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ABSTRACT

Yuzu (Citrus junos) gummosis disease, caused by Phytophthora nicotianae, was first reported in 1997. As
known in citrus, Phytophthora is the most fastidious soil-borne pathogen to control. In order to minimize its
damage to Citrus spp., integrated pest management (IPM) approach, including fungicide chemicals and
resistant cultivars, is necessary. Therefore, in this study we tried to evaluate tolerance of yuzu cultivars and its
related species against yuzu Phytophthora. Trifoliate orange was evaluated as a susceptible host to yuzu
Phytophthora by both mycelial growth onto extract media and immature fruit inoculation. However, in
zoospores spray-inoculation on 2-year-old cuttings tree, trifoliate orange appeared to have a resistant property
as showing less than 6% diseased leaf rate. Among yuzu cultivars only ‘Namhae No. 1’ appeared resistant
property against both P. nicotianae and P. citrophthora. The ‘Namhae No. 1’ showed 5.7% and 10.6% di-
seased leaf ratio by P. micotianae and P. citrophthora, respectively. Clearly, in order to reduce damages
caused by two yuzu Phytophthora, we suggest that growers may utilize a trifoliate orange as a rootstock and
‘Namhae No. 1’ as a scion for fruit production.
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Disease response of 2-year-old cuttings of yuzu cultivars and related species against yuzu
Phytophthora spp.

P. nicotianae P. citrophthora

Cultivar Diseased leaf”  Infected spot Lesizo , size” Diseased leaf  Infected spot Leszi on size
%) (Number/leaf) (mm*/infected %) (Number/leaf) (mm*/infected
spot) spot)
Dajung 482 b° l.lc 169 b 292 ¢ 140 187 be
Hanayu 39.1¢ 15b 285 a 31.8 be 1.2 be 318 a
Namchool 745 a 33 a 165 b 24.6 ¢ 1.8 a 302 a
Nambhae No. 1 57d 1.6b 143 b 10.6 d 1.0¢c 177 ¢
Sangungye 364 ¢ 1.8b 266 a 592 a 19 a 215 b
Trifoliate orange 5.7d 1.0 ¢ 60 ¢ 30e 1.0c 56 d
Wonhyang 53d 15b 36 ¢ 433 b 1.6 ab 192 be

It represent percentage of infected leaf number out of total leaves a tree 4 days after spray-inoculation of zoospores
in concentration of 10° per ml.

TLesion size was measured by leaf area meter (LI-3100, LI-COR, USA).

$Mean separation within columns by the Duncan’s multiple range test at p = 0.05.
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Introduction

At (Citrus junos Sieb ex Tanaka)+ -2} (Rutaceae), 725 (Citrus), Y20 (Metacitrus)ofl &6H=4F
S5 =o]t} (Oh et al., 1991; Kwack et al., 2008). -FAR}F=-9°C o[slollAl= s w70l 215, AA 5 &
SfiQt Lrfet Aol A =2 AjEl=| A ok (Kwack et al., 2008).

A, Phytophthora spp.= 3FEoll 3101 7FE A2 EG A WYt o 2 AAIF o = g RaxshH, E5
WASEAU 7ol T2 A ol A A= 1L QT (Faweett, 1936; Frank et al., 1991). 270l 2lo] o] ofet
Hof] P> AEAlel FrEe gk S 7l 7% (Foot rot, Root rot) 2 775 7sfisto] 4=2]7}
27 sh= A1 (Gummosis), “L2| 31 2N 77k i o] = ASHE 2AMEH (Brown rot) 2] Al
7HA] e 2 WSkl Tk (Faweett, 1936; Frank et al., 1991).

=Ulof] f2F gHo] A5 HalE Al7]= 19973 0 = HePdte oF /A E o] FAF AufR] oA ol A= it
(Jee et al., 1997). FAFEE A 7 p7lo] o] 247 n)7 F wp] = A 215 wo] SRittsle] 2] (Gummosis)
ot ] A| E Ut 'TEEH 21 70 em FA7ER] X HERO] ol AR E o FE U= o] R
] A&7 o) Mol Yo IR (Fig. 1; Jee et al., 1997). B3 -4AHH-2 Gy o} 24-0 21 14 0] o3RS Wo]
HE7] wj2of| 71 5j9] 71zl uet Ay o] Ho| 7 At A o2 Faf A QItt (Frank et al., 1991; Jee et al., 1997).

A2 A e o2 ol EA] ofQIAtE-S o 85 iR 5ol ALk Qlovt FEA 0 A FF
= Algsto] o] 85hk= Zo] oA ofet. webA] 2 Aol A= fAtelA 22 8-S ol-8ste] A BE 4
O A A E Yot iz} syl

—_

Fig. 1. Symptoms of yuzu gummosis disease caused by Phytophthora spp. A, B, wilting and chlorosis of leaves; C, D,
necrosed vascular tissues.
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Materials and Methods
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52715 FYUANS TN FolE o] BAF 4 B T TAF 0% (Table 2)] A7} 342399
A|Ffstod mhaf & ZF2F 574 500 mit 200 g¥ o] 121°CollA 527F At 93 (Whatman No. 2)51o] &%=
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M@ AR 5= AR 2 EYOlA B2l YP-1 (P. nicotianae) ™} YP-3 (P. citrophthora)©]™ (Table 1),
Al g2 it vl ol Bol o]-85=10% V8 72 HiZ] (Jee et al., 1997; Jee et al., 1998)°]] Z[/dsto] 25°C
of| A1 4-54 HI%F -8 mm cork borer= AT A o] ARGSIGITE 2] -HAFE Hiz|of| o] AlgwtTE A

C
Stod 25°CoA 5ATE HF & AP AT, BlastGIT

o

Table 1. List of Phytophthora isolates used in this study.

Isolates Host Regions of isolation Origin
YP-1 (P. nicotianae) Yuzu Nambhae Rhizosphere
YP-3 (P. citrophthora) Yuzu Namhae Rhizosphere

Table 2. Mycelial growth of two yuzu Phytophthora depending on fruit- and leaf- extract media of yuzu cultivars and
related species.

) P. nicotianae P. citrophthora
Cultivar - ‘
Fruit extract Leaf extract Fruit extract Leaf extract
Dajung 29" 4t 13.5 cd 9.1d 193 b
Hanayu 520 16.2 be 108 ¢ 309 a
Kabosu 3.1d 16.5 be 144 b 20.0 b
Namchool 51b 11.2 de 164 a 7.0 c
Namhae No. 1 34 cd 14.6 ¢ 8.1le 10.8 ¢
Sangungye 34 cd 10.1 e 10.1 ¢ 7.0 c
Sudachi 46D 19.1b 102 ¢ 304 a
Trifoliate orange 12.7 a 239 a 17.0 a 313 a
Wonhyang 4.5 be 15.1¢ 104 ¢ 16.7b

It represent diameter of mycelial growth which measure mm during 5 days.
"Mean separation within columns by the Duncan’s multiple range test at p = 0.05.

QU] HUHES S8 NN FAb FAIA RelH 2750] <o) ade
e g 2AA S0t S ENEH FYUNS T FolE Yool BAFe 850 RAES L 2B 7
8900l 214190 B0l AHgIch £3 v W BL 02 ok NS 273 -mm cork borer
(¢]

=

= °
1§3te] SHAANRE Hojul, THAC] B2|590] HE5te] Wl §7of Hot2seCol A el 24l e BHEshel
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Results and Discussion
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(P. citrophthora)®] wAPYE Aeg ZARE A}, §ARE 2ot s tl=.0 2 Wol ARSI Sl ®AF (Tri-
foliate orange) =&l v Z]of|A] 71 2 Z}5hTh (Table 2). B A= AWh2] 0 2 oJutof ths)] A&-d 2l 7/4\9& Hk
o] 191} (Raghavendra Rao et al., 1983; Tuzcu et al., 1984; Graham et al., 1990; Hyun et al., 2001), =< Hjz|]|
15 Ard o2 et AEA] 15 2t v, HEZFEQjt 2 o 2wk,

A AR A s
55|, IHFZEN vix]o A P. nicotianaew BAT (12.7 mm)E ALt thE G4 FE/2AFY] =2 v A|ollA] 2-5
mm&] TFAMIAS WERH VA, P. citrophthora®) WA= ‘oFg, ‘Holll &0 & Zﬂﬂ* ‘4":'1;‘] 514 10 mm o1
A1} P. nicotianae®l| H]5f| 2Hdof| Tt o] Ado] et Z o = A=}k

SXrEoie] A msh 7HsM A28 T 2 Wi 9] P. nicotianae®} P. citrophthora®] wAH Y
2 afolol 2jetstol AR H5 @nlo] whe- B A} SIAE Hyun etal. 2001)0] B S 72 718
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2)o} kAR 2 7he S el u} (Table 3).
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Table 3. Percent lesion of two yuzu Phytophthora on immature green fruit of yuzu cultivars and related species.

Cultivar P. nicotianae P. citrophthora

Dajung 0 ¢t 67.3 be
Hanayu 0c 80.0 ab
Kabosu Oc 84.8 ab
Namchool 0c 81.3 ab
Namhae No. 1 Oc 90.5 ab
Sangungye 9.1b 519¢

Trifoliate orange 100 a 100 a

Wonhyang 0c 87.3 ab

1t represents percentage of lesion diameter compared with fruit diameter 3 days after inoculation.
TMean separation within columns by the Duncan’s multiple range test at p = 0.05.

208 M2o| QAN MEN BE A4EEE 29 wsn FAE AL AR HBA)
S} Lol o8 Lol ST 2 RS 0.2 289 i S oS N I
=1

T2 e 2 25 HEokTt (Fig. 2).

Fig. 2. Symptom development on 2-year-old cuttings yuzu tree by spray-inoculated Phytophthora zoospores (A), and
lesion formed on the leaves (B).
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HFHZI0] 169 mm’ 2 Ho] 4402 K] o]zt (Table 4).

olo] vlsf HAof| Tt Aol U P. cztrophthoraoﬂ ot HESol M= ATt el 1207} o[ FE]
Z12¥3.0%, 10.6%5 20-60%°] " &= LERH BF F53 v sl A4 o = 2|/ Ql A o= Yehgdt =5, P.
nicotianae®] 5] Ao 2 VRt sk 2o p, citrophthoraoﬂ A= o FE FEPAZ o] 22} 43.3%, 192

mm?& 74438 LFERATE (Table 4).
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Table 4. Disease response of 2-year-old cuttings of yuzu cultivars and related species against yuzu Phytophthora spp.

P. nicotianae P. citrophthora
Cultivar Diseased leaf " Infected spot Lesi20 " size” Diseased leaf  Infected spot Leszi(.)n size
%) (Number/leaf) (mm/infected %) (Number/leaf) (mm/infected

spot) spot)
Dajung 48.2 b I.l1c 169 b 292 ¢ 140 187 be
Hanayu 39.1¢c 1.5b 285 a 31.8 be 1.2 be 318 a
Namchool 74.5 a 33a 165 b 246 ¢ 1.8 a 302 a
Namhae No. 1 57d 1.6 b 143 b 10.6 d 1.0 c 177 ¢
Sangungye 36.4 c 1.8b 266 a 592 a 19 a 215 b
Trifoliate orange 57d 1.0c 60 c 30e 1.0¢c 56d
Wonhyang 53d 15b 36 ¢ 433 b 1.6 ab 192 be

It represents percentage of infected leaf number out of total leaves a tree 4 days after spray-inoculation of zoospores in
concentration of 10° per ml.

TLesion size was measured by leaf area meter (LI-3100, LI-COR, USA).

YMean separation within columns by the Duncan’s multiple range test at p = 0.05.

3 HIE R O] 5= AQKAO| P. nicotianae = R1%]0] QAT (Jee et al., 1997), HaF

7} 24, 9, 7HA] BTol| BAIS oF7|5K= A (Hyun et al., 2001)7} 037F2] 2 o] otk
P. citrophthora™ QAEA] FAtell A2 mshE & 4= Al 78t B eea AUl =& ZHLO‘
AIAZ 0 =2 a7 ool ot wlallE Eo)7] el A H= ARS, A ths, Sheha] WA 5
11 Itk (Nagvi, 2004). 55] HlEF=HA (Metalaxyl) 2 22 A A= A S =20 - ARG oA 21
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o]-85k= o] B Y Aol
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Conclusions
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