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IR B R EINTERT » (AT 46 (T - AT SIERAAIRE M WIBHT (bacterial soft ron) M
SE I ARSI N A (Y B — - AWTSERIFIZCBA K (hypochlorous acid; HOCI) J0/E B
SERRRKEE R AR » AT A AT - R IR o B s B M SR s
AR - EIAE S - ERREEER 10° CFU mL" BEREf - ELEHRH A 583-81.3% - 10° CFU mL" 2 8%
% 25.0-43.8% » (BN 10° CFU mL"' H S RRIEE R 0 BEE BRI BIERICHET - BEEMIHEH Bk
WRBE 2 SN T I - S PTBUBRASIITR » LLHOCH 578 10 me L™ EEEEAE (10° CFU mg L) 10
min 52 SR 26 - RS (BERDRIE 10° CFU mL") 4554940 - 20 mg L' HOCURIET » %

B B USSR B 18.0-66.7% [ 6%
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B 1% [ % B FF (Orchidaceae) ~ 851k [ J&
(Phalaenopsis) ZEVERY) - R4 7 BV oM
BROEE ERYE RS R A e &N
o RIS EHETEE R mEEN 0 ke
EEBHDEER - ZENRARBERG > BE
ZHMIEE AR - RSB EWIREERTEE
B ILESTRE T - FamfEEE - MR
B T LR R B IR T 5 2 T I YR A L
R ACE F i y BE (B BB TR R
FEfnZ — o IRBREEM R ES T E R (https://
agrstat.moa.gov.tw/sdweb/public/maintenance/
Announce.aspx) » > 2023 T ET SN H O
EHEE LS EFERT (WEK 46 ET)  EEHDL

il

EAEREEE SO0 mg LT R o [HIAZRAIEEE 50.0-88.9%
R HOC 780/ 1] PR (R RS Y 889 3% « (R > AR 2 45 R 1540

EAHIRAH

FEE (5 40.9%) B KSRHIIMERIZR » R H
A (15 25.6%) ~ #EE (10.5%) ~ HIZEK (5.8%)
BN (4.7%) KETJE (1.9%) [ -

B R A R AR 2 BB SR E EE
g (ZEEYREXNR) BT (Tzean et al.
2019) &k > 2208 U R 5 SR A B I
= {LBTEL % 5 (Phalaenopsis chlorotic spot vi-
rus; PhCSV) ~ FH#flE (LI (Capsicum chloro-
sis virus; CaCV) ~ /2 E %55 (Carnation
mottle virus; CarMV) ~ 8\ 8k 40 5 (Cucumber
mosaic virus, CMV) ~ B 4UFHE (Cymbid-
ium mosaic virus; CymMV) K & & B fis BT 75
% (Odontoglossum rigspot virus; ORSV) 5[#E
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nerea) ~ % JH & (Colletotrichum gloeosporioi-
des) ~ OISR (Cylindrosporium phalaenop-
sidis) ~ RELIHE (Fusarium oxysporum) ~ 5BL%
(Fusarium proliferatum) ~ & B8 (Fusarium
solani) ~ & BT ¥% (Sphaerulina phalaenopsidis)
KPR (Phytophthora palmivora ~P. citrophthora
K. P. nicotianae) 5 4 & MR EH PR (Aci-
dovorax avenae subsp. cattleyae) ~ BEBLFR (Burk-
holderia gladioli) JX¥XJER (Dickeya fangzhong-
dai (syn. Pectobacterium chrysanthemi)) (Tzean
et al. 2019; Wei et al. 2021; Kao et al. 2023) -
Hdr > 1 D. fangzhongdai 5[ FE #8514k 5 411 B
PR 97 1)y 2 B i R R 3 B O D B HE AR Y
B E ~ — (Wei et al. 2021; Lin 2022) » L
B AT R S e FAAY B R EE o (EAE - fEIEY
A2E > ER RV EBACZREE -
B2 EAIR - TR EREFE B L2t
L BE oy el 22 AR EEEE (pectinase) ~ #i4EZR
fi§ (cellulase) sz & 1§ (protease) % » JE[LIH
VAR B4 S AR (Joko et al. 2014) » &2 Rt
A EEREHE > EFANEHSER
RS BHER 2 AEREEE (Al
et al. 2017) » ZIRPE DL T8I o DR 4H 45 5 5 I
o WEERAB/KELETE 3-5 dH]
Al EE R BRI 0 RN 1R A PR R S
U S 0 005 R P o B B o (A R T
$248 (Lin 2022) -
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TR BER S RS T ~ o R & P A e
8 PR P AR s R R G T A - B AT 1 i
1% (o FH 2 T S TR 2 4L 77 0 b W o G o
BRAh  EEH MR RSN AR R E o B
Bl % Z oK B s N e b R T A R M &
B o A AR COVID-19 & 1E 7R
TTHIRET » BR TIEASLAAN » REBEIK (hypochlor-
ous acid; HOCI) E{R{FAVIREDEZHHFR - ik
#2017 £ 6 H 12 HEAEME A& (https://
www.mohw.gov.tw/cp-3250-29989-1.html) >
225 HOCL Y Ha m HEER - gk 2T H
AE R /KA R BOE B on ~ B e KBEMIRKZ
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74 % B 1

> E&MEE R 5E#E 1 mg L' - HOCI {£
5 [ B H A5 B 52 IR o AT E S B o R G
A KEFE KB E ST E (Eryilmaz &
Palabiyik 2013; Jafry et al. 2017) » AFFZEH
HOCI % AE BB a &M - PRET B 5 4 5 14
WG 2 AR BT E » AMERPTERREZ

5% .

M T A
(REVEEE] « FETR R ERIAICR
AR 2 HOCL AR o (bR s 1k
B /K A k% (HOCL 0.2 ¢ R E il A
PRAE > ZEHRET) B2k HOC FIRR
& B RENKH R 2 05 P 3 1Y R B Bl AT
F - AW SR RE R o (RIEE B R
R GARE - dnfl F 3 fCHIEERE (Phal. Sogo
Yukidian ‘V3’) o Dickeya fangzhongdai Di-
001 ~ Di-002 &k (ffif% Di-001 ~ Di-002) A&
EHBITAE R EREZEE -

AEEERENREZRELHREIE
mBECEE

B Rflsl Di-001 Wk &N EBRE
£ Nutrient Agar (NA; BD Difco™, Franklin-
Lakes, NJ, USA) 28 > A 25CH& 24-48 h
BTN EEK - BRI EEEET (spectro-
photometer, Spectronic 70, Bausch & Lomb.,
Bridgewater, NJ, USA) A& 600 nm | » 3
#I UL {E OD (optical density) & 0.3 » [LIEE
&€ 10° CFU mL" » 3% DU R /K #E1T 10 %
iR EREERE - DIUBE &S EER L
BUEG O > HL 20 pL SRS R R REEOR S RN 5
OF GRERNAEGHAISEE & G4
B2 RER > BEE4 G WPIEEKIE R
B - Z BB 28°C2 E IR N E HE
ZRPERE P ARBEEES dik
AEBEAET 2 R - WERZBRETEL
AR ¢ 29K R (disease incidence, %) = (14
HRER EHIRRE R R/ E R
PETEHE) x 100% -
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i HIER 2 Di-001 B Di-002 Jy B fR B2 & 7
NA B85 - 1A 25°CH1 8 24-48 h I8 N i
7K 5 fi#lEy 108 CFU mL” f94HRE S 2R (ODygyy
=0.3) * FFFURERE /5 200 mg L' 2 HOCLZA TR
B4 0.22 um Millipore % J& 5 (Millex” syringe
filters, Millipore, Burlington, MA, USA) ##J§
W% > FCEDRE 7R/ 2 ~ 10 ~ 20 ~ 40 ~ 100
F 200 mg L' 2 HOCI 353 » > 1.5 mL Ji &
PRAEE 3 B & RS Z HOCL &7 200 pL
ERUHIE B AR 0K 200 pL - [ H HOCI Fe 4% %
FESr B R 1~5-10~20~50 2 100 mg L » 5
SN BT RO N TR K 2 B B By 3B o A
MEZEEER 150 rpm | » EZEFLY 10 min -
BEEE A B0 1% (Heraeus Megafuge 8 Centri-
fuge, Thermo Scientific, Germany) [/ 3,000 rpm
BELs 2 min o A BR B EE TR O3 B o [l BB R
AN 1 mL S E/KRRFE R DURE R E T L
50 pL TR BRI NA BB A > SEEHE 4
HE 0 Y25 CHEE 24-48 h BIZEMEHEZE G E
RiMPEET » W+ FrRAEEEER
O RREMEFEEER -

HOCI & & B 75 i itk B8 #R /B 78 2 2
A1 bl B R4 By 10° CFU mL™ 2~ Di-
001 EHERRIZR « fEElfErRA Lt - EER 2
MEARED 4 wko B8 WS EEE R
FEUSGORETEHERE > FUREZME
W W HY 20wl 40 Ff %% (10° CFU mL™) »
PEfdE{% 30 min DAFTAACEORE 73 A Fy 5~ 10
20 ~ 50 &2 100 mg L' 2 HOCI )5 {55 )7
AP o 55D E KR A IR - FEE
H473 ZEBRNENEE  SREZUHRE
FEREEE > ARBEZEE 5 d 1k DEEEHE
Piaxus - AelBnEEHET 2 XK -
HET DT
% T pE B 2 5B B R R F e at o i R
SAS Enterprise Guide 7.1 iig 4 #1785 517

(analysis of variance; ANOVA) » F DU/ NEEE
M 7= B (least significant difference; LSD; P =
0.05) gk - 1£ 5% B /KA T Ll e H 7Y
BHZER -

TR
AEEERENRERE L MIRERE
e =&

GRWF 1R B—RABERER
fE S e 10881 107 CFU mL™" Di-001 4H g
ROFR > PNEEERE | REIR A 3R m
PR IR KRR - MR 2 KK
[ KSR R B WO - TERS
3 257 Al By 58.3% B 33.3% ; HEfEIRE
5 10° CFU mL™" Di-001 4 f %% > A fE
%% 3 KRB HBKRIREEL » 2 1% BT Z
A HERRE 25.0% ; SEREREEE 10°
CFU mL™" Di-001 4fE&%K > AN RS
5 Rl Hp B R 2 BUERIREE - H
R B 8.3%  BEFEEEE E 10° CFU mL!
Di-001 4HAERE Z% > AIAEEETR 7 d R R

#1. K[EFHFEER (colony-forming unit (CFU) mL™")
RGBS S e s

Table 1. Effect of different inoculum concentrations
(colony-forming unit (CFU) mL™") of Dickeya fang-
zhongdai Di-001 on the occurrence of Phalaenopsis soft
rot disease.

- . I
Colony-forming unit Disease incidence (%)

(CFU) mL"! EXP1 EXP2

CKY 0.0 ¢* 0.0c

4 0.0c 0.0c

5 8.3 bc 125¢

6 25.0 be 43.8b

7 33.3ab 62.5 ab
8 583a 81.3a

LSD 31.4 26.9

“ Incidence (%) = (Number of Phalaenopsis showed symptoms
of soft rot/Total number of inoculated Phalaenopsis) x 100%.

* Inoculation with sterile water as control.

*Means within a column followed by the same letter are not
significantly different at 5% by least significant difference
(LSD) test.
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RHL  WIRAH DURE /K R B 3R R 0 - TAE
BB > BEfE SRR 10° 81107 CFU mL”!
Di-001 4 ffg 805 0% > H 3 207 il B 81.3%
B 62.5% ; FEFEEE B 10° CFU mL™” Di-001
IR R - HE Ry 43.8% © EREIRE
W2 5 10° CFU mL" Di-001 4 A 07K >
FRAR 12.5% & BHEEE R 10° CFU mL!
Di-001 4 g 05 0% - AR MR BE R ok B9
R -

HOCI &R iR R ENE R E < BB WER

fit 5% Di-001 £ Di-002 & % DL 10 mg L
Pl b2z HOCI 3k E % A 10 min {% > Di-001
BRI NA g A B A 24 fIZEEH R E
(& 1) > 1] Di-002 BEik4: & Al 52 240 > &
HOCI &R 2 20 mg L (sl Wi stk 2
R % R 52 2 401 (3% 2) - DA Di-001 E#RMIES
i > 1 mg L' HOCL /&% # 10 min B[] %
Eitk 2 B B HIFE A 3.36 x 10° CFU mL™ [#(K
% 0.83 x 10° CFU mL" » H¥ HEik > R EE
{8 2.53 (@ log {8 » i /£ 20 mg L' Ll _F HOCI
FEEE 10 min 1% > AISOEEHIVFEE GR3 B 1) -

B4 H1H

762, HOCI 75 5 5] b 855 B 9 5 1 B [ B k2 e
Table 2. Bactericidal efficacy of hypochlorous acid

(HOCI) solution against strains of Dickeya fangzhong-
dai Di-001 and Di-002.

D. fangzhongdai”
HOCI (mg L) Di-001 Di-002
0 + +
1 + +
5 + +
10 + -
20 - -
50 - -
100 - -

“ Two hundred pL of different concentrations of HOCI solution
was mixed with 200 uL of 10° CFU mL" of Di suspension.
The final concentrations of HOCI in the mixtures were 1,
5, 10, 20, 50, and 100 mg L. After mixing and shaking for
10 min, the bacterial cells were separated by centrifugation
and suspended in sterile distilled water. The suspension was
serially diluted and plated on agar plates for counting the sur-
vived bacterial cells.

¥ “+ indicates bacterial growth and “~ indicates no bacterial
growth.

1. HOCUZ /R I IR R B B4 10° CFUmL™ 2

102050~ 100 (T )mgL"

s o EFE  HOCURE AR 0~ 1 -5~ 10 (F)

Fig. 1. Effect of different concentration of hypochlorous acid (HOCI) solution against strains of Dickeya fangzhong—
dai Di-001. From left to right, the concentrations of HOCl are 0, 1, 5, 10 (up) and 0, 20, 50, 100 (under) mg L™
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3. R HE Di-001 F PR HOCLF K 2 10
min ZJERERC V& -

Table 3. Reducion of populations of Dickeya fang-
zhongdai Di-001 in water after treatment with different

concentrations of hypochlorous acid solution for 10
min.

Population (log CFU mL™)*

Log reduction after

HOCI Before treat-  After treat- HOCI treatment (log
(mg L") ment ment CFU mL™"y

0 3.36 3.36 0.00

1 3.36 0.83 2.53

5 3.36 0.03 3.33

10 3.36 = 0.00 ~3.36

20 3.36 N.D* >3.36

50 3.36 N.D >3.36

100 3.36 N.D >3.36

* Two hundred pL of different concentrations of HOCI solution
was mixed with 200 pL of 10 CFU mL™" of Di-001 suspen-
sion. The final concentrations of HOCI in the mixtures were
1, 5, 10, 20, 50, and 100 mg L. After mixing and shaking for
10 min, the bacterial cells were separated by centrifugation
and suspended in sterile distilled water. The suspension was
serially diluted and plated on agar plates for counting the sur-
vived bacterial cells.

* Log reduction = population after mixing and shaking for 10
min with sterile distilled water-population after HOCI solu-
tion treatment.

*N.D: viable D. fangzhongdai Di-001 was not detected by the
dilution plate method.

HOCI /& /RB5/8 WA REER A < 22 AR

GERWFK 4 FR > B R RER
HOCI %537 20 ~ 50 K 100 mg L™ pEFHAH > il
B TR SRR A By 18.8% ~ 6.3% F 0.0% >
B IR 56.3% Z SR FEE AR (P =
0.05); fi{ES kBT - HOCI A 50 mg L
81100 mg L pEF3 41 = SRS BT 4 9 2R 5
A Ry 44.3% B 22.0% - JRELVESERAH 88.7% 2 %%
RERBEMER (P=0.05) (B 2) -

BB
509 o 0 M Ry R T A AT SR B
BHREZ — EREHESERE  BEY
B YRR i E B R (E E (Wel et al. 2021;
Lin 2022) - fREGAT AR IEHEERHSH > 5
PR B L B 3 A N 2R 3 R EE
Bz EZEER R EOEE

4. HOCLERHIERIHE L -

Table 4. Effect of hypochlorous acid (HOCI) solution
treatment on incidence of Phalaenopsis soft rot disease
caused by Dickeya fangzhongdai.

Disease incidence (%)

HOCI (mg L") EXPI EXP2
0 56.3 ' 88.7a
5 50.0a 87.0a
10 43.8 ab 77.7a
20 18.8 be 72.0a
50 63¢ 4431
100 0.0¢ 2200
LSD 29.0 272

“ Disease incidence (%) = (Number of leaves which showed
symptoms of soft rot/Total number of inoculated leaves) x
100%.

* Means within a column followed by the same letter are not
significantly different at 5% by least significant difference
(LSD) test.

BT - ¥ B 455 FOKk - SHEE -
JK -~ B TEERHMEY) - R BB B
EIE ~ FEME ~ HPHE - BF - ERHES (i
ERE ~ SO LR - HEEERE) RACEE
R B AV 2K L (Ma et al. 2007; Joko et al.
2014; Van Gijsegem et al. 2021) - HEI{EEE
Y 5 555 T i 3 ke S O SR B AT 4K R 25 i B P
FI53Hr (multilocus sequence analysis) $#%E 7% »
& J& 7~ D. fangzhongdai (Wei et al. 2021; Lin
2022) - 5 U5 54 9K IS 9 BT AE = O e B (28°C
FHEEE KT 80%) HYERER R & B AR R4
BEM (Toth et al. 2003, 2021; Mcmillan et
al. 2007) > FE2 A AV B RG - H0 = ROR
S BRmESEE TN BEREREE
IR AW ERLARED B4 HAihE
g REHA > K EHEENREL — -
R A S s 5 =Uf2 B (gram-negative bac-
teria) BAFE 4 BRE H (facultative anaerobic bac-
teria) » H &y — & {5 #% 1495 |5 & (opportunistic
pathogens) » %137 8 {5 150 H ZABH L= AfE
VisH& - AR ER BEG % - HEAE
T e R TS5 Y G o ] S A K o i 3 AR Y 82
2 SR S~ 10° CFU mL” HE
S5 % = 7 58.3-81.3% > 10° CFU mL ™' {/54 25.0—
43.8% R > {HIKHEE 10° CFU mL™ Htg
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Fig. 2. Control evaluation of Dickeya fangzhongdai Di-001 by spraying treatment with hypochlorous acid (HOCI)
solution (B) 5mg L'; (C) 10 mg L™'; (D) 20 mg L™'; (E) 50 mg L'; (F) 100 mg L™'; and (A) sterile distilled water for 5

dat28C.

Ry 0 [EE W B R SRR > S
R SRR 2 R R R WK - HEEE
1 > Bk EHEREER > HENEEREE
[E% /07 10° CFU mL™" &R » HZE AR EN
e FE R R BB AR T B & > DARR(R
H R -

H T 5 A A A R g
P2k 3 25 [ 6 0500 Rl U o 0 2B Y i
W T INE R R E R B B E K m g
AEERANAEZRETHEEREEH - Kt
FE A HOCL /B3R 1E BBha& st - sEhitlsa
B A WA T R 2 P B R o R SE
&35 HOCL /AR AE /2% 10 mg L™ T $f 10 o]
R E 2 & FENR B NA BELHAES
F % B 0-4 fE iR i /D 802 > 35 HOCI 2
FEFEE A2 20 mg L' F RS ENFEL > Bon
FEZ HOCI 75 R FERE 0 - S5 b 40 B B3 97 1
AR ERREE 2 A0 AR e A RS
20 mg L' HOCLJEFE T - B Em BEa
18.8-66.7% [ a4 » & SRS % 50 mg L
T 534 % BT 50.0-88.9% » His1: HOCI
Vo R i B L o W T A R O 2% AR RS B (A

R % ER - HEICHFZ WA HRES
B HOCI &/ a4 E ~ e ~ HiEE KJEAES)
Vg 75 M (Thorn ef al. 2012; Sakarya et al.
2014; Hughson et al. 2016) » 75 7] [ FH 7> i i
PR 2 P0G » (H{E A _EEZHEE HOCL 2
TRFE o RyligtfiE HOCI i F 7Y i it i FE ik B2 S
HEEFRE RS - AR B EBIERE (Phal.
Sogo Yukidian ‘V3’) [ f&E F #E 7 HOCI 100
mg L ZHiF > AR EEBEMEEER LB
HH ER S (L B o o (BB AR R ) - (H R e
R 0 A % 0 R O R S AT 0N T S T
R EIREEAEZSHLE - AU P AT
AT HOCL B & ARV ALK - REBEALE -
iRk E 0 E S DNA &M I il A Y4
e F 208 375 1P 22 B R HY 2 L (Saikumar et al.
2023) - EEHIFEER#EZE (U.S. Environmental
Protection Agency; EPA) #iL 4 HOCI 7] £f #f
SARS-CoV-2 HJHF Al DL #71 COVID-19 » 3
B LB YY) S B (U.S. Food and Drug Ad-
ministration; FDA) 75 7 it & ] F 7Y & fm il T
St~ KR KR ENFEE T (Okamoto ef al.
2020; Saikumar et al. 2023) - £ Z & > X I

= 5
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2017 £ 6 H 12 HEFAEEFE A > # HOCI
SRS AERE > o] ARERKIEESR
B BN EMERZA - B HOCLE R
Z pH E{RIIENE > FIEMEE(E - SR mEE
WHEEEES > (BRI - SRR s
LHNR B > HOCI FE A [# fi#{E A (Ishihara er
al. 2017) S EEE > HOCI 50 ppm JEFE DL 22 Ef i
HBEREE NN E » 2 mo (R HIBE (L
AR BEREAE  HRBERMHEEDT > 7]
REFY 1 wk AR » HOC] {58 A 4 L B
IR B HESBME L - Al TE
Rt COVID-19 i RITHAR » Br TEKE
LI4L - HOCH B RAFAVBREEEEHHH -

EENN MR A AR S P MR EPN
M SHEmRK  EBERER LK
BRI B 0942 2L 1T s 22 E A (@ EE A AR (Su
& Leu 1992) » #EHURE » R EF LR AR
e BiiSRk ErE R (Joko et al. 2014; Toth et
al. 2021) - fins& M R AT Rl HEETAE
TR EE - TSRS bR DU/ B N R 2
& o b FBRAREEE > 0 E AR E
o BV ER BB KR B AR 0 TREERE
KR EHE - HE /MY 2 A EE
F > 4ERFHEPRAE RS BT - 92 TE I B R R
I 3 A R AR P A SRS - Bef% > HE R
SEEM DUETT R A CRGE e B IR R E R
mEELBRERL > REERNEG - ARRL
S5 E HOCI 7 B R s 2 A R & B
JEFE By 20-50 mg L 2K AR S -
AT DL 10 mg L HOCL /5 /R 1T B & Bl 1T
o R EREEAREHEEE - HOCL AR e
P& E B EZ EYREaEM o HIR
BRERE > TR EYREEN (REAR
5% > Hypochlorites) » DL & & 7] i 2 ¥ 5
SRR 2 2% -

5| FA SRR
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Against Phalaenopsis Soft Rot
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Abstract

Huang, C. W., T. C. Lin, S. J. Zeng, S. L. Lai, T. F. Hsieh, and C. H. Tsai. 2025. Evaluation
of control efficacy of hypochlorous acid against Phalaenopsis soft rot. J. Taiwan Agric.
Res. 74(1):37-45.

Phalaenopsis orchids are important export flowers in Taiwan, with an annual production val-
ue of nearly 4.6 billion NT dollars. However, bacterial soft rot significantly affects their cultivation
and export value. Therefore, this study evaluates the effectiveness of hypochlorous acid (HOCI)
solution as a control material for preventing bacterial soft rot in Phalaenopsis orchids. Different in-
oculum concentrations of the rot bacteria were tested to assess their impact on disease occurrence.
Results showed that at a high concentration of 10° CFU mL", the disease incidence was as high as
58.3-81.3%, while at 10° CFU mL", it was 25.0-43.8%. At a low concentration of 10° CFU mL", the
incidence decreased to 0%, indicating a gradual reduction in disease occurrence with lower bacterial
concentrations. Laboratory experiments demonstrated that treating the bacteria (10° CFU mL™") with a
10 mg L' HOCI solution for 10 min inhibited their growth. Pot experiments revealed that at a HOCI
concentration of 20 mg L™, the control efficacy against bacterial soft rot ranged from 18.0% to 66.7%.
In contrast, the control efficacy increased from 50.0% to 88.9% at 50 mg L"', showing significant dif-
ferences in control effectiveness. Thus, HOCI solution can control the bacterial disease of Phalaenop-
sis soft rot caused by Dickeya fangzhongdai in orchids.

Key words: Phalaenopsis, Hypochlorous acid, Soft rot, Dickeya fangzhongdai, control.
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