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ABSTRACT

This study was performed to investigate the virus infection state of
citrus plants in the citrus ochards on Cheju-do, Korea and to develop the
culture method of virus-free stocks.

From 1995 to 1997, the virus infection rate and infection symptoms of
citrus plants in the citrus orchard of 32 regions around Cheju-do were
investigated.

Three kinds of viruses, such as Citrus Tristeza Virus(CTV), Citrus Tatter
Leaf Virus(CTLV) and Satsuma Dwarf Virus(SDV) were found as widly infected
viruses, The infection rates of CTV, CTLV and SDV were totally 69.2%, 14.0%
and 8.5% respectively. But according to cultivars there were significant
fluctuations in the infection rates. The infection rates of CTV were highest
in Early Satsuma mandarin, 80.9% and lowest in Very Early Satsuma mandarin,
51.9%. Those of CTLV were highest in Very Early Satsuma mandarin, 18.3% and
lowest in Tangors, 7.3%. And also those of SDV were highest in Very Early
Stasuma mandarin, 23.1% and lowest in Early Satsuma mandarin 6.3%.

The symptoms of virus infected citrus were small, abnormal shape, such as
narrow boat and small spoon shapes of leaves, stem-pitting on the twig,
bud-union crease, swelling of the craft part, reduction of the vigor of the
plant, small sizing of fruit and poor crops etc.

The culture of virus-free stocks was successful with the heat treatment of

virus infected plant and shoot-tip grafting.
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Fig. 1. The virus infection symptoms of Citrus Tristeza Virus infected
citrus.

: A declined tree of yuzu.

A
B: Small and normal fruits from severely-pitted and healthy yuzu.
C: Stem-pitting on a 10-year-old twig of yuzu.

D

. The shape of stem-pitting on the bark-removed twig of yuzu.



Fig.

2. The virus infection symptoms of Satsuma Dwarf Virus infected citrus.
Abnormal shapes of newly leaved leaves in spring season,

Boat-shape leaf.

Normal (left 2 leaves) and abnormal leaves(right 4 leaves) from healthy
and Satsuma Dwarf Virus infected Satsuma mandarin.

Necrotic local lesions of the primary leaves of sap-inoculated cowpea,
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Fig 3. The virus infection symptoms of Citrus Tatter Leaf Virus infected citrus.

A: A declined shape of Citrus Tatter Leaf Virus infected tree. B: Bud-union
crease of Very Early Satsuma mandarin (Miyamoto) on trifoliate orange(P.
trifoliata) rootstock, C: Small and normal fruit from Citrus Tatter Leaf
Virus infected Very Early Satsuma mandarin, D: Normal(right 2) and
abnormal (left 2) leaves from healthy and Citrus Tatter Leaf Virus infected
Very Early Satsuma Mandarin. E: Effect of Citrus Tatter Leaf Virus infection
on the growth of Very Early Satsuma mandarin, F: Tatter leaf symptoms of

Citrus Tatter Leaf Virus infected rusk citrange.

_11_
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Table 1. Comparison of growth between virus-free and virus-infected Very

Early Satsuma mandarin in the field of Cheju-do

Infection . Plant Trunk Fruit
Cultivars Leaf( le)ngth Lea{ Wl)dth height diameter size
state mm T (cm) (mm) (mm)
CTLV 75.0b' 34.5b 79.5 25.3 11.9b

Miyamoto
virus-free 93.9a 41.6a 95.5 26.8 13.4a
CTLV+CTV 64.7b 29. 9 48.5 11.34 8.9b
Iwasagi CTLV 61.7b 28.9b 66.6 12.2 8.9
virus-free 73.1a 33.7a 84.3 17.4 12.4a

1

different(p=0.05) according to Dunkan Multiful Range Test.

_14_

" The value followed by the same letters within a column are notsignificantly



Table 2. The quality of yuzu fruit infected with Citrus Tristeza Virus

) Fruit Fruit Peel Soluble . Yield
Infection . . . ) Acidity
desree size weight thickness solid (%) (Kg/
8 (mm) (g) (mm) (. BX) ‘ tree)
Severe 42.3¢" 239c¢  3.2c¢ 11.0 a 7.5 a 1.3
Mild 56.8 b 72.7 b 51b 10.3 ab 6.1Db 10.3
Virus- free 66.7 a 117.7 a 6.3 a 9.6 b 5.4 ¢ 15.1

'The value followed by the same letters within a column are not significantly

different(p=0.05) according to Dunkan Multiful Range Test

_15_



Table 3. The quality of Yamakawa fruit infected with Satsuma Dwarf Virus

Leaf Plant
Infection Fruit size Soluble Acidity  Yield
length height
state (mm) solid(, BX) (%) (kg/tree)
(mm) (cm)
Infected 53. 6b' 95 56. 3b 10. 2a 1.07a 2.6
Virus- free  90.5a 115 98.9a 10. 2a 1.03a 9.2

'The value followed by the same letters within a column are not significantly

different(p=0.05) according to Dunkan Multiful Range Test.

_16_
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Table 4. Detection of citrus virus from various cultivars collected at

various locations on Cheju-Do from 1995 to 1997 by ELISA Test

Infection rate (%)

Group Cultivars i . .
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) 0/10(0)
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(3.86)
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) = 5/23(21.7)
Sinik 1/10(10.0) - 1/10(10.0)
187/360(51.9) 74/320(23.1) 161/882(18. 3)
. 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)
T3 Tsunokaori 19/30(63.3) 1/30(3.3) -
Orange 14/20(70.0) 1/20(5.0) 1/20(5.0)
Yuzu 39/40(97.5) - -
225/290(77.6) 37/250(14.8) 16/220(7.3)
Total 1093/1579(69.2) 162/1904(8.5) 206/1472(14.0)

1Ver‘y Early Satsuma mandarin ? Citrus Tristeza Virus
® Satsuma Dwarf Virus

“ Citrus Tatter Leaf Virus

2Ear‘ly Satsuma mandarin
3Tangor‘s
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Fig 4. Change of virus concentration in heat treated Yuzu and Shiranuhi (40T
for 16hr in the daytime, 30C for 8hr at night). Values are mean *

standard deviation with three replications,
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Fig 5. Change of virus concentration in Yuzu and Shiranuhi leaved in room
temperature after heat treatment (day 40C, night 30C) for 47days.

Values are mean * standard deviation with three replications.
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Table 5. Distribution of Citrus Tristza Virus or Satsusma Dwarf Virus at

various parts of virus infected Satsuma mandarin

Infected virus Cultivar Plant parts 0.D. 405
CTV! Yuzu spring leaves 0.85
old leaves 0.69
petals 0.74
stamens 0.84
gynoecium 0.79
young fruit with calyx 0.89
SDv? Miyamoto spring leaves 0.12
old leaves 0.08
petals 0.15
stamens 0.13
gynoecium 0.16
young fruit with calyx 0.15

'Citrus Tristza Virus

*Satsusma Dwarf Virus
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Table 6. Percentage of successful shoot tip culture in vitro

Shoot size

Survival rate

Treatment? Cultivars Virus®
(mm) (%)
Yes Satsuma SDV 5 14/29 (48.3)
mandarin
” Satsuma ”
. CTLV 30/73 (41.1)
mandarin
" Yuzu CTV " 100/134 (74.6)
" Shiranuhi CTV " 12/22 (54.5)
" Miyamoto CTLV " 2/14 (14.2)
" Iwasagi CTLV " 2/15 (13.3)
No Sappyma SDV ’ 120/237 (50.6)
mandarin
" Yuzu CTV & 26/35 (74.3)
" Shiranuhi CTV " 6/12 (50)

'culture medium : MS, 0. 1uM NAA, 1uM BA, 50uM GAj

%Yes : 40°C in the daytime
30C at night
No : No treatment
35DV : Satsuma Dwarf Virus
CTV : Citrus Tristeza Virus

CTLV : Citrus Tatter Leaf Virus
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Fig. 6. Culture of virus-free stocks.

=g

: Shoot-tip culture of Satsuma mandarin,

: Double phase culture of Satsuma mandarin shoots with 100ppm Ribavirin

o]

C : Leaves of sprout from yuzu shoot-tip micrografted in triangle-hole of
trifolate orange(P, trifoliata) rootstock seedling, 3 weeks after grafting.
D : Shoot-tip grafted stem-scion(Yuzu /trifoliate orange, 6 weeks after
micrografting) with flush, side-grafted on rough lemon rootstock by

banding with stretched parafilm,
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Table 7. Effects of shoot tip size on successful rate of micrografting and

culture of virus free plants

) o ) Percentage of Percentage of
Shoot size virus Cultivar

successful grafting virus free plant

less than
CTV Yuzu 16.7 100
0. 3mm
’ SDV Satsuma 13.6 100
mandarin
0.3~0.5mm  CTV Satsuma 31.7 85.7
mandarin
’ CTLV Satsuma 27.3 100
mandarin
" CTV Yuzu 43.8 75
" CTV Shiranuhi 25.0 0
" SDV Miyamoto 20.0 100
" CTLV Iwasagi 23.1 100
" CTV Nichinan 20.0 100
" SDV Ueno 28.5 100
" CTV Yamakawa 30.7 100
0.5~0. 7mm CTV Yuzu 42.8 66.7
" CTV Shiranuhi 36.8 85.7
" SDV Ohkitsu 40.0 83.3
" CTLV Miyamoto 44.4 100

'SDV : Satsuma Dwarf Virus
CTV : Citrus Tristeza Virus

CTLV : Citrus Tatter Leaf Virus
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