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MRS EEENKEL  BTREABEEERHBERES Fusarium phalaenopsidis
(&% Fusarium solani f. sp. phalaenopsis) BRZ: - EMEZEERENEER  FELHIRBHE
& - 28 - B RENERE  SFEBREFRIDMRERETIERIANE - BER/ARIBE L
BEHIT - REFHBRFREEESI > BfIFES CDMR F#EEZETEEREEE—15(5H
FphSP6F/FphSP6R » RV —EIRREAIAIE @ WEHH HIRREAIBIRIRE TR RIRE DT - &
RERREREZDMIVKERIRE - EE0EEEESNER - IR ERNERIRERRRERE
MRPARBIEHENZKE - BIREEHErEEERIVRSEERR  BOXKESIECEE -

RE3ES : Fusarium phalaenopsidis ~ FRIZVHEER - E—4515% - &8 - SR

Il

]I

WAIREES (Phalaenopsis spp.) e REBEE
HFEEETT - B1997FERURK - HHAOEBZR
FIBIN - 220245 - HORBEEFSE
461870 HEBBIEATEOEERNT% (B—
mEMEHOSE AR - EEMRE
K& - BEED) - HRMREITRERE
I2TEE  THBIFRIENWMARHERE
EESEEXEERE  AtMRaEErTES
RNEESZMT - M @ IREEREERIEB
BEhESZEZERERE » 1L Fusarium
phalaenopsidis (B%8 Fusarium solani f. sp.
phalaenopsis) SIEENEERRALE > BY
FEMIRRE R R E B %E (Su er al, 2010;
Tsao et al., 2024) - WEEHONBEREE

BWOI > ERMEEmERED - HARENR
RRRIARERE TEEIRIERE > Mm%
EEEERRNERFRERE - BREX
o BRSO R RER R BRETOTIT
B0 BERKEFESBEAREBE®RRT
SRIKZEEMR RS EREN - EMmiE
RASEIESR (Liao et al., 2012) ©

IRYRRR & R RhAST e RREE R

MirEEREREER1988FEHA M
ERRIN G - RELAEY)EIE Phalaenopsis &
& Doritaenopsis BBRETE - TRIKRENE EBIE
W BERER BRERIEIERIET -
BEERMSEEEMEGEREZEINNNETER
(perithecia) - BEFTNRRE D B ETER
LRI WRBERESEKERRETER
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Nectria haematococca Berk. et Br. (Fusarium
solani) » #8F%IREBNectria blight (Morita et
al., 1992) - LR EHBEIR199722000F &
AREERZENEEDREIR - AoEEE
REREE30% (Kim et al., 2002) - ARAES
AR DB 548K Fusarium BEK © FZREEE
TEFEREE42MK F solani ~ 5%k F. oxysporum
ER7¥K F. proliferatum > EFA F. solani 8D B
Xie  BERIRRERSMIRSN B
R EBRRE (Kim et al., 2002)
BER20I0FEXNERNRELRE -
RIB2005FHEBEHEHFR EERER
TRIBTAR SR ETE30-70% « BRIRIEIR IR
RERE - EEERERFCFHERE
80%RYRIROI DB F solani > WHSIIERK
ERFERRBEE (Su et al., 2010) ° %8
EEE F. oxysporum PFTSIRERINRLUR F
proliferatum FT5|EER BN BRI NUE
Bl o F. oxysporum RAFEMERXNEH LN
REFEZTARANEERK > "RHEEA
EEER TYEMEREEHRFRIL S F
proliferatum NSMNAREBRKI - BEID M@
BEHRELRE - ATEEHEER  E
F solani B2 F. oxysporum BEZREZERFHIL -
F. proliferatum LIRS (Su et al., 2012) °
#%i&Chung F A (2010) HIEHIRREEERI%
DEEC BRETEURITEEE - RIS EEE
BRURRE (Phalaenopsis sp.) ~ ZR (Cymbidium
spp .) - BRieEEIER(Cattleya sp.) ~ XINGE
(Oncidium sp.)RAEBE(Oncidium sp.) > PA
RERF solani EEXWBE( Pisum sativum
) ~ BT6( Chrysanthemum indicum ) ~ FHI (
Cucumis melo ) RE/ ( C. sativus ) - #55REE
T RS ERAR D B TS AN IR R
FBRESL - £EHECRIESBERMREE
HEFEMEBRRHRIE - RtUAECENE
INARRAZSF solani f. sp. phalaenopsis °
MRBIRBEBRBF solaniBE 2@
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ZFEf (clade) » RIEFEZ A Fusarium solani
species complex (FSSC) * 7R EFEFSSCHRYE
ZFHEFEMR > Schroers F A (2016) IE8E SF
solanifVIRTVIER - ZBRHFFPEILDMEER
EAFREBIR FSSC 532/F8% » % FSSC 552/%
BEEER F solani sensu stricto » =52 »
FEPTEEBIRY FSSC B8 © BIFFSSC 532FEf
HEMk - EBRAEYE  FE—FTEBL
SHETMRBEDLE - RE—TFEMIRE
BHERBERERN DML » Tsao FA (2024)

SEREIMTRMAMIEEREZEFR - &RE
R ERERES » Ho#EH 16 BT
B 3 REEEIERDBNEN - #8HA
RRT - MATREHZERR?Y - B81FE
ISFIERE 1 alpha (translation elongation
factor 1 alpha, TEFIl «) ~ NiEixERE
(internal transcribed spacer, ITS) ~ #Z#EEE X
ZREE TT(large subunit of ribosomal ribonucleic
acid, LSU) ~ #5888 8 (calmodulin, CAM) -
ATP-ESEEZEE  (ATP citrate lyase 1, ACLI)
*RNARE I RAKXEIT (the largest
subunit of the RNA polymerase 11, RPBI) A
FRRNARST 155 KZXEJT (the second
largest subunit of the RNA polymerase II,
RPB2) > E1THE F. solani sensu stricto (FSSC 5)
RMIZFREMEC FREIC DT - fERER
T FTEMIKEEERER - BIELETHRS
BY F solani f. sp. phalaenopsis cpy0la (Chung
et al., 2011)  IIRER—ESZFHFERER
FEf (monophyly) » WEAESEAEA
g > KRPHNEFEEERRER BT
g ERED T RINBEREEITE - 535
YIERIETNAN % Fusarium phalaenopsidis
C.L. Wang & W.C. Tsao. °

ROk SN TIPAE )

BEERDFERZAIBIEERAVHIREEIE
theh > EFSFERENERRE - B2
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ERNEREE - Bt > REH N RER
FERRER LA EITEERGEE - LiaoE
A (2012) AETEHIER (prochlorate manganese)
ERZE T BRYE (chitosan) RIRE @ EITEER
ATLERE > LHERUBREER  FER
18 ° C BRESEER20826K » LI EH
BT > BRET A ERAVERIBL AR
BAREBE - I - ZMRERIEL - RiER
ZEBHEMBERER  HARRETEREE
BRRIBAA - EHSREE T ERIRZIVAYE
B ERELEERELNER - BYEET
B SRFESKEE  EERIEINEL R
EWRAITIM > ELL - AMEE DB R RS
RE - BERREIEGREELER R0
ARERNEEEH - 815 ' (1) RMME
FEMEERRRIR - £ (2) BRETRIRRNAE
BREEIEMREIERE - (FRIVERBAKE -

RIS ERERI A< R EER

ERRENRERFEERHEEWH
BERBREABEEERE ° HlUW > Sneideris
ZF A (2020) SE/NBRBIRE Fusarium
graminearum ETRA=FWHERSE - &t
BAERRET D MEEE - FRER 1K€
HMERDEE F graminearum BILEHIEE
50% * SRR TE (<10%) SKIBEYIERE(4%)
RO BEER » BERHMEYUERTIENWRE
fBR - EMREMEEET/ BN ERAa
FAYRESENE (Sneideris ef al., 2020) ° L5 >
KEGERKREIEZBEFTERE  AETE
B E SRR aZRENBIRBZ —
(An et al., 2023 ; Watanabe, 1974) « iRBAEE
RENNREERREREDL  REBTERE
Fria RIBHIEZKIE -

MBCT  ERREEEERE R
RRFHIARAIEAFRDESEIR - RIBFHFS
A (2016) BRIEERMIEEEEEARZ
#RE (https://www.tobs.org.tw/discuz/forum.

php?mod=viewthread&tid=451) » E 5| FBEEH|
TE=BAEFHEFR 3F - 10FEE205F)Z
BHERRZED > HEIERIELUEGHE - 18
R~ NiE -~ KIERER) &IED Bl MUwater
agar IBEEEIT DR URETBERPR -
MRERET > FBEERE(ERERAEM -
FBIRIBRIRA DB HEERRRZLLBIIMEE
ZLEFH - 7B 20 FRVRZED 0 BREBD
BERB0 % N HEFUBHDBERTR 5 %
E 65% > MENTRETRRERETEREFY
EE2EH - M * FusariumBHEERIRIR
MERNMEY > BERRERTZIFRER
B DHRRERZZIHEREMIERER
EFusariumf)T18 - 5 EIEFZ BB
=Y BE EUEREEECTERET -
HLUERETRRERENRERE - ALt - $1
IR EERRE L RRRRIDEE—TH
% WMEBWE D TR - DURHETE
HEREE - S5—HE  REEUDTERE
B > "REEE LATKRNEEREN -

FERMIREERRRE I EE
HIEEE

I EEIRRERIRIEPREERR
EEMEEENEEETERS—BNIL
B DIEEB#NMEER OIS ERE
B (Tsao, 1970) ° #1¥ Fusarium BEE © &
HEFERAEShRBEEZX (PCNB) ¥ EEN
IEEE (Leslie and Summerell, 2008) © $AMM °
PCNB #3173 0 82315 AR A %8 B Ba 55 L 22
% HEREBEBRRRE  RIEFEF22
ERBFHHRERRENBRNEEETIEE
E (Nishimura, 2007) ° %0 > Jung 3 A(2013)
¥ F graminearum FEZERNINEZR toxoflavin
HEEIEEE » A BIRIRE toxoflavin AY
NMLEHEMER - NIBEHIRIGE R
REFMEIAEM BN ITA - kS - thEMRS
Y F oxysporum BLIEADHE < RIZEISE
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> UERARRERTRBAEEY RS -

A > BRIt HIREEERREZE
RATAFRIT 2R - EaiRZ BN T ERLGEE
RGBT - ALt AARFARIMMIEREEREL
FRIEMIEEER CDMR » IRV WS HIRIE
ESHIMAZ (Tu, 2023) - B EWIREZERIE
BRRIRENK (@ Trichoderma spp. ~ Penicillium
spp. REAM Fusarium spp.) AR EERREE
Fusarium phalaenopsidis > YEITEI NG g < =X
=TS - FELCERE BRI 2 BFFEER

Benches Evaporati

y

ve cooling pads

¥ o

Y BE > TREBEFEERREERER
HitEfEIBEE - ERIEREET ° CDMR 15
EENIFEERERFEEIVINHIZRE 90% © MM
HEERRER 53% @ FEHAERFHEETH
gE - E—FBIF CDMR ¥EMIE Fusarium »
U0 E oxysporum ~ E. proliferatum ~ F. sacchari.
BFHZHIR - #EREERER F oxysporum
N HitEE 2 85 %5522 BREEINH (Tu,
2023) > FILEIBRER CDMR RIS EER
BZEhEDH (B—) -

Fungus gnats

B— - £ CDMR ¥ZEEMEEEBREREDHMRRER - BRE - KEREBWEERL
CDMR #:EZMIEEEET DR - IREFE3RERERIFRDL Fusarium phalaenopsidisiZ 3118

BE > LARIBBIR N EIE °

Fig 1. Isolation of the pathogen from greenhouse environments using CDMR semi-selective medium.
Samples collected from benches, evaporative cooling pads, and fungus gnats were plated on
CDMR semi-selective medium. On day 3 of incubation, pink colonies resembling Fusarium
phalaenopsidis were observed, indicated by arrows.

Bl EEREREEE— o5l
5|5
BEEXEENIEEEEBUREHR
T > ECOMR{DIEDHEHMESE
FusariumZERRE R EHIIZIFEZR
%R RILFE#HUD T8 TRERUEEEETE
ZEN - BREMRRERZ D TEED
% BARE EHEHNKE (polymerase chain
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reaction, PCR) ~ BIRFRE EHRIE (real-
time polymerase chain reaction)& [RRIRANIE
&% (Loop-mediated isothermal amplification,
LAMP)ZEH {7 (Hariharan and Prasannath,
2021) > P KIREHZEX - BEEBE
¥4 Fusarium solani species complex (FSSC) &%
STE—MSIFE > BIANRIE TEFI o« ERER
ETZ5|F4 > Ot FSSC A¥IEEITPCR
18 (Arif et al,, 2012) ; SSEIAKEBEIGHS
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BRREZI (AFLP) B » SIS
TCERIBRAVE solani » YE—SLALLFEYERE
HE—I5| 5% (Casasnovas et al., 2013) °
SREHEY F phalaenopsidis 2 B—1E1@8I T
B2l - FEAAZHES OrthoVenn2 £
ERMLEE TR - $1¥ F phalaenopsidis BIE S
HEREHAINIGEE TR @ (hEHE—F
Il (Tsao et al., 2024) - FEE—ITAENE - IS
ERSTAVEIS | © FphSP1F/FphSPIR E2 FphSP6F/
FphSP6R > BERR 100 pg/ 1 L #&8IEE NE—1Z

Fp FSSC1 FSSC2

FSSC3+4 FSSCS F

IBEERE DNA > BFRHHEMIFEIZERERE
SEREESE (B ) (Tsao et al., 2024) - EBBES
HERRTIEERERZSIF5ET (Arif et al.,
2012) TH#R > Tsao FEA (2024) EFEEREE
FEHERFMERER - SHRFRUEEE »
PULtFRAIEREtE— 11551 - Bfe=IEE2 -
1. U ERBNBIT Y EIERISE ; 2. BUEYD
HRENRTENREEEEHE 3. BEEET
FERRSDERER - OIBERE - (FRR
Rt IRARIERY -

>

Fp FSSC5 FSSC21 Fpr

N
a> \‘\Q‘g’ «{'5’ ©

=2
\Q@
o &

&
o A

&

“
& =

& &
A o N &3
AR A

600 bp—

500 bp—+!

700 bp—e|

B 5IFHE—TAE - B GRS FHNE— > EFEMERAMAES|IF © FphSPIF/
FphSPIR (L75BE) B2 FphSP6F/FphSP6R (FRREBE) * AALARER| Fusarium phalaenopsidis
(Fp) ° VOG/ITS4 (NFSEME) RIFIIREEEFTE 2 DAtk DNA mE © FSSCI * Fusarium

petroliphilum ; FSSC2 » Fusarium keratoplasticum » FSSC3+4 > Fusarium falciforme ;
FSSCS5 > Fusarium solani ; FSSC21 °» Fusarium solani-melongenae ; Fpr > Fusarium
proliferatum ; Fo » Fusarium oxysporum ; Fsa > Fusarium sacchari ;5 Phn * Phytophthora
nicotianae ; Php * Phytophthora palmivora ; Pen ° Penicillium sp. 5 Asp * Aspergillus sp. ;
Tri * Trichoderma sp. 5 Rhi * Rhizopus sp.

Fig 2. Primer applicability assays. The primer sets used in assays are FphSP1F/FphSP1R (upper
panel) and FphSP6F/FphSP6R (middle panel) for detecting Fusarium phalaenopsidis
(Fp) and V9G/ITS4 (lower panel) for verifying quality of DNA from all tested isolates.
FSSC1, Fusarium petroliphilum; FSSC2, Fusarium keratoplasticum; FSSC3 + 4,
Fusarium falciforme; FSSCS5, Fusarium solani; FSSC21, Fusarium solani-melongenae;
Fpr, Fusarium proliferatum; Fo, Fusarium oxysporum; Fsa, Fusarium sacchari; Phn,
Phytophthora nicotianae; Php, Phytophthora palmivora; Pen, Penicillium sp.; Asp,
Aspergillus sp.; Tri, Trichoderma sp., Rhi: Rhizopus sp. (Modified from Tsao et al., 2024)
Tsao, W. C., Li, Y. H,, Tu, Y. H., Nai, Y. S., Lin, T. C., & Wang, C. L. (2024). Identification
and molecular detection of the pathogen of Phalaenopsis leaf yellowing through genome
analysis. Frontiers in Microbiology, 15, 1431813. https://doi.org/10.3389/fmicb.2024.1431813
Licensed under Creative Commons Attribution 4.0 International (CC BY 4.0)
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BRI R IR B A B RRBA ST

583 CDMR ¥ EEMTIEEEHEE—
M 5|5 % FphSP6F/FphSP6R ° AAAFEEIL
—EURBEARBREREZRE - BT
AF CDMR IBEEMRERBIKRA D BELREL
F. phalaenopsidis #{IEEE (B—) B
FphSP6F/FphSP6R 1T PCR E:S - FTBDEE
FIEDFRERERERERE - RE—TR
SIRREZBERRIR > $TE 20 EIIRER

&~— - WIEEEERERREZ D ISR -

ERMEETRFEARER (BEZER

RZR
XIBREW) > I B Ll g AR ZEIT D
T - FEREET > RERBSHADHERES > H

RIKIE - ZREPREBIH (F—) - E
FIRNRE REEMHEMECAREIER
EENIDHIEERE  BrEERRE
2 BEEBERBIE - AT > BRI
METEEEREIBENDE > RRFE—
THEEENEAREBEFTILERERREL
BT e

Table 1. Isolation of Fusarium phalaenopsidis from greenhouse.

Air collected

Air collected near

from greenhouse the door of Benches Evaporative Fungus gnats
cooling pads
center greenhouse
Occurrence rate in
greenhouse facilities 15 100 60 35
(%)

* All samples were collected from facilities of 20 greenhouses and plated onto CDMR semi-selective medium.

Suspected F. phalaenopsidis colonies grown on CDMR medium were further confirmed using the species-specific

primer pair FphSPOF/R.

ERREEERINERE

ARRETHEREENEREARET
"o ORERRZER - K2R - KEBREWED
DEERIRRE > EBEFusarium spp. BVEYRF
1% HERIRZE ERYRR B I Ae R B ISRk
ER% - EENHREREBE L ; /K& LAY
FREIUEREREEN  ZRPIRREETEE
TRERKIEERE » BN EHRREIEERS
IRERER - AL TR TS EEITER: (1)
ERBEIRIIR IR R R EIE LSS Q) &
HAfERR HIH3E S R SFMEBETIRIZES © ()
BraEN - BB BB IR -

fa A8
AFRFRATRITZ BT B R A RIS
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TIEEEN DB FEERE  NEBE
RIFFRRRENERERLR - BRUIIRES
BEERZPIARBIEHENZBKIE - RIBHAR
E—TEEREIENTEEREEEL
NEZT - WEEE BN BT
DERTIER ARIBZEESZEH - B
FOZERARIARRE 2L B EYIERS
SEEM (Liao et al., 2012; Su et al., 2022) > #
FRREAR - EEEERRIERIERR
FREBENZEBTRRE  WEBRIZHNR
B - SiEREENSEREEREE)E
I8 REMESRIATBREIEXKEHE
REVES - UFERREBRME - 85 Ll
B SBIRBEMEREERER RS
RESIERE - BOXEEECERZ -
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Abstract

Phalaenopsis orchids are one of the most important ornamental export crops in Taiwan.
However, during greenhouse cultivation and transportation, they are frequently infected by Fusarium
phalaenopsidis (formerly Fusarium solani f. sp. phalaenopsis), resulting in leaf yellowing disease that
compromises export quality and market value. Despite its detrimental impact, the ecological aspects
of this disease including the distribution of inoculum sources and infection pathway remain poorly
understood, hindering the implementation of effective control strategies. To elucidate inoculation sources
and dissemination pathways of the pathogen, we established a rapid detection protocol by integrating
CDMR semi-selective medium with the specific primer pair FphSP6F/FphSP6R. A systematic sampling
and analysis of the orchid cultivation environment revealed that the pathogen was widely distributed on
cooling pads and bench structures, and may even be vectored by fungus gnats. These findings provide
critical insights into the ecology of F. phalaenopsidis and offer a scientific basis for more precise and
effective disease management strategies, contributing to the sustainable management of leaf yellowing

disease in Phalaenopsis production.

Key words: Fusarium phalaenopsidis, Semi-selective medium, Specific primers, Detection, Fungal gnat
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