B ESE RGTEAEE 163: 25-39 (2024) 25
rp)F 5RO R A R T M E
X SRS ERE

W 2

20214F2 H A BALRAFESE A0 & K38 B 2 SRFTE B S » H A YR R B T RE DL
77 T $5 28 € FyDiaporthe tulliensisFiT 5 [#E © 975 Ji B HY B 45 B 28 A2 Rt [ /528 °C » K
WEe 1 3 Bh i R B #E 1T DA B M B4l PAAT 28 - DUEER A - RS EYREEM
KB EET R o MR ESIRE R B4 REAM TR RE - SRER
(BEREER| 7 S 5e Fl] ~ B HEINE - QP ~ anfell - HA Bl R =TTz i
RS LAY IREEE M 2 RES R B 2 RS 5 AR P B4 2 Bk 2 fEAR B Y CMAL
B B BEEHNHRE R E AR - B A B M AR K o] HE R E A A B AR E
HIEE4E -

RS ¢ HEVES - AR - IR - BREEEE  JERENIAEN - YR EEE

il

Hil
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J&& » M BB [ Ak FERRAAL - A R A RBEE AR e R AL RO B
Y BRANEHEAT 2N RECECENENER - HRERHCEE R EARAHEV AR
i > HOA I 2 S 36 R IR B A T AR BRI 2 5T G B A S s A RT3 2F 2 Bva &t
BEBITREEZ ] - REGEYIREE M DU A VB 2 R LR S AR B - BAPE Ry ok
b aHEE 2 2% -
MEETE

— » RREZ A EEERE

PEECRAFTEEG R R B E 2021 4 2 HREALRAEIEAN 2 SHCRRmfE Ik » 1€ HEHEREY
6 BRIERREEA » SEEALIREI TTUIEL 4 (849 3 mm® 7 PR Bl f A S0 Ao 2 SRR 4E4% > DL 0.1% K&
SAREITREDHSE Imin > FDURE /KR 2 20 COHBIVAS T BIIEN B Eaa EEass
EH(potato dextrose agar, PDA) (Difco™ potato dextrose media, BD, New Jersey, U.S.)Ei 2% 7Kgk
(water agar, WA) > E2& 1A 28 “C A ARFEFE (Panasonic MIR-154-PT, PHCbi, Tokyo, Japan) » {&HkEL
4 EARER - TRUREMENER - VHURRENE RS2 PDA  ERFEN 7 I DUBAK K 4%

PRERTFHA-80 °C > B HRE W B R S B dh TS RSt A & R R AE e (T > 2
) Hikk4%E BCRC FU31566 £ BCRC FU31567 (Hsu et al., 2022) -
~ - RREZEERSFEE

1 BCRC FU31566 B BCRC FU31567 [ o7 BIEEE Y PDA JEREHE B 2% Crous 25 A (2015)
PLCEREA B85 (Leica DM750, Leica Microsystems, Wetzlar, Germany)F{ A %% 400 {ZEHZL » & 50
{E 7 2 R A LAAE#(Canon EOS 90D, Canon, Tokyo, Japan)fHl&ET sk « 735 E A
B PDA bR - BIHUE S E& T HELE N DURRE S ER - F FE Y iR 25 BV E4H (Plant
genomic DNA extraction miniprep system, Viogene, New Taipei, Taiwan)ZEEUZES » DAL HE RS NE RIS
[ (internal transcribed spacer, ITS) > 5[F-¥f ITS1 / ITS4 (White et al., 1990) -~ §E=EIE & [RF
(translational elongation factor subunit 1-0, EF1-a)5[F-%f EF1-728F / EF1-986R (Carbone & Kohn,
1999) DA K B & 25 H (B-tubulin, tub2)5 [F-¥#f Bt2a / Bt2b (Glass & Donaldson, 1995)> DLEE & 18 $H £
JE(Polymerase chain reaction, PCR)I¥IE 255 B » BHIFEERIIRAEY)FHEL /N E](Tri-1 Biotech, Inc.,
New Taipei) LL_F it > 5 [ F-HBET TS B Fe o0 i 41 25 Fe 5145 52 7% 38 National Center for Biotechnology
Information, NCBI > BLAST ##f7 AR EEELET -
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WSEHTFC AL 5 BCRC FU31566 i BCRC FU31567 2 PDA~28 ‘CHzis 5 K 14 i84% »
DIER 5 mm ZFTRZRVIEUE SRR - E4REET T ICE S PDA Sl RO > BBEEFESETL 16 ~ 20 ~ 24 -
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HERA BIFEEM SR AT RSP 5 E BCRC FU31566 B2 BCRC FU31567 H4kEREZE
FTEl 2 B S MR R 2B RS A % 4(2022) > B EM 30 Ry 3 J8 > 55— SR LEREER
HYIRE(EEEATR) « itB(ZE NAFUEETH) » (REEFER)  [Ffl(Z85LEE)
WA E(EBEATER) « #il e B(EZEBEATR) - HEEASEEEIEE)  EREHEARU) - =
TeRR B (EE H E(L ) ~ fHEREEABIERE) - M RAmHEERERENES) £ B AR SR
EYIREEM © /(LW (ZEHER) - WEEST(TER) - RESR(BEE AR - i (E RS
{B82) ¢ BB RS AL AR R PMBOL(ZENMEAR) ~ LN fARE
YCMAI(EZEYRHY) - JSEMEIR AR R nE— -

HEPEEMARIZAT © FFE#k BCRC FU31566 B FU31567 73 BIf4AE S PDA » 1£ 28 CH%
B4 RZEE DATHESVIHER S mm ZBG R WS EE NER &H %52 PDA PR -
AR ISR 2 PDA /E R - 1 28 CIRUREFEMRSE 2 Kik - 1EH & AV R = B 7 = & HUE
SERER  SEEERHE 4 B o AEYBEDIEURTE R - DITHZSUIHUE R BCRC FU31566 B
FU31567 Jj* 28 'C » 1F PDA 58 4 RZ EHK 5 mm 7 E&BE R - WARHE NER PDA S
o Y 28 CHEE— KM% > DIHBAIESIY SEEASAERE 10° CFU/ML KBRS ffs
PMBO1 ¢ YCMAI Z K » $HHRAA MR ENR - PG 28 CHE 2 R1& - (ERF B mAYRi(E E
B RENESERER  SEREM 4 518 - A5lEE 2 X - EMHERSA R ESEERER
HIHZ(%) = [CEIGEH P9 4 & BEAR-RRERAH P A4 & B HGAH P29 AR R EAK] < 100 slBnst 5 DL
R 3= (R: A Language and Environment for Statistical Computing > R F&&r ) TS REMT
(Analysis of Variance, ANOVA) Jz Tukey's Honest Significant Difference 75,5725 B EEEI T ©
A~ EMREEMHEFCARRRREBEFEFHIRE

LB B SEHITERL SR Bk BCRC FU31566 B FU31567 2 fi--88% 2 fI ISR M 0 B
T AE=CH - B T RRI LR AE R PDA 55849 2-3 1 » FFEE AR F281% » DUEEK
TSR JIRCEE S 1 x 10° conidia / mL - Bt &M BRI E R > TR R9 2R
&R 3 MEH R 2 MER R E M RIS RR T ER— B VIR A 50 uL 7 SE5K(EL 50 uL
Z AT (I T T By 5 % 10° conidia / mL) » FHESER] 3 VM EEH - DASEE/KIE Ry i -
FENERESREKZEAREA > PHEKT 7 24hr RAESE NRZMTEBE 0 ST
F 100 D AM T 285 ARBEE 2 X #FERERNESAMTZ 12 FEEES -
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Table 1. List of plant protection materials used in this study

. ’FRAC Mode of
Formulation o .

Treatment ) Dilution Action

type ) .

classification

25.2% Pyraclostrobin + 12.8% Boscalid (9% 7.8) WG 1,500 C2+C3
25% Azoxystrobin (GaEE) SC 1,000 C3
50% Polyoxins ({RfifEZEH) WG 5,000 H4
25% Difenoconazole ({3 7 Fl)) EC 3,000 Gl
42.37% Metrafenone (7 ) SC 4,000 B6
25% Fluxapyroxad + 25% Pyraclostrobin (% 7.5 SC 2,500 C2+C3
37.5% Cyprodinil + 25% Fludioxonil (% &K EE) WG 1,500 DI+E2
99.6% Potassium hydrogencarbonate (if#H% & 5H) SP 1,000 NC
27.12% Tribasic copper sulfate (= T EE ) SC 500 M1
20.3% Copper oxychloride + 14.85% Sulfur (§i & i fi) SC 600 MI1+M2
18% Sulphur (4 B 20Hi #) SL 500 M2
10% Silicon dioxide (—& L) SC 1,500 NC
13% Potassium oxide + 26.5% Silicon dioxide (%% [&§T) SC 1,000 NC
Pyroligneous acid (REERK) SL 200 NC
12% Citrus essential oil (£ &% 1) SL 300 NC
Bacillus loliquefaciens PMBO1 (& 1{EB SE AR
PMBO1)
Bacillus amyloliquefaciens YCMA1 (&b ESES oF FaAg
Be myloliq CRALB N 2 AR WP 10° CFU/mL BMO2
YCMAL1)

"'EC, emulsifiable concentrate ; SC, suspension concentrate ; SL, Soluble concentrate ;: SP, water soluble powder ;
WG, water dispersible granules ; WP, wettable powder.
2 FRAC, Fungicide Resistance Action Committee.
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Fig. 1. Stem canker on jasmine. (A) Symptoms of stem canker on jasmine in field (right). (B-C) Black
pycnidial conidiomata formed on the base of infected stems.

B — ~ SRFEEE F%‘FZ*.",%)SZ%_&._?@%}B & - BCRC FU31566 (A-D) » A-B: E%(F PDA IZ& 7 K
ZIPRE s C: RO TEsibi T m > EEFIR: 1 mm ; D AL A5 > EEBIR: 10 pm
BCRC FU31567 (E-H) » E-F: i%4F PDA 55 7 RZIPRER © G iR s5ilia U - ELfl
R Tmm 5 H: A A £ EEBIR: 10 pm -

Fig. 2. Morphological characters of stem canker on jasmine, Diaporthe tulliensis BCRC FU31566 (A-D),
(A-B) Culture on PDA after 7 days, (C) Pycnidial conidiomata with conidial droplets on PDA,
scale = 1 mm. (D) a-conidia, scale = 10 um; and BCRC FU31566 (E-H), (E-F) Culture on PDA
after 7 days, (G) Pycnidia with conidia droplets on PDA, scale = 1 mm. (H) a-conidia, scale = 10
pm.
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SEFTICEE 77 R BCRC FU31566 + BCRC FU31567 7 16 + 20 ~ 24 ~ 28 LUKz 32 °C 2 F[EI
[ RERPERE 5 K W ERESMES - 28 C Ry stk il 4= RIR% - BCRC FU31566
2 BCRC FU31567 2 g b R I EIE Ry 6.6 cm B 5.4 cm s BHERY 16 CHY » &RAERKNE » 19
HREST R R 34 cm BUR 4.2 cm: BEERY 20 CHERISZT AR 3.8 cm B 4.6 cm: B5 & 24 5K 32 CHY -
#fJy BCRC FU31566 E4ad R B R A > WPREARED )RR 5.3 cm f 5.4 cm > £ 24 Bl
32 °C -z BCRC FU31567 Ei%44: £ E LI By 5.3 cm 81 4.7 cm -
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Fig. 3. Effect of temperature on mycelial growth of Diaporthe tulliensis BCRC FU31566 and BCRC
FU31567 cultured on PDA for 5 days. (Bars indicate standard error of the mean)
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Fig. 4. Effect of fungicides on mycelial growth of Diaporthe tullienssis BCRC FU31566. (A)
Pyraclostrobin + Boscalid. (B) Azoxystrobin. (C) Polyoxins. (D) Difenoconazole. (E) Metrafenone.
(F) Fluxapyroxad + Pyraclostrobin. (G) Cyprodinil + Fludioxonil. (H) Potassium
hydrogencarbonate. (I) Tribasic copper sulfate. (J) Copper oxychloride + Sulfur. (K) Sulphur. (L)
Silicon dioxide. (M) Potassium oxide + Silicon dioxide. (N) Pyroligneous acid. (O) Citrus
essential oil. (P) Control.
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Fig. 5. Effect of fungicides on mycelial growth of Diaporthe tulliensis BCRC FU31567. (A)
Pyraclostrobin + Boscalid. (B) Azoxystrobin. (C) Polyoxins. (D) Difenoconazole. (E)
Metrafenone. (F) Fluxapyroxad + Pyraclostrobin. (G) Cyprodinil + Fludioxonil. (H)
Potassium hydrogencarbonate. (I) Tribasic copper sulfate. (J) Copper oxychloride + Sulfur.
(K) Sulphur. (L) Silicon dioxide. (M) Potassium oxide + Silicon dioxide. (N) Pyroligneous
acid. (O) Citrus essential oil. (P) Control.
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Table 2. Effect of fungicides on mycelial growth of Diaporthe tulliensis BCRC FU31566 and BCRC

FU31567
Fungicide Inhibition (%)
BCRC FU31566 BCRC FU31567

Azoxystrobin 39.7 cd' 564 d
Citrus essential oil 88.4 ab 100.0 a
Copper oxychloride + Sulfur 14.8 efg 22.2 ef
Cyprodinil + Fludioxonil 100.0 ab 100.0 a
Difenoconazole 100.0 a 100.0 a
Fluxapyroxad + Pyraclostrobin 763 b 74.6 bc
Metrafenone 20.3 def 14.0 fg
Polyoxins 10.6 efg 350 e
Potassium hydrogencarbonate 18.3 efg 154 fg
Potassium oxide + Silicon dioxide 34 fg -3.8 h
Pyraclostrobin + Boscalid 798 b 84.7 ab
Pyroligneous acid 25.0 cde 100.0 a
Silicon dioxide 10.3 efg -0.2 gh
Sulphur 21.4 def 2.3 gh
Tribasic copper sulfate 443 ¢ 58.0 cd
CK 00 g 0.0 gh

' The same letters shown non-statistically significant difference within a column at P = 0.001 (ANOVA, post-hoc
Tukey-HSD test).
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PMBO1 YCMA1 Control

BCRC
FU31566

BCRC |
FU31567 |

BN~ AL S AR PMBO1 ~ YCMATL BERFfEEE 7[5 B BCRC FU31566 B2 BCRC
FU31567 H4RE R -

Fig. 6. Effect of Bacillus amyloliquefaciens PMB0O1 and YCMAI1 on mycelial growth of Diaporthe
tulliensis BCRC FU31566 and BCRC FU31567.

= BB ZF AR E PMBO1 ~ YCMAT BEEFTE AR i i BCRC FU31566 £ BCRC
FU31567 W4 Rsr
Table 3. Effect of Bacillus amyloliquefaciens PMB01 and YCMAI on mycelial growth of Diaporthe
tulliensis BCRC FU31566 and BCRC FU31567

) ) ) Inhibition (%)
Bacillus amyloliquefaciens
BCRC FU31566 BCRC FU31567
PMBO1 47.6 a' 456 a
YCMALI 46.2 a 504 a
CK 00 b 00 b

'The same letters shown non-statistically significant difference within a column at P = 0.001 (ANOVA, post-hoc
Tukey-HSD test).
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Table 4. Effect of fungicides on conidial germination of Diaporthe tulliensis BCRC FU31566 and BCRC

FU31567
Fungicide Conidial germination rate (%)
BCRC FU31566 BCRC FU31567

Azoxystrobin 0.0£0.0 a' 0.0£0.0 a
B. amyloliquefaciens PMBO01 61.3+£10.7 cd 64.0+7.0 cd
B. amyloliquefaciens YCMA 1 42332 ¢ 55.0£53 ¢
Citrus essential oil 0.0£0.0 a 0.0£0.0 a
Copper oxychloride + Sulfur 18.7+4.7 ab 9.7£1.5 ab
Cyprodinil + Fludioxonil 0.0+£0.0 a 0.0+£0.0 a
Difenoconazole 0.0+£0.0 a 0.0+£0.0 a
Fluxapyroxad + Pyraclostrobin 0.0£0.0 a 0.0£0.0 a
Metrafenone 26.043.0 ab 10.0£3.5 ab
Polyoxins 13.045.0 ab 9.0£2.6 ab
Potassium hydrogencarbonate 38.7£10.7 c 48.746.5 ¢
Potassium oxide + Silicon dioxide 60.3£9.2 cd 62.0+10.8 cd
Pyraclostrobin + Boscalid 0.0+0.0 a 0.0+0.0 a
Pyroligneous acid 23+32a 1.0£1.0 a
Silicon dioxide 36.319.7 b 25.0+4.6 b
Sulphur 0.0£0.0 a 0.0£0.0 a
Tribasic copper sulfate 4.3+0.6 a 6.3+1.2 a
CK 75.7£7.8 d 76.0£3.6 d

"'The values shown as means + standard deviations; Different The same letter shown non-statistically significant
difference within a column at P =0.001 (ANOVA, post-hoc Tukey-HSD test).



36 B IR RS A
= =4
S

Diaporthe /it <8525 G (Phomopsis) 2 A AL » H A REHEE - EEER - RERKE -
I - B - F SRR CEBOH AR E - B - REEGEA 0 2012) ) g HEGE
A 0 2015) ~ EICLEEA » 2010)FFY) B384 o MTEYREIEE D. tulliensis gz R 40 $#57° 2015 AEH0M
A AT 2 K5 {f&(Crous et al., 2015) » {81 P AT SRR S HE 5 (Bai et al., 2017) ~ YEEIEE R 20
(Gong et al., 2020) 2L f EHRBTEPE(Li et al., 2022) B 408k » ZE T IR SRS R I ZE5E (Huang et
al., 2021)BEEZEHTE AL S (Hsu et al., 2022) 7 580y i AR B i B B o s T 1 (2 e (1 SR |
ARG ~ BEDE - SRR IR REREIEY) -

L EFE MR E B EFEBLSEA M4 (Sclerotiium rolfsii Sace.) ~ fRYH Y7 (Colletotrichum
gloeosporioides (Penz.) Penz. & Sacc.)DL K45 i (Phoma jasmini-sambactis Sawada) (55 A > 2012;

Farr & Rossman, 2022) - SEFH{EEEEH(D. tulliensis) (Hsu et al., 2022) BT F 52530 2 408% » HIRIE
B &R A RS By 28 °C > BISGH(EERA 5-10 H Z HERAHT -

FHIA SRR EES G R eE R 3 AR 202 M AR D AEER ] At 7eiciE B EE &l i 4a
BESEAE 2 280 > DA E R 2% 017812 & € (Fungicide Resistance Action Committee, FRAC)
2 SR R ot M TEERIER A - AR RS R B S BRAS AU - B 2RISR 7
FI ~ FETERE > 7y RIS G BHNHIE R A SR F 2 Cl4-E A LIFHEL DI Bisg B i
R B VB A G RO B2 (S SR THER] » R EHNHIERAVEERA A5 e ~ mnfti -~ Ha
B = TThife s - pil = F @I E - EIRAEE SR C2 f1 C3 - BB M1 EZREH
PRI SER 2 SR M r 3 8nlints R HIIHE %A RSUR BT 2 IAEEERJR A 58
I3 - AER—RREBERF R ENIESE -

BRSBTS HEE AL &% Diaporthe destruens (Harter) Hirooka, Minosh.
& Rossman (syn. P. destruens)&if5: 5 5 &35 Phomopsis mangiferae S. Ahmad 7 ZE7[E75E » HFFC4E R
BUR AT IR H S AR R B AR = 2 BB (ERIEHIZ2 @Y Bl BHIHIA % 2EiE p-
B EH (B-tubulin)&H & LUK G1 FFlIHIEIRS A G Rl EHEE Cl4-EHELIER - HILRTEt&H
BER N AT I3 26 [LAM C3 nRf R LUK D1 + E2 ZE35 38 K 22 [B] nT I 38 2R (555 A0 2017)
BRI IR R B A SR A A [BIERDL B1 ~ G 7 SERIA B RSR » HII 38 28 = 851
R el FETERZE DL R C3 + Gl 7 naf A5 we MI( 55 A 0 2015) < &5 &5 DA #1454 Diaporthe spp.
(anamorph Phomopsis) 2 [ifj & &4 e S LLER - (FHIMEMHI Ry C2 ~ C3 ~ D1 + E2 DAK Gl JH5E > 4%
Pl B 6 2 787 T m FH e S e A g

EERACABERBEC T EREBEY  HMUN TRBCRHIER T a M (CEAR ST
R SRR ECRH R A A T R - DIHEEEE SR - R IERR AR EES | - TRPEEIE )
REECIReE EM DL R AV IR TERSE - 45 RE0UR » RER - i KM ~ IR LRk 2F AR B
YCMAL &4 RELT35 20 9H RIFIIGIRGE - FIt TR e HZ RFADREN /62% -
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MEE ZhEEENESI AR 109:1-13 -

RN - MBI~ RIEZE A BHTE 2019 AEBEYRE LS S TEREEY
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CEUGER HETE -~ GBI - 72 (RS 2012 Phomopsis destruens 5 2.2 H AR N
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Screening of Plant Protection Materials for
Inhibiting Diaporthe tulliensis, the Causual Agent
of Stem Canker on Jasmine Plants'

Ching-Ching Hsu®" and Hui-Yu Hsiao’
ABSTRACT

Stem canker symptoms on jasmine plants were observed in Huatan, Changhua in February 2021.
Based on the morphological and molecular characters, the pathogen was identified as Diaporthe tulliensis.
The optimal temperature for the mycelial growth of the pathogen was found at 28 °C. In this study, we
conducted the screening test of plant protection materials including chemical fungicides, materials
exempted from registration ,and biocontrol agents, for inhibiting the pathogen cultured in the PDA plates.
The result showed that mycelial growth and conidial germination were effectively inhibited by
difenoconazole, cyprodinil + fludioxonil, pyraclostrobin + boscalid, azoxystrobin, fluxapyroxad +
pyraclostrobin, tribasic copper sulfate of fungicides, pyroligneous acid, citrus essential oil, and biological
control agents Bacillus amyloliquefaciens YCMAL. These effective materials are able to be recommended

to manage the disease in the field.

Key words: stem canker, root rot, Phomopsis, non-pesticide material, plant disease management
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