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HF| Kiss et al. (2001, 2005) ¥ 50584 2 H
IR AERAS ~ B A SRR E B Tt 2 P
BRI 3 - A ST LIRSS /& E AR R &
FELH - 3T 10 425K » g (Park et al. 2010) ~ 2&
i 4Eon (Stevanovié ef al. 2012) FIFFIE (Lebe-
da et al. 2015) FEHATIFESE A P. neolycopersici
FHER 2 S B8 > B P neolycopersici {£ 3
il B R ESEERRREZ — -

BEE Y L MR E R & Golovi-
nomyces orontii (Castagne) V. P. Heluta (syn.
Erysiphe orontii Castagne) ~ G. cichoracearum
(DC.) V. P. Heluta (syn. E. cichoracearum DC.)
f Leveillula taurica (Lév.) G. Arnaud % (Tzean
et al. 2019; Lin et al. 2022) » iffj 2005 & & FH
BEIY P. neolycopersici ¥R /G H 2 (Hsieh et
al. 2005) » {H 307 4 TF =X ST RREF A 4 2 3% 48
TR B R TR

REJDEHN  DUREEE—F R FEZ
— o E AT b 2 B i e S R a4 AT
BEWZ P. neolycopersici ARG » HEF
IR (disease severity) FAYZ=S (Matsuda
et al. 2001; Lebeda et al. 2014; Arushi & Bany-
al 2018) » (R B e B2 5% K H AT B 2 A HUs
T SIHVE Sy B A AORMEY) 0 A0 S. habrochaites
S. Knapp & D. M. Spooner i S. pennellii Cor-
rell % (Lebeda et al. 2014) - HiEMHHERE H
3 955 B A T RE TE B & B 3 2% 49 4 1 72 R
FL28 (papilla) JE g 8 f1{LE2 57 [E (Ridout
2009) > BEER R E AR BIER P AT
FE AR R UM SO RE TR 1% R B i JEé (Mieslerova
et al. 2004; Matsuda et al. 2005) » {152 gL
B EFE SR ZIR A E (Lindhout et
al. 1993) & - 5541 » By 25 I ZZ FAH [F]
it e AEAE A [F] 2R B #3 70 BERR R AR N A
—ERIVEE R WHAR 3 HERR P neolycopersici
KTP-01 R[] fi; & gk R A E B A & SR AY
157 B PUR L fE & i ‘Grace’ (De Ruiter Seeds,
Bleiswijk, The Netherlands) (Kashimoto et al.
2003b) 5 XEEFH FHEHABER T EHRTE R
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FH B — B HLRHE ME > 20 © Whipps et al.
(1998) #HZE P. neolycopersici 1] LU #H & )
{E%) » {H1F Fletcher et al. (1988) = Kashimo-
to et al. (2003a) HYEAER&E R AIE - Jhth#E—H
HR P neolycopersici 1£18 [ o] BE 7L A [F i
% (race) B0 FE A (pathotype) ©

AT 2019-2021 FEE R G T (FlE
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JE LR 0T A AT R 9 TR Y B PR TR, -

MR ESE

HEED S ~ EER R R

AR - Ke S FEM (KRS
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T BB - FHEEER 5-6 wk o BT
R A EEE S B -

EE A M 57 EUbR & 5-6 wk 1Y & Al
i BEUEER - LB KB E - FH
1% KAWL HETTRE H T 20-30 s ~ 3 KIEEH
AKEAR - FBE B2 MR EZEEH H K o
DIER 1.5 em fTFLBVIHEEE R - KEER E
HE LRENEA 2 R 'K 9 om HEE:
FNLH > JRI04T 4 mL &7 50 mg L tetracyclin
~ M-solution (mannitol 10,000 mg L',
benzimidazole 30 mg L") {8 4% 8 B & A L3
HEK > DURFFEEE R /&M (Huang ef al. 2009)
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At FE BEE B IR Bl o0 B B B I =
FEECEEL 1~ 2~ 3 (& 1) FIE L& ([ 2)
Z AR ERE R AT RS B T DUEAR
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(Huang et al. 2009) > FMEH 247C ~ YEHE 12 h
ZAERETREE 2wk BRHKINERR LB
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Fig. 1. Three types of symptoms caused by Pseudoidium neolycopersici on large fruit tomatoes in the field. (A—
C) type 1 symptom showed white circular pustules on the upper side of leaves, as well as the surface of petioles and
stems; (D-F) type 2 symptom was brightly halo—yellow lesion with central necrosis on the upper side of leaves. Pow-
dery mildew fungi were found on the lower side of leaves; and (G-I) type 3 symptom was circular or irregular lesions
on the upper side of leaves, and sign of powdery mildew was rarely found.

—fFEE LAl OB T EAA R WP KRR 12 h Z AR FEE 2 wk o HRPEUR
BHEGEAPHBEERERR BKFERRY  JKIECEREMEE THE - ETPERERVHE
HRFEER > DEABER - &% o8aE NEH 88 & " RELRKAEPLE
Bk Ry TARI_PM-1 ORE E L &HHEEER) » FEFERE ~ A B (foot cell) & - following
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HiUERR ) B/ NBE 5 (C) B BE OB T AR A
A -

Fig. 2. Symptoms of tomato powdery mildew caused
by Pseudoidium neolycopersici on cherry tomatoes
(cv. ‘Jade Girl’) in the field. (A) white-powdery; (B, C)
light-yellow; or (D; indicated with an arrow) purple tiny
spots occurred on infection sites of leaves; (C) some
spots appeared with central necrosis, and little or no
sporulation of pathogen could be observed.

& B 2240 7 38 2F 7 2 S i1 T ff 5 €8 (conidial
appressoria) 258 o B8 8% 7E 2 U8 Taxonomic
Manual of the Erysiphales (Powdery Mildews)
Z B #EZ (Braun & Cook 2012) H#E{THEIEREIP
RREEE -

MRED S EE

gDNA HiH : PIHUE A & B iR R 2 2
R EZEBEEA/N - LURRE SAETEE T R4 &

NECR AR

(]9 JE AT I - ELA% A 500 uL CF buffer
(BB PTEL J7) (E4H&RMm R 2 anH A
HHAMERER SRR ZE 1.5 mL #0058 -
L 12,000x g B0 10 min o HY 200 pL B 00 7%
Z FEREHE 1.5 mL #E0E 0 7F 100CHS T
§2#% 10 min » B15¢ 5% gDNA ZEHL » K% B DA
Milli-Q (MQ) /K% #E 10x & i & Y -20CIrfE
i -

rDNA internal transcribed spacer (ITS) f¢
FIsE R BLE Fr ¢ R sl E PR RS HLZ gDNA #E
TG NE##$H S FE (polymerase chain reaction;
PCR) - I¥iE rDNA ITS H B - PCR K JEZ )R &
VI RGEATRAR » DU BN RS RO A HEAT
[ FE R & & 10 pL /Y i 245 & B THOR 4H
(Taq DNA polymerase 2x Master Mix RED, Ampli-
gon, Odense, Denmark) > 1 pL ] DNA template °
10 um (19 primer £ 1 pL > primer 43 7 & PMITS1
(5°-TCGGACTGGCCTCAGGGAGA-3’) #I
PMITS2 (5’-TCACTCGCCGTTACTGAG-
GT-3’) (Cunnington et al. 2003) > /730 7 uL
MQ 7K {5 Hof 4% Ky 20 pL » ITS Z JEFR A2 Fs -
95°Cfi# Jje )Z & (denature) 5 min ; 95CHENER
[ » 52°CELE & K E (annealing) » 72°CIE £ K JE
(extension) & 30 s > #E{T 35 WG &%
LL72C ~ 7 min #E{T R AS RS E - K PCR &
VIETBREEIKERR  EXREBREEY
B BIRAE (BEHILT) BITERF - £H
BioEdit v7.2.5 #( % (Hall 1999) ¥ & ¥ % ~
ITS JF4A 551 i b afl sk A i e i o &bk 5
HFIE ~ RS |+ fi# Fe i e 1 A T B & DU S
B TEFPaE R -

G GE T - G EL A ER
Q0 EH e AR BB IRERE
k> H1 18 #kH1 GenBank Hi{5 /751l 2 2 F Gk
(reference strain) (£ 1) « 5| LL MEGA X
# 38 (Kumar et al. 2018) #E{THEY] 43 HT (align-
ment) » FEE N TJ7 BT &&FH
P DARESE 1TS BAL R 45 BR (A fst © TS $R 4R
i A 6 F] MEGA X 81T BEER A
{LLERE (maximum likelihood method; ML) #
{TEE > EEMEGA X HHY Find Best DNA/
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1. AWFFE A EA4E internal transcribed spacer (ITS) FH%5 Bl {468 > Hifk -
Table 1. The isolates of powdery mildew fungi used for phylogenetic analysis in this study.
Herbarium GenBank

Species accession no.” Isolates accession no. Reference
Erysiphe aquilegiae VPRI21046 - AF154322 Kiss et al. (2005)
E. aquilegiae TPU495; MUMH98 - AB015929  Kiss et al. (2005)
E. aquilegiae - - AB000944  Kiss et al. (2005)
E. blasti MUMH2 - ABO015918  Kiss et al. (2005)
E. glycines MUMHS56 - AB015934  Kiss et al. (2005)
E. glycines MUMHS52 - ABO015927  Kiss et al. (2005)
E. huayinensis MUMH30S - ABO015914  Kiss et al. (2005)
E. hypophylla VPRI22120 - AF298544  Kiss et al. (2005)
E. magnifica - - AFO011312  Kiss et al. (2005)
E. macleayae TPUI1873; MUMHS54s - ABO016048  Kiss et al. (2005)
E. symphoricarpi BPI1747015 - AB078969  Kiss et al. (2005)
E. symphoricarpi MUMH1428 - ABO078970  Kiss et al. (2005)
E. weigelae TPU1669 - AB015931 Kiss et al. (2005)
E. weigelae MUMH10s - ABO015932  Kiss et al. (2005)
Pseudoidium neolycopersici (syn. Oidium - KTPO1 AB094991 Kashimoto ef al. (2003b)
neolycopersici)

P. neolycopersici VPRI20381 UK2 AB163916  Kiss et al. (2005)
P. neolycopersici BPI1747013 Etl AF229019  Kiss et al. (2005)
P. neolycopersici BPI1746232 MD1 AB163915  Kiss et al. (2005)
P. neolycopersici - TARI_PM-1 MT370492  This paper

P. neolycopersici F0034681 TARI_PM-2 MT370493  This paper

P. neolycopersici - TARI_PM-5 MZ540810  This paper

“ VPRI = Plant Disease Herbarium, Institute for Horticultural Development, Victoria, Australia; TPU = Toyama Prefectural Universi-
ty Herbarium, Japan; MUMH = Mie University Mycological Herbarium, Japan; BPI = U.S. National Fungus Collection, Beltsville,

MD; F = National Museum of Natural Science, Taiwan.
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Hadthy o f - WAEKREE "4k A, (‘Lu Zuan
Shi’) ~ " &, (‘Golden Lucky’) ~ T & 301 |
(‘Farmers 301°) fI $%48, (‘Sensation’) ; /NG
o &2 (olly’) ~ T3EZL (‘Beauty’) ~ K
4 (‘Jade Girl’) ~ 4, (‘Li Jin®) fl 455
(‘Golden Sweet’) o R 2z, fhfd Fy B 1% S 1d
o HA AR DUE BB 0 FRERE
2 wk KIFDL4 N ZEBRRE DA RER
ERfiH -

IR - SR E S A TR FIE
PREME IR Z B ARGYR (KBS A P
neolycopersici) » AN 1% f& J5 & £ fff F TARL_
PM-2 BRZBRELERR ARMH2 x 10°
conidia mL™" 7 #%K » B EEH % 2
wk o A A Ry PREG 5-6 wk I AETTIE FE A o
HoA% 7 P 1AL A 20 4 A U SR A Ak DA G [
KA T o A A 3UE R THER A TR -

WA - AR SRR R
H W REEL P, neolycopersici f7F » H i H Ath 1
ZHEERZ: - ERET RS 3 HIE (N
B <5 ZHERTIAGHE)  GEREHESG—
TS B3 EERR W B 1 R R B AR RN
£ FmiEs 4 5HE > DatESE P REE
FIREAEZRFZ (standard error; SE) © Ffi 84K L
(disease index) FIFTE AT © 04k © fMEfE
oy > 1 4R« TR 0-25% HifE @ =L
BUEE N EAE 5 2 8% ¢ B 0-25% [HifE 0 Ef
HH S ECRN S 26-50% [HITE » FEFREAE > 3 4k ¢
JBk S 26-50% [EI 5 - 2 £ B B R 51-90%
i EEFREARE 5 4 4 ¢ G 51-90% HfE
JEE B BRI, 91-100% [EITE - ZE RIS
5% B 91-100% [ fE - A B EE R
ZHAMEE > 50% ; HERHE (%) = [Z(ER
TR~ PR B PR/ N/ (B N EE g x
5)] x 100% -

HBZEARBINBIRERZR P. neolycopersici
ZIERERE

22021 51 ATNA]  EEHHHEERESE
sREBFTHYA- A A T402, ShfE (TT4ERE S R AL
BEREER BREZHEBEMEETONRE
P [ 3 A B A 4 MR ERE 124U 3 mo »
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T A A ] i 2 17 4 {o] BE B BRFD N T 924 -
HEAIRETNEREHEBEIVETE P
neolycopersici > H i H A FE 2 18 & F AL - 4
Fho/ K2 mAE Y BA 84/48 Bk - HH T B a3l
HE1-3-5 THEETRKEHE (NE
B <5 ZHERTIAGHHE) - BREREG—RE
I HU 4 IR R E AR R R
e I HUEE 15 #F - DAGT B s SR FR s S A
TR o EIRERERETE T X2 R R
ET DT

A5 s B s DL SAS” Enterprise Guide®
8.2 f &4 51 8K B4 (SAS Institute Inc., Cary, NC,
USA) #1{T BN TE 2 53 17% (one-way anal-
ysis of variance; one-way ANOVA) » ilfi DA/
B % 7= BRI B (Fisher’s protected least sig-
nificant difference test; LSD test) 1F 5% (/27K
T (P<0.05) thiEHE FHEE ZR -

TER

e fEpu

H 2019 4 12 H#] 2020 £ 5 H A » 4>
R G R TEE - SHE - DREGNE
A0~ BALRAVILSE - ZARRG A 40 55 3,
RAEFE AR - 4% PEZEZ O B R
BB R L E AR - KB v
HHURIF EEAMEMPRE - EREE I mE
7 IR B V) 40 R ER AT BRI R R 2B — 1 2
Pt EHEm AT -

A2 EMEMRRERT 7 Fy 3 B - A
1 BEFR (X fE BrfhE, o adaxial surface)
B REmPRO@EDR - BhiERA
o WER ARG BEROEh REESR
= BIER =L - ERELEEEMNEEE
MEGE B SCHIN A2 Y REREEED
BEPRREYEH R E R (B 1A-C) ;
AL 2 BELY GREEhiA 0 abaxial surface) EiH o
PATETE A 3R S 3 oK - R T RIT]
FEE kY E S - Ik ERE R
EEEED  NECHEENHE B BER
HHER o B o B AR B [V 3 YH. (& 1D-F) 5
AL 3 > FEIEmE A RN BHER B sk 0 W



HEGORAGE - BERIARA - 56K
WEm S sk e A A W PR 2R T
B ZHE - AR g RSB R (E
1G-1) - FHAEMHET - A 1 82 it 12 H
ERE S A SR o A 3 HEAER S HE
BRI 2R E] -

RLEDOOI R > B A _EAY
HEEREEERANEMRF B R &
LN AR R R ST o (B R BN
ZIR - Z2eE i LA RBEEHEEEE
At (B 24) ; RERELER > THRAE
iy o] S48 i (1 2B-C) & JRA H o Wt &
Ry 8l ViBE - A ke (8 2D) -

FERERN ITS DS #&E4S P. neolycopersici

B BRI 203 b M1 B A o A
1~ 2 B3 4R hnEE R By BEs O im o B
& TARI_PM-1 » TARI PM-2 ~ TARI PM-5 #
TARI_PM-7 » 4 F AP R L (&
2) - [ fite s AF HH AR AR BN THERE ik B
B E AR o D4 Eik Y E R E
FAARMMANT MK EERE > A&
% s & 45 (hyphal appressoria) BiZE ¥4
PR & #LZ80R (nipple-shaped) F| 2 ZLHHIR
(multilobed) ([&] 31-L) ; Z /i (conidiophore)
HIL o R AR (cylindrical) - £ < &y
29.0-(44.3)-64.0 x 7.6-(8.3)-10.6 pm [min.—
(avg.)-max.] » ERECAEE o] R4 de 0 A 1-2 (E
following cells (& 3A-B) ; i F-iBHAME A A
b > A SEAEIRERIES (fibrosin bodies)
SN 2 R R (doliiform; barrel-shaped) ~ BT
(ovoid) FIFEEF (ellipsoid) TR (subeylin-
drical) » A/ 29.0-(39.4)-53.3 x 13.7-(19.2)
—24.4 ym > EELEATR 1.5-(2.1)-3.1 (B 3C-H) -
72 5 07 2Ry TR A B — i+ (pseudoid-
ium type) » ZA{EEE[E 5 48 E B o) H R B A
DA fige 511 50 0 88 1 HE  22 ] BN R A L
T JH s » TP R #E 4 (pseudochain) A& -
HFIEEHERET - FIFBNTHAE R A
17U longitubus pattern (Braun & Cook
2012) 5 & 40T TN (terminal) ~ T
{72 (subterminal) R » % 2F 8 & 2 B
HFEER RERBMTFEZ 0.9-(2.8)-58
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Table 2. Morphological characters of Pseudoidium neolycopersici isolates in this study.

Conidiophore

Conidia

Foot cell length x width (um)

Length/
width ratio

Length x width (pum)

Host (cultivar)/sign

Characteristic

min.—(avg.)—max. Following cell

30.5-(39.6)-53.3 x

Germ tube apex

min.—(avg.)—max.
29.0-(36.6)-47.2 x

position”

Isolate

Pseudoidium type”

7.6-(9.0)-10.6

1.5-(2.0)-3.1 Simple or lobed
15.2—(18.9)-22.9
29.0—(43.5)-64.0 x

30.4-(38.8)-48.9 x

Cherry tomato
(Jade Girl) / ad

TARI PM-1

Pseudoidium type

1-2

Simple or lobed

1.5-(2.1)-3.1

Large tomato / ad

TARI PM-2

7.6-(8.0)-9.1
41.1-(49.0)-61.0 x

13.7-(18.6)-21.3
32.0-(43.1)-53.3 x

Pseudoidium type

7.62-(7.8)-9.1
30.5-(45.1)-64.0 x

1.5-(2.2)-3.0 Simple or lobed
16.8—(20.1)-24.4

29.0-(39.2)-51.8 x

Large tomato / ab

TARI PM-5

Pseudoidium type

1-2

7.6-(8.4)-10.6
(25-)30-60(-75) x

1.5-(2.0)-2.8 Simple or lobed
15.2-(19.3)-22.9

(20-)25-45(-55) x

Large tomato / ad

TARI PM-7

Pseudoidium type

1-2(-4)

Simple or lobed

1.7-2.8-(3.1)

P. neolycopersici

(59)6-10(~14)

(10-)12-20(-28)

(Braun & Cook 2012)

“ Sign position means the side of leaves where pathogens were isolated from. ad = adaxial surface of leaves; ab = abdaxial surface of leaves.

¥ Pseudoidium type means producing conidia that mature singly.

*No description.
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BTl 1

3. Pseudoidium neolycopersici isolate TART PM-2 fi Mt (O BEEH 1 - (A ~ B) fAF B AP EMM 5 (C)
FFSNE R © (D-F) INEZEMEETE 5 (G ~ H) BifIR © (-K) FE&HEEEREA S 50 (L) #4 > & 1~ L)
FLZERE] (0~ K) 2R 0 (M) SZFE A8 (N) THRZ R - S2FE ARG &y (M) XGIREL (N) fRBHE 7>

X (M~ N> FiEER ) Wi Easisiy AR - EEFIRR 10 pm -

Fig. 3. Morphological characters of anamoph structures of Pseudoidium neolycopersici isolate TARI_PM-2. (A, B)
conidium forming singly from a conidiophore; (C) conidia shaped in doliiform; (D—F) ovoid—ellipsoid form; (G, H)
cylindrical form; (I-K) hyphal appressoria solitary; or in (L) opposite pair, (I, L) nipple-shaped to (J, K) multilobed,
(M) germ tube arising subterminally or (N) terminally with conidial appressoria enlarged and (M, N; indicated with

an arrow) alobate. Bars = 10 ym.
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Fig. 4. A maximum likelihood phylogenetic tree of Oidium genus based on the nucleotide sequences of the rDNA
internal transcribed spacer regions (ITS). Twenty one powdery mildew taxa were used. The tree was constructed with
bootstrap support values (> 50% displayed at the nodes and Erysiphe glycines (AB015934, AB015927) as outgroup.
The bar indicates 0.020 (2%) expected changes per site. Type strains Pseudoidium neolycopersici Etl (AF229019)

was indicated in bold.
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Fig. 5. Symptom development of powdery mildew on upper side of leaves of susceptible tomato (‘Golden Lucky’
cultivar, large fruit type). The tested plants which were inocualted with conidia suspension of Pseudoidium neolycop-
ersici isolate TARI_PM-2 on (B, E) the upper side or (C, F) lower side of leaves grew in the growth chamber (24°C)
until 10 dpi. A half number of the tested plants kept growing in (A—C) the chamber and the rest tested plants were
moved to (D-F) greenhouse (23-35°C, average 28°C) for observation. dpi: days post inoculation.
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Fig. 6. Susceptibility of 9 tomato cultivars after being inoculated with conidia suspension (2 x 10* conidia mL™)

of Pseudoidium neolycopersici (isolate TARI PM-2) for 14 days in greenhouse (20-28°C, average 24°C). Error bar
stands for standard error of mean (n = 4). Means with the same letter are not significantly different at 5% level by

Fisher’s protected least significant difference test.
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New Powdery Mildew of Tomato Caused by
Pseudoidium neolycopersici and Susceptibility of
Commercial Cultivars to the Disease in Taiwan

Yu-Lun Dai', Jin-Hsing Huang’, Jyh-Nong Tsai’, and Chu-Ping Lin*"

Abstract

Dai, Y. L, J. H. Huang, J. N. Tsai, and C. P. Lin. 2022. New powdery mildew of tomato
caused by Pseudoidium neolycopersici and susceptibility of commercial cultivars to the
disease in Taiwan. J. Taiwan Agric. Res. 71(1):19-34.

Three types of powdery mildew symptoms were observed on tomatoes. Type 1 symptoms
displayed typical white-powdery spots with numerous spores on the upper surface of leaves. Type
2 symptoms were irregular yellowish-halo lesions on the upper surface of leaves with a few spores
on the lower surface of leaves. Type 3 symptom showed circular to irregular brown lesions with a
few spores on the upper surface of leaves. Conidiospores but not ascospores were microscopical-
ly observed on leaves with these types of symptoms, and several single-spore from these infected
leaves were individually isolated and then cultured on tomato leaf discs for pathogen identification
and pathogenicity tests. Based on morphological characteristics and phylogenetic analysis of internal
transcribed spacer (ITS), the fungus was identified as Pseudoidium neolycopersici. Pathogenicity tests
showed that Type 1 symptoms occurred when the inoculum was sprayed on the upper side of leaves.
Type 2 symptoms occurred when the inoculum was applied on lower side of leaves. Type 3 symptoms
occurred when the temperature and humidity fluctuated severely. Furthermore, P. neolycopersici
caused severe leaf symptoms and produced abundant spores on large fruit tomato cultivars ‘Lu Zuan
Shi’, ‘Golden Lucky’, ‘Farmers 301” and ‘Sensation’, and caused mild symptoms and reduced sporu-
lation on cherry tomato cultivars ‘Beauty’, ‘Jade Girl’, ‘Li Jin’ and ‘Golden Sweet’. P. neolycopersici
caused severe symptoms on cv. ‘Jolly’. This study is the first report confirming the pathogenicity of P.
neolycopersici on tomato in Taiwan and describing the variable symptoms of the disease.

Key words: Powdery mildew, Identification, Symptoms, Pseudoidium neolycopersici.
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