSVA= 1935 0] 157, WoF 9 2
A oA 222 DAY om, 196433} 1965 0]| 73 E3}
AE oA WAYsEo] oF 40%9] 7 T4 T3S WA
(Chungi} Lee, 1971; Kim 5, 2009b). 2001dof|= A7 = 3}
A3} AHFHA A3} 5 °F 4,663 haoj|A didAgstalen,
2005'd0] FEAF A hEAYEFAIL 22 o] FolA =
upgste] 2 ojel7} 2 1 EgthPark 5, 2009; Song, 2007).
2007390 = S AR B A& FQE 2] 9] 4,457 haoj| A A
3%.om, 20082 2 2% 2 sl 52 2,828 haof] 'HAYs}
tHKim 5, 2008; RDA, 2015). 20090 = A7 = 713, o1
FeA] A3} S Eit 2 A sl 5 ASiHAIH 9] 24,514 ha
oA st en, ERF FEet A|HQl A T EH
A=A o 2 dRASHATHKIM 5, 2009¢). 2007 HEE| 3137F RSV
7F A DG Ao = w7 F2l o E A Aol 2 ol =
7191 59 W64 xof| T =RE T Hsto] Asfigt A
o]l RSV7} @Al A 0. 2 K 1 EIchKim 5, 2008; Otuka 5,
2010). 3201132 S A3 2, A5 Foba A, Ad
3} A% 5ol A 7,397 haol| HAY3}THKIm 5, 2011; RDA,
2015).

RBSDV+= Reoviridae®}, Fijivirus<ol] 750, F-28H24 S
2 g Hpolg 2o &3tk Y AEAlE A5 49 FEE
L YEA]5t 52 BFo] UERdTh RBSDVE P24 A3 2
2(1941d)H & F=(19659) 1 WA & A4H1973) o) A
T B 1E9tHLee 5, 1977, 2005). RBSDV 1970Wt)] Q1% A
(indica)®] th/d &5 Al 12 gz 1975-1976\d0] A
20 2 WAYslgl o, 1984l = = ¥ Afull WAL 70%
HE7H BAgsh el

S =H317) w75t Southern rice black-streaked dwarf

virus (SRBSDV)+= Reoviridae}, Fijivirus<ol| &3t F=t, A&,
HEY oA X 1= tHMatsukura =, 2013; Zhou =, 2008).
H7} w7 8)= vho] A= Rice grassy stunt virus (RGSV)

2} Rice ragged stunt virus (RRSV)Z RGSVA= Phenuiviridae=},
Tenuivirus<:ol) &3, HEE @59 it F= 9 & 5
ZolAolol| A X a1 E| ¢t Cabauatan 5, 2009). RRSV=
Reoviridaex}, OryzavirusZ:0l| <31, W E G52} da|o]A|
olof| A H 11 E]¢itHCabauatan 5, 2009). RRSVR} RGSVo]| E-g¢
7= 33l 9 91=9] 35 (Yellowing syndrome disease)
<= YoxItkPham 5, 2007). B3PS Hgo] =31 YAkwk
o 2A FFE v|X7] wiizol 27| WA7t F-a5}kt} 20064
¥} 20070 HIEE E7-9] oH, ZHE 9 wQllgtof| A g}y o]
"5} e] 51,507 hae) T)3)j7} 2 a1 E|QITHRDA, 2015).

NEFE A Qg AFETFE} HETF= WA ALES
AUR| Z517] wfjZofl Aleh7F SHE =3 vijd A 2 H]=f 7HA)
o] FAE: mEbA] o FHol| 24E AT lE HE S4
A A FF 59 At ASHA| genz v AL
o 233 A Wste] d)Z o] Btk Eat o5 A BT
F7h ol ko 2 Wriso] of et A B9IE T wh
oju] le] ahg B Wt S7hse] el A&
B &msha 2 E3E ARA £ B9 BTHPark 5,
1976). whebA] o5 BFE) T3 o A% Hle A7)
g )3kt Rlo] 1y Fash

Kwon 5(2018)-2 2011-20154¥ =<t Aerial collection net
(AeCN)3} Light trap (LT)E o|-§5}o] ofB9] W £A}S)H
thKwon 5, 2018). AeCN-S o]&-3+o] 2011EEE 20154
&t 283t A4 72,3031, 824nte, 523ute], 2,863
ohe], 952mE| = F 746512l on, LTS o] &3 MAl¢=
7} 2,4630}g), 1136012, 1,389u}2], 990m}a], 2,4051}2] & %
8,383ut | }ltk. 51 F2F A|Fof whet & fA|4=2] Aol & H
o, tfF29] B = FAF A G A =Tk

2| v R AARE ol Al AutE 3F 237
(Smart Sky Net Trap, SSNT)7} =Ujof| 4] 7j=]o] Z=tof AXA]
Elo] &9 Foltk T, A= X9 vl el tiet &
Ho] nlu|ste] ] W7 Fe] BESE 2AHS RSVE} RBSDV
2 nifsHe ofETe] sl 2008-20104 Fok 24P} ol
Ak Aol 2AP} gglon, ST BETY HES
Eof thgt A A o] Fox|R] gt Qlok whEka] 2 AT
of|Xl= 2015-2017d AntE FF 37| 28H 79
Hlg| D= #A3 RSVE ZF3E 5% Hio|g2of et 47
o] HEFES ZAISIGIE o] £4 A=2E 53l B violzx

PR oflS3te] =l B AR oA W wpole o] WS
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HAE A|2 £Z.  2015-20174d o AnE T3 27|
(smart sky net trap, SSNT)o]| Z3)5 g1r5o] dr WH3lE 2
A5}t SSNT= =85 7}sh(National institute of Agri-
cultural Sciences)| 4] 2014 9]| o E]AIT] €} G4d Kl o] qHoto]
B9} 35 /NSt o H(Fig. 1A), 2015 FE A& A28t
2017'dN= A= 407 Z|Foll AX|=|¢{r}Fig. 1B). SSNT= 2nt
EXo|u PC &0 = AT a5 25 4= | a5 4 |<t
AES R AR AR HlHE S & 4 Qe IR, 7
AT 2o 2 F&of BAgle] o] FdstaL, Azt
ofZo] 7Hs5tod, AR | AAREe 2 Idd qlok B
A4S S8l SSNTZF AR 2| H 9 FH71eAlE of| A ofE+
(SBPH), 21 5E(WBPH) & B{H(BPH)E HAIZTC 2 &7
sto] A|2gof] 553 A= E o] &5kt

SSNTO]| 28el F79| A 24 $qT AL F
407 Aoz thai} 2ok e 22|, 2Y), B71=
6AG(HE, oM, & AF, o]H, ), A EE 2R (EY
AR), BAEE 220 A9, e NAGER, 3=

I 5ok Aljh B, B €, A5 A, o), A Ex
64 (L%, 4L AA, Fet %, ), THEE 10496=
B, A4l AF, ob4l, dlat, Bigt 34) 9 F4

& 1A G(FB)°IATHFig. 10). 53], TR ejjika
o] FA7| 75 Ahtsto] v ZhAI7t A7) wZofl v A
£ SSNT7} AR = cHKim2} Lee, 2007).

BFF7F i vl shE Al719] 7143 lsh] flsiA
www.apcc21.orgof| 4] A|-5-3}+= Climate Information Service
£ o]-&sto] 714} A HE FHsIr:

HEFE A= SSNT AR|H 9] 57|l oA 3
o 7} BP0} RS ol 83515tk 20159 A 961, 55
100w}, §<t 87u}], 412t 100w}, sifd 100mt2] E G 97
nhe]2 Z 580ute], 2016 = 774ute], gk 133ut2] ¥ o
3 36utE] & F- 943ut], 2017'd EiQt 115112, A% 95ut,
Heg o5mte, o4k 93ute], &= 95mtE] 9 732 100mHE| = &
5930-2) A3 ol A 2 16ntele] BLFE gtk
ABRE AL Az -80°Co)H BEkstct

=)

Total RNA £&.  SSNT7} AX| 8 Ao 4] 473k o5,
35 9 BE LR HE Easy-spin™ total RNA extraction
kit (iNtRon Biotechnology, Inc., Gyenggi-do, Korea)& A3}
o] Az Ape] wiro] ute} Total RNAS S&31 it 31 7S
1-10u}2]4) 1.5 ml Tubeo]] 4 ©2, Lysis buffer 50 ul& &7}
st ok Fo 2 ZolE & Lysis bufferg 950 ulE 371514
th. 75H) maksk 3, 13,000 rpm S 2 1087 YA B ashich
1.5 ml F20]| A5l 400 pl2} Binding buffer 400 ulS <31
Alo]Fict Aol £gHS W1 13,000 rpm o2 187 4]
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Fig. 1. Smart Sky Net Trap (SSNT). (A) Structure of SSNT, (B) Real-time rice planthopper monitoring system, (C) SSNT installation sites (40

areas).
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22T &, AYRl §Ae #E| AL d4to] F2HE Z7of Wash-
ing buffer AZ 700 pl& 37}skaL 13,000 rpm o 2 1827F ¢
A2 g%, ARl §42 Wtk thA] Washing buffer BE
d4to] F-2HE A- o] 700 plE FH7Fste] 344171 £ 13,000
rpmo 2 157k YA Relste] Ade] B4EL AAKI B
%2 13,000 pm 2.2 3387H AR 3] Aol dopgli o
B2 AASKL, 1.5 ml FHo| Aea 7]-9-aL 4820l A 227t
ZA|Z1t. Elution buffer 50 pl& Ao gol 1527k A2
FA7 B, 13,000 pm 2.2 287F AR} AL
SR} 20°C YEazo]| Hashlon F-AA} Zeko]| ALgS

x ¢

32 N
i)

Reverse transcription-polymerase chain reaction (RT-
PCR). RT-PCR "2 Z A= GeNet Bio AF2] SuPrimerScript
RT-PCR Premix (2X)& ©]-8-3}%.2 1, Premix 10 pl, Total RNA
1 ul, downstream primer2} upstream primer 212} 1 ul, DW.
7 WIS H7}5to] %20 ulo] BFHE-S THEQITE RT-PCR 2742
42°Co]| A 308, 95°C 5275199 a1 95°C 30%, 55°C 30%, 72°C
12ollA 353 RHESAr mix|eke 2 72°Co)| A 527t BhaAIZ
t}. A71%9% & ethidium bromide”} =3+ 1.0% Agarose gel

o] PCR 5-FAHE 4 plE 2951aL, 100 Vol A 60+ 53+ A7
314tk Molecular Imager Gel Doc XR system (Bio-Rad, Labo-
ratories, Hercules, CA)& AF-&5}o] §-AA} At Eo] Zator
2 H88 35 B0 A Behin

t Hio[2{A [RTX} £0| Z2to|H U SZ Lg 37| ©]
/3 B B, S5ETE} BET 3F0] wij7lst= RSV,
RBSDV, SRBSDV, RGSV & RRSV 5% H}o]&] A0 thate] AH-g-at
TR} At Eo] Zeto|m= FeATEY AlEHto]2
2ATFANA T AS AF8-5HITHTable 1). SRBSDVE] 7
$- 473 t=(positive control) BFo]2|£9] Fo] Zato|HE
SOl Al ZPLEE S10-Fe} S10-R, - AIF8H ol A ZPdgt
$10-600F2} $10-600-2 F-A]ol| AH2-5}1%{tHTable 1).

2015-2017 SSNTO| ZEIEl O|SM H1 20| it FX
THES- 24, 20152017\ F2t SSNTO|| Z23)E of 15 &
et 3% Aol tiste] A=, AR Bt 2 WAl
(3 WAl 227199 43 iHTable 2).

Table 1. Specific detection primer sets for rice-infecting viruses transmitted by the migrated planthoppers in Korea

Vector® Virus® Primer name Sequence (5'—3’) Size (bp)
RS4-N30 CATCACAGTGTCACTGGTCTTCAT
RSV RS4-C10 AGTTGATAATAAGAATAGGAAATC >71
SBPH RBSDV RB-N30 TGATCCCGATGAATAGAATTGACC 380
RB-C40 AATCAAAACAAGGTACAGCCAAAGA
RGSV RG-F GAAGGTTYTTAGAGTACATACCTCA 435
BPH RG-R GCAATCTTGTGTCTTGGTTGACCC
RRSV RR-F GAAGCTAAGCCTCAGACTCTTC 565
RR-R ACGATCTTCTTACCTTGCACAAAC
S10-F1 ACCCCACATCGCGTCATCTC 124
S10-R1 AGGAGACTCCGCTCCATGTTTG
S10-F2 ACGTTCCGGAAAATTAAGAATTG
S10-R2 TGCAGGGAGCAGCTAATGCC 657
WBPH SRBSDV
S10-F CTCCGCTGACGGTTTAGAAG
S10-R GGTCGTAACCGCCATAGTGT 242
S10-600F ACAATGATAAGAAATTCATCGAA
S10-600R AATCTTTTGACCATGTTCTGAA 650

*SBPH: Small brown planthopper, BPH: Brown planthopper, WBPH: White-backed planthopper.
PRSV: Rice stripe virus, RBSDV: Rice black-streaked dwarf virus, RGSV: Rice grassy stunt virus, RRSV: Rice ragged stunt virus, SRBSDV: Southern rice

black-streaked dwarf virus.

°510-F/S10-R primers from Guizhou university in China (Zhuo Chen, 2013); S10-600F/S10-600R primers from National institute of

crop science in Korea.
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Table 2. Average number of planthoppers® captured by SSNT during 2015-2017

o SBPH WBPH BPH
Province r - : Total (%)
2015 2016 2017 2015 2016 2017 2015 2016 2017
Chungbuk 5 5 14 2 0 2 0 1 0 29.0(1.6)
Chungnam 322 248 3313 16.5 385 86 235 17.3 44 497.1(27.5)
Gangwon = 29 0 - 255 16 - 12.5 2 85.0 (4.7)
Gyeongbuk 1 41 32 0.8 30.5 3 0.8 11.5 35 124.1 (6.9)
Gyeonggi 223 20.7 97.5 193 17.7 56 5.7 7.3 15 197.6 (10.9)
Gyeongnam 54 315 535 34 97 55 6 45 2 288.0(15.9)
Jeonbuk 87.3 227 69.3 317 32 38 21 6.8 1.8 276.4(15.3)
Jeonnam 929 43.6 27 316 93 7.1 10.8 18 54 311.2(17.2)
Total 300.8 2183 600.3 135.9 334.2 51.6 67.8 789 20.6 1,808.4 (100)

°Average number of planthoppers (No. of captured planthopper/No. of SSNT in each province).
The head of plant hoppers was calculated manually though stereomicroscopy in each Agricultural extension service.

®SSNT installation areas.

“No installation of SSNT.

‘Collected period: May 6-September 30.
*May 1-September 30.

fJune 1-September 30.

ofd o] Bt £ JhA| == 2015Hfl= Hebd= 99ut
2 7P wol xgE|glon, AetEE 87.3ut], AT 54.0
nhe], A E 32.20k8, A7 % 2230k, $HEE 5.00t]
4 AAEE 1.00h2] AT v, WSS F 20151 SSNT
7F AA|EoIQIA] & A AEE A9t BAREAE -
32 23 A SE Bk 2016\ ofdte Bt 23] Al
= 20153 R} 0.74) A Egl o, AEhgd® 43.6ut8]| 2 713
Wol 3 E|glon, FARE 41.00k], FAdE 31.50k], 7
A% 290uta], 2w 24.8ute], HetEE 22.70t8], A7])=
207 vte] 9 SHEE 500t 2 Hat R WA 7P R
Atk AAEEE 201530 Hs) 2016 Bl FHA| =7} 410)
7Vl AL, Metae 3.88 28t qic v, WEAHA 53
FEOA vl W Z A5 BT 2017 of 9] B
3 JWAS = 20163 He} 2.74) F7FsEEom, AfelobA 4
Ql S 331.3uke| 2 7P wol ZEE|glon, 7] %= 975
nhe], MekEe 69.3uH], FAEE 53.501H, AAEE 32.0m)
2], 35 14.00kE], Mebd= 27012 AR Azl A
£ XX kol A7) = 2016130 vlE] 4.74) 718k
], Mebd== 2016| o] HI] 1614 28t ich E3F S
TollAf= 2016l B3f 13.44] F71ek4ITh 2015 HE 3147
ofdt= Hebdeo 3HEE 59 AlAd S FHe=
vl 7 Eoten, xR ZF Ao ulgst= o Bt 23
ZhA| =l 2ol 7k YSATE

ATEFY Bt 2 A= 20159 FAEE 34.0m1e]

2 71 wol] 23E gl on, Matie 31,70k, MabdE 31.6
oke], 77]1% 19.3uke, SAHE 16.50H2], S FHE 2.00t
9 AYEE 0.8ute|2 23 AA7F 7H Rokth 2016
e AAEE 97.0utE] & 71 Wol ZIElon, AehdE
93.0mte, SAEE 38.57H, HtEE 32.0ute], AAAEE
30.50}2], 4T 25508, A7|% 177018 2 2HEE 00
ohe] 2 23 AWAGTE 7 Wtk A EE 2015W R 2.8
v 7kl on AebaEes 294 Skt 2017d00l= 7
oA 16.0nt2] 2 71 wo] x|l on, ZAHE 8.61}
2], Mepd= 71uke], 37| = 5.6vhe], AAd®E 5.50H], deks
= 380, AAEE 3.0nte] 2 S FEE 2.00H 2 23 7RA]
7F 718 okt 2016 7HE wo] ZIE YW A EE=
1768 ZHaston, MebdEs 13.30) ZAstgy FAEE
L2016 H ) 10.28) =7}s19ich

o) Wy 24 AAGL 20159 2YdE 2350182
74 wo] 23 Eglon, AatEE 21.00te], Mg 10.8uf
2], BAEE 6.0ute], 7%= 5.74t], BAEE 0.80tE] <A
L FHEZA = ZY =] Foth 20169 = HAabde
18.0m2| 2 714 Wol 23E|gl o, ZFHE 17.3ute], 7
T 12.5ute], AAMEE 11.5u0t8], A7) = 7.3v}e], A2HE = 6.8
uhe], AAE 4502 2 SAHEE 1.00H| R 23] JA|47}
7H Wbtk FAMREEE 20153 R} 14.38) 71819, Het
S 3uf A4Skt 201730 = MepdX 54u0te| 2 71
Ho] ZIEglon, T HEE 44nte, FAA4ESE 3.511, 7
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Fig. 2. Yearly migrated planthoppers (A) captured by SSNT during 2015-2017; SBPH (B), WBPH (C), and BPH (D) captured by SSNT from May

to Septemberin 2015-2017.

T 2,00, AAEE 2.08H8, AR X 1.80t8], F7]|% 1.58}
2] 9 SRE=oN = 28R Gt Mgt FAEE
= 212} 3.3u), 3.98)) Zastqich SFEAL HES = tA 2
H A 47190 7-84o] B|F 7] wiizel s o] W
Ao 2 getEltHTable 2).

201578 3@zt Bl B4t 23] WA= oHEF7F
11194ntE| 2 7H8 wqton, S8+t 521.7uke] B WE
167.31+2] 4=A1%tHTable 2, Fig. 2A). o€t 2015 300.8
ulg], 2016 218.31}2], 2017'd 600.3u}] 2 2017 df v|
7F 7V weken, 20169 H|F7E 7H A Qi) SleE
X 20154 135.91}2], 20164 334.2u}2], 2017 143.50t8] 2
20160 w7} 7Hd WAL, 201592 Bl 7L 71 A Qi
vEILE 20154 67.80tE], 20164 78.91}2], 20174 1161}2]
22017 ¥l7F 71 wokes, 201592 Bl#7t 7 A
Ak

TR 7P SR EE, ARhEE, AeEE B7] =9 A
Sk Aol A vl 2 A vl&-S 22 27.5%, 17.2%,
15.3% % 109%% SHE=7F 7H 8ok A a=9] 9l
Sk Aol A wl] 23 7HA4 Bl&-S 15.9%% L, BAE=e}
U= A Q] FHF A HE 6.9%2} 4.7%= FHE 2 ek
o, ZAHEE YEXFLE 1.6%= 71 Ikt Table 2).

I 24

T ==
EFR 3F R Bt Y AeE 27 HSA
Z HFst= A71 5EFE 9d7kA] Y2 4513t (Fig.
2).

o8- (Fig. 2B)+= 2015 5¥€ K€ 9471#] 0.3u}g], 2.3u}
g, 27.61}8), 15.6ut2] ¥ 6.3u}2] 2 = 52.10}2]7} v stA
1, 201692 0.9u}a], 2.3u}g], 3.7u}ta], 9.9uta] L 6.2uf2] =
% 23u}a)7} vlgskact 20179-L 40,1012, 48.9u}], 80.4uf
g, 1440t @ 0.10}2] 2 £ 183.9uta]7} vjgislga, 37t 5
ARE 9Y7Ex oW HleL 201790] 7P 9kt
2015 E 37k o dt= & 258. 7027 28 H gl on 74
I 43.2%2 W7t 7 W3tk 20179 o7} o= v
At olft= T BollF ARG Ho| W= AL 70| B
Bt o WE} 2715 A0 2 BEEn 017 42 WelE
BRI E A|53%, http://ncpms.rda.go.kr).

58 (Fig. 2C)= 20159 59 5& 9U7HA] 0.20}2], 011t
2], 8.50}2], 1091} 9l 250k 2 & 22.20t2)7} WIS,
20162 0.0u}2], 0.8u}2], 18.9u}2], 15.4u}a] & 2.8u}2] 2 &
379u}a)7} v)=skack 20179-8 0.1u}k2], 0.0u}t2], 21012, 4.6
o2 gl 0.0uE 2 ¥ 6.8u2|7} Hlestlal, 31t SR H
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"afjo]] &7t ;AL FAFo] TSI 2017°E B E A7}
2016} 5.6H) 2 o= vl ZUA = U 258
T EE7L 237 Yl & AR ETH2017 5= Wl EA
AKX A23, http://ncpms.rda.go.kr).

B H 7 (Fig. 2D)%= 20154 595 E 9¥714] 0.10}2], 0.0u}
g, 3.9u+e], 9.4utg] & 0.5utE| = F 13.91+2]7} WS
3, 201642 0.0m}a), 0.6u}2, 2.70}2), 5.00}2] @ 2.4nfE]2
< 10.7v}2)7} Bl s}Gick 201782 0.4u}2], 0.3mte], 140},
1.4ute] 2 0.0n}2] 2 F 3.50H7} H|gfsk3laL, 37 5
997IA] o] wlEEF-2 2015 0] 71 =3kt 20159 %
B 3W7t WE = F 27807t 2 E gl o 741} 8H 9| H]
o 85.3%2 vldgol 7P Bekeh ASBTG} vETI}
20164 vl A} T A nt B ol B2 5
5 sERbR] 95k 2016 6€ol|A] 79 Ato] X747 E
o] FAJ&o] gt o] Fofl Rt wizoll 2016 B+
O A7} BTV A o 2 =gl

£ 6o e Hle WES Bolthh 792 159 31nkel, 219
16uke] 2 2290 130ke] 2 714 ghol vleslsick 33] thF vl
Y o5 v ulef Weg Bylovt8d 269 a2mtel 7MY &
o vl WEg Btk AFWTE 69 W vy UEg
Qom 792 16% 97ut2], 229 126ut2] € 27 86ntE] = 7}
7% @ol Blsky). 33] tiF vl o] % ¥ vl =S BY
o1} 89 229 58712, 269 62012] @ 302 52u}aj7} H]st
Sk HETE 68 AR vl Wt wrort 74 239
15ut2) 9 27 190}2)7} wjzfspon] o) whe vz AEg
ugot 89 30 230122 7PY & vle WEg By
790 3% BFF7L BAI) B vigha 515 38igom, of
Al710) 71525 ERIet 23, =3 Deji RN A
7]k Afol2 LU Il ol E st A7IdEe] F4E
o]0 71213t Ao = AJZFsIrh(Fig. 3B). Otuka (2013)+= 2008
ol 2Rt off B2 Hlofl i A FZol= A71%
o] er=g sl L& MFE7A| vl STt F7FsHT
(Otuka, 2013).
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2016-20174 SSNToll Z&IE 0S4 BREL| U X Ao] WIS ehrort 74 109 38ukel2 ohef viehstei:
H 2M. 20161 6€-8U7HA| o BFE ZATN 3F B e SUTH BT s oY 5B HiF vl
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Fig. 3. Daily average number of planthoppers (A) and aerial currents of the highly captured date of planthoppers (B) by SSNT in 2016.
Images were captured from http://www.apcc21.org/. The arrow indicated the direction of the aerial currents from China to Korea.
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Fig. 4. Daily average number of planthoppers (A) and aerial currents of the highly captured date of planthoppers (B) by SSNT in 2017.
Images were captured from http://www.apcc21.org/. The arrow indicated the direction of the aerial currents from China to Korea.

79 Ui vl 38%eH o] Al7jef 7| F =g Bl 2
I}, 201683} vRI7EA 2 A7 9bE 0] FAJ= A THFig. 4B).
FeEluetR vjHste B BiEe 7R ARl 9%
e Ao dddnh B o2 = H o|Y T A2
54 -6 20| vFstE 43 Bt w3 DAY 2 9
= e 2R adEy, A58} BB vEstE 7
I 882 W A5 FAA70)7] wel peluzteld 2A 2

A7 HA) 932 Ao 2 ok

L2 o

® o

201520174 SSNTO| =&l o|S M H1Z9| HIO|2{A H
ESE XAL  2015-2017A7}] SSNTo|| 239 o g1 S %
AT 3F AR ARE HAAY A7 ISAE A Als
of HESES AL

NEF= He 95ute], Bt 87wte], Z3E 1001}, A4F 93
ok, s 1001k, s 1001k, A3 1919k, 419 1001k
2], Bt 117mte], 2h= 103wk B g3g 99mtE = 11 A|Hof| A
Z 11851k E I, RSV BEFES HAAT 43 RSV
£ 253t of g+t = AR tth(Table 3). RSV Hafl&-&
2015 0.005%, 2016 0.024% % 2017 0.001%=Z o &
SFtHNational Crop Pest Management System, 2015). 2008—
2010 RSV REZE-24.3%, 6.1% X 7.2%= 2015-2017d X
oh- WokTE 7 ol 42 %3 A4 of =L RSV

thH2017 SZ-& HillE TR A7E, http://ncpms.rda.

Table 3. Viruliferous SBPH of RSV and RBSDV in 2015-2017

Area Collected No. of ) Infectionc rate (%)°
date” collected SBPH° RSV  RBSDV
Buan 15-3-18 87 0 2(0.2)
Hadong 15-3-18 100 0 0
Haenam 15-3-24 100 0 0
Seocheon 15-3-18 96 0 0
Shinan 15-3-24 100 0 0
Yeonggwang 15-3-24 97 0 1(0.1)
Taean 16-8-3 1 0 0
Taean 16-9-7 31 0 0
Wando 16-8-2 7 0 0
Wando 16-8-3 1 0 0
Yeonggwang  16-8-3 2 0 0
Boryung 17-5-31 95 0 1(0.1)
Gimpo 17-10-21 100 0 0
Gunsan 17-5-31 12 0 0
Gunsan 17-6-2 81 0 0
Seocheon 17-5-31 95 0 0
Taean 17-5-31 85 0 0
Wando 17-6-8 95 0 0
Total 1,185 0(0.0%) 4(0.4)

°Year-month-day.

’SBPH was collected from each Agricultural extension service
center.

“Viruliferous SBPH was detected by RT-PCR. SBPH: Small brown
planthopper, RSV: Rice stripe virus, RBSDV: Rice black-streaked
dwarfvirus.
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Table 4. Viruliferous WBPH of SRBSDV in 20162017

Table 5. Viruliferous BPH of RGSV and RRSV in 2016

Collected No. of collected Infection rate (%)

Area

Collected No. of collected Infection rate (%)°

Area

date® WBPH" SRBSDV date’ BPH® RGSV  RRSV
Taean 16-8-3 17 0 Taean 16-8-3 2 0 0
Taean 16-9-7 71 0 Taean 16-9-7 1 0 0
Taean 17-10-16 30 0 Wando 16-8-2 9 0 0
Wando 16-8-2 720 0 Wando 16-8-3 0 0
Wando 16-8-3 34 0 Yeonggwang  16-8-3 0 0
Yeonggwang  16-8-3 26 0 Total 33 0(0.0%) 0 (0.0%)
Total 898 0(0.0%) “Year-month-date.

®Year-month-date.

"WBPH was collected from each Agricultural extension service
center.

“Viruliferous WBPH was detected by RT-PCR. WBPH: White-backed
plathopper, SRBSDV: Southern rice black-streaked dwarf virus.

go.kr). T3}, RBSDVE H =S off @t = Hot 0.2%, 94 0.1%
2 13 0.1%2 2 04%=2 A=) 20099 9] RBSDV BE
282 41% (11-16.6%) 2 & Yo HEZ2ES HATHKIm
5 2011). whEka] Bl ofd-e] Wit ohue} o d-to] uf
olg|A HEZEo| U ¥ Hiolz]A | Mg ZHAI
o] = Ao = HotEch T3 ¥ o]y T A& 2710 5¢
T-69Z= W7} vholg| Aol ZEE7] 42 Al7]0]7] P&
o o] AJ7]of| vlFEt= A5 NE= Tl HAYo] F AR
Holth

v} 35 E= =HiQk 118ute], & 754ute] W oJ3F 261t
22 3 2| Hoj|A| F 898utE|E £}, SRBSDV HEFE
< 743 23}, SRBSDVE H53F S5+ §iSithHTable 4).
Z=oll 4] 2011 SRBSDV tfHAY o] % 42} HEZEo] o
3L 7] w2l -2 utatellA| SRBSDVE BE=3 35 H7t
e Ao 2 AHEH(Wu 5, 2017). S5 8= ¥ A4S 34
A71Q1 78-8Y9f| vlsl7] wfEof SRBSDVE $-2|uhetof Al
ZEA7E A S A 2wk

v HE = Eieh 130t ¢ 120t 9 g 8ntE]E 3
A|Gof| A F 33utE]E ZZSFRIL, RGSVE} RRSYV HESES
AR 3, F vpo]gAE BES WP = §iglch(Table 5).
S-2hatol| A 19984 WE L] 35 T3l o] 3 WAYEFo] M}
EoEa Q7] wjEolaka BHE Tk (Song, 1999). HET= 3
SETL T R B S A7 798¢ Bl sk ]
2ol RRSVE} RGSVE= -Euetol| A 2 £A|7F =A] ¢ 2o
2 gekEch

S-guhet ¥ vlo]HA wgo] i vl v kel I
T, HESE, f7|9 g3 o, 2015-2017¢ 5= v|)

BPH was collected from each Agricultural extension service
center.

Viruliferous BPH was detected by RT-PCR. RGSV: Rice grassy stunt
virus, RRSV: Rice ragged stunt virus.

3% @7 RSV HEF Bo Gl9lH ol o)A RSV
BEFFo| i Lhely] tfRolch. whehA] F310] RSV WAy A
3ol mpet Selrtetol A RSVe] I3t ofs) P Hebd Ao
2 Wolth ¥ ol F A% 27191 59 B-6Y Zof Hlsts
3% HET} o] wholel s sfa) Aol AHAN GFS i
Ao g2 Ho|w, 34 RSV7} A3 E 2009W 3} 20119 59
69 o ofBT7} cheF ulelst oAk Eak 20174 ofETH
ohf HleSH AT, ] Bholei Tjsheo] e olf i ofEy
o RSV BE 80| h$- W] wols, whebd 13 213
WA BESE A W Rsolol 8 A0 2 BaEr,

2 o

£ AT oA 201549-20174 Abolo] AAIZF 2 AH|2)
snbe 3% ZA7SND ofa) 2T BT5 3%, BT,
AFRT, HEe) e Y=g L Astgon, 2 @5} A
G Hholei ol tfstel HE 3 B2 2A Stk $5 7
7he B A AR} H71E0) el ) 49, wig)
= 72 27.5%, 17.2%, 15.3% 2 10.9% = 232 v]Z] 9=}
71 9k, et Alel A ] Hleh A 15.9%3
ok Tt AR YR A9 FeR Aol A ulg) Bt
6.9%, 47%2 HThH 0 2 Rgkon], 359 YFALelA] )2
WEL 6% 7P Wit 015U E 3dgh B7RY 48
oo i A7) ofR T 7Y, A5 BT HETE 7-80]
itk 20169 0|54 BLF 359 A thF vleh 79 F5
£of 7¢€ 159, 21Y, 274 2 339 o1, 2017d-2 59 28Y,
69 79 % 79 8U 2 385tk o] X719 7| FEL F 33} L)
U Rl GHE 1719 Aol 2 SelukerE i ot
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#1719k Zo] A=Ak 2015-2017'd SSNTof| Z8)E u] H
T Hholg A BESE 2AME RSV 5 559 B Hiol2A
o thste] RT-PCR -§-4A; 2k 813tk o g+ 11850 &
Old2 2 RSVeF RBSCVE A% 23} RSV HEHA| %L,
RBSDVE= 0.4%9] REZES Bk S5 898utg8|&
A7 23 SRBSDVE E= 3 AiAl= giglen, B2+ 33
D}El iAo 2 AR A1t RRSVYF RGSVE R ESH 73| =
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