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1,000-1,700 ha » DLEH ~ R~ WAL - 5% EENTEIEAELEAEHER
Fies 5 R T Z R ARECK - 2024 4 5 [ (Fusarium oxysporum f. sp. cepae) ~ ¥ J& %
A E ALY 112 ha > EREEALFAEE ; (Pectobacterium carotovora subsp. carotovora) ~
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¥ o & B2 EME R O] AR R e e [H 0 BRI
BE - 5 02 i T B 22 E 2R Y R B A
AT BRERESNERZEERETE > B
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et al. (2022) FE LR E SR FEHBIER R
JH ¥7% 1 (anthracnose-twister disease) HYJE J&
HEfELE o IR Colletotrichum spp. 4 » JRAJEEH
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B e e AR E & ~ e SR R e S R e B A
TRAH > SREEFREER MHMMEEER FHR
SEUURER RN 2 o ISR i 285
Sn P EUEEER AR S 0 DL 0.6% S Sl /K B0
#F 10 3 W% - HBLMEKHL RS 10
Fh o DU AR AR EZ K7 1% > B 2% (w/
v) 7K¥EHg (water agar; WA) & - 28 CES&E 3
H1z » UHUEEE &R - B2 1.5% HREH
EfETERE (potato dextrose agar; PDA) A -
BN 28 CHE - it - BSRERE
BEITEAL80% BF > DURE M R TJNE
Y EEVIEL2 mm x 2 mm 2 ELEE 10-20
B MAWNE 1 mL 2 10% glycerol 2 2 mL
GHEHE BN -80C S HEETRIRE -
2. BRI B T B I M

HERHERHIR—FH&HE BN 15%
PDA ¥Ag FUEAE > 28CHE 5 HIR VI HLE %
E&G2mmx2mmE KW BN V4RE
HY PDA SEfl ELAGEEEM > RER28CT
10-14 H » FEE RmEENZILE0.01%
Tween20 HYHEE /K% TfEF » W DAMBKETEEs
STHEMATIRE > DLE 0.01% Tween 20 AY#
KT R R Fy 1 x 10° conidia mL™ B2 1
x 10° conidia mL™" 7 %% DA By BEFEIR -

FFREEENREME - B 3 BRET
IR E P > B 1 mL 8180 R2EEEY
HHE > REER L1 x 10° conidia mL™
11 x 10° conidia mL™" g f& & & 4 17 H£ 7& -
SRR 12 Bk 0 6 DU B K E R IR 4 - #
fE%E 7 HETEZE - MEERENRBHEMN -
FEHIREE F HHE ~ FF R B0 2L 300 H 2R [ e 1
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TR EEERE -80CL HEZFH
B 1% 2 PDA I > A 28CHEF & 10-14 H »
SRS R E kR 2 FR B P E A 2 AT
REETEIZ > S EMF LB (Leica
DM2500 LED, Leica Microsystems, Wetzlar,
Germany) 10 {% H §E1 40 (Y85 1 TEIE240 5% -
4. I8 I B o018 B A% AT

ERIS PDA A 3E & 28°C ~7-10 Hi% - &
H{ 100 mg 4% » LL genomic DNA extraction kit
(EBEYVRIE R ARAE » ZEHIen)
H{ DNA - [ 2x Taq Plus Master Mix II (Fg
HHEEE AR RO BERAE > HEEIE

G
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Table 1. The primer sequences.

i) MLEHE—MEG % (0.4 uM) (R 1) #EfT
X & [ 7 §H 7 JE (polymerase chain reaction;
PCR) - SElE AL B A% B N 5% I [R & (internal
transcribed spacer; ITS, 5| F-¥f ITS4/ITS5) ~ H
JHIE-3 -k IE N S5 (glyceraldehyde-3-phosphate
dehydrogenase; GAPDH, 5|F-¥fGDF1/GDR1) ~
HlLEh&E A (actin; ACT, 5] T-%f ACT-512F/ACT-
783R) ~ %% % [ (B-tubulin; TUB2, 5| F %f
TU/T2) 5% T E&REE (CHS-1, 5[F¥% CHS-
79F/CHS-354R) 47 & FE 51 s PCR & {E40
# 1 PCR EYEAE P A H (BReR i £
VIR AIRAE - 28I #1178
Fr o EERRVERR B MIRAEBBEZEEY
Fiflr& sty (National Center for Biotechnology
Information; NCBI) AYE K&K E 4 /Y
Nucleotide BLAST #17 f 5l EL ¥ - 17 By 1% 44
YITES % 3 T EZE - RUEERER P IR B > Al
F MEGA 11 (Tamura et al. 2021) #7255

Primer

Sequence (5'to 3")

PCR condition”

ITS4 CAGATTACAAATTTGGGCT

ITS5 GGAAGTAAAAGTCGTAACAAGG

GDF1 GCCGTCAACGACCCCTTCATTGA

GDRI1 GGGTGGAGTCGTACTTGAGCATGT

ACT-512F

ACT-783R

T1 AACATGCGTGAGATTGTAAGT

T2 TAGTGACCCTTGGCCCAGTTG

CHS-79F

CHS-354R

ATGTGCAAGGCCGGTTTCGC

TACGAGTCCTTCTGGCCCAT

TGGGGCAAGGATGCTTGGAAGAAG

TGGAAGAACCATCTGTGAGAGTTG

94°C 3 min

94C 30s

55C30s } 35 cycles
72°C 1 min

72°C 7 min

95°C 5 min
95C 30
52C30s
72°C30s
72°C 10 min

95°C 5 min
95C 30
52C30s
72°C30s
72°C 10 min

95°C 5 min
95C30s
55C30s
72°C30s
72°C 10 min
95°C 5 min

95C 30
52C30s
72°C30s
72°C 10 min

35 cycles

35 cycles

35 cycles

35 cycles

“PCR: polymerase chain reaction.
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BERAVFESILLE (alignment) - DL 30 3T 78 3%
R 73T (neighbor joining) B A L2
5371 (maximum likelihood) °
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1. B R A B

B 12 EERE SR HEETEE  2H
ST HBLRE R 2> ST REE 4
%k (8321 ~8322 ~8323 ~8324) » R IH&EFE (&
AT HLIE 55 4 bR (9441 ~ 9444 - 9461 -
9462) FysZ MRk} -

AT AT 2 HETERE(E > B -80C
2 RN B L H 43 PR32 2 PDA AR
g 2-3 H (AR A5 MR %
PIHL 2 mm x 2 mm B 4% 38 I E 7Y PDA AR
o BERT-10 HFFESEREEETERY
80% > DAE{R 0.6 cm FTFL25FE T PDA AR
BGHGT N RS WEEEREEET O
LE - SEMEEHET 5 B5E > ¥HIE4H (control;
CK) Ry NINZER] 2 PDA SEAR » Hék 5 mAI
Ry RINEET] 2 PDA SEAR, o $2 78 B 4R TR 2 227
PDA EH i E 28°CT 7-10 H » {H %1840 CK

2. ZEERRHEZ AR -
Table 2. Tested pesticide types and concentrations.

BEEENTE HT5E 31

ZES R R o Ol E 2R TS B R 8%
g - WHAHEE (%) sFEARN  [(HIRERF
FEE (om) — FEFSAHER (cm) — FRERAHE
FEEAR (em) — FEEE AR E K (cm))/CH BR4HE
FEEAE (em) — FEEE IR E L (cm))] x 100% ©
2. {2 L A

AT AT 2 HETERE(E > B -80C
2 R BB B (47 0 32 22 PDA AR
g 2-3 H (ERL 1 em) iRl T 4%
PJEY 2 mm x 2 mm B4R ICE N 1/4 PDA E
o B2 10-14 H > FERGAL 65 4 i 7 HE B
R - DUHE®EA R KES EATHE
2 0.01% Tween20 {4 & /K F #5) > DA Bk
SHEERAERERRE > WM T RERE |
x 107 conidia mL™" {#H - & pEHME(T 3 FE >
W HL 2 ul B9 380% 0% > A 98 pl & iy
DA $HHEAH CK R 2 pl AR IA
98 pl B /Krf < SRR AR » BHL 50 pl 7
& 2% (w/v) KEHEHT 4 iR L B
7~ 28°C 0 T/NER R DB B 10 % H 784
10 P sn 42 - 2P E 100 fH70 4 1%
FEE > pAEMTFzEFEREEBHEATRE

Fungicide Formulation FRAC” code Manufacturer Dilution factor
Bordeaux mixture 72% WP* M1 Manica Corp. 400
Chlorothalonil 75% WP M5 IHARA Taiwan 600
Iprodione 50% WP 2 Chia Tai Enterprise Co., Ltd. 1,000
Polyoxins 10% WP 19 Sinon Corp. 1,000
Pyraclostrobin + boscalid 38% WDG" 7,11 BASF Corp. 3,000
Flutolanil 20% SC* 7 Nippon chemical Corp 1,200
Cyprodinil + fludioxonil 62.5% WDG 9,12 Syngenta Corp. 1,500
Trifloxystrobin + tebuconazole 27.3% SC 3,11 Sinon Corp. 2,500
Azoxystrobin 10% SC 11 Syngenta Corp. 800
Propiconazole 25% EC" 3 Syngenta Corp. 1,000
Hexaconazole 10% EC 3 Huikwang Corp. 3,000
Difenoconazole 25% EC 3 Syngenta Corp. 3,000

“ FRAC: fungicide resistance action committee.
¥ WP: wettable powder.

* WDG: water dispersible granule.

“SC: suspension concentrate.

" EC: emulsifiable concentrate.
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J& 2 AR Ry 8 2F - BTSSR (%) 3t E
N GRS AR T RBEBRN AT
HE) < 100% -

#HR
FENERRREEE
= e TR & U 4 B PR (8321 8322 -
8323 ~8324) ~ [ BLAREEILAPUTEE S Bk (9441 ~
9442 ~ 9443 ~ 9444 ~ 9445) DLk HH & SHUTE
4 HEIE (9461 ~ 9462 ~ 9463 ~ 9464) (£ 3) - A~
[ 7 BE R BT % BAL 10 1~ T RE o0 A A 1 ~ [ 2
%*’“4391 PEEIRH® 0 Wi EEAE B
» 9441-9445 B 9461-9464 ik 1] B AF4L
é%ﬁz?@?ﬁ’f C BRI TTEEFIKEBE AR
B TIPS - MEMP BAMEE
£ EH4)F 15.6-18.0 um x 4.5-5.4 um » &Y
ITS ~GAPDH ~ TUB2 ~ CHS-1 |2 B3 4851 EL % -
Bl C. siamense (ICMP18578) fH{LLJ& (identity)
7 99-100% > ACT E5r 8l C. siamense THILE
K5 90-98% (% 4) - J* NCBI H{ 15 #H 71 7 C.
musae ~ C. gloeosporioides . C. g. f. sp.
aeschynomene & ik Z At | B 751 » &CH0AT
PG I Bl RIS T TS
$H415) (phylogenic tree) BURFTULEEEIRIPEL
FZEBE » Bl C. siamense B{REAHAT (8 3) -

3. AUIFRUERZ RIEME Y -

@ﬁ%ﬁu@%’éﬁﬁxm%mMa

mL") R 21 Hik - AEEEE S E)¥
R AFEHMBEERRS > W2 T EBS

(& 4) - EHEFER 35 H > FAEATA BEfEfE R EE
oo HEEEHEREER LA 16.7-71.4% (&
5) > 3l ] A 56 B R 22 3 2% 1 [V1RE B AKOR AR
B (B 5 MLl 1 x 10° conidia mL™" JE &
Bf > HEAREE R ERBl fy 17.14-57.58% » %R 4H
ZIHHhEE R L BI{E 8% 5 It A B EEfE AT & Y
FEEHEFEA B BASHREMER

HLHE— 25 1 38 979 1L PR 0 W) 0 B JE A SR U

WH e

F RS SRR R I HRER
ko T B0 S T S P WSS B JEL S B T 4

EREPE GROF 6 DUEE LB MRS
BUEITEE » 25% T MRS A EERZE

A RIMBIBRRIEE - HIH R & E 94% L
b o 75% TUEFEIERE AR MR - 62.5% B
& IN FE K oy BV R DA R 25% i 5 Al AL

B SRR B4 S BT B R B SR PR
SR &Y 80% - 3565 bR 1 B #R A 1 R 2 70%

L E < 27.3% =G5 2 Fl /K BB DA K 38% H
B1) 8 R 7K A A i S 0 ) 3 SR R SR [
& MR A P2 B = A1 v ) S B S 0 B
7 SE T R 2202 80% - AR & B AR

Table 3. Colletotrichum isolates collected in this study.
Isolate Host plant Location Collection date
8321 Onion Linyuan Dist., Kaohsiung City Nov. 2019
8322 Onion Linyuan Dist., Kaohsiung City Nov. 2019
8323 Onion Linyuan Dist., Kaohsiung City Nov. 2019
8324 Onion Linyuan Dist., Kaohsiung City Nov. 2019
9441 Onion Checheng Township, Pingtung County Jan. 2021
9442 Onion Checheng Township, Pingtung County Jan. 2021
9443 Onion Checheng Township, Pingtung County Jan. 2021
9444 Onion Checheng Township, Pingtung County Jan. 2021
9445 Onion Checheng Township, Pingtung County Jan. 2021
9461 Onion Hengchun Township, Pingtung County Jan. 2021
9462 Onion Hengchun Township, Pingtung County Jan. 2021
9463 Onion Hengchun Township, Pingtung County Jan. 2021
9464 Onion Hengchun Township, Pingtung County Jan. 2021
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1. RESTEEFRE PDA FEFE 14 H 2% -
Fig. 1. 14-day-old colonies of collected isolates grown on PDA (potato dextrose agar) at 28°C. (A) 8321; (B) 8322;
(C) 8323; (D) 8324; (E) 9441; (F) 9442; (G) 9443; (H) 9444; (1) 9445; (J) 9461; (K) 9462; (L) 9463; and (M) 9464.

2. ANEHERRAY A TIURE -

Fig. 2. Conidia of collected isolates. The fungi were grown on PDA (potato dextrose agar) for 14 d at 28°C. (A)
8321; (B) 8322; (C) 8323; (D) 8324; (E) 9441; (F) 9442; (G) 9443; (H) 9444; (I) 9445; (J) 9461; (K) 9462; (L) 9463;
and (M) 9464. Bars = 10 uM.
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# 4. AWFFRUWESRIEHELL C. siamense 2 [ELJRE T84 0E -
Table 4. Molecular identification of Colletotrichum isolates based on their identity to C. siamense.
Percent identity (%)
Colletotrichum Reference 1TS* TUB2Y CHS-1* GAPDH" ACT®
Isolate sp. culture (JX010171)  (JX010404)  (JX00986)  (IX009924)  (FJ907423)
8321 C. siamense ICMP 100 100 99 100 96
8322 18578 100 100 99 100 96
8323 100 100 99 100 95
8324 100 100 99 100 97
9441 100 100 99 100 98
9442 100 100 99 100 96
9443 100 100 99 100 98
9444 100 100 99 100 97
9445 100 100 99 100 98
9461 100 100 99 100 90
9462 100 100 99 100 97
9463 100 100 99 100 97
9464 100 100 99 100 96
“ITS: internal transcribed spacer.
¥ TUB2: B-tubulin.
* CHS-1: chitin synthase.
“GAPDH: glyceraldehyde-3-phosphate dehydrogenase.
" ACT: actin.
8321
{ 8322
— 9461
9464
ap. | 9442
9462
9443
{ 8324
9445
9463
99/99 || 8323
e 9444
9441

79/53
C. siamense (ICMP 18578)

C. g.f. sp. aeschynomene (ICMP 17673)

C. musae(ICMP 19119)

C. ioides (ICMP 19051)

_
0.01

3. DINEERRREIRE - HOmEE-3- BRI | e - HlEhER ~ MEE A & T E SRR 2 M F A P
PEFILL % o HETTHRE AT B ERSG o Bl KD ZE 3545 537 - B G 8UE 23 1,000 ZXEE 5347 bootstrap
value KA 50 & o

Fig. 3. The neighbor joining/maximum likelihood phylogenetic tree of the partial nucleotide sequences in the internal
transcribed spacer (ITS), glyceraldehyde-3-phosphate dehydrogenase (GAPDH), actin (ACT), B-tubulin (TUB2), and
chitin synthase (CHS-1). Numbers above the nodes represent the bootstrap values > 50 (1,000 replicates).
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4. DUEFROHIREEE 21 HIRERC it -
Fig. 4. Symptoms on plants 21 d after drenching with
a conidial suspension.

5% FH3M

5. DMETRORROREE 35 HIRIERCZREL -

Fig. 5. Symptoms on plants 35 d after drenching with
a conidial suspension.

5. AEERRIEER 21 HEL 35 HIRERdHIEE R LLE -

Table 5. Percentage of distorted leaves induced by each isolate at 21 d and 35 d post inoculation.

dpi” CKY 8321 8322 8323 8324 9441 9444 9461 9462
21 2.0% 36.4% 22.6% 42.9% 25.9% 21.9% 33.3% 60.0% 32.3%
35 8.0% 67.7% 16.7% 50.0% 50.0% 29.0% 33.3% 71.4% 51.6%

“ dpi: days post inoculation.
¥ CK: control.

R 50-70% [ 51 50 B I S E 0 A B AR A
il A 80% - PR [ 6k B AL 5 B I PR A A
30-50% -
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HIEE R AR 7 B INEE DL R A 5 A 25 3
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S Z o B EPREE SR 0-17.0% © [T
SIS A 2 B vk 2 A T3 oF B B )
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ERTIN
A% aff

Gie oy THEEFREARGE R > C. siamense

JE o v B T R B SRR Y R AR B M

ZIRFRER AP EEEENERERNT - t—

ERFEINEE & RS R RE R 2 R R4

% EHE BT E RS ~ U o R R 2

FIER B SEEE - KRR ETZRIREE
ZIEESHEEFE > FE C. siamense B1E A
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SRR R EE RS
TE 738 2R Al > 62.5% FEL K
L 25% 157 e AR B M 1 B AR B B AR E
HIRR - BN R EER ) B R P B B A A
BT 0 25% T H] ~ 75% UG AR ~ 62.5%
T R DA 25% 157 v A1) RIS B 44 41T 310 X
R R OIE R e 38 e P B g i FH 1 £
% Hot 62.5% FG IR 25% F e FIAE
FE&E REMFHFNRERERE » B
FAREHIARNE - I 2 BRI RB e it = B it &
BREAEmASE - HEREERU 27.3% =4
fFrE B 38% [ 5 » HERIHIR A
HEEEER > AHEEE ARz EER
ETH R MR EDEIER  RAT S ZER)E
B ~ PrEEr: b & HE s iR as R g — %
ABRET -
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Table 7. Effect of fungicides on conidial germination of Colletotrichum isolates.

Percentage of conidia germination (%)

Treatment 8321 8322 8323 8324 9441 9444 9461 9462
Bordeaux mixture 82.5 ab” 859a 534a 72.1¢ 599b 92.6a 84.1b 85.7a
Chlorothalonil 79.2 ab 0.0f 0.1d 00g 0.0f 0.8d 0.le 0.2d
Iprodione 425¢ 27.5d 144c¢ 15.6 f 209d 57.7b 783 b 199¢
Polyoxins 457 ¢ 152¢ 0.2d 7.8¢g 58¢e 47.1¢ 10.0 e 52cd
Pyraclostrobin + boscalid 88.8 a 889a 63cd 200f 0.0f 0.0d Sl4c 575b
Flutolanil 9l.1a 64.4b 38.7b 62.7d 96.0 a 512¢ 95.0a 64.1b
Cyprodinil + fludioxonil 2.2d 0.6 f 0.0d 00g 0.0f 1.9d 0.le 0.1d
Trifloxystrobin + tebuconazole 88.5a 71.0b 13.1¢ 81.4 ab 0.0f 0.0d 944 a 859a
Azoxystrobin 75.5b 80.8 a 11.8¢ 17.5f 0.0f 0.0d 20.4d 90.9 a
Propiconazole 09d 432¢ 39cd  33.0e¢ 35.1c 0.0d 522¢ 16.4c
Hexaconazole 80.3 ab 86.8 a 379b 90.1a 972a 613b 952 a 943 a
Difenoconazole 12.7d 17.0e 05d 49¢g 2.6¢ 0.0d 2.8¢ 0.0d
CK” 852a 86.5a 60.2 a 82.0b 96.4a 89.6a 94.0a 93.0a

“ statistical analyses were performed using one-way analysis of variance (ANOVA) with SPSS software, followed by least significant

difference (LSD) tests at the 5% significance level to compare differences among treatment means.

¥ CK: control.
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Pathogen Identification and Fungicide Screening of
Onion Leaf Curling Disease in the Kaohsiung-Pingtung
Region

Cheng-En Chen"", Shih-Zhu Jiang’, and Min-Nan Tseng’

Abstract

Chen, C. E., S. Z. Jiang, and M. N. Tseng. 2026. Pathogen identification and fungicide
screening of onion leaf curling disease in the Kaohsiung-Pingtung region. J. Taiwan Agric.
Res. 75(3):533-544.

Onion (Allium cepa) is primarily cultivated in the Linyuan District of Kaohsiung City and the
Hengchun Peninsula of Pingtung County, serving as an important winter crop in southern Taiwan.
Common diseases during the growing season include Fusarium wilt and bacterial soft rot. Since 2019,
onion plants showing leaf curling symptoms have been observed at the early growth stage in fields
in Kaohsiung and Pingtung. Although the affected plants gradually wilted, the symptoms differed
from those of typical Fusarium wilt. Symptomatic samples were collected from Linyuan, Checheng,
and Hengchun, and fungal isolates were obtained. Based on fungal morphology and molecular
identification, the isolates were identified as Colletotrichum spp. Phylogenetic analysis using partial
sequences of the internal transcribed spacer (ITS), glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), actin (ACT), B-tubulin (TUB2), and chitin synthase (CHS-1) genes indicated that the
isolates were most closely related to C. siamense. Pathogenicity tests were conducted with four
isolates from Linyuan, two from Checheng, and two from Hengchun. Onion seedlings were drenched
with conidial suspensions at concentrations of 1 x 10° and 1 x 10° spores/mL (1 mL per seedling)
three weeks after transplanting. Leaf distortion symptoms were observed 21 d post inoculation, and
the incidence of distorted leaves reached up to 70% at 35 d post inoculation. Colletotrichum spp.
were successfully re-isolated from the basal leaf tissues of symptomatic plants. Furthermore, twelve
chemical fungicides were tested for their inhibitory effects on mycelial growth and spore germination.
Among them, cyprodinil + fludioxonil and difenoconazole consistently showed strong inhibitory
effects. These two fungicides are recommended as priority options for onion disease management in
the Kaohsiung-Pingtung region.

Key words: Onion, Colletotrichum spp., Fungicide screening.
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