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Incidence of Three Major Citrus Viruses in Cheju Island

Dae-Hyun Kim*, Duck-Chul Oh', Chae-Wook Hyun,
Hyeog-Mo Kwon’, Dong-Hwan Kim and Seong-Chan Lee
Citrus Experiment Station, National Cheju Agricultural Experiment Station, Rural Development Administration, Cheju
699-800, Korea, lDepartment of Biology, Cheju National University, Cheju 690-756, Korea, *Extension Planning
Division, Rural Development Administration, Suwon 441-707, Korea

The virus infection rates and disease symptoms of three major citrus viruses, citrus tristeza virus
(CTV), satsuma dwarf virus (SDV), and citrus tatter leaf virus (CTLV), were investigated at 35 cit-
rus orchards in Cheju Island from 1995 to 1997. The infection rates of CTV, SDV, and CTLV were
69.8%, 8.6%, and 9.3%, respectively. However, depending on cultivars, there were significant differ-
ences in the infection rates. The infection rates of CTV were highest in early satsuma mandarin (Citrus
unshiu) with 80.9% and lowest in very early satsuma mandarin with 51.9%. In SDV, the highest was
in very early stasuma mandarin with 23.1% and the lowest was in early satsuma mandarin with
6.3%. And the highest infection rate in very early satsuma mandarin with 17.9% and the lowest in
tangors with 7.3% in CTLV. The symptoms of virus-infected citrus were very diverse; small and
abnormal shape of fruits, abnormal leaves such as narrow boat and small spoon shapes of leaves,
stem-pitting on the twig, bud-union crease and swelling of the graft part, reduction of the plant vigor
and poor yields.

Keywords : citrus tatter leaf virus (CTLV), citrus tristeza virus (CTV), infection rate, satsuma dwarf virus
(SDYV), virus symptom.
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SDV), Ex}o]TH(citrus mosaic virus, CIMV), HEX oA}
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Table 1. The quality of yuzu (Citrus junos) infected with citrus tristeza virus

Fruit size Fruit weight Peel thickness Soluble solid Acid Yield

(mm) 8 (mm) (BX) (%) (kg/tree)
Severe 4237 239K 32Z 11.0X 7.5X 132
Mild 56.8Y 727 5.1Y 10.3XY 6.1Y 10.3Y
Heaithy 66.7X 117.7X 6.3X 9.6X 5472 15.1X

“The values followed by the same letters within a column are not significantly different (p=0.05) according to Dunkan’s Multiful range test.

Table 2. The quality of satsuma mandarin (Citrus unshiu) infected with satsuma dwarf virus

Leaf length Plant height Fruit size Soluble solid Acid Yield

(mm) (cm) (°BX) (%) (keftree)
Infected 53.6Y° 95 56.3Y 10.2X 1.07X 2.6Y
Healthy 90.5X 115 58.9X 102X 1.03X 9.2X

“The values followed by the same letters within a column are not significantly different (p=0.05) according to Dunckan's multiple range test.

Ln‘i
4o
o
i,
38|
ofy
5,
i

o £AS AT BFH TS
S RolE Hh 35 A9l tif o] ut
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=3} citrus tristeza virus(CTV)<} 317 0] HUS e
g 248 9315 Zdsh gui FeolE FEFo] Ho
A gk olg} 7177 sl 3715 FoRdthUsugi &,
1982).

Citrus tatter leaf virus(CTLV): trifoliate orange (Poncirus
trifoliata) 9} citrangeE hE0 2 AME-SE 7o HEF o]
AL op7|AFlE HOg, HlolA Ake H7]= 600~700
m X 15-19 mel T, 24 BB Aok 2ol o=
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Table 3. Comparison of growth between virus-free” and virus-infected satsuma mandarin (Citrus unshiu) in the field of Cheju Island

. Infection Leaf length Leaf width Plant height Trunk diameter Fruit size
Cultivar

state (mm) (mm) (cm) (mm) (mm)

Mi ‘ CTLV 75.0Y" 34.5Y 79.5 253 11.9Y
tyamoto Virus-free 93.9X 41.6X 95.5 26.8 134X
CTLV+CTV 64.7Y 299Y 48.5 11.34 8.9Y

Iwasagi CTLV 61.7Y 289Y 66.6 12.2 8.9Y
Virus-free 73.1X 337X 84.3 174 12.4X

“None of CTV, SDV, and CTLV were detected by ELISA.

*The values followed by the same letters within a column are not significantly different (p=0.05) according to Dunkan’s multiful range test.

Fig. 1. Symptoms caused by major citrus virus of citrus.

A: Small and abnormal yuzu (Citrus junos) fruits infected with cit-
rus fristeza virus (right) and healthy yuzu (leaf).

B: The symptom of stem-pitting on the bark-removed twig of yuzu
infected with citrus tristeza virus.

C: Abnormal shapes (boat-shape leaf) of satsuma mandarin (Citrus
unshiu) infected with satsuma dwarf virus.

D: Bud-union crease of very early satsuma mandarin infected with cit-
rus tatter leaf virus on trifoliate orange (Poncirus trifoliata) rootstock.
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Table 4. Detection of citrus viruses in satsuma mandarin (Citrus unshiu) collected from various locations in Cheju Island by ELISA from
1995 to 1997

Infection rate (%)

Field location

a b c

CTV SDV CTLV
Namcheju-gun Sinrye 174/240(72.5) 29/230(12.6) 30/210(14.3)
Wimi 83/90(92.2) 11/80(13.8) 10/70(14.3)
Namwon 42/50(84.0) 9/50(18.0) 3/30(10.0)
Tacheung 20/36(55.6) 3/40(7.5) 0/20(0)
Uigwi 36/50(72.0) 3/60(5.0) 1/20(5.0)
Sumang 31/40(77.5) 0/40(0) 0/10(0)
Phyoseon 14/40(35.0) 2/29(6.9) 0/10(0)
Taejeong 28/40(70.0) 0/40(0) 0/10(0)
Andeok 20/30(66.7) 0/40(0) 0/10(0)
Changchun 20/30(66.7) 0/40(0) . 0/10(0)
468/636(72.4) 57/649(8.8) 44/400(11.0)
Sogwipo-shi Sinhyo 48/70(68.6) 16/90(17.8) 3/50(6.0)
Topyong 24/50(48.0) 12/65(18.5) 1/45(2.2)
Seohong 31/40(77.5) 0/40(0) 0/200)
Donghong 35/35(100) 0/50(0) 2/20(10.0)
Hoguen 20/25(80.0) 0/20(0) 1/10(10.0)
Pobhwan 24/40(60.0) 2/70(2.9) 1/30(3.3)
Chungmun 23/40(57.5) 2/50(4.0) 0/30(0)
Hoisu - 20/30(66.7) 0/40(0) 0/40(0)
Gangjeong 31/40(77.5) 18/120(15.0) 10/30(12.5)
256/370(69.2) 50/545(9.2) 18/325(5.5)
Pukcheju-gun Sinchon _ 10/20(50.0) 0/60(0) 0/30(0)
Hamdeok . 39/70(55.7) 19/100(19.0) . 41245(167)
Dacheul 27/40(67.5) 2/50(4.0) © 0200
Hallim 30/40(75.0) 1/40 (2.5) - 0/30(0)
Wallim 19/30(63.3) 1/40 (2.5) 2/10¢20.0)
Napeup 12/30(40.0) 4/40 (10.0) 0/2000) -
Jangjeun 10/20(50.0) 020 (0) - 0/10(0)
Kwangryong 38/40(95.0) 6/50 (12.0). 0/10¢0),
Jeoji 8/20(40.0) 020 (0) 0/10(0) |
_ 193/310(62.2) 33/420(7.9) 43/375(11.5)
Cheju-shi _ Odyeung 30/40(75.0) 0/50(0) 1/20(5.0)
- Yorigpyeong © o 39/40(97.5) 0/40(0) 2/20(10.0)
Doryeun 27/50(54.0) 16/60(26.7) 3/20(15.0)
Nohyoung 18/29(62.1) 230(6.7) 0/20(0)
" Ora 13/30(43.3) 0/30(0) 0/10(0)
Ara 20/30(66.7) 2/30(6.7) . 0/10(0)
Wallpyeong 29/30(96.7) 2/30(6.7) 2/20(10.0)
_‘ 176/249(70.7) 22/270(8.1) 8/120(6.6)
Total : 1093/1565(69.8) 162/1884(8.6) 113/122009.3)

. . . b . . .
“citrus tristeza virus, satsuma dwarf virus, ‘citrus tatter leaf virus.
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Table S. Detection of citrus viruses from various cultivars in Cheju Island from 1995 to 1997 by ELISA

Cultivars

Infection rate (%)

Group

cTv' sDv’ CTLV"
Miyamoto 26/75(34.7) 22/75(29.3) 39/222(17.6)
Nichinan 3/30(10.0) 10/30(30.0) 4/56(7.1)
Arisawa 2/10(20.0) 0/10(0) 0/100)
Iwasagi 26/55(47.2) 16/55(29.1) 40/151(26.5)
Halla 44/50(88.0) 5/50(10.0) 36/177(20.3)
Yamakawa 32/35(91.4) 13/25(52.0) 19/112(17.0)
VE' Zabara 29/45(64.4) 2/45(4.4) 5/15(33.3)
Ohura 10/10(100) 3/10(30.0) 1/28(3.6)
Kikubowase 3/10(30.0) 3/10(30.0) 1/10(10.0)
Ueno 4/10(40.0) 0/10(0) 2/48(4.2)
Dokumory 3/10(30.0) ) 3/10(30.0)
Kitaguchi 4/10(40.0) - 523(21.7)
Sinik 1/10(10.0) ; 1/10(10.0)
187/360(51.9) 74/320(23.1) 156/872(17.9)
Miyagawa 133/169(78.7) 12/198(6.1) 15/186(8.1)
£ Ohkitsu 133/160(83.1) 11/165(6.6) 14/184(7.6)
266/329(80.9) 23/363(6.3) 29/370(7.8)
Kiyomi 97/110(88.2) 33/110(30.0) 6/110(5.5)
Shiranuhi 16/90(62.2) 2/90(2.2) 9/90(10.0)
T Tsunokaori 19/30(63.3) 1/303.3) ;
Orange 14/20(70.0) 1/20(5.0) 1/20(5.0)
Yuzu 39/40(97.5) - ;
185/290(63.8) 37/250(14.8) 16/220(7.3)

a . . . b . [ .
citrus tristeza virus, satsuma dwarf virus, citrus tatter leaf virus,

Hol 2 gl Soll FF
Wix) ekgkom ol Tl
vehdtiy Bty

CTLVe Zd8 722t & 542 dEe B9 1+
Atolol] HER o)} FAdol Ve ‘: AQd, & HER7}
A BZolge} Q, 22 1 H99 AES yARA o
B3} G4 Alolol o]Z@EE) ol A S & F UM
THFig.1-D).

BREO o3 HEARORA AW OR 22U ] A
W&o CTLVe A8 T2 HF4E AL 1
9ol rusk citrange2 AHAIZ] A3} 718 U] UEiTE ol&
Miyakawa(1977)0] B.& Z2Fs w9 vlsigon duidd
A% Z94Fe FGuirt FHFe] Fujrd s S B F
7} I FAHE viS & ok5E TH(Table 3).

Zh=EHo|2A ZidAksh 199535 19973d71A] AlFA Y
9] 35X 9e F4oz AHH, FFHZ CTV, SDV, CTLV
thate] 72gAreke ELISA AA0 2 ARG A3, CTVY 7
< AA 2R 1,565F8 AT A5 1,093571 ZH =

S local ¥ mosaic=24o]

3 A% B SoE AL U 3
A 16237} 2Eslo] Qold AR 8.6%9) PHS

d . e . f
very early satsuma mandarin, early satsuma mandarin, tangors

o1 Al 69.8%2) FEEE Kk SDVE 18845 o
<, 193
CTLVlE 12205 oA 113571 2 5ol 3loix 9.3%9]
2EES B O vlolgzHt CTVZE 84 go] Z4H
o] 9o2 & & YYL(Table 4), o= AFL} vl 72
EZo] @ol Ao e dBAME vsd AAE et
i tiMiyakawa, 1977).
CTVel 23+ zlglb“ib

FAFT0] 124%EA e A9
Bth g4 52 Z98S HYX BAIFTEO] 622%2A ¥
< e %L}EMJ%E} ExWg e IXAPLFU0) 51.9%
o] &S iﬁi Z*gi«r%la}e 80.9%¢] #H&S, 18
T nEe] Hg L2 63.8%°]tKTable 4, 5). 18]3 CTV
} SDVit CTLV°ﬂ leﬂw S AEES e AL I
2 5 Zujo) os) AH=r) qFe] Ao A7tk T

lo

N

ZolN] 53] 1S HA 97.5%, 882%2) LB 1ol

CTVe 549 E350) 22 A¥&S el A &
9]2lTth. Ahlawat £(1992)2 9% ¢] KamatakaZ=ol| 4] mandarin
AZ] 50%9] 7E9&L Aty Bygon, Koga(1997)2
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THA AR Y SRR 25727 55415 161435
AR Hlolg A8 AR A3 76.5%9] ZAgeS BHYE
g ol & AtilAY ZHhE3 vls3k Ao

SDVE AGEZ = IAIFFo| 8.8%, AAEA] 9.2%, EA)|
F 79%, AFA 8.1%9) ZEE&E Ho] AAHoZ nj43
FEOINSH, FLHEE ST T7C] 23.1%9] BEES
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5 Ueo] SRALF U] tE EEHT Zgeo]
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o] SDV Zggo] ¥ AL % AE} 29Hnh

A E(1985) SDV 780 29~6%a7 RTEA 9
ol HoE WasE HAd o3 FFsle] BT o
ol ZgEe] tha xelS Yeprty Azt

Koga(1997)2 AR AJAts ol o] wAl g eke: ZA}
3132} ELISAR 0.2 B4e] wlo]dAE A% A3 28R
AE B4 8 WY 2R d893 9% &9 59
3780 YL, B9 vlolgs A A3 b EEo
JAM ZEE) 1~2% FEFA T FEZAY 2 Aol = 80%
ode] & 79SS YT EXEYoY, B dFME
SEA FURFANA GrIRAY, AL 33, xR, 7| FR
ZA 50] 30%9 7ZEES BAAT B AN AR
The W Holith

CTLVE AHEE YAIF70] 11.0%2A HAHAEA 5.5%
Ho} 22 2498S Uehiy E2HE 242597, 2
AT, R 5ol 22 17.9%, 7.8%, 73%2) 2d&
< B SRALFIC] U8 54 vl8 52 2¥eS
VER T Table 4, 5). o) < dEOZRE TY3 F=
A ZFz] Bo] HAshE A0 wE A0F gotEth
183 7zte ¥ wEME AdFd] ghdgo] Aort v
=t ol23 Y91 vlojA ARG & Y oY AFS
& M-Sl S5 BE HEYAZEY 7Y A9 AY
A 5o HPHe R S 2ste] ulolz| el 2¥H A
7+ B7) WZe)gt AH

Nomura(1995)= Al207Fd (FRRR) WY #A3F E59)
AZE ELISAYOZ 7AA 3 Azt SDVY| 7.5%, CTLV
121% 1283 09%7 534729 HASS By, $x)3}
o] YrAEE CTLV Z94S AR 23 2o 7 Y43
RE42%, TAL 98 A4S 948 AL 13.6% 24 CTLV
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ZAEFAE Y & 2 A AFzulel dAFe J=
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Me 37t Adith mEkA oz ulo)z Aol Ayl X
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1995 A% 1997 3@7kA] AFu 35298 thALC 2 citrus
tristeza virus(CTV), satsuma dwarf virus(SDV), citrus tatter leaf
vius(CTLV)ol| ZH 8 2ol st 1 ssidids =
AVgE A3}, CTVY 7S 53U (Citrus unshiv) = A3
< Yehlol A2 Fsir vehdR] @sko, KK Citrus
junos)ol= E714 71x)9] E35jo] 2N FHE k= Folu &
FHE Bo FAE gojmaly A4S ST I8
AA ZEUE 1,56552 ELISAZ 7343 23 1,003F7F 72
deo] A 69.8%] ZAEES BIY, NGYEZE GAFE
Ag0] 124%=A & NYHT tha ¥ 798S Ueh)
Ao, FLHEE ZAFEH] 34tk

SDVe| Zg=d g9 Al o] URmRek ertetneke
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HIRE Z4Ee-S Uepiglon, 25EEs ST
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Wik
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