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Abstract. Mariastuti HD, Listiyowati S, Wahyudi AT. 2018. Antifungal activity of soybean rhizosphere actinomycetes producing
bioactive compounds against Fusarium oxysporum. Biodiversitas 19: 2127-2133. Actinomycetes are known as the most potential source
bioactive compounds. This research aimed to explore the potential of actinomycetes isolated from rhizosphere of soybean in antifungal
activity against Fusarium oxysporum, a pathogen causing damping off, wilt, and root rot in soybean. Of 18 actinomycetes isolates
tested, 9 isolates had antifungal activity against F. oxysporum in different inhibition percentages ranging from 38.69% to 73.50%. The
lowest and the highest inhibition percentage were performed by ARK 63 and ARK 94 respectively. As tested by compatibility assay, all
of isolates were compatible toward Bradyrhizobium japonicum, a symbiotic bacteria which colonized the soybean root confirmed by no
clear zone formed in the agar medium. The activity of 9 isolates was confirmed in sterile and nonsterile soil toward in planta test. All of
these isolates exhibited the consistent antifungal activity both in vitro and in planta. The diseases suppression in sterile soil was ranging
from 36% to 80.7% while in non-sterile soil was ranging from 67% to 100%. The highest disease suppression in sterile soil was
performed by ARK 17 while in non-sterile soil was performed by ARK 92 and ARK 94. Supporting the results, 5 crude extracts of the
potential isolates also showed the antifungal activity with inhibition percentage ranging from 19% to 54.09%. The highest inhibition
percentage was performed by ARK 94. ARK 94 showed consistent inhibition against F. oxysporum in vitro, in planta, and also in crude
extract assay. Chemical composition of crude extract derived from ARK 94 was identified by gas chromatography-mass spectrometry
(GC-MS) analysis. Among 12 major compounds, 7 compounds act as antifungal based on some references. Based on those potential
characters, this isolate is potential to be further developed as biocontrol agent.
Keywords: Antifungal activity, bioactive compounds, GC-MS, rhizosphere actinomycetes

INTRODUCTION
Soilborne fungal pathogen is one of serious crop
problems in Indonesia, particularly fungi infecting
soybean. Some phytopathogens including Aspergillus
niger, A. flavus, Fusarium spp., Penicillium sp.,
Cladosporium sp., Sclerotium rolfsii, Rhizoctonia solani,
Pythium sp., Phytophthora sp., and Rhizopus sp. were
reported to be the most common factor decreasing
soybean productivity (Semangun 2008). One of these
pathogens, F. oxysporum can survive in the soil, both as
mycelium and as spores in the absence of its hosts
(Agrios 2005). This fungus caused stunting in growth,
necrosis, and chlorosis of cotyledon, root rot, vascular
wilt, and damping-off of in soybean plant (Mbofung et
al. 2007). Previous studies reported that F. oxysporum
also caused wilt disease in chickpea (Gopalakrishnan et
al. 2011), Chinese cabbage (Khamna et al. 2009), and
cucumber wilt (Yang et al. 2011). Therefore, this
pathogen should be suppressed to improve soybean
productivity.
Presently, the use of chemical fungicide at a high
concentration may increase the resistance of the
pathogen and impact on non-target species. In short, the
chemical fungicide in a long-term would result in
another ecological problem (Haas et al. 2000). The
application of biological agent as biocontrol is widely

developed against pathogen in soybean. The effects tend
to be environmentally friendly and low-cost. Biological
control agent can potentially be isolated from
suppressive soil due to the existence of antagonistic
microorganisms as a natural competitor in the habitat,
especially
actinomycetes
(Mazzolla
2002).
Actinomycetes are also recognized for their ability to
colonize plants (Barakate et al. 2002). Actinomycetes
which colonized rhizosphere were able to improve plant
growth both by direct (by producing some
phytohormones and increasing soil nutrient availability)
and indirect mechanisms (by producing bioactive
compounds against pathogen).
Actinomycetes are known as a producer of potential
microbial bioactive compounds. From 500 bioactive
compounds identified, 45% were produced by
actinomycetes, 38% by fungi, and 17% by unicellular
bacteria as reported by Demain and Sanchez (2009).
These compounds have some biological antifungal
activities against F. oxysporum (Khamna et al. 2009),
Fusarium causing wilt in sorghum (Kavitha et al. 2010),
F. oxysporum f. sp. cubense race 4 (Zacky and Ting
2013), and F. graminearum causing head blight in the
grain of wheat and barley (Ito et al. 2012). In the
previous study, 18 actinomycetes isolates have
successfully been isolated from Sukabumi, West Java,
Indonesia (Kurniati 2017). These isolates attributed to
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plant growth promotion (PGP) character, including IAA
production, phosphate solubilization, nitrogen fixation,
and promotion soybean growth in vitro. The antifungal
activity against phytopathogen particularly F.
oxysporum has not been reported yet. Hence, in the
present study, 18 isolates of actinomycetes were screened
for actinomycetes that contain antagonistic potential
against F. oxysporum. The objective of this study was to
evaluate the capability of potential actinomycetes isolated
from soybean rhizosphere in inhibiting the growth of F.
oxysporum in vitro and in planta.
MATERIALS AND METHODS
Isolates preparation
A total of 18 actinomycetes isolates used in this study
have been isolated in the previous study (Kurniati 2017).
These isolates were routinely cultured on yeast malt agar
(ISP2) medium (yeast extract 4 g/L, malt extract 10 g/L,
glucose 4 g/L, agar 20 g/L). Fusarium oxysporum was
obtained from Department of Plant Protection, Bogor
Agricultural University, Indonesia. This fungal was recultured on potato dextrose agar (PDA) medium for 7 days.
Screening of antifungal activity from actinomycetes
against F. oxysporum
The screening was conducted in PDA medium by dual
culture method (Khare et al. 2010). The actinomycetes
were streaked 3 cm from the center of petri dish. After 48
hours, F. oxysporum was inoculated in the center of petri
dish (6 mm in diameter). The culture was then incubated
for 7 days at 28 oC. The antifungal activity was determined
by calculating the radial growth of hypha. This assay was
examined in 5 replicates. The inhibition percentage was
calculated by using the following formula :
Inhibition percentage = (D1 − D2)/ D1 × 100%
Where:
D1: the diameter of radial hypha in the edge of petri
dish (cm)
D2: the diameter of radial hypha close to actinomycetes
colony (cm)
Compatibility assay
The compatibility of actinomycetes isolates with
Bradyrhizobium japonicum was evaluated. This assay was
tested based on previous research conducted by Huddleston
et al. (1997). Melted yeast mannitol agar (YMA) medium
(yeast extract 0.5 g/L, mannitol 10 g/L, K2HPO4 0.5 g/L,
MgS04.7H2O 0.2 g/L, NaCl 0.1 g/L, agar 20 g/L) was
inoculated with 8% of 4-day-old B. japonicum then poured
into petri dish as basal layer. After the inoculated medium
was solid, a paper disk (6 mm in diameter) was placed onto
the medium. Nearly 10 µL of each actinomycetes culture
was dropped on the paper disk and incubated for 7 days.
The antagonistic interaction was indicated by the formation
of clear zone around the paper disk.

In planta test
The nine actinomycetes with antifungal property
against F. oxysporum in dual culture method were then
evaluated for their antifungal activity in the greenhouse.
The actinomycetes isolates were cultured on ISP4 agar
medium. The preparation consisted of 3 steps. The first
step was a soil preparation. The soil was composed of
ultisol soil, compost, and sand with a ratio of 2:1:1. The
soil served as sterile and non-sterile soil. The sterile soil
was autoclaved for 1 hour within 2 consecutive days at 121
o
C (Susilowati et al. 2011). The second step was preparing
the spores of F. oxysporum. F. oxysporum was cultured on
potato dextrose broth (PDB) medium supplemented with
rifampicin (50µg/mL). The culture was incubated for 7
days. A total spore of 103 CFU/mL was used for in planta
test and inoculated in the soils. The third step was
preparation of actinomycetes and the seed. The method of
seed coating based on previous research conducted by
Jogaiah et al. (2016). The isolates of actinomycetes on
ISP4 agar medium were scrapped to obtain the spores,
which were then collected in a 1.5 ml tube. The spores
were washed twice using NaCl 0.85% then centrifuged to
separate the cells. Pellet was mixed with carboxyl methyl
cellulose (CMC) 0.8% as a carrying medium. The soybean
seeds were sterilized in NaClO 1.5% and washed twice
using sterile distilled water. After sterilization, soybean
seeds were soaked in CMC medium for 3 hours in an
incubator shaker. Control seeds were soaked in the CMC
medium without actinomycetes spores. This assay was
served in 3 replicates. Each replicate consisted of 5 plants.
At 7 days after planting, the disease suppression was
calculated using the formula of Wiyono (2003):
Disease suppression = (X – C+)/(C- – C+) x 100%
Where:
X: number of uninfected plants in treatments with
actinomycetes and F. oxysporum
C-: number of uninfected plants in treatment without
actinomycetes and F. oxysporum
C+: number of uninfected plants in treatment with F.
oxysporum, but not treated with actinomycetes
Antifungal activity of crude extract assay
Five potential isolates of actinomycetes toward F.
oxysporum (as screened in in planta test) were cultured on
ISP2 broth medium at 28 oC for 10 days in the incubator
shaker. The centrifugation was conducted to separate
supernatant from the cells. The centrifugation was
performed at 4000 rpm and 4 oC for 15 minutes. Ethyl
acetate then was added to the supernatant (v/v; 1:1). It was
then shaken continuously for 30 minutes. The solvent was
evaporated at 50 oC to obtain the crude extract. To evaluate
the extract in the activity against F. oxysporum, the extract
was diluted in dimethyl sulfoxide (DMSO) until 5000 ppm
in concentration. Each extract was mixed with melted PDA
medium and poured into petri dish. After medium was
solid, hypha of F. oxysporum was placed on it. Control
treatment was served by inoculating F. oxysporum on the
PDA medium contained DMSO only (v/v; 20:1). The
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treatment was served in 3 replicates. The incubation was
done for 7 days at room temperature. The inhibition
percentage was measured by comparing the diameter of
hyphal growth in the treatment and control.

Gas chromatography-mass spectrometry (GC-MS)
analysis

The most potential crude extract (ARK 94) in inhibiting
growth of F. oxysporum was identified by using GC-MS
analysis. The column used in HP-5MS (5% phenyl methyl
siloxane) capillary column of dimension 30.0 m× 250 µm×
0.25 µm and used helium as carrier gas at 1 mL/min. The
column temperature was initially at 40 oC for 10 minutes
then followed by an increase of 3 oC /min to 250 oC. The
temperature then was set isothermally for 5 minutes. The
MS was operating at 70 eV. The compounds then were
identified by comparison of their mass spectral data with
those from NIST 05 Spectral Library.
RESULTS AND DISCUSSION

Antifungal activity of actinomycetes in dual culture
method against F. oxysporum
Nine out of eighteen isolates of actinomycetes were
potential in inhibiting F. oxysporum. Hypha of F.
oxysporum was inhibited by actinomycetes colony as
shown by reducing growth of hypha which faced
actinomycetes colony (Figure 1). The highest inhibition
percentage was performed by ARK 94 (73.50%) and the
lowest one was performed by ARK 63 (38.69%) as shown
in (Table 1). However, 50% of isolates showed antifungal
activity against F. oxysporum.
Response of compatibility assays
The potential isolates of actinomycetes against F.
oxysporum showed compatibility toward Bradyrhizobium
japonicum. Based on this assay, all of the 9 isolates are
compatible with B. japonicum as indicated by no clear zone
formed (data not shown).
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Antifungal activity of actinomycetes isolates in the
greenhouse
All data showed disease suppression in both sterile and
non-sterile soils (Table 2). Consistently, the actinomycetes
isolates which have antifungal activity in vitro also
performed antifungal activity in the greenhouse. The
highest disease suppression was performed by ARK 17
(83%) in sterile soil and ARK 94 (100%) and ARK 92
(100%) in non-sterile soil. The disease suppression was
relatively higher in non-sterile soil than that in sterile soil.
The lowest disease suppression was shown by the same
isolate in both soils, ARK 103.
Antifungal activity of crude extract from actinomycetes
isolates
Five potential actinomycetes confirmed by in planta
test (ARK 13, ARK 17, ARK 68, ARK 92, and ARK 94)
were analyzed their crude extracts activity toward F.
oxysporum. The growth of F. oxysporum’s hypha was
inhibited by all of the 5 crude extracts in 5000 ppm
concentration (Figure 2). The highest inhibition percentage
was shown by ARK 94, which was 54.09%. F.
oxysporum’s hypa was smaller compared with control
treatment (DMSO only) (Figure 1).
Table 1. Antifungal activity of actinomycetes isolates against F.
oxysporum
Inhibition
percentage
ARK 13
51.25 ± 6.5
ARK 16
45.48 ± 1.5
ARK 17
38.81 ± 5.4
ARK 26
ARK 28
ARK 47
ARK 48
ARK 49
ARK 51
44.55 ± 5.3
Note:- : no antifungal activity

Isolate

Isolate

ARK 63
ARK 68
ARK 86
ARK 87
ARK 92
ARK 94
ARK 103
ARK 108
ARK 116

Inhibition
percentage
38.69 ± 9.7
70.43 ± 4.9
62.09 ± 3.4
73.50 ± 6.5
53.64 ± 8.8
-

Table 2. Antifungal activity of 9 actinomycetes isolates against F. oxysporum in the greenhouse
Treatment

Infected
plant
F. oxysporum
73
Control (without F. oxysporum and actinomycetes)
0
F. oxysporum +ARK 13
20
F. oxysporum +ARK 16
27
F. oxysporum +ARK 17
13
F. oxysporum +ARK 51
40
F. oxysporum + ARK 63
20
F. oxysporum + ARK 68
20
F. oxysporum + ARK 92
13
F. oxysporum + ARK 94
20
F. oxysporum + ARK 103
47
Note: *: The data was an average of 3 replicates in percentage

Sterile soil*
Uninfected
Disease
plant
suppression
27
100
80
72.3 ± 0.05
73
64.0 ± 0.13
87
83.3 ± 0.29
60
44.3 ± 0.98
80
72.3 ± 0.25
80
75.0 ± 0.25
87
80.7 ± 0.17
80
75.0 ± 0.25
53
36.0 ± 0.13

Infected
plant
60
0
13
20
7
20
20
7
0
0
20

Non sterile soil*
Uninfected
Disease
plant
suppression
40
100
87
78 ± 0.19
80
78 ± 0.19
93
89 ± 0.19
80
67 ± 0.34
80
67 ± 0.00
93
89 ± 0.19
100
100 ± 0.0
100
100 ± 0.0
80
67 ± 0.00
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Table 3. Chemical composition in the crude extract derived from an actinomycete ARK 94
Molecular Retention Peak Similarity
Bioactivity (References)
structure
time
area (%)
(%)
Benzene, ethenylC16H16
2.64
10.94
96
antibacterial, antifungal
(Al-Marzoqi et al. 2016)
2.4- Diphenyl- 1- butene
C16H16
9.60
3.48
64
antibacterial, antifungal
(Arbi et al. 2011)
Benzene, 1.1'-(1.2-cyclobutanediyl)bis-, transC16H16
9.86
5.04
90
antibacterial
(CAS)
(Ravichandiran et al. 2013)
Benzonitrile, m-phenethylC18H21N
14.25
17.59
27
antibacterial
(Dahpour et al. 2012)
1-(2-Methylprop-1-en-1-yl)-9H-pyrido[3.4-b]indole C15H14N2
14.88
14.08
83
anticancer (Khan et al. 2014)
antimalarial ( Kuo et al. 2004)
4-(Methylphenyl)indole
C15H13N
14.97
21.46
83
antibacterial, antiviral,
anticancer (Rao et al. 2011)
1.1-dicyano-2-methyl-3-(p-cyanophenyl)propene
C13H9N3
15.02
6.84
83
antifungal, insecticidal
(Kang et al. 2012; Lim et al. 2008)
1H-Indole, 2-methyl-3-phenylC15H13N
15.07
8.53
78
antifungal, antibacterial, antioxidant
( Oloyede et al. 2011)
2.5-Cyclohexadiene-1.4-dione, 2.3- dimethoxy-5-(1- C19H20O4
15.68
3.78
27
antifungal, antibacterial,
methyl-2-propenyl)-6-(phenylmethyl)anticancer
(Mohamed et al. 2015)
Nickel, [(1.2.5.6-.eta.)-1.5-cyclo
C14H30NP2 17.83
3.78
89
unknown
octadiene]bis(trimethylphosphine)2.3 Diphenyl cyclopropyl) methyl Phenyl
C22H20OS
15.85
1.34
16
antibacterial, antifungal
Sulfoxide,trans(Bayrak et al. 2009)
Benzaldehyde, 4-[1-[4-(acetyloxy)-3.5C20H22O7
17.27
1.71
25
antibacterial, antifungal
dimethoxyphenyl]ethoxy]-3-methoxy(Oloyede et al. 2011)
Chemical composition

A

B

C

D

Figure 1. Colony of F. oxysporum, (A) control, (B) antifungal activity of ARK 94, (C) on medium contained DMSO, (D) on medium
contained ARK 94 crude extract in 5000 ppm, after incubated on PDA at ± 28 oC for 7 days
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Figure 2. Inhibition percentage of crude extract from 5
actinomycetes isolates against F. oxysporum

Chemical compound of actinomycetes isolate ARK 94
The composition of chemical compounds in the ARK
94 was analyzed by GC-MS. The chemical compounds
were detected in the various retention time, peak area, and
similarity (Table 3). There were 12 major compounds in
the crude extract which had bioactivity based on some
references. Two compounds had high similarity including
Benzene, 1.1'-(1.2-cyclobutanediyl) bis-, trans- (CAS) and
Benzene, ethenyl with 90% and 96 % similarity
respectively.
Discussion
Soybean rhizosphere is a potential source of promising
actinomycetes in the protection of soybean plant against F.
oxysporum causing wilt root. Nine isolates (50%) out of 18
actinomycetes isolates, showed antifungal activity against
F. oxysporum in dual culture method (in vitro). The
differences of their antifungal activity indicate the chemical
diversity of antifungal compound produced by these
actinomycetes. Among 9 potential isolates in dual culture
method, 5 isolates exhibited inhibition against F.
oxysporum by up to 50% (ARK 13, ARK 68, ARK 92,
ARK 94, and ARK 103). Surprisingly, ARK 94 was able to
inhibit growth of F. oxysporum until 73.50%. These
potential isolates likely produced antifungal compounds so
that the radial hypha’s growth was inhibited. Production of
antibiotic, secretion of lytic enzymes in degrading fungal
cell wall, mycoparasitism, and competition for space and
nutrients were some possible mechanisms in biocontrol
reactions toward pathogen (Vinale et al. 2008). The
inhibition zone by actinomycetes isolates in our study
might suggest some diffusible inhibitory substances in the
medium that affected the growth of F. oxysporum’s hypha.
The activities of the 9 potential actinomycetes in dual
culture method were confirmed in the greenhouse by in
planta test in sterile and non-sterile soil. These activities
were shown by the number of uninfected plants which was
higher in both soils compared to positive control (seeds
was treated with F. oxysporum, but not treated with
actinomycetes). The number of uninfected plant in sterile
soil reached 53% to 87% meanwhile in non-sterile soil
reached 80% to 100% (Table 2). Consistently, 9 isolates
showed antifungal activity both in vitro and in planta,
suggesting that their antifungal activity was stable in both

ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d190619

conditions. Getha and Vikineswary (2002) reported that the
ability of actinomycetes in vitro will also have the same
effect in the in planta test. The antifungal activity was
shown by all isolates in protecting soybean confirmed that
microorganism isolated from a specific plant root or
rhizosphere provided better disease suppression when
applied in the same habitat. As previously reported by
Zhang et al. (2009), microorganism isolated from soil of
soybean had better protection from another microorganism
isolated from soil of corn against Fusarium root rots of
soybean.
Although the activity was stable against F. oxysporum
both in vitro and in planta, some isolates such as ARK 103
and ARK 17 showed different potential of antifungal
activity during in planta and in vitro test. The antifungal
activity of ARK 103 in the in vitro test was reached
53.64% inhibition compared to ARK 17 which only
reached 38.81% inhibition while the antifungal activity of
ARK 103 was poor during in planta test in both sterile and
non-sterile soils compared to ARK 17. ARK 17 performed
high disease suppression in both soils which reached up to
80% (83.3% in sterile soil and 89% in non-sterile soil)
while ARK 103 only performed 36% disease suppression
in sterile soil and 67% in non-sterile soil. This different
activity indicated some factors that influenced the
production of bioactive compounds. One factor might be
due to different medium content in both conditions.
Another factor might be due to differential survival and
colonization of actinomycetes isolates on soybean root. The
colonization on target sites was important in promoting
good protection by biological agent. The colonization
enhanced the contact between biological agent and
pathogen (Zhang et al. 2009). Considering the ability of
survival and the protection, ARK 17 was claimed more
stable and having high protection than ARK 103.
Most of actinomycetes isolates exhibited higher disease
suppression in non-sterile soil than in sterile soil. The
isolates performed 36% to 80.7% disease suppression in
sterile soil and 67% to 100% disease suppression in nonsterile soil. In addition, two actinomycetes isolated showed
100% disease suppression in non-sterile soil. They were
ARK 92 and ARK 94. The variation of the suppression
percentage which was higher in non-sterile than in sterile
soil indicating that the antifungal activity was possibly
affected by the growth condition, such as pH and content of
nutrient. The disease suppression in sterile soil might be
higher with some nutrients added like previous researches
using sterile soil in the greenhouse as reported by Hamdali
et al. (2008) and El-Tarabily et al. (2010). The soil was
determined its composition such as the total carbon (Ct),
nitrogen (Nt), soluble phosphorus content, and also soil pH
before the greenhouse treatment. The result showed a high
disease suppression in that soil against Phytium
aphanidermatum (El-Tarabily et al. 2010) and Phytium
ultimum (Hamdali et al. 2008).
García et al. (2010) stated that organic carbon will
affect microbial activity. The increasing of the organic
carbon in soil will improve the quantity and quality of
microorganism. In this study, the nutrient content such as
organic carbon might be different from sterile and non-
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sterile soil caused by sterilization process. The nutrient in
sterile soil might be lower than in non-sterile soil and affect
the antifungal compound pathway. Another aspect is the
existence of soil microbiome. Non-sterile soil provides
some beneficial indigenous microbes that may positively
increase the growth of plant while in sterile soil, these
beneficial microbes were killed or eliminated. Goudjal et
al. (2014) also stated that indigenous microbes in nonsterile soil might interact with introduced actinomycetes to
enhance the antifungal activity. In instance, the soil
condition likely affects the effectiveness of disease
suppression by actinomycetes.
Extracts of potential actinomycetes performed
antifungal activity against the growth of F. oxysporum
hypha in various inhibition percentages in ranging from
19% to 54.09%. The antifungal activity of the isolates
extracts indicating that the antifungal compounds were
extracellularly secreted. The extract was diffusible into
medium so that the F. oxysporum’s growth was inhibited.
Preceding study also reported the activity of Streptomyces
plicatus in inhibiting 80-100% the growth of Phytophthora
infestans and Sclerotium rolfsii at the concentration of
2000-5000 ppm (Sinha et al. 2014). Zacky and Ting (2013)
also emphasized that the dilution of crude extract would
affect the biological control against pathogenic fungi.
Purification and elucidation of that extract are necessary to
improve its antifungal activity.
Metabolites extracted from ARK 94 contained 12 types
as dominant chemical compounds. Seven compounds were
identified as Benzene, ethenyl-, 2.4- Diphenyl- 1- butene,
1.1-dicyano-2-methyl-3-(p-cyanophenyl) propene, 1HIndole, 2-methyl-3-phenyl-, 2.5-Cyclohexadiene-1.4-dione,
2.3- dimethoxy-5-(1-methyl-2-propenyl)-6-(phenylmethyl),
2.3 Diphenyl cyclopropyl) methyl Phenyl Sulfoxide,trans-,
and
Benzaldehyde,
4-[1-[4-(acetyloxy)-3.5dimethoxyphenyl] ethoxy]- 3-methoxy. These compounds
act as antifungal as well as antibacterial, anticancer,
antioxidant, and insecticidal (Table 3). There were 2
compounds with similarities 90% and 96%, Benzene, 1.1'(1.2-cyclobutanediyl) bis-, trans- (CAS) and Benzene,
ethenyl. Other compounds showed lower similarity (16%),
suggesting the novelty of the compounds. Therefore,
further research is needed to identify this compound.
Based on the results of this study, actinomycetes has
great potency as a biocontrol agent for soybean plant
against F. oxysporum. A total of 9 from 18 isolates of
actinomycetes showed antifungal activity against F.
oxysporum both in vitro and in planta test. Consistently,
ARK 94, the most potential isolate performed the highest
antifungal activity in vitro, in planta, and crude extract
assay. ARK 94 crude extract contained 12 major
compounds which 7 compounds were confirmed as
antifungal. Our results strongly indicate that the activity of
antifungal is caused by these chemical compositions. This
study provides further possibilities to analyze novel
bioactive compound in various approaches.
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