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Abstract A pathogenic fungus cansing balloon flower root
rol (Platveodon grandiflormm) was isolated from naturally
infected roots. The microbial characteristics of the isolated
microorganism were similar to those of Rhizoctonia solani.
About 500 bacterial species frorm field soils were screened
for a biological agenl against the above-mentioned putative
pathogen, and several bacteria with the antifungal activity
were isolated. Among them, (he isolated JS2 was identified as
FPseudomonas aeruginosa. This strain showed a broad spectrum
of antifungal activity polentially. When the antifungal substance
was purified [rom a broth cullure of JS2, it was identified as
2 4-diacetylphloroglucinel (Phl).
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Balloon flower (Plarvcodon grandiflorum) is widely
cultivated and used i EasL Asia as a remedy for asthma
and also consumed as a vegetable [17]. The plant is prone
to several known diseases such as stem rot, Anthracnose,
and Fusarivm wilt [16]. However, root rot, which causes
serious problems for the cultivation of balloon flower, had
not been described untl recently, and its cause has not vet
been scientifically investigated. Balloon flower root rot is
thought 1o be caused by some kind of soil sickness that
develops because of continuous croppng, and mainly affects
on the 3- to 5-year-old roots (personal communication). In
fact, the predominant symptom of soil sickness is root rot,
and Rhizoctonia is the most commen pathogen to cause it.

Occasional root rol outbreaks caused by Rhizoctonia
solani are difficult o control with chemicals. Furthermore,
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medicinal crops have wradilionally been cultivated withowt
the use of chemicals. Thus, a new straiegy to control the
pathogen causing balloon flower root rot is urgently needed.
The maost desirable method of control would be the use of a
biological agent, and attempts to develop biological controls
of plant pathogens have attracted the interesi of an increasing
number of scientists over the last 25 to 3(} years [4].
Biocontrol mechanisms are generally classified based on their
mode of action: such as competition for mulrition, parasitism/
predation, and antibiosis [1, 8. 14,19, 24]. Antibiosis is
regarded as the single major nmportant biological control
mechamsm. It is based on the inhibition of undesirable
organisms by antibiotics and. consequently, competing
microorganisms gain an advantage in the competition for
nutrients and spaces within an ecological niche [20].

The present paper reports on the isolation of the fungus
from naturally infected roots that causes halloon flower root
rot, Antifungal bacteria were then screened for a biocontrel
agent. A bacterium found to be suitable was identified and
characterized, and the structure of its antifungal substance
was identified using spectrometric techuiques such ag UV,
FT-IR, FAB-MS, EI-MS, and FT-NMR spectroscopy.

MATERIALS AND METHODS

Microorganisms, Culture, and Growth Conditions

The phytopathogenic fungi Pvtfiwm wltirrn, Phytophthora
capsici, and Fusariwm oxysporum, and the bacteria
Pseudomonas putida and Escherichia coli were kindly
provided by the Laboratory of Phytopathology. Kyungnam
Agricultural Research and Extension Services. Chinju,
Karea. The plant pathogenic fungi were maintained on potato
dextrose agar (FDA), Escherichia coli was on Luria-Bertani
agar, and Fseadomonas spp. were on Pseudomanas agar F
{PAF).
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Isolation of Phyiopathogens

Afflicted balloon flower roots were collecled from two
fields, which continuously cultivaie balloon flower, at Aneui-
Myun, Hamyang-Kun and Daepyung-Myun. Chinju, Korea.
Samples were prepared from affected tissue as described
previously [22, 23], maintained on PDA supplemented with
streplomycin (100 mg/L), and ncubated at 28°C for 3 days.
The isolated [ungi were stored at 5°C for storage and
further study.

Pathogenicity Test of R. solani

For inoculation in the laboratory, a sclerotivm sample of an
isolated fungus grown on PDA at 27°C for 9 days was
placed on the top part of the root of a 3-year-old intact
balloon flower. The inoculated root was then left in a green
house controlled at 25°C and 95% relative humidity. For
conirol samples, uninoculated ballaon flower roots were
observed under the same conditions as above.

Screening of Bacteria for Antifungal Activity

Ten-grams of every field seil sample collected from 50
regions in Kyongnam Province, Korea was mixed with
100 m of 0.1% Tween20) in distilled water (v/y) and shaken
at 28°C for 30 min. The suspensions were then serially
diluted and mixed with liquid phase PDA cooled to 45°C.
The solidified plates were incubated at 25°C for 2 days,
and single colonies were selected on the basis of their form
and color. An i virro bioassay to test antagonistic properlies
agamnst the isolate of R selani was conducted on the
bacterial colonies, as previously described [3]. Selected
bacteria were {urther (ested [or antagonistic properties against
other phytopathogenic fungi including Pvthiwm ultinuemn,
Phytophthara capsici, and Fusayiuitt oxvsporunt.

Taxonomic Studies

The morphological and micrebiological characteristics of
the pathogenic fungus were identified under a microscope.
Sclerotia obtained from 10-day-old PDA cultures and stained
with cotton blue in lactophenol were also examined. The
bacterial strain isolated with a biologically active agent
towards the fungal control was isolated and identified with
the help of Bergey's Manual [10], MIDI™ (version 3.6 aerabic
library:microbial ID. Inc.. Netwark, Del. U.S.A.), VITEK™
(bioMefrieux sa, Marcy-TIFtoile, France), and Biolog™ (Biolog
Inc., Hayward, CA, U.S. A} [12].

Bioassay for the Biocontrol Activity of JS2

The in vivo assay of oot rot suppression was conducted by
a slightly modified method of that previcusly published
[25]. Bottles of 2.5 cm (D) x16.5 cm (L) dimensions were
filled half-way with vermiculite (Fig. 3A). An inoculum
made from 3 g of sterile soil and 0.1 g of R solani
sclerotium was spread on top of the layer of vernmiculite
and then overlaid with about 10 g of sterile soil. Balloon

flower seeds were ther sown at a depth of 1.5 cm inlo the
soil, Three seeds were planted per hotile, and three replicates
were made per treaiment. Ten milliliters of tap water and
the 1S2 suspension culture (2x10° cells/ml) were added Lo
each bottle. and the bottles were placed in a growth
chamber kept at a relative humidity of 98%. lemperature of
25°C. and 12 h pholoperiod. Seeded boliles that received
the same weatment except lhe bacterial moculun and
battles that received only the seeds served as the control.

Purification and Structural Analysis of Antifungal
Substance

The supernatant of broth culiured JS2 was extracted with an
equal volume of chlorolorm, and the extract was concentrated.
Subsequently, the chloroform fraction was purified by
column chiromatography with silicagel and preparative TLC
plate. At each step of the purification, the fraclions were
tesled for biological activity against R. solani by a paper
disk assay procedure [9. 11]. Finally. a HPLC was performed
using an HP1100 HPLC apparatus (Hewlett Packard, U.S.A))
and reverse phase column {ODS Hypersil 5 um, C,; 200x
4.6 mm, Hewletl Packard, U.S.A.) fo conlirm its purity.
The saucture of the purified aniifimgal material was then
examined using an BFI-MS (VG70-VSEQ spectromeler, VG
ANALYTICAL, UK.). NMR (BRUKER, Germany), FT-TR
(IFS, BRUKER, Germany), and UV spectroscopy (HP8452A,
Hewletlt Packard, U.5.A) [18].

Determination of Antifungal Potency

The purified antifungal compound was dissolved in ethanol
and added to the growth media at concentrations ranging
from 010 1.021 ug/ml. For controls, the medium contained
only 0.1% (v/v) ethano! without aniifungal compound. A
6 mm plug of a 3-week-old PDA culture of one of the
various fungi tested was placed in the center of each malt
agar plaie, and the plates were then 1ncubaled at 27°C in
the dark. After 7 days. the mycelial growth was measured
[13].

REsSULTS

Tdentification of the Pathogen of Balloon Flower Root
Rot

The affected balloon flower roots were collected in late
aotumn from several fields near Chinju and Hamyang,
Korea. The isolated fungus from the diseased roots
reproduced naturailly-occurring typical symptonis in an
artificial inoculation test performed in the laboratory {data
not shown). After two weeks, the shool languished and
the root siarted to rot gradually, having a dark brown
appearance. Thus, R. solani was shown to have a very
potent pathogenicily towards the balloon flower plant. The
fungus existed as a sterile mycelivm with a pale brown



Fig. 1. Structural characteristics of isolated Rhizoctonia solani.

A, surface of sclerolium B, mucroscopic siruclures of hyphae (M,
monillicid celi; —., constricted hyphae)

color while il was still young, and then tuned to a more
brown color as it aged. The mycelium produced branches
that grew at approximate right angles to the main hyphae.
These hyphae were constricted at the junction. and cross
wall occwrred near the junction, The fungus produced
sclerotia-like turfs of ovale, and black cells and monillioid
cells when grown on PDA for 10 days at 28°C (Fig. [B). The
structires on the surface and in the core of (he sclerotium
were not histologically distinct (Fig. 1A). The optimal
temperature for the growth of the isolated fungus on PDA was
28 10 29°C. The fungus grew about 2.5 cm a day on PDA at
29°C. The mycelial structures and physiological properties of
the isolated fungus thus resembled those of a typical R. solani.

Screening for Bacteria with Antibiotic Activity against
Fungal Phytopathogens

Nearly 500 bacterial isolates from field soils were screened
for their color and morphology. About 30% exhibited
anlifungal activity against R. solani. Several of these
antifungal bacteria were selected (Table 1). as well as two
strains with a broad spectrum of antifungal activity in in vitro
lests, designated as JS2 and JS4. These bacteria exhibited a
strong antifungal effect on several major phytopathogens
including Pvihium ultimin, Phytophthora capsici, and
Fusarium oxysporunt as well as R. solant (Fig. 2). The JS2
was chosen for further in-depth studies.
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Table 1. fr vitro inhibitory activity agamnst root pathogens by
Psendomonas sp isolates

Isolate Rht’zocz‘ofna Fusarium Pyr‘h.frrm Ph_\'rophlz‘h.om
solani OXySporum  uliimum capsici

Control N/A N/A NIA N/A
IS1 5 5 2 4
IS2 7 0 5 9]
JS3 5 4 1 4
54 9 8 4 3
1S5 5 6 2 5
IS6 6 4 ] 4
IS7 5 3] 1 6
IS8 6 4 3 4
Js9 5 5 1 5
IS10 5 4 2 4
PF1 5 3 3 5
PF2 3] 6 1] 4

» Abbreviated as follows; N/A, nat assaycd.
* Anulungal activity was measured based on the width of the clear zone
between (he fungal pathogen and the bacterial colony.

Fig. 2. Antagonistic activily of Pseudomongs sp. against the
pithogen cavsing balloon flower 1oot rot (B) and three other
major plant pathogens: Pyfumm ultimum (A), Phytophthora
capsict (C), Fusarium ovvsporion (D), and (a) E. celi. {s)]
Pseidomonas putida. (¢) 154, and (d) JS2.

Identification of Isolate JS2 as Peudomonas aeruginosa
The JS2 exhibited a gram-negative and oxidase-positive
reaction and was strictly aerobic. It produced a diffusible
greenish-yellow [luorescing pigment on a PAF medium
(Difco), however. it did not produce pyocyanine on a PAP
medium (Difco). Based on a 49% similarity. the Biolog
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Table 2. Comparison ol bacteriological characieristics of JS2
with descriptions of Pseudomonas aeruginosa.

Pendomonas

Isolate 152 ,
aeruginosa

Character

Gram slain - -
Aerobic growth
Fluorescent pigment
Oxidase reaction
Growth at 41°C -
Pyocysnin

+ + +
T

1

Utilization of:
L-arabinose - -
D-sorbitol - -
Trehalose
o-D-glucose
m-inositol
D-manose
D-manitol
Psicose
o-lactose -

+ + + + + +
+ o+ o+

~, no growth; +. normal growth, d. siram-dependent

system, which exploits the bacterial utlization patterns of
various carbon sources, identified the 152 as Pseudomonas
aeruginosa (Table 2). In the VITEK system, the JS2 was
identified as P. aeruginosa with an 81% similarity (data not
shown). According to the above results, il was concluded
that the JS2 was probably Pseudomonas aeruginosa.
However, the MIDT system, which compares the fatty acid
membranes compositions, was unable to identify the J82.

Antagonistic Activity of the JS2 in In Vive Tests

The J82 significantly suppressed balloon flower root rot
in the bottle assay. The seedlings potted in seoil. which
were not treated with the JS2 but inoculated with R
solani, germinated completely, vet languished and died
soon after (Fig. 3-B1). The seedlings grown in soil treated
with JS2 and R. solami (Fig. 3-B2) remained healthy
and grew more quickly than those m the non-treated soil
(Fig. 3-B3).

Isolation and Identification of Antifungal Compound

About 35 mg of the pure antifungal substance was isclated
using column chromatography and preparative TLC from
a 100 liters JS2 culture. The compound showing a single
peak on HPLC chromatogram was subjected to 'H-NMR,
“C.NMR, infrared, UV, and EI mass spectroscopies. The
spectroscopic data of this compound were as follows:
[R(KBr) 3625, 3013, 2924. {737, cm™; UV(MeOH) Amax
270, 330 nm; 'H-NMR (500 MHz) & 2.64(s.6H), 6.23(s, [H);
“C-NMR(125 MHz) 8 33.4, 96.1, 105.3. 170.6, 173.0, 205.6;
EI-Mass 210(M", 87), 195(100), 177(86), 149 17), 67(33).
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Fig. 3. Suppressive activity of strain IS2 against Rhizocionia
solani in botile tests.

A, bottle for test; B1, pathogen only, B2, pathogen + stiain JS2; B3
untreated conltrol.

0 OH O

HO OH

Fig. 4. Structwral formula of the 2.4-diacetylphloroglucinel.

These data were in agreement with previously published
data [7]. It was, therefore, concluded thal the antifungal
substance derived from JS2 was 2,4-diacetylphloroghucinol
(Phl} (Fig. 4).

Antifungal Activity of Paritied Phl

The antilfongal compound exhibited a moderate antibiotic
activity against soilborn fungal phytopathogens (Table 3).
The 1, of Fusarium oxvsporum was 17 pg/ml and I, was



Table 3. Antifungal activity of Phl against several phytopathogenic

fungi.
Fungus MICs (ug/ml)*
Tested L, L
Fusarium oxysporuin 17 129
Phyytiven ultimmm 66 130
Rhizoctonia solani 66 129
Phytophthora capsici 35 120

*MICs arc defined as the mimimal concentration of Phl causing 50% (I..) or
total (1) inhibivon of fungal growth on walt agar after 7 days,

129 ng/ml, respectively. Phviiwm ultimum and R. solani
had similar sensitivities. These results are in agrecment
with previous report [13].

DISCUSSION

Generally, balloon flower root rot occurs concomitantly
with stem rol. and it is still unclear which part of the plant
firgt exhibits the symptoms of infection. In the early stage.
the interface between the stem and the root is infected firsi,
and most of the upper part of the root is infected with the
pathogen early on. Once the pathogen has infected the
balloon flower root, the shoot languishes, and it eventually
rots off. This disease proceeds during summer o early
winter until the whole root is {inaily rotten, The R. solani
infection of balloon flower roots in test pots produced
symptoms nearly identical to those of naturally-occurring
balloon flower root rot in the field. These cbservations.
therefore, strongly suggest that R. solani plays a major role
during the occurrence of balloon flower root rot in the field.

Soil was collected from the field after harvest m late
November to search for a biclogical agent that could
control K. solani. This strategy was based on the principle
that eftective antagonists could generally be found in local
soeils and. even more likely, be associated with local crop
plants. Among the bacteria isolated as biological agents,
many of them belonged (o the genus Bacillus, however,
most of them exhibited a relatively lower antifumgal
activity than Pseudomonas spp. Also, 1l has generally been
assumed that Pseudomonas spp. were efficiently colonized
i the rhizosphere [15]. The JS2 exhibited a broad
antifungal spectrum. and prevented the growth of major
phytopathogenic [angi such as Phytophthora capsici.
Fusarivm oxysporum, Pythiym ultinmon, and the isolated
R. golani. Many bacteria isolaled as potential biocontrol
agenfs exhibit pathogen-specific antifungal activity, however,
a broad antifungal spectrum is generally more desirable to
crop growers, The bioassay resuls, showing that the seedlings
grown in soil weated with JS2 and K. solani grew more
quickly than those of control, suggested that IS2 has not only
antagonistic activity, but also plant growth promoting activity.
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The J52 was identified as P aeruginosa. Previously, a P,
aernginose has been isolated as a biological species that
preduces the antifungal substance, phenazine [7]. However,
to our knowledge, this is the first teport on a £ aeruginosa
producing 2.4-diacetylphloroglucinol (Phl). The antifungal
substance produced by the JS2 strain was identified by
spectroscopy. The spectrograms obtained from UV, El-
MS, and "C-NMR were consistent with Phl [6]. Phl was
{irst isolated as a phytotoxin [21] from Psewdomonas
fluorescens, and it was later isolated as a major antibiotic
for the use of the biocontrol of bacteria. Three Phl
derivatives with antifungal activity against Cladosporium
herbarum have been isolaled from Helichrysum decumbens.
In addition, Cronin er af. [5] recently reported that Phl
exhibited anti-nematode activity both in vitro and in vive.
A phloroglucinol derivative with antifungal activity has
also been found in a plant [2], and this derivative is mainly
located in the surface layers of plant tissue and, thus. may
play avole as a first line of defense against fungal Tovasion.
This finding offers a possibility of creating transgenic
plants with resistance to phytopathogens. Studies on soil-
inhabiting antifungal agents are promising a great fotore n
biocontrol of environmental pollution, health, and labor
needs.
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