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Aphid Over-wintering Host Plants and Seasonal Transmission Rates of
Potato Leafroll Virus by Aphids in the Highland Fields of Korea

Min Kwon*, Juil Kim, Changseok Kim and Yeonggyu Lee
Highland Agricultural Research Institute, National Institute of Crop Science, Rural Development Administration, Pyeongchang, 25342, Korea

ABSTRACT: Aphid is a typical vector that transfers various kinds of viruses to potatoes. Therefore, it is very important to control aphids
moving into potato fields. We investigated the seasonal movement pattern of aphids and its virus transmission rates mainly in the three
seed potato production regions at highland in Gangwon-do, Korea. In addition, we identified the aphid species with over-wintering eggs
collected from barks or twigs of total 57 tree species around potato fields in winter season. The peak time of summer and winter migration
of aphid was at the mid-June and the early October, respectively. A 2.8% of total aphid trapped in yellow water-pan trap was turned out
PLRV-borne, and the virus transmission rate was 15.4% by Myzus persicae and 9.1% by Macrosiphum euphorbiae. PLRV-borne aphids
started to flow in from the late May, and virus transmission rate of aphid trapped in mid-June was the highest with 10.4%. Totally 14
species of aphid eggs wintered in the 17 species of trees including Acer pictum subsp. mono and Acer pseudosieboldianum at the 11 sites. In
particular, because it is not certain that Betula platyphylla var. japonica and Yamatocallis hirayamae do transmit potato virus, but they
over-wintered in host plants distributed over a wide area, further research on transmission ability is necessary.
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Fig. 1. Collection sites of aphid egg from the bark or twigs of
trees growing along main roads in Gangwon-do, 2017. Each site
included 1-8 sampling locations that were spaced 1-3 km apart.

2ARHIcFig. 1), 2017-2018% $A717K(1-3G)el] 85
5752 -5lok 7H 2 A F5ke] AE ol AA|@u] A(LEICA
DFC-450) 0.2 AG1E Y=o 2 AISHATKTable 1), 5

=2
YES FAEA S sk, AW YFH HAEH

&Y o Ui

I
EZ o] g3}o] $--RE ZE35} thFolmer et al., 1994). PCR
2L 7)) 21518 BAPE Aol AR EF 2713} 220 KOD-FX
polymerase (TOYOBO, Osaka, Japan)E 0]-&3}o] $-Z3}%c}
(Kim and Kwon, 2018). 5Z3F PCR AME(2F 750 bp)2> AA|
7] E(Qiaquick PCR purification kit, Qiagen, Hilden, Germany)

Table 1. List of 57 plants and 11 sites to collect aphid egg over-wintered in the bark or twigs

Pyeongchang Hongcheon Hoengseong Gangneung Others
Scientific name Korean name

DG* JB YP NM SS DN AH G] WS IG HJ
Juglans mandshurica Maxim. 7FH U O
Ailanthus altissima (Mill.) 7Y O o O
Quercus aliena Blume pAE B AT O O O
Diospyros kaki Thunb. FAga= O
Catalpa ovata G. Don Nesx O O O
Acer pictum subsp. mono (Maxim.) a2AUE O O O
Lonicera maackii (Rupr.) IET O
Clerodendrum trichotomum Thunb. AR O O
Ulmus davidiana var. japonica (Rehder) =545 O O
Zelkova serrata (Thunb.) =B = O
Actinidia arguta (Siebold & Zucc.) 1= O O
Acer pseudosieboldianum (Pax) gazue O O O O O
Zzyphus jujuba var. inermis (Bunge) =S A o O O
Aralia elata (Miq.) FEUE o O O O o O
Sorbus commixta Hedl. a7} O O
Prunus mume (Siebold) uff AL O O O
Chaenomeles sinensis (Thouin) Ry O
Hibiscus syriacus L. 23t @) O
Fraxinus rhynchophylla Hance EFUE O @) O O
Populus deltoides Marsh. o) 2 o O O
Betula schmidtii Regel gegyr O O O
Pyrus pyrifolia var. culta (Makino) A= o O O
Magnolia denudata Desr. LA O O
Salix koreensis Andersson =4 BAsE O O
Prunus jamasakura Siebold ex Koidz. Hyp it O O
Elaeagnus umbellata Thunb. HElg O
Prunus persica (L.) H4ol @) o O O

Weigela florida (Bunge)
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Table 1. Continued

Pyeongchang Hongcheon Hoengseong Gangneung Others
Scientific name Korean name
DG* JB YP NM SS DN AH G] WS IG HJ
Vaccinium spp. E=2dg O O
Malus pumila Mill. A o O O O O O O O
Pyrus ussuriensis Maxim. AHEHUE O O
Rubus crataegifolius Bunge A7) O O
Prunus sargentii Rehder AL} O O
Morus bombycis Koidz. AHELLE O O
Crataegus pinnatifida Bunge APALREE o O
Zanthoxylum schinifolium S. & Z. ALz UER o O
Prunus armeniaca var. ansu Maxim. AL @) o O O
Lindera obtusiloba Blume AT O O
Robinia pseudoacacia L. ofZIAIUE O O O o O
Aronia melanocarpa (Michx.) o}z 1o} O
Prunus tomentosa Thunb. Of L} O O
Alnus japonica (Thunb.) LR o O O
Rhus verniciflua Stokes 24 @) O
Ginkgo biloba L. 2L O O
Kalopanax septemlobus (Thunb.) SR o O
Chionanthus retusus Lindl. & Paxton o]} O O
Prunus salicina Lindl. AL O O O
Betula platyphylla var. japonica Miq.) AFtHE O O O o O
Rosa hybrida Hortorum 2] O O
Abies holophylla Maxim. A O
Spiraea prunifolia f- simpliciflora Nakai g% O O O O
Rhododendron mucronulatum Turcz. Fh=s O O
Rosa multiflora Thunb. R O O
Rhododendron schlippenbachii Maxim. 4% O O
Cornus controversa Hemsl. ZZE O O
Tilia amurensis Rupr. i BA= O O
Hovenia dulcis Thunb. U O O

°DG, Daegwallyeong; JB, Jinbu; YP, Yongpyeong; NM, Nammyeon; SS, Seoseok; DN, Dunnae; AH, Anheung; GJ, Gujeong; WS, Wangsan;

IG, Imgye; HJ, Hajang.

£ ARgSt] A = A7) M B 2415H A i Macrogen, Seoul,
Korea). §§7]4 & 4] 7= BLAST N& 0|83t 471449

A 24 o] et 2 Sl

HEHRIHE SAIEO| PLRV EEE TA}
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Z Bof gwta]of LFEPL= PLRV 2A41S 8910 & 13} 2AJ8}
a1, HE 45 Zof ELISA (Enzyme linked immuno-sorbent
assay, Buffers and Anti-PLRV purchased from AGDIA) 2 &
7] Q9] nholel 7ol A% SHalster,
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1
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HI A7 ]= 5 6 F<o) AL WA A A 9259 sl
O 2 vepytth 7h A o) vl 24971 37 A1 B 10 4
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1000

No. of aphids trapped, 2017

I} 31 2 A5 Acer pictum subsp. mono (Maxim.)), F=ELE
(Acer pseudosieboldianum (Pax)), A2 Betula platyphylla
var. japonica (Miq.)) 5 1789 574 A8lE d5d=
ZISFTHTable 2). &5 XS EY-2 BLASTNS 2 F57
st BotE AR E(Myzus persicae), FAMHIAR =
(Phorodon humuli), 4017V RX S E(Hyalopterus pruni), A}
ZMJ LR S-S Euceraphis betulae), 28| 52| A S -E(Rhopa-
losiphum rufiabdominalis) 5 14%0| B53k= A 0 &2 YEITh
SfLpe) 71k0] 5 0] 2SI oFo] UEH= A9 Uch AL
S (Prunus sargentii Rehder)olli= FA} 7105023 5.2
S RAGEO|, AU (Prunus salicina Lindl.) o= SAF}H
AR ET} B0/ |2 AR &0, ol Yo Aronia melanocarpa
(Michx ) ol 2450155187} B 26| 22 W5l Eo] ZEe L}
SR BESRE A0 2 Lhepsit

H2jRISIE SA|E9| PLRV EES

7] YA WA Ao mlishs ASEe] PLRV
HEES 2ARP] §15}0] 4~6 Yol Yot o= -2 A4
Rho 2 AYEe & A HA ) st §2AL W ELISAS

1 A3} v 5 E©] 2.8%7} PLRVE ol )3 A
© 2 UepthFig. 3). A5E FRERE B5olsilbEe
15.4%, 2= AT 2-2-9.1%7} B =5} Q) TKFig. 4). T
3t )B4 AGE 2650t2] 3 7t2|7} WEe] o A PLRV 24
& Bolr} A7 H RS 59 StE PLRV BE 5ol u]g
891, 6 Soll vl AR &2 1150e] 7k 120}2] 7}
Hlo| Y A S B ESLo}(BEE 10.4%) 74 =7 Uebsdc) =35t
69 F<eol vt ARE 7Hed HEpolgnE 150k 7}
6] 7u}2)7L PLRV Z4-& Lieb o] 46.7.% 2] BEE-S 59
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Fig. 2. Seasonal fluctuation of migratory aphid at three highland regions in Gangwon-do Province. Surveyed aphids using a yellow

water-pan trap in 2017.
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Table 2. Aphid species over-wintered in the host plants growing along main roads near potato fields at several regions in Gangwon-do.
Aphid eggs were identified with MtCO1-based molecular identification

Over-wintered aphid egg

Site/Region Host plant
Aphid species Korean name
Daegwallyeong/Pyeongchang  Acer pictum subsp. mono Shivaphis celti R S e
Weigela florida Myzopsis diervillae HEURESHAGE
Aronia melanocarpa Myzus persicae B0l AYE
Rhopalosiphum rufiabdominalis Bl AU E
Alnus japonica Betacallis alnicolens LIUYF LR E
Ceratovacuna nekoashi SHAAH=
Prunus salicina Phorodon humuli SAH ARG E
Betula platyphylla var. japonica Euceraphis betulae AU AR &=
Jinbu/Pyeongchang Acer pseudosieboldianum Yamatocallis hirayamae GEIIRAE
Prunus persica Hyalopterus pruni Bool7|2AGE
Malus pumila Hyalopterus pruni Bool7| 2AGE
Prunus sargentii Phorodon humuli ARG E
Rhopalosiphum rufiabdominalis FLHFE AR E
Prunus salicina Tuberocephalus momonis EollS g E
Betula platyphylla var. japonica Euceraphis betulae ARG AR &
Yongpyeong/Pyeongchang Betula platyphylla var. japonica Euceraphis betulae ARG AR &
Nanmyeon/Hongcheon Acer pictum subsp. mono Shivaphis celti WUE AR R E
Seoseok/Hongcheon Zelkova serrata Yamatocallis hirayamae chE e T E
Dunnae/Hoengseong Prunus jamasakura Hyalopterus pruni Holl 22X Y E
Chionanthus retusus Periphyllus allogenes TN DA S &
Aanheung/Hoengseong Acer pseudosieboldianum Yamatocallis hirayamae gEAHIRYE
Prunus persica Hyalopterus pruni Hooll2AYE
Malus pumila Hyalopterus pruni HoollZ2AYE
Prunus salicina Phorodon humuli SAMHRAYHE
Hyalopterus pruni Holl2Xt &
Tilia amurensis Hyalopterus pruni HoollZ2RYE
Gujeong/Gangneung Chaenomeles sinensis Ovatus malisuctus ASAY &
Pyrus pyrifolia var. culta Ovatus malisuctus AE A&
Prunus tomentosa Ovatus malisuctus A SAY &
Wangsan/Gangneung Acer pseudosieboldianum Yamatocallis hirayamae oY &
Imgye/Jeongseon Malus pumila Hyalopterus pruni BHol7|Z2XHE
Hajang/Samcheok Acer pseudosieboldianum Yamatocallis hirayamae ARG E
1% A0 AR shE0 R Hshe 397Uk B 4
A Hpolg A AEe] F5 I ollA %7171 wizoll Az}
AGEL 72 5he) 7] 5ol S HUjAeh A5l& Al 2ol A wiolHAE HESHL Qle ASE] vl o~
9 °F 10%+= o571 A7 155 7be B3t 7154 = AT A A A3l a9l o' Ag3te wbA
gh2 SHH A A4S EHTK Williams and Dixon, 2007). 7]5= o] & Foll A&7l AA T AF7|F= Hekshe A
Aeksts ARE T2 B0t U= (M. persicae) A& 715 £0] o= Al7]o]| FF o= A5 vk 2 A G E A2
A=) Ho7E ul- WAL wie|HAS mi7ish= S4d0] JlojAl AdEo] #rk
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Fig. 3. Fluctuation of migratory aphids and virus infection rate at Daegwallyeong highland region during late April to late June in 2018.
Aphids trapped were inoculated on the young leaves of P. floridana and PLRV detected by ELISA.
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Fig. 4. PLRV transmission rates (%) by aphid species migrated to Daegwallyeong area in 2018.
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Aol H2:3 4050 vlol 2|2} R OR Fe Haky
6 2 "= 71 0 2 oA Q)=d|(Kerlan and Moury, 2008),
ZL 7@t AR Qb A ATl 71 AW A ) Blol ] A
ARl auto] g A(PLRV)o|th. PLRVE ErolS Xt &,
Hel A5, AASAASE o) o AsEo] o8] o
22 0 g2 AP E= EAL 7}t Hanafi et al., 1989). & ZA}
o M= fol] 2 dj A5Ee] 05715 o] FAI7|E Teta)
71 915k0] B, 4%, FH 53N Ae AR Ao

obe s RS MYLS 2ABHIL 1 A A

SFTHFig. 2). ek B4 g A (e 800 m)<f 73--
< AGE v i 4 -5 dxof ARREtHKwon et al.,
2002). o] IO 2 20180 B[ Z27]Q1 4 St E 6Y
Bz Fobe s ARES o R Ho]yA B ofiE
ZAFeE A7 PLRV B AREL 59 a4 69 sheol &
oke= 25 ERlsklti(Fig. 3). 2018 =AM =6 <=
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ol 69 sl doto s HTi20] 20.8%7} MEFo| 9l
(Hahm and Choi, 1990). o]g AA7)7F EEl 2018 Awte}
274 | 0E 57 TSI o} 714 B 3oF & AL BE
% )2 u27]7 1989 ez 6% 16210] 91X5H 2018l =
5928 = oA 7 Ao RN, 7| FHsL E3] tE 2o
eisle} 12| o] cheret ok A shfol pato]
[ AR AR B8 QAT Asto] 52 ey
FrjzEo R ofoj4l AAHolA] Ajeh Thoket ATt A4
2 Ashs B} 5ol A5E Sejo] A3 v A0

;O

o 4

=
A 5 262 ol Akl $AL 4RI oH
L A7j0] B o}7]4 B53 ulole|As A% AsiEe] vt

f

e BR i Aoz v|gishA vlole| s HisE Hy
ol #od 1A Eti(Kwon et al., 2002).
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