BRI 33(1): 49-61, 2018 49

Nectria haematococca Berk. & Br.

5] 4L K R B A
MaEE" xuE? HE wAaRY 2ap>
B =B

[LIZ&(Wasabia japonica Matsum)Z fRIEH 72015457 H 70 bk B i 18 B 5 KB » SRR IR AT &
BE RIS A AR S S ~ iR EAREE /T ~ R T S BRI BN LA B iy
BARAL R T 373 - RO B ~ TRRBEE Koy T8 E - BBURIEE ByNectria haematococca » FliE:
I R B BV DA B A O B VR iR e AR SR R o WA AR B AR AR E IR B 0 AR R 55.6% 0 T
B LR B vk b 2R ] LLo3 e B e A (R A S B - e R 2 IRIE R o BB 240 A 28 (0 B
HIEHE ~ =545 - H5% B R AL « SEE P LR REESE R rukh - IIAPDAR; = AL
W B AR RITH RIFAYEIRICR -
RE$REE © 112K ~ Nectria haematococca ~ Fusarium solani > fRJEE ©
HEEMB - EYIE « H18E « 5REME » 48/ - 2018 © Nectria haematococca Berk. & Br.5 #8112 IRE

5 o EEMCERIEE33(1):49-61 -

Dbk SRS T AR MR R BTS2 2 0 100665 L THES G539 Associate Researcher, Division of Forest
Protection, Taiwan Forestry Research Institute, 53 Nanhai Rd., Taipei 10066, Taiwan.

DB SRR A IR SR 0 10617 5L RIS PYEE 157 Master student of
Department of Forestry and Resource Conservation, National Taiwan University. No. 1, Section 4,
Roosevelt Road, Taipei 10617, Taiwan.

DR T E MM E » 100665 LTHEI 5398 Researcher, Division of Forest Protection,
Taiwan Forestry Research Institute, 53 Nanhai Rd., Taipei 10066, Taiwan.

DR B T MR EERH TSR B 0 100665 JLTHREI 4 539% Researcher, Division of Forest Protection,
Taiwan Forestry Research Institute, 53 Nanhai Rd., Taipei 10066, Taiwan.

Y SEENMEZE Corresponding author, e-mail:dorali614@gmail.com
201782 H %% 201746 HiliH Received February 2017, Accepted June 2017.



50 HEEE SRS

Research paper

Root Rot of Wasabia japonica Caused

by Nectria haematococca

Chuen-Hsu Fu,” King-Fai Wong,” Yi-Ching Huang,”
Tun-Tschu Chang,” Hoi-Tung Li*”

[ Summary ]

Root rot of Wasabia japonica caused by Nectria haematococca was first observed in Fuxing
District of Taoyuan City in July, 2015. Diseased plants showed stem and rhizome rot, and subse-
quently leaves wilted and the plants died. Nectria haematococca was isolated from infected tissues,
and the disease was reproduced in the lab by inoculation of the roots with a mycelial and spore
suspension of the pure pathogen culture. After inoculation, 55.6% of plants developed the same
stem and rhizome rot symptoms, and the pathogen was reisolated from inoculated plants to com-
plete the pathogenicity test. Amendment with the pesticides Thiabendazole, Tridemorph, Benomyl,
or Carbendazim, or essential oils of Cinnamomum osmophloeum, Cymbopogon citrates and Cinna-
momum camphora leaves into potato dextrose agar medium, effectively inhibited mycelial growth
of N. haematococca.

Key words: Wasabia japonica, Nectria haematococca, Fusarium solani, root rot.
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HEEGRN£ILESE) - B4 ks Wasabia japonica
Matsum. » DUAEIR G 4 B Eutrema wasabi
Maxim. zAllaria wasabi Prantl (Yen 1962) -
HECFE By Wasabim{Japanese horse radish » &5
1ER}(Brassicaceae) [ L[ZE )& (Wasabia)) % -4 BLAK
fHY) - BEAR ¥ B SRR R - B HA
N i IR R B 2B S By A 2 H(Oda 1949,
Yen 1962, Liang 1983, Chou 1987, Huang and Hung
1988) o HREGHEILIZEMESE ~ R » BEVEIML ~ FIER
BT~ WAHRERR - PIEREYIZ(Hsueh
2000) 5 [1IZEAURREE ~ ZEF SEERET AT DAERI ~ &
o H DR Rk i~ B -
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1H2000~3000K(m)AYILIAREET » mrd 4 R
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19144 SO K2 B IRH % - B0
H AR H ZHEEEY) (Lo et al. 2002) » FTHIHE
HTEAI20 A H(ha) » FTE {517 ha ~ 507 /%
B RS~ Il ~ FEEBE SRR LEZ A
3 ha » RULIREDEARR(Liang 1983) ; RIAKIRE
HEEZE400 ha » FERAEREER L~ #5007 R R
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TEHEAE ~ FEITEEE ~ AUl B BRE
A BT B IRBEEIREEE(Wu 1992,
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148 (https://kmweb.coa.gov.tw/jigsaw2010/Detail.
aspx?item=260548) AT EHE - fil L RERES
TETEKI64 ha » FATEERR ~ BTGP EERE
R REASOE AME(mt) o [LIZEA RS K&
REEE A AR IR IR AR TRIE - RS [ R
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HR4BESuzuki 1976F7# » [LZELE H AR £ 2L
SR EE H KN (4lbugo wasabiae Hara5[{#E) » &
BR (Peronospora alliariae-wasabiae Gaumann# |
#) ~ BLK(Phoma wasabiae Yokogis [#2) ~ #k
&35 (Erwinia carotovora subsp. carotovora Ham.
et Hun.5 [#8) ~ W17 A5% (Rhizoctonia solani Kuhn
5#E) ~ HiELIK (Sclerotinia sclerotiorum Massees |
it8) ~ FABIEIR (Septoria wasabiae Haras [#E) K Z= i
JH(TMV » CMV » TuM Vi 75 [#2) 5 21K = (Lo
etal. 2000) » EfY (ZEHYHEAR) 1 JE
HEER ~ BEN © BL0IE MR Rk (Meloidogyne
incognita Kofoid & White ;zM.javanica Treub.5 [{E)
FIE08%(Tsu 2002) « 534hChou 1986F4 (FRsE T3
JAER B E) R - B LSER TR F R
BRI - AR - AN - B
W~ WAL ~ TEILAEE AR (R LIR) R A
YE#E (Septoria wasabiae Haraf [#2) - 201547 HAE
REEE TR B Ay b7 L 2 BT A » BELE
MBI » SEAR R EETR AR ~ B2/ TR
HORRIEm 8+ B0 ARECHELE - A0 B R IRy
HRECR BEMA -y 3% M R e A 1t TR ) B i £
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9+ YRR IS MR 2% 2R R 52 A AR R o ] A B2 A9
FEESHHARA 1 em K/ » DA10% R @M 7K 15 1
TERMETEFEIO0 s » SRE DU B A I A e 25
R I KA RN KSR P DU B& 7K 35 1
WK DA R @A R - DU R Y
TR AR R 25 A8 1K 7 B 1 DR R AR R R A 1 % B
KA B+ FE LUK ER R R R A ) B R AT R
1 mm 2/ Fr B BN R 88 B U - B 2
FE(potato dextrose agar, PDA; 39 ¢ HIMEDIA
PDA powder, 1 L distilled water) k7K PESESEAR
R H(water agar, WA; 20 ¢ HIMEDIA agar PT
powder, 1 L distilled water) F » A= ARG
BRI PRAE RS R - S350 - MU By B el
ARPIE LGSR B SR B 5 - IS BET 2 3RV 1IR
T R G EDE /MU T #R0 BES 7A R AL
RT3k - BUHBERRE « DO B s #i 5
BB TERNENTEMT - FIH/NET
8l 2 1 EOIR Y R RL Ey 7 25 0 B
PDARKWA | » AR A RO BRiF TR 2 -
BT A AR R B UYL (R T
PR RBIRGRILN - DUK BRI R I g 51 7]
YU — B B B SR B BS EIBTRIPDA L 5%
o DURUSPERS R bE -

T RIEMERRCE

FAEE9 cmfYPDA F » fEE i th AR IR
PRfFE N EFERIR B 14 K% » MIAS0 mLAEE /K H]
P R DU R 30 sTE fy B VR st - 1L
RER VR R - B340 DUR I I B /K A A PR
Fo Bt - BfEn I IRk — 4 REH
&A1 em - fEFHEERES MR - BB EE X 0 B
BATE RS A B BLS (R - REE T
THEE > HBRFREZRARLHRSH RS
BEIRIE -

= RER T HRE

32 I Y 18 0 5% 2 BRI R AR AR R - K
#Hung et al. 1999DNAZEHY J7 LBtk it
FTDNAZEHY » fL & WS 88 S (polymerase
chain reaction; PCR):ZF] - PCRH {#i fiGoTaq®
Green Master Mix (Promega * A& Taq DNA



52

polymerase, dNTPs, MgCl, Jzreaction buffers) »
ITS4 (TCCTCCGCTTATTGATATGC) JZITS5
(GGAAGTAAAAGTCGTAACAAGG) » PCRif2
J& 4 % (denaturation) 5 & B 94°C 3 min ; #%
HE94°C 30 s » 355 (annealing) 18 & 556°C
30 s 0 BEIEIRLEET2°C 30 s » fRER3OEM ¢ &t
FE R (extention) i@ FE72°C 5 min o DLE KL%
BA I R (bp) & » JEEYIX BITRER
B3 AR H Ll Sanger Sequencing Method
(ABI3730)iEFTIEFF « HUISIE Pt R 1% - BlE
B 4 Wy i & B R L g i (National Center for
Biotechnology Information; NCBI)Z & ¥} & A
BRI BRI P H1 - DU e B TR P 51 B 43
2 (Basic Logical Alignment Search Tool;

HEEE SRS

BLAST){EFF3IARLES EL ¥ -

HANVER S R &R Table 1.2 GenBank
H Al Fusarium & 2 1TS 75 1F BG4 17
‘EHER Choiromyces alveolatus (Harkn.)
Trappe (GenBank assession nos.: HM485332,
HM485333)fF Ry SMEELLIR © S RERHITS R 31 LA
g FE=LMAFFT 7 (Katoh and Standley 2013)
HEy B - L A Gblocks 0.91b
(Castresana 2000) {3 & & KGRI
FrB - AR%ZBLIMEGA 6.0 (Tamura et al. 2013)1Y
5 KISR0 AT (maximum likelihood; ML) fE#L
KI#Li% 7047 » bootstrapfE s iE Ky 1000 » i DL
FigTree 1.4.3 (Rambaut 2014)%& & H FLIK 8 5%
A PRI -

Table 1. ITS sequences used for the phylogenetic analysis in this study

Species Origin Voucher no. GenBank accession no.

Choiromyces alveolatus USA MES97 HM485332
Choiromyces alveolatus USA HS2886 HM485333
Fusarium biseptatum Slovenia CBS 110138 EU926251
Fusarium biseptatum Slovenia CBS 110311 EU926252
Fusarium equiseti Algeria FI9RS1 JX114791

Fusarium equiseti China YT2 KX576658
Fusarium lateritium Mexico 221 .-213-Mexico AY904057
Fusarium lateritium Mexico SGLM{f40 EU715687
Fusarium lateritium Poland 19521 KT004553
Fusarium oxysporum China XSD-73 EU326215
Fusarium oxysporum USA 2425 KT828536
Fusarium oxysporum f. cubense USA ATCC 96285 EF590328
Fusarium oxysporum f. cubense China EPP104 EU022521
Fusarium oxysporum f. cubense India HQ694500
Fusarium oxysporum f. sp. niveum China NJLS1301 KJ806518

Fusarium oxysporum f. sp. niveum China JSGY1304 KJ806519

Fusarium solani China H4470 GU595038
Fusarium solani Colombia PCO.30 HQ248197
Fusarium solani India AF14 JX173101

Fusarium solani India IHB F 2353 KF679356
Fusarium solani China CFo4 KM979745
Fusarium solani Venezuela C219 KU377470
Fusarium solani Taiwan WF1 This study
Fusarium solani Taiwan WEF2 This study
Fusarium solani Taiwan WEF3 This study
Fusarium solani Taiwan WF4 This study
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LRSS A B R AR R B R DU R A
JEIARIBRAE SRR R - HEL0.8 cm » B
BRI AT L2 480 T R 52 PO TR R L R R R O
MR 2 APDARR - 3 HIEL6
20~ 24 ~ 28 K 32°CHYMRIRAR P - F i S B2 A3
s Ee s > WhREELR - DINRDEHI B Th;
SRR BEREENERRE -

1o~ Wil R IR B AR R s

LUE1£0.8 emBHT fLES BB & 2 % I
Wbl EpH 2468 105212(PDA | »
EN24°CIIRAT A - F5REp HEE T 3 (1 B 2 4
HERREALIR  DAROSHI R TR RIR%
BEEREENERRE -

N~ DGR SE P iR

T H 7S 5 A R B A A
% HAARGRBEIRATT © 25% 65 FI A (25%
Etridiazole E.C. » Chemtura Corporation) ;
40% ni G B A% (40% Isoprothiolane E.C. »
Sundat Singapore) ; 50 % 38 55 7] ¥ Mk
(50% Procymidone W.P. » 17f2) ; 42.37%%
SRR (42.37% Metrafenone S.C. » FLHf
K) ;42 2% HE /K (42.2% Dithianon
S.C.» E#FFHE); 10.5%FF B A®(10.5%
Penconazole E.C. » 1K) 5 24.99% 7% vo F| ZL 3]
(24.9% Difenoconazole E.C. » %i7%) 5 9.4%
FEJE PR KGN (9.4% Cyazofamid S.C. » )&
FEE) 5 50% H 2R B /K MEHI(50% Carbendazim
S.C.» KK) + 50% RIES vl ERI A (50%
Benomyl W.P. » #:5) 3 S0%3Z 25 vl MKy
(50% Dimethomorph W.P. » ELHFR) 5 50%ii
% BRI I(50% Flutolanil W.P. » [ 7 f
) 5 23.6% 5 AL (23.6% Pyraclostrobin
E.C.» BHTEK) ; 30% %R & AR R A (30%
Triflumizole W.P. » HAKE ) 5 33.5% i 8Kk
J8#1(33.5% Oxine-copper S.C. » FZERMIE) ;
41.8% 4@ K IFHI(41.8% Thiabendazole S.C. »
ThanhSon Agrochemicals) ; 84.2% =1575 L%
(84.2% Tridemorph E.C. » ALFA) ; 40%H X%
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{1 7K 87 (40% Thiophanate-methyl S.C. » K
%) 5 30 %R E=EYSHI(30% Hymexazol S.L. »
KIE) 3 23%ma LUK BB (23% Azoxystrobin
S.C. » ThanhSon Agrochemicals) ; 35%j# =
ST VERS T (35% Metalaxyl W.P. » Sundat
Singapore) ; 10 % e Al il 7T 35 M 4 B (10 %
Tecloftalam W.P. » ‘KJP§) - PDAKE = I 1# 1% -
FRRRLE T BERIK45°CIRF ~ B R BEE RTINS B
Bl - BLBpk & 81000 ppmALHHIHIPDA - FlH
0.8 cmyE B E AT FLES R EUA B 2 B8 8 1%
BV AR R - BEREAE S AR EHPDA & - AR
BEREAE IR A TS A RIAUPDA _EE# I
T ) e S R S B B A R E
K o DI28°C A BOEHI B N #S K% » R
FEERE - DUT YT R G B 5 S0 H
I B AR REHIHIR (Ho 1975) » A RR & pR A
(Y B v T B ARSI R S AR AR BRI 0.8 em
SRR I R AR R (%)
:< | IIRBEHEREMPDA Bty S )X 100
JRIE B BIRHHPDA YA RS

i 328 HLY DU T SR A = O AR R R - PO Y
1052100 ppmYPDAMEITAHFI B B » LI
BE] S R R B BRI R (50% lethal dose,
LD50) «

£~ TR T iR A E

EN T HEYCER - LR R
(Cinnamomum osmophloeum Kanehira) + f&
BE 2 (Cymbopogon citrates (DC.) Stapf)
¥t (Cinnamomum camphora (L.) Presl.)
HTJE(Melaleuca leucadendra Linn.) ~ J&
WA K (Melaleuca alternifolia Cheel.) ~ 4
Bi(Cinnamomum kanehirae Hayata) ~ [&F
(Cinnamomum burmannii (Nees) Blume) ~ i
K2 (Cryptomeria japonica (L.f.) D.Don) ~ BEFH
(Juniperus chinensis L. var. kaizuka Hort. Ex) » 5§
E(Litsea cubeba (Lour.) Persoon) ~ FRERIN(Pinus
luchuensis Hayata) » 5 &g (Sequoiadendron
giganteum (Lindl.) J.Buchholz) » FZEEWN(Pinus
morrisonicola Hayata) ~ fL#&(Chamaecyparis

formosensis Matsum.) ~ —ZENN(Pinus taiwanensis
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Hayata) 2 7k #2(Metasequoia glyptostroboides Hu
& Cheng) ZXHNAYAE M - DU RE - 1FRHg
HBIGEREE S - PDARS SRR - fFIREE T
RERAY45CIF ~ BEAREEERTIALULSI © BREG
HIRE I 1% Tween » FLELEE 51000 ppmYAS
{PDA - FIEAR0.8 cojpk E AT FLASE MRS
BREESGINEME - S ERETPDA L
IR BN IIRSIATPDA ISR » g hE
T B B A A 3 s 2 L - BB EAE I X - DL
28°C RARDERI BRI THE B3R - BEREE
MRS » I AZER g b s Ay iR S R Ak
AN B A R AR -

&R

— RIEENERE
B 28 CARDERIBRIE T - FRPDA
SKIHEAERREER3.T om » BEHFEHHER

HEEE SRS

W EROERENFg 1) GREEESR
MBI « SERFESK  /NMIFRiE
MMIFHERS - TBIREWHEE - REHEETE
B KBNS » K/NEy7.5~25 (~30) X 2.5~5
pm - FREREO~21E 5 KA Fo it /I Sinie - THA
it e e AR Ry it - USSR - BRl4~5 (~6)
il » K/NE5(32.5~) 37.5~52.5 (~65) X 3.8~5 um °
TRBR B EIE 0 EfE300~350 pm » T
BRI - B R EE T EMT - TH#
7R R - IR - K/ 12.5~17.5X5
pm e G EERIE RAEETE R R R AT - SR
e R B A AERAE - BAERPE B R
7~12.5 pm o f¢ b5 B8 i s I B T X
EyNectria haematococca Berk. & Br. » #EPE:THAL

s Fusarium solani Mart. °

Z R RS TEE
Table 2% VU i 55 28 A9 9 I B T PR AR AR

Fig. 1. Morphological characteristics of Nectria haematococca. A, Mycelium morphology
on PDA; B, perithecium; C, ascospores; D, E, macrospores; F, microspores; G,
chlamydospores.
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WF1-WF4ZEFPAE R » #iRFF1RS564~566
bp » B o} B HE T X R BL IR P 1) B 4% AR B
F K N ) Fusarium solani Mart. (accession
nos. KF918584, KF918588, KR350652)J#H L
FE$£999% (Table 3) -

DA I B R AR AR AR W 1-WF 42 38 e SR
€ GenBanki#E Y Fusarium |82 FF5 | HEFTITS H K]
PR - 26 A HEFIR PR
1254 bp » f&Gblocks 0.91bkg s iz YA
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By R B HEFIFFIRS10 bp » FEMEGA 6.05t
HIREMK2 + G Model 1T i AR ST
BB B (RIE (Fig. 2) - BUERIFREIFWFL »
WE2Bd Fusarium solani#l oy Byla—# » BER
FEIR % 5 B3 7= B (significant variation) »
MWF3 K WF4[E 4> By Fusarium solanifBfH &
B BRI R B R B R BB Fusarium
solanifgx T » TTWF1 ~ WF2 K WF3 ~ WF445 43
Ry RAIH AR » R LR -

Table 2. ITS sequences of the 4 isolates of Nectria haematococca (WF1~WF4)

WF1 (566 bp)
GCGGTTTTTGTACGCGGAGGGACATTACCGAGTTATTCAACTCATCAACCCTGT
GAACTTACCTATACGTTGCTTCGGCGGGAATAGACGGCCCCGTAAAACGGGCC
GCCCCCGCCAGAGGACCTTTAACTCTGTTTCTTTTAGTGTATCTTCTGAGTAAAA
CAAGCAAATAAATTAAAACTTTCAACAACGGATCTCTTGGCTCTGGCATCGAT
GAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATC
GAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTTCGAGC
GTCATTACAACCCTCAGGCCCCCGGGCCTGGCGTTGGGGATCGGCGGAGCCCCCC
GTGGGCACACGCCGTCCCCCAAATACAGTGGCGGTCCCGCCGCAGCTTCCATC
GCGTAGTAGCTAACACCTCGCGACTGGAGAGCGGCGCGGCCACGCCGTAAAA
CACCCAACTCTTCTGAAGTTGACCTCGAATCAGGTAGGAATACCCGCTGAACTTAAG
CATATCAATAAGCCGGAGGAA

WE2 (564 bp)
CCTTTTGGGTGACGGCGGAGGGACATTACCGAGTTATTCAACTCATCAACCCT
GTGAACTTACCTATACGTTGCTTCGGCGGGAATAGACGGCCCCGTAAAACGGGC
CGCCCCCGCCAGAGGACCTTTAACTCTGTTTCTTTTAGTGTATCTTCTGAGTAAAA
CAAGCAAATAAATTAAAACTTTCAACAACGGATCTCTTGGCTCTGGCATCGAT
GAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATC
GAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTTCGAGC
GTCATTACAACCCTCAGGCCCCCGGGCCTGGCGTTGGGGATCGGCGGAGCCCCCC
GTGGGCACACGCCGTCCCCCAAATACAGTGGCGGTCCCGCCGCAGCTTCCATC
GCGTAGTAGCTAACACCTCGCGACTGGAGAGCGGCGCGGCCACGCCGTAAAA
CACCCAACTCTTCTGAAGTTGACCTCGAATCAGGTAGGAATACCCGCTGAACTTAAG
CATATCAATAAGCGGAGG
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WF3 (566 bp)
TCCTTTTTGGGTTACAGCGGAGGGACATTACCGAGTCTAACAACTCATCAACCCT
GTGAACATACCTAAACGTTGCTTCGGCGGGAACAGACGGCCCCGTAACACGGGC
CGCCCCCGCCAGAGGACCCCCTAACTCTGTTTCTATAAATGTTTTTTCTGAGTA
AACAAGCAAATAAATTAAAACTTTCAACAACGGATCTCTTGGCTCTGGCATCGAT
GAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATC
GAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTTCGAGC
GTCATTACAACCCTCAGGCCCCCGGGCCTGGCGTTGGGGATCGGCGGAGCCCCCC
GTGGGCACACGCCGTCCCCCAAATACAGTGGCGGTCCCGCCGCAGCTTCCATT
GCGTAGTAGCTAACACCTCGCAACTGGAGAGCGGCGCGGCCATGCCGTAAAA
CACCCAATTCTGAATGTTGACCTCGAATCAGGTAGGAATACCCGCTGAACTTAAG
CATATCAATAAGCGGGAGGA

WF4 (566 bp)
CCCGTTTTTTGCTGACGCGGAGGGACATTACCGAGTCTAACAACTCATCAACCCT
GTGAACATACCTAAACGTTGCTTCGGCGGGAACAGACGGCCCCGTAACACGGGC
CGCCCCCGCCAGAGGACCCCCTAACTCTGTTTCTATAAATGTTTTTTCTGAGTA
AACAAGCAAATAAATTAAAACTTTCAACAACGGATCTCTTGGCTCTGGCATCGAT
GAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATC
GAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTTCGAGC
GTCATTACAACCCTCAGGCCCCCGGGCCTGGCGTTGGGGATCGGCGGAGCCCCCC
GTGGGCACACGCCGTCCCCCAAATACAGTGGCGGTCCCGCCGCAGCTTCCATT
GCGTAGTAGCTAACACCcTCGCAACTGGAGAGCGGCGCGGCCACGCCGTAAAA
CACCCAACTTCTGAATGTTGACCTCGAATCAGGTAGGAATACCCGCTGAACTTAAGCA
TATCAATAAGCGGAGGA

Table 3. Results of the molecular analysis of the ITS sequence of Nectria haematococca
with the NCBI GenBank database

Best match
Isolate no Sequence Closest Bases Similari GenBank
' length (bp) BLAST match matched Rl .
accession no.
WF1 566 Fusarium solani 559/563 99% KF918588
WF2 564 Fusarium solani 557/560 99% KF918584
WEF3 566 Fusarium solani 543/545 99% KR350652

WF4 566 Uncultured Fusarium — 549/551 99% HG937015
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100
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Fusarium oxysporum f.sp. niveum KJ806519
Fusarium oxysporum f.sp. niveum KJ80651
Fusarium oxysporumf. cubense EF590328

Fusarium oxysporum EU326215

98 Fusarium oxysporum f. cubense EU022521

Fusarium oxysporum f. cubense HQ694500

93

Fusarium oxysporum KT828536

52

_| Fusarium equiseti JX114791
99! Fusarium equiseti KX576658

Fusarium lateritium AY904057
90 [ Fusarium lateritium KT004553
Fusarium lateritium EU715687

WF3

WF4

- Fusarium solani KM979745
WF2

Fusarium solani GU595038
Fusarium solani HQ248197
Fusarium solani KU377470

99

Fusarium solani KF679356
Fusarium solani JX173101

WF1

| Fusarium biseptatum EU926251

99 | Fusarium biseptatum EU926252
| Choiromyces alveolatus HM485333

0.06

100 IChoiromyces alveolatus HM485332

Fig. 2. Phylogenetic analysis (ML) of the ITS region of 4 isolates of Nectria haematococca
(WF1~WF4) and other Fusarium species from GenBank, with Choiromyces alveolatus as the
outgroup. Numbers below the branches identify the bootstrap statistical percentages.

= RIETEHE

R B ) S R L LIS A R A R IR
AR NE—XERT - EHEM A IR
‘IR BB T HRZE « ZEMKR IR &
LUTERNERVAREE 3 B G (i et =S s = RN EINT/ I
#8 gt fm ] DUB E TR A AT B AR EDE 9/
a7 gL BRI 5 AR SR MR
(Fig. 3) ; EHURMR kbR & L lnE - BBIRK
JEE T~ ARERHAR > BRI TN S ART A
e P P L8, oo T T A 0 80 i AL v i
SR E s - R B RE R M E ok -
H AR R 1R A IR R 16K
HBEE Fr P~ SR RARERAE B R

TEW » “REB VIR ERS55.6% - Hf 1k
BERREALE ER M A EEERY - S 5E T 5k
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Fig. 3. Symptoms of fusarial root rot of Wasabia japonica. Left, Natural; Right, by artificial

inoculation.
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Fig. 4. Effect of temperature on mycelial
growth of Nectria haematococca on potato
dextrose agar medium.
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Fig. 5. Effect of pH on mycelial growth of
Nectria haematococca on potato dextrose
agar medium.
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Table 4. Inhibition of mycelial growth
of Nectria haematococca by various
fungicides

Inhibition of
Fungicide mycelial

growth (%)
Thiabendazole 41.8% 100
Tridemorph 84.2% 100
Benomyl 50% 92.8
Carbendazim 50% 92.8
Thiophanate-methyl 40% 78.4




GIEFRSERIE 33(1): 49-61, 2018

con’t

Difenoconazole 24.9% 71.2
Oxine-copper 33.5% 64.9
Triflumizole 30% 63.1
Pyraclostrobin 23.6% 62.2
Penconazole 10.5% 532
Hymexazol 30% 459
Procymidone 50% 44.1
Isoprothiolane 40% 35.1
Azoxystrobin 23% 243
Etridiazole 25% 18.9
Flutolanil 50% 4.5
Tecloftalam 10% 1.8
Dimethomorph 50% 0
Cyazofamid 9.4% -5.4
Metalaxyl 35% -6.3
Metrafenone 42.37% -10.8
Dithianon 42.2% -11.7

Remarks: 1000 ppm of each fungicide was
added to potato dextrose agar (PDA) medium
for testing mycelial growth of N. haemato-
cocca compared to growth on PDA medium
without a fungicide added.

Table S. Inhibition of mycelial growth
of Nectria haematococca by various
fungicides at different concentrations
Inhibition of mycelial
growth (%)
10 100 1000
ppm ppm  ppm

Fungicide / conc.

Carbendazim 50% 68.4 744 928
Benomyl 50% 74.8 84.1 92.8
Thiabendazole 41.8% 96.9 100.0 100.0
Tridemorph 84.2% 67.1 88.3 100.0

Remarks: 10, 100, and 1000 ppm of each
fungicide was added to potato dextrose agar
(PDA) medium for testing mycelial growth of
N. haematococca compared to growth on PDA
medium without a fungicide added.
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Table 6. Inhibition of mycelial growth of
Nectria haematococca by various essential oils

Inhibition of
Essential oil mycelial
growth (%)

Cinnamomum osmophloeum 100
Cymbopogon citrates 100
Cinnamomum camphora (leaves) 91.6
Cinnamomum camphora (fruits) 74.7
Melaleuca leucadendra 63.2
Melaleuca alternifolia 60.0
Cinnamomum kanehirae 53.7
Cinnamomum burmannii 49.5
Cryptomeria japonica 48.4
Juniperus chinensis 43.2
Litsea cubeba 41.1
Pinus luchuensis 33.7
Sequoiadendron giganteum 274
Pinus morrisonicola 253
Chamaecyparis formosensis 16.8
Pinus taiwanensis 15.8
Metasequoia glyptostroboides -84

Remarks: 1000 ppm of each essential oil was
added to potato dextrose agar (PDA) medium
for testing mycelial growth of N. haemato-
cocca compared to growth on PDA medium
without an essential oil added.
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