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4 FE R JE S5 w1 Gilbertella persicaria 514 » T ¥ pi 43 R (Hylocereus spp.) 16 8051 4 R B » VA BOpk 3k
RELTHRPEH  AGEERECERETERYE L HIAHRBIZLFE LR TG ER - A3tk
FEPRI 27 AL A AR EE B 10 AEIEAL R A R BRI H G. persicaria T T F M 4 A R BE > ERET
CEEARER 2T BEHAEHBTEFRNL4AER  HTEHRTEF 232 R RG> 1mgai L' Bp
HEFEHF s LR ARER T - YORE 5k (B R-FEASE) M TEMS B, (Mg EA) AT
B4 A KRR R SRE 1-1 XA 10,000 42 B BP A RATH R 2R o A LB RIBIE BT HE 7 A
EM T AR R ETE M B E R 0 A A M AR R & 1 4 fe R (Hylocereus undatus) ¥ b
Mo F—HwEMRABRERET > TEBR AEEERKEHEARME S THRIKLFLEREMBER 55
FH R B 14.2% + 6.2% JT 14.5% + 8.0% » Y632 H I 4LE % % 24.9% + 7.0% HEE £ R (P <005 ° %
—HEMRBRERBET  KRERTFAR SRR BERESL 11.8% +45%  BFEEZ HBMERF 18.7% +
13% AEFER (P<005) - g EHRBRLERBEAT > BEHKRE  KhFRA TEHSE, YAABGERRIL
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W AERALFE R AEH B4 BRGNS - (HIS—12
HI5E » HRTHAEBEZ R > BRI ERTEES R
BN HIRAREZ AN RS Z iR &
H2RE—PRE TREXFHHZ REIR
RETUBRIVRIEH - FRERAECR R
W SR RITAT B O B R E LRI - RO
sk A B E R AKZAREEE > 5[ HALRER R R
RIS - &ia Ll ALRERIRIZHEHEEEE R
R > AL FE SR AE A B &) SRR v E A A Y 2 R
HREICEEYIAYRITE  EREZENE
BEARGEHE O ERERRARE » #
JERCALHE R PR 12 IR » B E Y AR
5’5 o

b G. persicaria SIFEZJRIEHAN - BELLHE
B ER EHEENH Neoscytalidium dimid-
iatum (Penz.) Crous & Slippers 5|#E 7 4 FE &
59/ (Chuang et al. 2012) ~ Colletotrichum spp.
S 2 R IH A (Lin et al. 2017) DL K Bipolaris
cactivora (Petr.) Alcorn 5[#E 7 B &% (Wang &
Lin 2005) - [MtEY)ire&E T GREFE A BEYR
LN 44K 5 hitps://otserv2.tactri.gov.tw/ppm)
AT R E R I FH4E » SHA =&
B SRR A~ FERZS (%)% (thiophanate-meth-
yl) ~ B - % EUFE (iminoctadine tris) ~ 15 7
K (tebuconazole) ~ %5 (mitram) ~ FE L
2 R MR 2017 4 ~ 2018 4F =4
W =%JkF (fluopyram + trifloxystrobin) ~
TR > 3L 11 AL A A4 - (kIR 5%
EEIFEEE{TEIZZ 5 &, (Fungicide Resistance
Action Committee; FRAC; https://www.frac.info)
SYHR 0 B EREER Y (E 25T 0 BRI
HAAE & 2 (L2 -E R EER R R P A 4L RE SR
RIS 2 AT REE -

TR EZ B G EEARTHZE S EE
Y2 EU Y SO B O W09 BB KRR
& I8 (Active Power)y ~ FF I HITRALA- "85
B (Rust Escape)y ~ Tf#f% (Mold Stop); » DAK A
B AL - The fEERE (Anthracnose Escape)y
THL{E% (Black Asura)y % - HEEHIR(LER Gl EE
B EAHIGEERFE A28 (R HsE RS
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Eiias®  AURETENREE S HE
B > (BB & R EE R EA IR (B B2 & S TR S 4T
FESRACHTR BRI a %R - S m] 2 (P e B
KRR A 2 2% -

MFERTE

REEFRIOR - IBEERE
AR 9E 3 2 G 7 B B B F210187
§1F212122 36 2 % 0 & 5153 B & 55
(1 ATAL Al L B o DAL AL R4 AR

o KL NS FFE (internal transcribed

spacer) Bl RESE B W [y G. persicaria ° B
TSR U Lin et al. (2014) ZJ77% -
HEEE B ERRE

8 E R E A | A (potato dextrose
agar; PDA; BD Difco, Franklin Lakes, NJ, USA)
TEEm = B % o (52812 S5S-60CHRIIAAR
[EHEREER - (LG REERIEE » (P HREAN
%457 (active ingredient; a.i.) B 1 mgai L'

e

10 mg a.i. L' ~ 100 mg a.i. L' » FRAC 43 Bl %
Bl fE 40N : FRAC 1 (B1) $> H 41.8% &
42 (thiabendazole) /K575 (suspension concen-
trates; SC) (MR ARAF - GEGFH) -
70% B (RF AR MR B (wetable powder;
WP) UL LERMARAT » GEGmT)
FRAC 2 (E3) % » A 23.7% {{x%[5] (iprodione)
SC (HEKRMNARAT » GEGH ) FRAC
3(G1) 85> A 25% 57 f] (difenoconazole) #.
il (emulsifiable concentrates; EC) (1 A E1b
TREGAERAE  GEKET) - 25.9% 5
TEAZKELFL A (emulsion, oil in water; EW) (&
BREERGARAS  SBSIL) -« 50%
TefiIdE (prochloraz-manganese) WP (5 /& FEH.
B ARAE - 58&I0H) FRAC 5 (G2)
o H 84.2% = 15 % (tridemorph) EC (#f ¢
BHRAF &) FRAC 7 (C2) ¥ >
H 75% 52 {#{Z (oxycarboxin) WP ({5 (2R
MHERAE » GEHITH)  FRAC 7 (C2) &
£ FRAC 11 (C3) %8 » A 50% =&Jk5 SC (&
EBREEKNARAE - &8&1LH) s FRAC9
(D1) %8 - A 50% F &% (cyprodinil) /K473 #1



KLHE RS

P i 75 (water dispersible granules; WG) (&
BAERRHAIRAT » GBE I | FRAC
9 (D1) # & FRAC 12 (E2) M > B 61.25% &
K EE (cyprodinil + fludioxonil) WG (& &
FEEKMNAERAE  &8&16H ) s FRAC
11 (C3) i > A 10% S5FLf (azoxystrobin) SC
(BEBREERMHERAE > 8E&ILH) -
50% = @ 1 (trifloxystrobin) WG (& & 7 EH
K AERAE > G8adEH) ~ 23.6% H %
(pyraclostrobin) EC (& /8B X AR A
&> 5B &I0H)  FRAC 11 (C3) & FRAC
7(C2) # > A 38% HFIEHL (pyraclostrobin +
boscalid) WG (& BRI HHRAT - &
&Ik s FRAC 11 (C3) 84 FRAC 3 (G1)
o A 32.5% oot i) (azoxystrobin + dif-
enoconazole) SC (HELIEEKHRAE >
55 dL) s FRAC 12 (E2) B> A 35% &
1341 (etridiazole) WP (CRIF(LEL TERAT AR
nE > 5EGILT) S FRAC 16.1 (I1) - A
75% =Wk (tricyclazole) WP (5 8 78 18 B {5y
HIRAE » &EGILH) » FRAC 20 (B4) % »
H 23.2% E 7 [Z (pencycuron) SC (4 =F & [&
Bt ARAE - GEHILTT) » FRAC 24 (D3)
¥4 FRAC M1 M > 75 81.3% =154 (kasuga-
mycin + copper oxychloride) WP (1 KE(LT.
R B IRAE > GEMET) s FRAC 28 (F4)
> H 66.5% L vE (propamocarb hydrochlo-
ride) & (soluble concentrates; SL) (& &
Bl ARAE  &&&ILT) s FRAC 29 (C5)
B 39.5% £k (fluazinam) SC (gp &
ERAARAE  GE&IETH)  FRAC 30 (A3)
JH 0 H 30% 4% (hymexazol) SL (RF{LEE
TERMNAERAE  &&EILT)  FRAC 40
(HS5) % > A 50% % k55 (dimethomorph) WP
(FLERMARAE  6&8EGH ) 5 FRAC 43
(B5) & FRAC 28 (F4) 8 - A 60.8% & LI
7 (fluopicolide + propamocarb hydrochloride)
SC (B BFERHARAT - 86 ;
FRAC M3 1+ 7 80% %3 WG (4 BE
ERAIRAT £ I | FRAC M7
5 40% S35 WP (S I (LRI AR A -
GG % - Seat 22 5 27 M -
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FHLE B REERIE - AT AR BT R
FE41F ¢ 3 %K [Ca(OH),, CuSO,, Sigma,
St. Louis, MO, USA] & EE B 1-1 ~2-2 ~4-4
= 5 &1 B $5 (CaCl, J. T. Baker, Phillipsburg,
NJ, USA) ~ bl & # (NaHCO,, Jifi & 4= ¥ 1}
KERAE > GEGH ) BloniiEE T AR
(H,PO, : KOH = 1 : 1 ; H,PO,, KOH, Sigma,
St. Louis, MO, USA) % % 10 mg a.i. L' ~ 100
mg a.i. L'~ 1,000 mg a.i. L' ; AR ST
CHAIK : itk : K =1:2:10) OFAIK - JHIE
RERNARAT - GBI WlE » 5%
BEERC N AIRAE > GESHET #1815 K)
2.5% % B /KA -G T JI8Es (Active
Power » BXEREBFTEFECTT) ~ 20% FFAEH
AL 1-p % "%k (Rust Escape @ 23
EBFTECTT) ~ 10% 75 2585 8 AL A 2-p8 on #4

Tk, (Mold Stop » ESEEERFTECTT) ~ 36%
PORERE B LB 1-p8 % TREBE, (Black
Asura > EEGERFTECJT) ~ 40% ARG UL
) 2-pEihh ThedElt, (Anthracnose Escape »
e ER BTG J7) SFEAIRIR 10,000 ~ 5,000
1,000 k(535 » DL B4k 10 fEIFBER &l EE

i -
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B B 2 8 @A e o BB 1-2 (6 .
i uL” ORI 0 B 10 pL B & A
BCHIRAH R A o 12 /I > 3£ 3 > A
JEEEENN 32°C 2 24 h iR > &SR HAH I
PhiE 200 FH T RO Rk T3 2R > T35
EREBEBAT AR %S - T35
AR = GRS R - mHEHEFR)/(H
B EESFAR) < 100% -

R ot A AT /5 1
ik 5 B Bk By F210187 8 F212122 » & &
BB BN - FERCEEERAE PDA £ BOL
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BEEN 24-32C 24 h 1% > DU 2 FTFLER (FL
&5 mm) VJHIEERT4% > B 4km e SR
BT BE AL > MOCEPEN 24C HINEE
4CTR3dANEIERMER 9 om Z &
Wit SFMEHARERE = (ERK2dZH
B -ERmIdZEEFE)/(2d-14d) x
100% - E&4& EIHIR = (HIRETHERH
H - RHATHA RER)/HREERER)
x 100% -

R ER S A 2 K SHE R gER
[ FER Befi = B > AREAER By K15 ZE 7 S R B
EEE 2 HIHIER > DAGER B B AR R 2 SEe
R K2R BEKRZ 2 REE > L4485
ko SE 7 BISEIEEE% G. persicaria 2 ff
FHFHESERE TFEHZE , > Dl mean +

standard error s ©

FHE kg E

M BN E T m M AR R E I —
BFZHRAERHNET  RKERTSRESE
5% 5T (random complete block design; RCBD)
FRBIEAE - I 5% B ORI SE ) AL B SR B Y
FiiGas a - 2017 4F Jf 27 - B S F % 0K
B (62.5% Koy HUKLE] - #i%E 2,000% > w/v) ~
ARERE AL TRERE, (FRfE 1,000 > v/v)
A PAT 3R 7K AE B A BTG HT S - 4 3 41 -
HE& 10 a2 LR SR B —4H - i FH —5E
il - HBLAH ARG 4 AAEIE RS ETT - DLATE
H Tt I SE T - AR B AR IO, 3 et
GE—X:7THSHZ 10 HBEIE -7 H 10 H Mg -
THI2ZHHEERE  F-R:TH2HE26
HEETE - 7 H 24 HHE%s > 8 A 1 H#EEHRE
FE=X:8H30HE9H3IHRAE 8 H27
HMi&E - MEREZRRmE 9 H 1 HiffgE—
K9 F 6 HHERE) - REAA BEET I
B DL TR E - BTGB Ry 2o
eEERETNN—EEETRET O L3 &
% - 2018 2 DA RCBD J5 AT HIH - £ H &
PE 4 NE - BEREMRRETAE&ET  EHEA
REENZBERERTURAE B HREE
TEIREE (62.5% /Koy BUALA » Mk 2,000% > w/
v) ~ FRERE (39.5% SC > FifE 2,000% 0 v/v)
R OKEE - JE 3 REAH - FERRGE 10 XA
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ZAFER R4 ERER A AL ZZNE
R BRI REEA R 4 5200
HEEREET HEZHBMALNTHHE I
HEATE > s Blc 7 H 6 H ~ 13 H i FH 45
TH2l HEEEE - mEEARRE > Z5X
ZEACHY 2018 £ 8 11 H 2 14 HEHTE > 43
A8 H 13 H ~ 16 H ke 18 HfF%ER] > 8 H
28 N &SR - iRt EAN  CREHZ
R B R Rt B/ e AR L a1 B 4 SR 4B ) ~
100% -

#ET DT
Ll SAS Enterprise Guide 7.1 fiE/T B AT
RCBD & 2 8 5 77 #fr B i /N B = 7 SRR R

(least significance difference test; LSD test) ©

HE
LB ERNEEI ¥ G. persicaria $B5 385
HEHRERITE

A=
PR ER SR G, persicaria TR F210187
B F212122 {E Bl ik - (LB G R EEm| 2 it
AREETE 2 RT3 S B 4R AR RV
HIRR > 20 1 AR -

NI 7282 S5

f£1mgai L' F > {IHIKER SR FRAC
29 (C5) $H 2 $L35 f > I R 1] 2 100.0% =+
0.0% » DA Je 18 & 4E 7| 8 &% & )k %2 [FRAC 9
(D1) + FRAC 12 (E2)] > 2 91.5% + 3.7% : &
SEFREIES E 10 mg a.di. LB > A REERH
B FRAC 3 (G1) Bz FFve Al ~ 15 58 A RIEE e fI
$i ~FRAC M3 i 5 #5M# > L FRAC 11 (C3)
B A &R 5 5 96.0% + 2.4%
98.8% + 1.3% ~ 86.0% + 5.5% ~ 90.6% % 9.3%
DAR: 70.5% + 12.1% ; BEFE[EEE 100 mg a.i. L
B 7 %% ZE I 5 3 i FRAC 2, E3 ik & [] -
FRAC 5, G2 = 157§ f FRAC 14, F3 {x 15 ]
F o IR EREEZE 100.0% -

HNHIE AR T

I mgai L' R DIEES RS ANH R Ry
100.0% %R Fr 10 mg a.i. LB > #715% FRAC 2,
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Synthetic chemicals

1. AEERLRREEEEL Gilbertella persicaria THE F210187 Bl F212122 (A) F T3 2R84 (B) #4440
Al o

Fig. 1. Efficacy of synthetic chemicals in different concentrations on inhibition of (A) spore germination and (B)
hyphae growth of Gilbertella persicaria isolates. The means shown here were the averaged values of the inhibition
rates of the chemicals against F210187 and F212122 isolates. Chemicals name followed Fungicide Resistance Action
Committee Mode of Action Code (FRAC MoA Code) numbers. Spore germination (SG) inhibition rate at 24 h post
inoculation = (SG rate of treatment — SG rate of CK)/(SG rate of CK) x 100%; hyphae growth (HG) inhibition rate =
(HG rate of treatment — HG rate of control)/HG rate of control x 100%; HG rate = [diam. 2 d post inoculation (dpi)
—diam. 1 dpi]/(2 — 1) x 100%; and CK: distilled water instead of tested chemicals in potato dextrose agar. This exper-
iment was conducted more than 2 times with 200 sporangial spores or 3 replicates of each isolate for each time (Bar =
standard error; /\: authorized fungicides of pitaya disease in Taiwan).

E3 { i [ B1 FRAC M7 72 80F » HIHIR K RIHEE 52.0% + 4.8% ; JEEIE =% 100 mg a.i. L 0% >
=% 100.0% 1 69.3% + 5.2% » FRAC 11, C3 30 FRAC 5, G2 =15 7581 ) FRAC 3, Gl
BUMEB wHUE 59.3% + 1.1% » FRAC 3, G1  BNFF e MBS 5 A > HIHIZRE R K 99.8% +
HEBETTRIETE 59.3% + 5.3% o BAh > OB g 0.3% ~98.3% + 1.4% K 98.3% + 1.8% ° 4} >
553 (FRAC 11, C3 + 7, C2) BATGFLAF5EH]  FRAC 14, F3 {K15F] > % 94.8% + 3.5% > fxf%
(FRAC 11, C3 + 3, G1) JFiE 56.3% + 3.4% B1 5 FRAC 29, C5 2 #3507 66.8% + 2.5% o
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SHUBEHBRE G.persicaria BT B2 0ok R0 RIS T
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W TEYIRE HER % > ¥ G persicaria ] + 8.0% 81 66.3% + 0.0% > (T 5 FE 5,000 B
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Eco-friendly agents

2. FHLERERREERIY Gilbertella persicaria Btk F210187 81 F212122 (A) {13578 (B) Wart &2V
= - BDM @ 7R 2% ¢ NPA @ siffeth R © LSM @ AIREREE SR CNG (TEI8E, - BEERBRATE
FIRCTT) © 2.5% 2B FRKER © Cit-l (858, BEESBRPTEFIECTT) © 20% EFIEMSELA 1 5 Cit-2 ("
Wy o ESESBRPTEFRIECTT)  10% FEHEMMILA 2 ¢ Cin-1 (TREHE, - EESERFTEFECTT) © 36% Ak
FERBFLE 15 Cin-2 (TRefeffty - RSERBRPT B FIBCTT) © 40% PEBIHTUELA] 2 -

Fig. 2. Effect of non-chemical materials on inhibition of (A) spore germination and (B) hyphae growth of Gilber-
tella persicaria isolates. The means shown here were the averaged values of the inhibition rates of the agents against
F210187 and F212122 isolates. This experiment was conducted more than 2 times with 200 sporangial spores or 3
replicates of each isolate for each time [BDM: bordeaux mixture; NPA: neutralized phosphoric acid; LSM: line sulfur
mixture; CNG (Active Power, TARI): 2.5% gallic acid, chinese nut-gall extract product; Cit-1 (Rust Escape, TARI):
20% citronella extract oil product 1; Cit-2 (Mold Stop, TARI): 10% citronella extract oil product 2; Cin-1 (Black
Asura, TARI): 36% cinnamon extract oil microemulsifier 1; and Cin-2 (Anthracnose Escape, TARI): 40% cinnamon
extract oil microemulsifier 2] (Bar = standard error).
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B 4-4 SHNHRE K 100% - FHY)HFEH ZEHUR
FEAR T o SRR RE 5,000x T o DLE FAE MM
FLEN L TR B2 TR, ZBURERE - I
R HlEE 65.0% + 0.3% 81 50.6% + 1.9% ; &
dn iR 1,000x T o F 58 R R AL 1 TR
BEEy > HIHIZREE 89.1% + 3.3% - Hek 2 it
SERFE SRS T B B & AE R Z HIHIR &R
50% o

FH AR ZE T 2 B e R R

Ry IR s B [ e 4L e RAE B R 4h R
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FEREE T RARRER 1-2 KEER] > 675
fEERE 2-3 wk & (ILHFQIEAE SR 1-2 wk) 5T E
2 E| G. persicaria MR PRAVIEE B4 SR EE
B > #F It 3 a1 Fs RCBD N Y 3 & & 1%
SRR R - BSRER (B 3) > #H
HHH SRR 2R By 24.9% + 7.0% » Jifi F B
FEOREH THEHE, & BIREMER 142% +
6.2% B2 14.5% + 8.0% » B ¥ HA4H fHEL B8 3E
EZHE (P <0.05) [6&R R 49.1% £ 13.2%
B 47.5% + 15.6% » 1f] 2 BERE s E 22 (P
>0.05)
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HhE o A EHEH AL R R RRE
FEOTARE > W DAER S R BB N K& AE By
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Fig. 3. Effect of cyprodinil-fludioxonil mixture and
cinnamon essential oil product (Black Asura) on disease
incidence of pitaya flower wet rot caused by Gilbertella
persicaria in the field. This experiment was conducted
3 times and placed in a random complete block design
(RCBD) in the summer of 2017. Columns with the same
letters are not significantly different based on the least
significant different (LSD) test (P < 0.05) [CK: nega-
tive control, sprayed with water instead of chemicals or
agents; cyprodinil-fludioxonil mixture (62.5%, water
dispersible granules), 1 : 2,000 dilution; Cin-1 (Black
Asura, TARI): 36% cinnamon essential oil microemul-
sifier 1, 1 : 1,000 dilution] (Bar = standard error).
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Fig. 4. Effect of the fluazinam, with highly inhibitory
ability against Gilbertella persicaria spore germination,
on disease incidence of pitaya flower wet rot caused
by G. persicaria in the field. This experiment was test-
ed in a random complete block design with 4 blocks
(replicates) in the summer of 2018. Columns with the
same letters are not significantly different based on the
least significant difference (LSD) test (P < 0.05) [Cy-
prodinil-fludioxonil mixture (62.5% water dispersible
granules) as positive control, 1 : 2,000 dilution; CK:
negative control, sprayed with water; fluazinam (39.5%,
suspension concentrates), 1 : 2,000 dilution] (Bar =
standard error).
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Chemical Screening and Field Trials for Controlling

Pitaya Flower Wet Rot Caused by Gilbertella persicaria

Chu-Ping Lin', Jyh-Nong Tsai*’, Ting-Fang Hsieh’, and Pao-Jen Ann*

Abstract

Lin, C. P, J. N. Tsai, T. F. Hsieh, and P. J. Ann. 2020. Chemical screening and field trials
for controlling pitaya flower wet rot caused by Gilbertella persicaria. J. Taiwan Agric. Res.
69(3):207-217.

Pitaya Gilbertella rot, also called pitaya wet rot, is caused by Gilbertella persicaria. The patho-
gen not only damages the flowers and early fruit of pitaya (Hylocereus spp.) but also causes rot on
mature fruit during storage. Because the disease has led to a huge amount of yield loss of pitaya in
Taiwan, the objective of this study was to screen chemicals or eco-friendly agents for controlling this
disease. A total of 27 synthetic chemicals and 10 eco-friendly agents were tested in vitro for the inhibi-
tion effect of mycelial growth and spore germination of G. persicaria. The results showed that among
the tested synthetic chemicals, cyprodinil-fludioxonil mixture was the most effective chemical in in-
hibiting both spore germination and mycelial growth of the pathogen, and fluaziname was the best in
inhibiting spore germination. As for eco-friendly agents, Black Asura (microemulsifier of cinnamon
essential oil) and bordeaux mixture (mixture of lime and copper sulfate) were the most effective mate-
rials. Two field trials of disease control were conducted in a randomized complete block design in the
summer of 2017 and 2018. In each experiment, the chemicals were sprayed 1-2 times on shoots and
flowers of pitaya (Hylocereus undatus) during each flowering period. In 2017 field trial, the treatment
of Black Asura and cyprodinil-fludioxonil mixture significantly lowered disease incidence of pitaya
flower and young fruit wet rot (14.2% + 6.2% and 14.5% =+ 8.0%, respectively) when compared with
the control (24.9% + 7.0%) (P < 0.05). In 2018 field trial, the treatment of cyprodinil-fludioxonil mix-
ture, as well as fluaziname, also showed effective in disease control (11.1% = 2.3% and 11.8% £ 4.5%,
respectively) when compared with the control (18.7% = 1.3%) (P < 0.05). The above test results
revealed that cyprodinil-fludioxonil mixture, fluaziname, and Black Asura are potential chemicals for
the control of pitaya flower and young fruit wet rot in field.

Key words: Pitaya flower wet rot, Chemical control, Field trial.
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