J. Plant Med.

Vol. 59 No. 1 and No. 2, 2017 37
DOI:10.6716/JPM.201703_59(1_2).0006

SENERERANETRELBURML

TgEAS N B EAR  EFB S FRT

BRI R R MR R ER 2 0 4027 T RS G LR 1455%
? R PR BV B B BR 53 AT 830 rei kT A LLIGE SCRE BRI S305% © B midisg ik 25 & A Tn KA

M2
" P44 1EE > E-mail: jwhuang @dragon.nchu.edu.tw

HW =B

TS ~ BRI PRy BHRST © 2017 - BTN
F88 E R H P - AHA) B ERSO(1_2): 37-44 ©

FEIT2010 2201 64F ME EMTEIR ~ S E - PREBETT
B EER 2 BREOROE H - S EMER TS - B
fifR BAER ~ BB E S » HEEIMAEE R A e -
AT A IR 2 1 S B AT P B IR B Y 0 il - LA
EEPE - &R E AR 25158 » SRETR S ERE RS
BARFEREZEURENE - A%REEFOCNOSEIFOCN3S B4
RINEHRER AR A RS - W O R I
HEAR - AECER T R S Ry Rk 0 R I B R B AR
HING s (BFE T AR RRERE R28°C - BIWEAK ~ Nk
il RIEE T =P - Ry BT 28R - e
P R/INR34.4~36.8x3.9~4.5 um /N AR T RR B AT
% HEY - BHEfEE > TR R6.4~8.2x2.5~3.1 um ; JEHH
A28 - ZLIEERIRER TP RN ESR L PR
759.6x8.7um © JKF 1 2FE ORI S S BB SAE - 0 AT
JRFOCNOSEBLFOCN3SER Pk 2 Bl -+ & SR B A i I i
ER - R ERE SRS YR ORI - IR R HEE
BRERREAR o TR - O EE S A EURIE - SEE A
ZHHRIPRE ~ BURR M RAZE S DNAZEAIEIFE & (intergenic
spacer) Z G ME D ATEE R - EHEHH GBI EERE
B2 2§58 5F By Fusarium oxysporum f. sp. rapae (Enya, Togawa,
Takeuchi & Arie) °

e

1Tt

R © HEE - TrEE ~ ARG - w30 ~ TS IRME - 2
il

¥ 5
T3 (Brassica juncea (L.) Czern. et Coss) BT CRIEEE
JBEREAEY) » o3 R R SR R G - R AL
FADAR B ERRIESE ~ 1835 ~ RSEE NI L - MEMTSE ~ B0R

i 5 FBFECBIR S Ry16~23°C » ol L iEpH{E /55.5~6.8 » %
Ry A FFRAEREE - LRGSR K10~ 12 H B9 426 - JRA]
HFEIAS HYIBAMGEN ~ O P A" - RBE R gREER
BT 2015 KT SEAETEMG AR Ky 1,265 A B » S8 S 228,779
Wg - FEAEEE AL - BRE T - B ®h - T
> HhEMEER AR -

IR (Fusarium oxysporum Schl.) 168 BE-HFAER
B » ERIAPETCI AR & R 88 BiF. oxysporum
Schl. f. sp. raphani Kend. & Snyd.5 B S > BT
KEAN (2012) $HEHEESEEERE (F. oxysporum Schl. f. sp.
conglutinans (Wr.) Snyd. & Hans] #1785 E > Wi B H Al
TFIERBEE L BR B IE RIS - R
BTALG (1986) GA WAV LRGBS ~ T3 R 38 o TR R 1%
Gh > AL BB IR TE Y« FTAESK > #£2010%20164FR
FEERRENEMEE SRR - BREET R e EE
REEHS H S B PR B T s L - BAlfm bR - &
(B (E—A) - REHEREE VIR - WS EE L 2REh
HIERG: ([E—B) 5 VIR e T 4R A B L B A 0 - 58
BHEZ IR E A IR HRAEE A5 [ - AWF7E 2 H VRIS E 3%
IR A Ay BE R Y SRR B A MY T REEA B M -
T e 2 7 SR BT Y 7 LR R AL -

MFHERTTA

HAE R

PETT20104F R 20 124 A EAAA PR 5H ~ 201447 1A =y e i e
Bl AETEE  2016F N Eh i » FREE ST
o 1 2 B R DL ME AR S SR AN TR SEAE I - BREE MR M MR A T
SRERTHE - VIHURR IR Z L4 B RARE - DA% (viv) K&
8y (NaClO) AKERHFEIOME - FLUREZKERE =R > WL
HARTREZZ GRIN K5y > FBER% (wiv) 7KIEREEFEAS (water
agar, WA, Difico, USA) B SH A B MR E AL [KH,PO, 1g -
MgSO, - 7TH,0 0.5 g ~ Agar 20 g ~ Water 1L ~ Peptone 15 g » &%



38 J. Plant Med.

[ — ~ FRETTRETR R (A MU EEEL - BER BEANR LAEE
(B)FEEIHEE R E2BHGL (FiEH) -
Fig. 1. The symptoms of mustard plant yellows caused by Fusarium

oxysporum: (A) yellowing and epinasty on the lower leaves; (B)
brown discoloration (arrowed) in the root and stem vascular system.
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TABLE 1. The reference isolates used for phylogenetic analysis in this study
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Isolate designation Host/substrate Species/forma specialis

Geographic origin Accession no Reference

Ta-8 Brassica rapa var. rosularis Fusarium oxysporum f. sp. rapae Shizuoka, Japan AB306834 Enya er al., 2008
100005 (MAFF240321) B. rapa var. perviridis F. oxysporum f. sp. rapae Tokyo, Japan AB306825 Enya et al., 2008
100006 (MAFF240322) B. rapa var. perviridis F. oxysporum {. sp. rapae Tokyo, Japan AB306826 Enya et al., 2008
100053 B. rapa subsp. rapa F. oxysporum f. sp. rapae Chiba, Japan AB306802 Enya et al., 2008
100128 B. rapa subsp. rapa F. oxysporum f. sp. rapae Chiba, Japan AB306808 Enya er al., 2008
9324 -1 B. rapa subsp. rapa F. oxysporum f. sp. rapae Chiba, Japan AB306803 Enya er al., 2008
9351-1 B. rapa subsp. chinensis F. oxysporum f. sp. rapae Chiba, Japan AB306829 Enya er al., 2008
Ta-6 B. rapa subsp. chinensis F. oxysporum f. sp. rapae Shizuoka, Japan AB306832 Enya er al., 2008
100019 B. oleracea F. oxysporum f. sp. conglutinans Tokyo, Japan AB306796 Enya et al., 2008
100020 B. oleracea F. oxysporum f. sp. conglutinans Aichi, Japan AB306797 Enya er al., 2008
R269 B. oleracea F. oxysporum f. sp. conglutinans The Netherlands AB306800 Enya er al., 2008
ATCC52557 B. oleracea F. oxysporum {. sp. conglutinans race 1 Wisconsin, USA GQ914767 Srinivasan et al., 2010
ATCC16600 B. oleracea F. oxysporum f. sp. conglutinans North Carolina, USA  GQ914766 Srinivasan et al., 2010
ATCC58385 B. oleracea F. oxysporum f. sp. conglutinans race 2 Unknown GQ914770 Srinivasan et al., 2010
F. oxysporum f. sp. matthiolae race 1

ATCC16602 Matthiola incana (synonym: F. axysporum L. sp. matthiol) USA GQ914764 Srinivasan ez al., 2010
ATCC16603 M. incana F. oxysporum f. sp. matthiolae race 2 USA GQY14769 Srinivasan ef al., 2010
851209¢ (MAFF240332) M. incana F. oxysporum {. sp. matthiolae Tochigi, Japan AB306842 Enya er al., 2008
ATCC58110 Raphanus sativus F. oxysporum {. sp. raphani Unknown (GQ914763 Srinivasan et al., 2010
ATCC16601 R. sativus F. oxysporum f. sp. raphani USA GQ914765 Srinivasan et al., 2010
NRRL22553 R. sativus F. oxysporum {. sp. raphani Germany FI985463 O'Donnell et al., 2009
NRRL53154 R. sativus F. oxysporum {. sp. raphani Korea FI985676 O'Donnell et al., 2009
100013 (MAFF240328) R. sativus F. oxysporum {. sp. raphani Tokyo, Japan AB306835 Enya et al., 2008
MAFF731043 R. sativus F. oxysporum {. sp. raphani Twate, Japan AB306840 Enya et al., 2008
R238 R. sativus F. oxysporum {. sp. raphani The Netherlands AB306841 Enya et al., 2008
NRRLI13566 Oryza sativa F. fujikuroi (outgroup) Taiwan AY249382 Schweigkofler et al., 2004
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Fig. 2. Comparison of pathogenic virulence of eight isolates of Fusarium
*Means (n = 3) in each column
followed by the same letter do not differ significantly (P = 0.05)
according to Tukey's honestly significant difference test.

oxysporum on mustard plants.
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TABLE 3. Host range test of Fusarium oxysporum isolates FOCNOS5 and
FOCN38.

Pathogenicity reaction’

FOCNOS5 FOCN38

Bacterial strain

Mustard (Brassica juncea) + +
Cucumber (Cucumis sativus) — —
Watermelon (Citrullus lanatus) — —
Cowpea (Vigna unguiculata) — —
Common bean (Phaseolus vulgaris) — —
Lettuce (Lactuca sativa) — —

Tomato (Lycopersicon esculentum) — —

" 41 Yes; —: No.
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Fig. 4. Pathogenicity tests of Fusarium oxysporum isolate FOCN38 obtained
from diseased mustard crops on different species of Brassicaceae. A:
Mustard cv. Ching-He; B: Mustard cv. Sueh-Li-Hung, C: Cabbage cv.
Summer Summit; D: Cabbage cv. Summet Autumn; E: Chinese kale
cv. Tsuei- Jin; F: Chinese kale cv. Wai-chun; G: Pak choi cv. Chuen-
Shiou; H: Radish cv. Mary.
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TABLE 4. Pathogenicity test of Fusarium oxysporum isolates FOCNO5 and
FOCNS38 on twelve cruciferous vegetables.

Disease severity(%) Disease incidence(%)

FOCNO5 FOCN38 FOCNO5 FOCN38

Crop name  Scientific name (Cultivar)

Mustard Brassica juncea subsp. integrifolia
(Beu-Sin) 60 93 60 90
(Gua-Tsai-Ching) 46 98 46 100
(Ching-He) 72 100 65 100
(Sueh-Li-Hung) 75 100 75 100
Cabbage Brassica oleracea var. capitata
(Summer Summit) 0 0 0 0
(Summer Autumn) 0 0 0 15

Chinese kale Brassica oleracea var. alboglabra

(Tsuei-Jin) 0 0 0 0

(Wai-Chun) 0 0 0 15
Pak choi  Brassica rapa var. chinensis

(Feng-Shan) 0 82 0 70

(Chuen-Shiou) 33 74 35 83
Radish Raphanus sativus var. longipinnatus

(Ming-Ho) 0 90 0 81

(Mary) 71 98 70 95

MR > SR/ F56.4~8.2%2.5~3.1 um ;
U\Fﬁiﬁfgé‘cﬁﬁﬁfﬁ/\ [ EIPR  SPEEAR/ING9.6x8.7 um (5
o fix BT RERFE © £ Snyder@iHansen[CHY /3 451

’ Eﬁﬂiﬂﬁ APRER B 7S Fusarium oxysporum Schl. °

BEETE2E - %
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TABLE 2. Morphology of Fusarium oxysporum isolates FOCNO5 and
FOCN38 obtained from diseased mustard plants.

Items FOCNO5 FOCN38

Morphology of colonies on PDA Purple Purple
Sporodochia over mycelia, Sporodochia over mycelia,

light orange light orange

36.8x4.5 um
(25.0~52.7x2.7~6.9 um)

34.4x3.9 um
(19.0~65.1x2.2~5.5 um)

Size of macroconidia

6.4x2.5 um
(3.3~12.7x1.2~4.2 um)

8.2x3.1 um
(4.8~14.8x1.9~4.4 um)

Size of microconidia

9.6x8.7 um
(4.1~15.3%2.0~14.1 um)

9.6x8.7 um
(6.0~14.2x5.8~13.5 um)

Size of chlamydospores

=~ RN R PR -

o At {EFPDARFEERIE E X FER AL
B: Kfl¥: C:/NMET D [ERFEMET -

Fig. 3. Colonies and spore morphologies of Fusarium oxysporum isolates
obtained from diseased mustard plants. A: Colonies on PDA slants; B:
Macroconidium; C: Microconidium; D: Chlamydospore. (Bar= 10 um)
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Fig. 5. Effect of temperatures on the mycelial growth of Fusarium
oxysporum isolates FOCNOS and FOCN38 obtained from diseased
mustard plants on potato dextrose agar plate.
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the neighbor-joining method. The numbers at the nodes represent
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an outgroup. The scale bar indicates 1% sequence divergence.
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ABSTRACT
Hsu, Y.-T., Li, S.-Y., Hong, C.-F., and Huang, J.-W. 2017.

Identification for the causal agent of mustard yellows in Taiwan and
its pathogenicity. J. Plant Med. 59(1_2): 37-44.

The causal agent of mustard yellows was isolated from diseased
plants collected from vegetable fields at Yunlin, Kaohsiung,
Taoyuan, and Taichung in Taiwan. The disease is characterized by
yellowing on the lower leaves, epinasty, stunted and appeared brown
in the vascular tissue. In this study, eight isolates were obtained, and
their pathogenicity was confirmed via the steps of Koch's postulates.
On potato dextrose agar plate, the mycelia of isolates FOCNOS and
FOCN38 are colorless at first, but with age they become purplish
under 12hr-light per day and produce orange sporodochia. The
optimum temperature for mycelial growth of FOCNO5 and FOCN38
was at 28°C. The pathogen produces three kinds of asexual spores.
Macroconidia were slightly sickle-shaped, hyaline, 34.4~36.8 x
3.9~4.5 um. Microconidia were elliptical to allantoid, one-celled,
hyaline, 6.4~8.2 x 2.5~3.1 um. Chlamydospores form mostly in
hyphae, terminal or intercalary, round, thick-walled, about 9.6 x 8.7
um. In addition, pathogenicity tests indicated that isolates FOCNO5
and FOCN38 were able to infect mustard, radish, and pak choi.
However, no symptom showed in other family crops and cabbage
and Chinese kale. According to the results of pathogenicity tests,
morphological characteristics, and ribosomal DNA intergenic spacer
(IGS) sequence, it was suggested that the scientific name of the
causal agent of mustard yellows from Taiwan could be identified as

Fusarium oxysporum f. sp. rapae (Enya, Togawa, Takeuchi & Arie).

Keywords: Cabbage, Chinese kale, Fusarium oxysporum, Fusarium

wilt, Mustard (Brassica juncea) , Pathogenicity, Radish



