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Occurrence of soft rots was observed on Dendrobium
phalaenopsis and Phalaenopsis sp. that were grown at
the greenhouses in Sunchon and Kwangyang areas,
Chonnam province of Korea in 1997 and 1998. Typical
soft rot symptom appeared frequently on young plants
of D. phalaenopsis and Phalaenopsis sp. Soft rot symp-
tom usually appeared on old leaves of D. phalaenopsis,
and extended into whole leaves, accompanying blight-
ing of whole plants. Symptom began as a small water-
soaked lesion on old leaves of Phalaenopsis sp., which
cnlarged rapidly on the leaves and eventually resulted
in soft rots of whole plants. The causal organism iso-
lated from the infected lesions was identified as Erwinia
chrysanthemi bhased on its pathogenicity, physiological
and biochemical characteristics, and the results of the
BIOLOG™ program. The bacterial soft rot caused by
E. chrysanthemi was firstly described in D. phalaenopsis
and Phelaenopsis sp. in Korea.

Keywords : bacterial sofl rot, Dendrobium phalaenopsis,
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Orchid is one of the most popular ormamental plants all over
the world. Recently, demand of orchid plants in Korea is
rapidly growing due (o its aesthetic relief. Orchid plants are
cultivated by about 300 commercial farmers in Korea
(Orchid Research Society, 1994).

At presenl 1ime, mass production of orchid in Korea is
mosily achieved in a greenhouse. Cultural practice of heat-
ing and heat conservation of a greenhouse in a cold season
inevitably induces high humidity which promotes occur-
rence and development of several plant diseases (Ishii,
1973: Park et al., 1996; Uchida, 1994). Especially, young
orchid plants grown under close spacing with poorly air-cir-
culated condition in the greenhouse are extremely vulnera-
ble 1o the infection of several plant pathogens and once
infected, severe damage to whole plants in a greenhouse
can oceur,
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Bacterial soft tot on young plants of Dendrobium
phalaenopsis and Phalaeropsis sp. was firstly observed in
the greenhouses located at Kwangyang and Sunchon areas.
Chonnma province of Korea in 1997. Here, we present
results on identification of the bacterial pathogen isolated
from the infected lesions of young plants of D. phalaenop-
sis and Phalaenopsis sp. and also sensitivity of the patho-
gen to several antibiotics used for bacterial disease control.

Materials and Methods

Isolation of bacterial strains. Small tissue pieces were cut from
the edge of the diseased area on the leaves of D. phalaenopsis and
Phalaenopsis sp. trealed with 95% ethyl alcohol for 1 min and
rinsed with sterile water, followed by placing on nutdent agar at
28°C for 2-3 days. Single colonies were isolated from the culture
and used for further studies.

Pathogenicity test. Each strain isofated from 0. phalaenopsis
and Phalaenopsis sp. was diluted into 10° cells/ml to prepare inoc-
ulum for pathogenicity test. The leaves of D. phalaenopsis and
Phalaenopsis sp. at 4-leaf stage were inoculated with a bacterial
suspension after wounding with sterilized pins unti! mn-off. The
matenals were wrapped with polyethylene film to give 100% ral-
ative hunudity and kept at 28°C in a growth chamber. Three plants
were inoculated in each experiment with three replicates. Disease
seventy was rated 7 days after inoculation.

Characterization of bacterial strains. Bacterial characteristics
of strain DEN-C 1salated from D. phalaenopsis and strain PAL-A
isolated from Phalaenopsis sp. were investigated by the methods
of Schaad (1988} and Dickey and Kelman {1988). Gram staming,
colony color on nutrient glucose agar, fluorescent pigiment pro-
duction on King's B agar, anaerobical growth, flagella type and
formation of spores were investizated in order to identify the
genus of the strains. The morphology of the bacterial cells was
also investigated with the aid of electron micrescopy after staining
with 2% phosphotunstic acid (PTA. pH 7.0). Several biochemical
tests such as pectate degradation. gelatin liquefaction, acetoin pro-
duction, sensitivity to erythromycin, phosphatase activity, indole
production, production of reducing substances {rom sucrose,
growth at 36-37°C, and produoction of acids from D-lactose, palat-
mnose, trehalose, maltose, a-methyl glucoside, dulcitol and melezi-
tose were also investigaled for the identification of the strains at
ihe species level.
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Utilization of 95 carbon sources by strains DEN-C and PAL-A
was also investgated in the GN 96 well microplate (BIOLOG,
Inc., U.S.A.} in order to identily the species of the sirains using
BIOLOG™ program.

Investigation of antibiotic sensitivity. Scveral antibiotics gener-
ally used Lo control bacterial diseases were screen to determing the
sensitivity of strains DEN-C and PAL-A to the antibiotics by
paper disc method. Combined use of streptomycin sulfate and
oxyteiracycline or kasugamycin and copper oxychloride and sin-
gle use of carbenicylin, streptomycin, validamycin-A. or kasuga-
mycin were employed in this study. The strains were streaked on
the nutrtent agar plate and paper disc containing 250 pg/ml or 500
pefind of antibiotics was placed on the center of the plate, respec-
tively. Diameler of clear zones formed around the paper discs was

measured 2-3 days after incubation,

Results

Symptom. Soft rot symptom appeared on old leaves of .
phalaenopsis, and exlended into whale leaves, accompany-
ing blighting of whole plants (Fig. 1A). Symptom began as
a small waler-soaked lesion on old leaves of Phalaenopsis
sp. and then, enlarged rapidly on the leaves and eventually
resulted in soft rois of whole plants (Fig. 1B). The diseases
were transmitted easily and rapidly among seedlings which
were cultivated in a small pot under moist greenhouse con-
ditions.

i
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=

Fig. 1. Typical symptoms of soft rot on Dendrobium phaloenopsis (A) and Phalaenopsis sp. (B) and soft rot symptoms on D.
phalaenopsis (C and D) and Phalaenopsis sp. (E and F) induced by artficial wnoculation of Envinia cfirvsanthemi sirains DEN-C and

PAL-A. respectively.
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Table 1. Pathogemcity of Erwinia chrysantemi strain DEN-C
isolated from Dendrobivm phalaenopsis and E. chrysanthemi
strain PAL-A isolated from Phaleropsis sp. on leaves of I
phalaenopsis and Phalaenopsis sp., respectively

. Pathogenicity®
Stain
Dendrobun phaleropsis Phalenopsis sp.
DEN-C + ++
PAL-A 4+ ++

*Pathogenicity was evaluated by severity of sofl rot 3 days atter inoc-
ulation on leaves. +: mild symptom, ++: severe symplom.

Pathogenicity of the strains isolated. Strain DEN-C iso-
lated from D. plidlaenopsis and strain PAL-A isolated from
Phalaenopsis sp. caused typical soft rot symptoms on
leaves of D phalaenopsis and Phalaenopsis sp. 12-24
hours after artificial wound inoculation, respectively. Espe-
cially, the leaves of Phalaerapsis sp. began to be rotted 24
hours after inoculation of strains DEN-C and PAL-A,
respeclively. PAL-A  induced large lesions on D
phalaenopsis and Phalaenopsis sp.. respectively (Fig. 1E
and 1F). DEN-C induced similar lesions on Phalaenopsis
sp. (Fig. 113} bat it induced relatively small lesions on L.
phalaenopsis until 3 days after inoculation (Fig. 1C). How-
ever, all the lesions developed rapidly thereafter and the
whale plants resulted in death by wilting 1 week after inoc-
ulation in all ireatments.
Identification of the pathogenic bacterta. Strains of
DEN-C and PAL-A were gram-negative and formed gray-
ish white colonies 2 days after incubation on nutrient glu-
cose agar. They did not form fluorescent pigments on
King's B agar and grew anaerobically. They also had more
than four peritrichous flagella and did not form spores
(Table 2). Electron microscopic abservation exhibited that
the bacterial cells were bacillus (onm with peritrichous fla-
gella, which is one of the typical characteristics of Erwinia
spp. (Fig. 2).

Strains DEN-C and PAL-A identfied as Erwinia spp.
showed positive reactions on the tests of pectate degrada-
tion. gelatin liquefaction, acetoin praduction. sensitivity to

Fig. 2. Electron microscopic morphology of Erwinia chrysantherni
slrain PAL-A isolated from Phalaenopsis sp. Scale bar represents
I pum.

erythromycin, phosphatase activity and indole production,
and they grew al 36-37°C but did not produce reducing sub-
stances from sucrose. They also produced acids from D-lac-
tose and palatinose, but not from trehalose, maltose, -
methyl glucoside, dulettol and melezilose (Table 3}. These
characteristics were in accordance with those of E. chrysan-
themi which were described by Dickey and Kelman (1988).
Therefore, the pathogenic bacteria isolated from I3
phalaenapsis ov Phalaenopsis sp. were finally identified as
E. chrysanthemi.

Strain DEN-C utilized 34 carbon sources including N-
acetyl-D-galactosamine but not 61 carbon sources includ-
ing o-cyclodextrin in the GN 96 well microplate
(BIOLOG, Inc.. U.S.A.). Strain PAL-A utilized 40 carben
sources but not 55 carbon sources. Therefore, strains DEN-
C and PAL-A were also identified as £. chrvsanthemi with
stimilarities of 94% and 88% in the BIOLOG™ program,

Table 2. Genus identification of the bacterial strains DEN-C and PAL-A isolated from discased Dendrobim phalaenopsis and

Phalaenopsis sp., respectively

Characleristics” DEN-C PAL-C Ervinid" Pscudomonas Xanthomonas
Gram stain - - - - -
Yellow or orange pigment on NGA - - v - +
Fluorescent pigment on KB - - - v -
Anaerobical growth + + + - -
More than four peritrichous flagetla + + + - -

Spore formation -

"NGA and KB are abbreviations of nuirient glucese agar and King's medium B agar, respeciively.

® Data filom Schaad({1988).
¢ 44 positive reaction, — negative reaction, V: variable.
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Table 3. Comparison of bactenological characteristics of strains
DEN-C and PAL-A, determined 10 geous Erwinia, with those of
Erwinia chrysantheni

E. chiysan-
thentiv

Characteristics DEN-C  PAL-A

+T

Pectate degradation

Gelatin liquelaction

Acetoin production

Sensitivity Lo erylhromycin

Phosphatase

Indole production

Reducing substances from sucrose

Growih al 36°C + +

Acid production from
D-Lactose + +
Trehalose -
Maltose - - -
o -Methyl glucoside - - -
Palatinose + + A%
Dulcitol - - -
Melezilose

*Data from Iickey and Kelman {1988).
* +: posilive reaction. — negative reaction, V: vanable.

+ 4+ + + +
+ 4+ + + + +

|
|
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<

respectively (Table 4).

Sensitivity to antibiotics. Strain DEN-C was sensilive fo
streptomycin sulfate + oxytetracycline and carbemicylin but
insensiiive to streptomycin, validamycin-A, kasugamycin
and kasngamycin + copper oxychloride. Sirain PAL-A was
sensitive to streptomycin sullate + oxytetracycline, carbeni-
cylin and streptomycin but insensitive to validamycin-A,
kasugamycin and kasugamycin + copper oxychloride (Table
5).

Discussion

Bacterial soft rol on D). phalaenopsis and Phalaenopsis sp.
wats [irstly observed in the greenhouses located at Kwangy-
ang and Sunchon areas in 1997. Bacterial pathogen isolated
from the infected lesions was identified as Erwinic chry-
santhemi. The bacterial pathogen of Erwinia chrvsanthemi.
has been reported to cause soft rot disease on several plants
such as Chryvsanthemigrn morifolfunn (Chot and Han, 1992),
Cymbidivon spp. (Jin el al,, 1994), Aloe spp. (Jin et al,
1994), Scindapsus aureus (Choi and Han, 1994) and
Raphanus sativus (Parck et al.. 1999). However, there have

Tahle 4. The results of GN microplaie test of the present strans DEN-C and PAL-A 1solated from Dendvebiwm phafaenopsis and

Phalaenopsis sp., respectively

Result Result
Characteristic Characteristic
DEN-C FAL-A DEN-C PAL-A

waler - - p-hydioxy phenylacelic acid - -
o-cyclodextrin - - ilacenic acid - -
dextrin - * o-keto butyric acid - -
glvcogen - o-keto glutaric acid - -
tween 40 - - a-keto valeric acul - -
tween 80 - - D.L-lactic acid - -
N-acelyl-D-galactosamine - - malonic acid - +
N-acetyl-D-glucosamine + + propionic acid -

adonitol - - quinic acid - -
L-arabincse + + D-saccharic acid + +
D-arabitol - - sebacic acid - -
cellobicse - * suecne acid + +
i~erythritol - - bromo succinic acid + +
D-fructose + + succinaric acid + +
L-fucose - - glucuronamide - -
D-galaciose + + alaninamude - -
gentiobiose - * D-alanine - -
o-D-glucose + + L-alanine - -
m-inositol + + L-alanyl-glycine - -
o-lactose - - L-asparagine + +
o-D-lactose lactulose - - L-aspartic acid + +
maltose + + L-glulamic acid - +
D-manmutol + + glyeyl-L-aspartic acid - -
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Table 4. Continued

Result Result
Characteristic Characteristic
DEN-C PAL-A DEN-C PAT-A

D-mannose + + glycyl-L-glutamic acid - -
D-mehbiose + + L-histidine - -
p-methyl D-glucoside + + hydroxy L-proline - -
psicose + + L-lencine - -
D-raffinose + + L-omithine - -
L-rhamnose - - L-phenyl alanine - -
D-sorbitol - L-praoline - -
SCTOSe + + L-pyro glutamic acid - -
D-trehalose - - D-serine - -
furanose - - L-serine + +
xylitol - - L-threcnine - -
methyl pyruvate + + D,L-camitine - -
mono-methyl succinate + + Y-aming bulyric acid - -
acetic acid + + urocanic acid - -
cis-aconitic acid + + inosine - -
citric acid + + uriding - -
formic acid + + thymidine - +
D-galactornic acid lactone - - phenyl ethylamine -
D-galacturonic acid + + putrescine - -
D-gluconic acid + + 2-amine ethanol - -
D-glucosaminic acid - - 2 .3-butancdiol - -
D-glucuronic acid - - glycerol + +
a-hydroxy butyric acid - - D.L-g¢-glycero] phosphate + +
¢-hydroxy butyric acid - + glucose-1-phosphate + +
y-hydroxy butyric acid - - glucose-6-phosphate + +

®+: positive reaction, —: negative reaction, : weak reaction

Table 5. Sensitivity of Erwinia chrysanthemi PAL-A and DEN-C
to several chernicals on potato dextrose agar

Concentra- Diameter of inhibition zone

Antibiotics tion (mm)
(ppm) DEN-C PAL-A
Streptomycin sulfate + 250 0 0
oxyletracycline Wp® 500 12 17
Carbenicillin disodinm 250 18 35
Wp 500 38 40
Streptomycin Wp 250 0 0
500 0 17
Validamycin-A Sc 250 0 0
500 0 0
Kasugamycin Sc 250 0 0
500 0 0
Kasugamycin+ 250 0 0
copper oxychloride Wp 500 0 0

"Wp : weltable powder; Sc: suspension concentrate,

been no descriptions on the bacterial soft rot disease cansed
by E. chrysanthemi on D. phalaenopsis and Phalaenopsis

sp. in Korea so Far. This is the first report in Korea that F,
chrysanthemi is the causal pathogen of bacterial soit rot on
D. phalaenopsis and Phalaenopsis sp.

Supply of sufficient light and fresh air is required for the
proper cultivation of D. phalaenopsis and Phalaenopsis sp.
in a greenhouse. Because D, phalaenopsis and Phalaenop-
sts sp. are originated from tropical regions, farmers are usu-
ally tend to keep the temperature of greenhouse higher
during a cold season in Korea. However, the management
of high temperature in a greenhouse, escpecailly in winter,
induces highly humid environment of a greenhouse on the
condition of poor air circulation. Such a highly humid envi-
ronmental condilion in a greenhouse largely contributes to
the occurrence and development of several plant diseases
which are mainly responsible for the failure in the cultiva-
tion of D. phaloenopsis and Phalaenopsis sp. in Korea.
Therefore, proper management of environmental condi-
tons in a greenhouse is very crucial to prevent D.
Dhalaenopsis and Phalaenopsis sp. from disease occur-
rence and development.

Several antibiotics were tested in vitro to screen the effec-
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tive control agents against £, chrysanther. Combined use
of streptomycin sulfate and oxytetracycline and single
application of carbenicylin were found to be the mest suc-
cessful in controlling the bacterial growth. Interestingly, F.
chrysantheri (strain PAL-A) obtained (rom Phalaenopsis
sp. in a greenhouse of Sunchen area was very sensitive to
streptomycin but, the other strain of E. chrysanthemi (strain
DEN-C) obtained from . phalaenopsis in a greenhouse of
Kwangyang area was resistant to the same antibiotics. This
contradictive responses of the two stains of E. cArvsantiiemi
to streptomycin can be explained by spraying episodes of
the antibiotic in the two different areas. The bacterial strain
of PAL-A has never heen exposed to the antibiotics before.
On the other hand, strain DEN-C has been controlled by the
antibiotics in Kwangyang area for the last few vears. There-
fore, it 18 very likely that strain DEN-C already acquired
resistant ability to the antibiotics. I it were true, the find-
ings suggest that consecnlive uwse of single antibiotics
should be avoid to effectively control bacterial soft rot dis-
eases and cross applications of several antibiotics can be
one of alternatives by suppressing the emergence of resis-
tant strain of bacterial pathogens to antibiotics.
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