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SCURE (Oncidium) %455 Dancing lady » /& RE R
BT ~ 0 BT P RN R 2 B TR o JRAEREE
LHSM - B FEHERENMES TRPY  (Onc. Grower
Ramsey) * H IS Hi[EDE A A 2%t - EEm A
TEHRFEES > U H R FRE o H pil G 8 5 SO0 LLY)
LA ER T EREEMN R EE =K 2L
FERAEHA > HORFEFFEE N Y - RIBEZR
B ZREMGTE RS - BEE 2008 FAAE AIE R

216.12 AUH » FEFE RS 4,615,235 §1 (http://agr.afa.gov.
tw/afa/afa_frame.jsp) ©

Pectobacterium chrysanthemi (Pch) J& A T ke
TE o SRR - RARIR - BRIAMEE » 1 523 BEE
B0 b2 REVEIIRER H EUETIR - & o RIE ) e
o o RAEY) R EE R B e ) R IBE > AR IR
#HENA R o EREER 26-34°C » 15[ E—MHR R ~
{EFF ~ FiH BAR BV Z8]ER  © Peh 51EEZ SC OB
IR IESR (bacterial soft rot) » B SCURFEE AR
EREPRERZRE Z—  ZRER &SRS WL



128 HEYIRHEEGH 19 FH2H 2010

SRR > M EZ )RR » 755 T 2T
T o HRBUR VI SE 800 38 2 AR KRR B
B E B - R PSR ANRE A > R S A R - 5
T &3 > BRIELIEMmaE 7 o HIrm] g E R
HE~ UM >0 s L SHIREE BTG TG 8 1 8 38 A2 /KRR
#Ab o IR R ER 2GR - B E RSO
UITE . Z I B S5 > SR AL KRR - SR
ZAEEKER R > LS it e iR 2 » $AgnlE
40% LA L o HEiimRG i RS o iy {EsEa o 4f
B AU ER B AT 0 ~ EYIIERE ~ FERS R -

B NEBI R C Z ARG @ » K88 S 1IbE
THREBISOOMIESE 2 SR — BB -

—%1L& (Chlorine dioxide : LI FEi#8 Cl10,) 5
R RS o B — U A AR - AE
MEHAEGIFLE T o ARG 0B — (AR Rk
HANREEEHEF > AL NBEKRLZ 2.5 15 HiE
fig i 7K AR BOKVSTR » 5% ClO, KIFRE A S BT
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ClO, VAT TEIEBLE P chrysanthemi BIFREZ L0
R UITETERIK 68 95 B TH G

AT B VR EE R FS 10° CFU ml! 22 Pch OT2-1
I PR AN R R % o DU KR YIRS 107 ~ 10° ~
10° ~ 10* ~ 10° % 10> CFU ml" Z8&i#H » ALl 5 ml/
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ClO, AR E P SO UITE S5y 2 5

IR Clo, WIRELREL S 107 CFU ml™ Pch
OT2-1 FEIRBIFIIP A E NES »  Clo, IAXIRE
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15 3B8% 7 B R KBl sk R MHRI VR MR I 2 FERETTR GRS N E - TR E £ 1 500 bp
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Fig.1. Identification of strains of soft rot bacteria isolated from soft rotted stalks of Oncidium as Pectobacterium
chrysanthemi by PCR using primer pairs ESA/ESB. Lane 1, sterile distilled water; lane 2, a known strain of Pectobacterium
chrysanthemi; lanes 3-5, strains of soft rot bacteria isolated from diseased stalks of Oncidium; lane M, Gen-100 bp DNA
Ladder (GeneMark).

F— “RALEBIEIREIRE (Pectobacterium chrysanthemi) R K < R SR
Table 1. Bactericidal efficacy of chlorine dioxide (ClO,) solution against strains of Pectobacterium chrysanthemi

) ClO; (ppm) '
Strain 0 1 5 10 50 100
OT2-1 ne T n - - -
OTI-1 + + - - - -
OT1-2 + + - - - -

' Five hundred pl of different concentrations of ClO, solution was mixed with 500 pl of 108CFU ml" of a test bacterial suspension.
The final concentrations of CIO, in the mixtures were 1, 5, 10, 50 and 100 ppm. After mixing and shaking for 5 min, the bacterial
cells were separated by centrifugation and suspended in sterile distilled water. Aliquots (10 pl) of the suspension were placed on agar
plates and incubated for 24 to 48 hr at 30°C.

? +indicates bacterial growth and —indicates no bacterial growth.



CIO, iF M AR BLE L OPAERE 2 855
SCUHITEMITEIR E IR 50 ~ 100 K 500 ppm ClO,
BIR 5 Kig » HAJ e H BT AL B 5L A H B A (L 3R
R AMREREK MmN E AR (B ) » 7R Clo,
VEIRAEIREE 50 ppm LA @@ G 2855 » iR
FEEFE 1~ 5 K& 10 ppm ClO, IFR Z ALHE HEHREAZEE 1
s - > 5 F 10 ppm ClO, V&S P. chrysanthemi

ZRALENTE SCOBALREUER 131
ClO, VAR IR 18 B B ] 52O B YITETE R R I i 2 B
HAR

SOUHIYIE LR BB I B A [FYRE P, chrysanthemi
5 Kt > SRt REEERR L 2 hmig s (k=) > H
LL'5 ppm ClO, &R » o n] BAE RS iR
SREZ B E MK » LA 10 ppm ClO, {EHREEFE% » HIA]
FERBH - TEREERE R 2 34 (=~ 8 =) o

BARERCR - HEWIETeH BREEE - ER%
L UREERY. - waliFrnl A

F T~ WUEIRE Pectobacterium chrysanthemi OT2-1 FIRASANFRRE B L &IARRH 5 77 #i ke L IR D &
Table 2. Reduction of populations of Pectobacterium chrysanthemi OT2-1 in water after treatment with different concentra-
tions of chlorine dioxide (ClO,) solution for 5 min

Population (log CFU ml™h! Log reduction after ClO, treatment

Conc. (ppm) Before treatment After treatment (log CFUml™")?
0 6.57 6.57 0.00
6.57 6.43 0.14
5 6.57 N.D’ = 6.57
10 6.57 N.D = 6.57
50 6.57 N.D = 6.57
100 6.57 N.D = 6.57

" Five hundred pl of different concentrations of ClO, solution was mixed with 500 pl of IOBCFU ml™" of OT2-1 suspension. The final
concentrations of ClO, in the mixtures were 1, 5, 10, 50 and 100 ppm. After mixing and shaking for 5 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 survived bacterial cells.

* Log reduction = population after mixing and shaking for 5 min with sterile distilled water - population after Cl0O, solution treatment.

* N.D.: viable P. chrysanthemi OT2-1 was not detected by the dilution plate method.

F= - SCORHYITE B R E R A R SRR Pectobacterium chrysanthemi (Pch) OT2-1 IR < SERTEEE K L
5 8410 ppm AL RIA IR R < PR UR
Table 3. Severity of bacterial soft rot on Oncidium stalks inoculated with various concentrations of Pectobacterium

chrysanthemi (Pch) OT2-1 by stalk dipping inoculation method and the disease control by treatment with 5 or 10 ppm
chlorine dioxide (CIO,) solution

Inoculum concentration (0.5 X log CFU ml™)

Treatment'
2 3 4 5 6 7 8

Pch 2.98a° 2.99a 4.00a 3.99a 4.65a 5.00a 5.00a
Pch+5 ppm CIO, 0.22b 0.11b 0.33b 1.22b 0.22b 0.11b 0.00b
Pch+ 10 ppm CIO, 0.00b 0.00b 0.00b 0.00c 0.00b 0.00b 0.00b
5 ppm CIO, 0.00b 0.00b 0.00b 0.00c 0.00b 0.00b 0.00b
10 ppm CIO, 0.00b 0.00b 0.00b 0.00c 0.00b 0.00b 0.00b
SDW 0.00b 0.00b 0.00b 0.00c 0.00b 0.00b 0.00b

' Treatment of ClO, was done by mixing 5 ml of Pch bacterial suspension with 5 ml of CIO, solution to make the final concentration
of ClO, at 5 or 10 ppm. Then each of stalks of Oncidium cut flowers was dipped into the mixture. The check used was sterilized dis-
tilled water (SDW) .

? Disease was recorded 5 days after treatment. Disease rating was done on 0-5 rating scale: 0, no symptoms ; 1, =2 cm stalk rotted ;
2, 2-4 cm stalk rotted 3 3, 4-6 cm stalk rotted > 4, 6-8 cm stalk rotted 3 5, = 8 cm stalk rotted. Data are means of 3 replications with
3 cut flowers per replication. Means followed by the same letter in each column do not differ significantly at P=0.05, according to
Duncan’s multiple range test.
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Fig. 2. Toxicity of chlorine dioxide (ClO,) to Oncidium cut flower stalks showing brown discoloration (arrows) after dipping
into different concentrations of ClO, solution for 5 days (From left to right: sterile distilled water, 1, 5, 10, 50, 100, and 500

ppm of CIO,) .

=~ R EERERR R SO L B Y A ERE R R R Z IR CR o BERIE LR ZAG R /2 1 B EER
10° CFU ml" Pectobacterium chrysanthemz OT2-1 ~ /£ 2 BIEE /K ~ /£ 3 £ 9 £ 10 ppm CIO, AR5 A1 10> ~ 10° ~
10*~ 10° ~ 10° ~ 107 8 10° CFU m1"'OT2-1 fE BRI & Z R 8 o

Fig. 3. Control of bacterial stalk rot of Oncidium cut flowers by dipping treatment with chlorine dioxide (ClO,) solution
for 5 days. From left to right : 10® CFU ml” of Pectobacterium chrysanthemi OT2-1 only, sterile distilled water, and 10%,
10°, 10%, 10°, 10°, 107, and 10* CFU ml" OT2-1 suspension mixed with ClO, solution at the final concentration of 10 ppm,

respectively.
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1 SR E R PR LR /K 2 75 TEBU 2.89 & o Befl 2 (LR
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ClO, IR R PR PRSPy 2k e B b el 2 58
FAEZEA > FIF 10 ppm CIO, V&R » G 7 KIEE
SCUTERERR il R - SEAENEIAR I 5 ~ 10 B 15 38
% Z SOLFIREREE R R 2 R E o BILEAE S
JE PR B K 2 SRR A A2 3 (R ) o (R P
40 381 » LL 10 ppm CIO, AVRIEHERE FE % 2 SCURIfERE
I > 7T BLNE R K 2 SRR R A R (R

) e

DY ~ —SALEIBIR L Pectobacterium chrysanthemi (Pch) OT2-1 ERIZIE B SOOI VI LE5 2 5 2
Table 4. Effect of inoculation with Pectobacterium chrysanthemi (Pch) OT2-1 and/or treatment with chlorine dioxide (Cl1O,)

solution on the longevity of Oncidium cut flower

Treatment' No. withered and fallen flowers >
Pch only 7.55 £ 0.69a
5 ppm ClO,+ Pch 244 £0.19b
10 ppm CIO,+ Pch 256 +0.51b
5 ppm CIO, 289 + 1.17b
10 ppm CIO, 378 £ 0.33 b
SDW 2.80 £0.19b

' The stalk of each cut flower was inoculated (or treated) by dipping into a glass tube containing 5 X 10°CFU ml" of Pch OT 2-1 only,
CIO, solution only, or mixture of Pch OT 2-1 and CIlO, solution.

* Data were recorded 7 days after treatment. Data are mean of 3 replications with 3 cut flowers per replication & standard deviation.
Means followed by the same letter in the column do not differ significantly at P=0.05, according to Duncan’s multiple range test.

KA~ LL10 ppm S LEVATRERE — JGEAENE SO ORI EIR A R S HIE R A R 2 8
Table 5. Effect of sprayingl10 ppm chlorine dioxide (ClO,) solution on leaves of Oncidium plants at weekly intervals for dif-
ferent weeks on growth of the leaves

Leaf length (cm) ' Length Leaf width (cm) ' Width
Week  Treatment Before After increased Before After increased
treatment treatment (mm) ’ treatment treatment (mm) *
5 ClO, 26.7 27.4 6.5 = 4.0a 2.7 2.8 1.0 = 1.5a
DW 24.3 24.8 4.8 £ 3.0a 2.4 2.5 0.9 = 0.8a
10 ClO, 26.7 27.5 7.8 £ 43a 2.7 2.8 1.5 + 1.5a
DW 24.3 25.0 6.5 = 3.6a 2.4 2.5 1.1 = 1.0a
15 ClO, 26.7 27.6 9.1 + 4.6a 2.7 2.8 1.5 £ 1.5a
DW 24.3 25.1 7.4 * 3.5a 2.4 2.5 1.1 = 1.0a

' Leaves with similar size were selected and marked, two leaves per pot, and only the marked leaves were measured.
* Data are mean of 3 replications with 6 plants per replication. Means at the same week treatment followed by the same letter in each
column do not differ significantly at P=0.05, according to Duncan’s multiple range test.

25~ LL10 ppm S LSS R — JGHAEE B R FH SO O RETHPR 40 % A H AT RL 2 50 &
Table 6. Effect of spraying10 ppm chlorine dioxide (ClO,) solution on leaves of Oncidium plants at weekly intervals for 40
weeks on the number of stalks developed

Treatment Mean no.stalks
ClO, 3.50 £ 0.84 a'
DW 333+ 1.03 a

' Data are mean of 3 replications with 6 plants per replication. Means followed by the same letter in the column do not differ

significantly at P=0.05, according to Duncan’s multiple range test.
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SCOD B YIAETERE & 2 M SR 2 e &K
{ERAEL @Y« JRIRIRYIAE - 4488 2 @i &
HEFEHOEEA - S8 2k - Witz
{o-ficf B (E AR AR SR 0 2 5 iR B B Ak 1 o B 2R o ARSI
PIE &3 E R & R 2 BB RS N - CRRETRMERE
W RYITE 2 Fdn RAEFFUIER S o (IR A TN
HilR G 2 %4 > HYIEIERERIE 7 5 Al fa 1 R4
BiiG i o A28 ClO, VAR SO U R R i B
HAREFE ) - WARBERPRSER - aTEkhiE
2 2% o (B FARFEER Clo, ZIRFE » [KIEETE 50
ppm LI @ EASEE > AL BB LR o AN
FefG T 10 ppm SAKTA LR Z ClO, ISTREEHE > 1%
BHBEH 28 » R IRRE Clo, B ZIZE » &
AECSCOURAEEEEEN » B 5 K 10 ppm CIO, /&K
LI EHRE RIFPAE » HUftESmthff R
R WRIRE Clo, IR E B SO ORI YITE et
NMEREEBYEZ EFE I - HREPIGEHEEA o
FEHME » SCURE TITER R S BN K > LUKERE UL
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ABSTRACT
Chao, Y. C."*3 Hsu, S. T.% and Tzeng, K. C. *2010. Bactericidal Efficacy of Chlorine Dioxide Against

Pectobacterium chrysanthemi and Its Control for Bacterial Soft Rot on Stalk of Oncidium Cut Flower.
Plant Pathol. Bull. 19: 127-136. (' Department of Plant Medicine, National Pingtung University of
Science and Technology, Pingtung, Taiwan; R.O.C., > Department of Plant Pathology, National Chung
Hsing University, Taichung 402, Taiwan; R.O.C. * Corresponding author, E-mail: c@mail.npust.edu.
tw 5 Fax: +886-8-7740-293)

The efficacy of chloride dioxide (Cl0O,) solution in inhibition of growth of Pectobacterium
chrysanthemi (Pch), the causal agent of soft rot of Oncidium was evaluated, and its application on
Oncidium cut flowers for control of bacterial stalk rot and its effect on longevity of the cut flowers
were also studied. Treatment of strains of Pch with 5 ppm ClO, solution for 5 min completely inhibited
the growth of all strains tested on an agar medium. Oncidium cut flower stalks showed sign of toxicity
(brown discoloration at basal part) after dipped into 50 ppm or above of CIO, solution for 5 days, but
lower concentrations (1, 5 and 10 ppm) were no toxic to the cut flower stalks. Stalks of Oncidium cut
flowers were inoculated by dipped into different concentrations (10°-10° CFU ml™) of Pch. The severity
of stalk rot increased with increasing concentrations, but when the inoculums was added with 5 ppm
CIO, solution, the disease severity was reduced significantly at all inoculum level, and the disease was
completely controlled with ClO, added at 10 ppm. Treatment of cut flower stalks by dipping into Pch
suspension containing 5 or 10 ppm ClO, for 7 days reduced significantly the number of withered and
fallen flowers as compared with the stalks treated with Pch only, but was not significantly different
from those that treated with sterile water. These indicate that dipping treatment with 10 ppm CIO,
solution could control the bacterial stalk rot and did not affect the longevity of cut flower. Spraying
leaves of Oncidium plants with 10 ppm CIO, solution at weekly intervals after 15 weeks did not affect
the growth of the leaves, and also did not affect the number of stalks developed after spraying for 40

weeks.

Key words: chloride dioxide, Pectobacterium chrysanthemi, soft rot, control, Oncidium cut flower



