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Abstract. Wati C, Nawangsih AA, Wahyudi AT, Wiyono S, Munif A. 2023. Diversity of phyllospheric Actinomycetes in Liliaceae plants
and their potential as growth inhibitors of Alternaria porri. Biodiversitas 24: 5234-5242. Actinomycetes are microorganisms belonging
to a group of Gram-positive bacteria, that have the potential to act as biological control agents against various plant pathogens.
Phyllospheric Actinomycetes particularly, can inhibit growth of various microorganisms, such as the fungus Alternaria porri Ell. Cif.,
which causes purple blotch disease in the shallot plants. These microbes thrive on the surface of leaves, particularly in plants belonging
to Liliaceae family. Environmental conditions have been proven to greatly affect their diversity. Present investigation aims to determine
diversity of phyllospheric Actinomycetes from Liliaceae plants and their potential to inhibit growth of A. porri. The methods used were
to investigate, characterize, and quantify isolates from Liliaceae plants. An antagonistic test was conducted on the isolates to examine
the proportion of A. porri fungus growth inhibition. The results showed that plants species Allium fistulosum and A. tuberosum were the
most common hosts for phyllospheric actinomycetes. Morphological differences were found in shape, color, elevation, edges, surface,
and hyphae size, as well as the type of spore violation. The surface texture of colonies was smooth, rough, powdery, and opaque, usually
appearing after 7-12 days of isolation. The isolates also inhibited growth of A. porri, causing the mycelium thins, and a clear zone of
inhibition between pathogens and Actinomycetes forms. Isolates BCW9 caused the highest suppression of fungus growth 57.78%. This
study is the first experiment to evaluate the diversity of phyllosphere Actinomycetes from Liliaceae plants, which are able to control
purple blotch disease caused by A. porri in Indonesia. The phyllospheric Actinomycetes were isolated from the same habitat of A. porri.
These investigation show the prospect of phyllospheric Actinomycetes as biocontrol agents against another fungal diseases on leaves of
another plants.
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INTRODUCTION Sukmawaty et al. 2020). Furthermore, Actinomycetes

colonies are generally round in shape with prominent and

Actinomycetes are Gram-positive bacteria with high
guanine and cytokinin content, belonging to the phylum
Actinobacteria, which have a widespread distribution. The
phylum Actinobacteria has five subclasses, six orders, and
14 suborders, with enormous diversity in terms of
morphology, physiology, and metabolism (Anandan et al.
2016; Barka et al. 2016). One of the common habitats of
Actinomycetes is the phyllosphere, which refers to the
surface of plants [caulosphere (stems), phylloplane
(leaves), anthosphere (flowers), and carposphere (fruits)].
Environmental conditions greatly affect the diversity of
actinomycetes, such as biological, chemical, and physical
factors.

Actinomycetes are unicellular microorganisms that
share general characteristics with bacteria and fungus
groups but also have distinct features such as the absence
of cell walls. The mycelium (air and substrate) are not
insulated and have a slimmer size compared to those of
fungus. Air mycelium has a flat-convex surface and is
powdery, while substrate mycelium adheres firmly to the
surface of the media (Anandan et al. 2016; Li et al. 2016;

convex elevations, irregularly flat edges, with smooth,
rough, or wrinkled surfaces (Li et al. 2016). As the colony
grows, characteristic clumps of aerial, granular, and
powdery hyphae are formed (Sulistyani and Akbar 2014;
Sukmawaty et al. 2020). The powdery surface is a hyphae
collection with many asexual spores for reproduction.
Mature  Actinomycetes colonies have a powdery
appearance, while the young ones consist only of hyphae,
resembling bacteria with a round, convex, and smooth
surface firmly attached to the agar medium.

The Actinomycetes acquired in this study are biocontrol
agents isolated from the phyllosphere of different plants in
the Liliaceae family. The actinomycetes have the ability to
inhibit the growth of Alternaria porri Ell. Cif. Phyllosphere
is the portion of plants above the Earth, specifically the
leaves, which serves as a habitat of numerous
microorganisms (Sivakumar et al. 2020). The pathogen A.
porri is a fungus that affects the leaves of shallot plants,
which are members of the Liliaceae family. No research
has been conducted regarding the diversity of phyllospheric
Actinomycetes of Liliaceae and their potential to suppress
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purple blotch disease on shallot. Nanda et al. (2016)
reported that this disease affects plant leaves and interferes
with photosynthesis, especially when tubers are forming,
resulting in yield losses that can range from 2.5% to 97%.
The results of this study are interesting because they show
that the phyllospheric Actinomycetes used as biocontrol
agents isolated from the same habitat with the target
pathogen.

Fardiyanti et al. (2021), reported 11 species of
Actinomycetes from the rhizosphere of Liliaceae plants,
but without evaluation the potential as biocontrol agents.
Studied conducted by Wijayanti et al. (2021) found that 43
isolates of Actinomycetes were successfully isolated from
the rhizosphere of Liliaceae plants. Among them, 14
isolates were able to inhibit the growth of Fusarium
oxysporum f. sp. cepae by 3.67-53.67%. Yanti et al. (2023)
reported that 12 rhizosphere actinomycete isolates from
shallot were able to suppress A. porri with range of 4.87-
63.77%. The phyllospheric Actinomycetes isolated from
the leaves of another plants shown the potential as
biocontrol agents of Pyricularia oryzae, Xanthomonas
oryzae pv. oryzae, Escherichia coli, Staphylococcus
aureus, Klebsiella pneumonia, and Vibrio sp. (llsan et al.
2016; Harsonowati 2017; llsan et al. 2018).

Most biological control microorganisms that have been
isolated from soil are unable to be applied directly on
leaves. The failure of root colonizers like Rhizobium and
Azospirillum to settle on the leaves is proof that the
bacterial communities of the roots and leaves have different
compositions (Lindow and Brandl 2003). This discovery
has expanded the possibilities of using phyllospheric
Actinomycetes as biocontrol agents against fungal diseases
that attack leaves.

Actinomycetes serve various roles in the environment,
such as producing phytohormones, acting as phosphate
solubilizers, fixing nitrogen, producing indole-3-acetic acid
(IAA), and generating siderophores (Kunova et al. 2016;
Fatmawati et al. 2019; Wahyudi et al. 2019). Other
functions include producing secondary metabolites,
competing with other microorganisms, acting as a parasite,
and inducing plant resistance. Actinomycetes generate
antibacterial, antifungus, and hydrolytic enzymes such as
chitinase, lipase, protease, and p-1.3 glucanase
(Gopalakrishnan et al. 2013; Sreevidya et al. 2016; Fatimah
et al. 2022). Streptomyces griseus and S. albolongus are
phyllospheric Actinomycetes that produce polyketide and
peptide bioactive compounds with antifungus activity
(Harsonowati  2017). These bioactive compounds and
hydrolytic enzymes can inhibit fungus growth by causing
cell wall damage, cytoplasmic coagulation, inhibition of
conidia germination, and elongation of the mycelium
(Helal 2017). Therefore, this study aims to determine the
diversity of phyllospheric Actinomycetes from Liliaceae
plants and their potential as a biocontrol agent capable of
inhibiting the growth of A. porri, which causes purple
blotch disease in shallot plants.
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MATERIALS AND METHODS

Isolation of Actinomycetes from Liliaceae plants
Actinomycetes were isolated from the leaves of healthy
Liliaceae plants among diseased plants. The Liliaceae plant
leaves weighing 10 g were heated for 15 min at 70°C. After
being heated, leaves of Liliaceae plants are inserted in a
bottle with 90 mL of sterile physiological salt, and
homogenized for an hour. Isolation was carried out using
the spread plate technique, with three different media
namely humic acid vitamin agar (HVA), water yeast
extract (WYE), and starch casein agar (SCA). HVA was
composed of g/L: CaCOs 0.02 g, Na;HPO, 0.5 g, KCI 1.71
g, MgS0, 0.05 g, FeSO.4 0.01 g, agar 20 g, humic Acid 40
mL (1 g of humic acid is added to 40 mL of NaOH 0.4%),
Vitamin B 5 mL (Vit. B 0.25 g mixed into 200 mL of
distilled sterile water) (Hayakawa and Nonomura 1987).
WYE was composed of g/L: yeast extract 0.25 g, K;HPO4
0.5 g, and agar 18 g (Jiang et al. 2016), while SCA was
composed of g/L: starch 10 g, casein 0.3 g, KNOs 2 g,
NaCl 2 g, K;HPO4 2 g, MgS04.7H,0 0.05 g, CaCO;3 0.02
0, FeS04.7H20 0.01 g, and agar 18 g (Kuster and Williams
1964). Nalidixic acid and cycloheximide were added at a
concentration of 50 ppm to all isolation media. The growth
of isolates was observed after 1-2 weeks of incubation.
Actinomycetes isolates with different colors and colony
shapes were purified on ISP2 media (International
Streptomyces Project 2). The following composition g/L.:
yeast extract 4 g, malt extract 10 g, glucose 4 g, and agar
20 g, incubated at 28°C. Samples of Actinomycetes were
purified until a single colony was obtained (Ni et al. 2021).

Characterization of phyllospheric Actinomycetes of
Liliaceae plants

The macroscopic morphological characteristics of
single colonies of Actinomycetes were observed, which
included colony color, colony shape, height, and colony
surface. Additionally, using a light microscope with 1000x
magnification, the microscopic features of Actinomycetes
were also observed, including the mycelium form of
actinomycete isolates. The diversity of Actinomycetes
populations was obtained through the exploration of
various Liliaceae plants, which were differentiated based
on the morphospecies of the Actinomycetes. The
environment around the sampling location was also
observed. The Shannon-Wiener (H"), evenness (E), and
dominance index (C) were used to calculate the diversity of
actinomycete populations.

Hypersensitivity assay on tobacco

Hypersensitivity assay on tobacco leaves to determine
whether it was a general plant pathogen. Actinomycetes
isolates were grown on liquid ISP2 media with an
incubation period of 7 days at 28°C on a shaker with a
speed of 150 rpm. The liquid culture was injected into the
underside of the tobacco leaf, which was the part between
the two major veins, using a sterile syringe (Wiraswati et
al. 2019). The positive control was Xanthomonas oryzae
p.v. oryzae, while the negative was Streptomyces rameus.
The observation was carried out by looking out for necrosis
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in the tissue of the injected leaf. Symptoms of necrosis
indicated that Actinomycetes isolates injected had the
potential to be plant pathogens.

Pathogenicity assay on shallot

The Actinomycetes were evaluated for their pathogenic
character ability through hypersensitivity assay on shallot
leaves. Actinomycetes isolates were grown on a liquid 1SP2
medium with a colony density of 108 CFU/mL, and inoculated
on the leaves of shallot, utilizing the spray technique (Hersanti
et al. 2019). The shallot plants that were two weeks old had
their leaves punctured with sterile needles and then each plant
was sprayed with 5 mL of Actinomycetes suspension. The
plants were incubated for 14 days in the greenhouse.
Observations were made by examining the presence or
absence of necrosis. The symptoms of necrosis that appeared
on the leaf tissue indicated that the actinomycete isolate tested
was pathogenic to shallot.

Blood hemolysis assay

Seven days old of Actinomycetes were inoculated to the
blood agar medium which contained 5% sheep blood and
2.5% NacCl, and then incubated for three days at 28°C. The
formation of a clear zone around the colony indicated
hemolytic activity (hemolysin production), demonstrating
that Actinomycetes were able as pathogenic to humans and
animals (Bernal et al. 2015).

Actinomycetes antagonism assay against Alternaria porri

The Actinomycetes antagonists assay in vitro against A.
porri was conducted using the dual culture method
according to Bonaldi et al. (2014) with slight modifications.
The Actinomycetes isolated seven days old were scratched
on the edge of potato dextrose agar (PDA) media, 2.12 cm
from the center of the Petri dish. After three days, A. porri
isolates seven days old, were inoculated into the center of
the media, then incubated for four days at 28°C. Each
treatment was repeated three times, then the percentage
inhibition of the fungus radial growth was calculated using
the formula according to Dikin et al. (2006) with slight
modifications as follows:

(B -4)
B

Inhibition persentage (%) = x100%

Where:
A = diameter mycelium of the fungal (treatment)
B = diameter mycelium of the fungal (control)
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Data analysis

Research was conducted using randomised complete
design with three replication. The parameter observed was
the percentage inhibition of fungal mycelium growth. Data
were analyzed using analysis of variance (ANOVA). If the
data is significantly different, it is continued with an
honestly significant difference (HSD) at the 5% level.

RESULTS AND DISCUSSION

Diversity of phyllospheric Actinomycetes of Liliaceae plants

The ten efficient Actinomycetes were selected based on
the 10 highest results in the inhibition test using the dual
culture method, from the total of 26 isolates tested. Several
isolates were found to have morphological differences in
color, shape, height, edges, colony surface, size, and type of
spore chain (Figure 1). Different morphological characteristics
include wrinkled, L-shaped, complex, and round colonies with
stringy edges. There are also colony borders such as curved,
whole, filiform, and wavy. The elevation forms include
umbonation, flat, medium growth, like a water drop, and hilly.
The surface is irregular, wavy, smooth, hairy, branched, and
pitted, while the color ranges between orange, white, and
blackish gray. Apart from that, the size is between 1.65 mm
and 6.09 mm with a scale of 2 mm (Table 1).

Table 2. Micromorphological characteristics of phyllospheric
Actinomycetes of Liliaceae

Code Diameter of Hyphae (um)  Spore chains form
BBW12 1.01 Rx
BBW14 1.36 Rx
BCW9 1.15 Rx
CES25 0.71 Rt
CFS28 0.90 Rx
AHS199 1.60 Rx
AHS190 2.30 Rx
AHW173 1.01 Sp
AHW161 2.05 Rx
AHS176 1.28 Rx

Note: spiral spore chain shape (Sp), retinaculiaperti (Rt), and
rectiflexibles (Rx), using 200x magnification

Table 1. Macromorphological characteristics of phyllospheric Actinomycetes of Liliaceae

Code Colony color Form Colony edge Elevation Colony surface (Size)
mm

BBW12 Orange Wrinkled Curled Umbonate Irregular 3.51
BBW14 Orange Wrinkled Curled Umbonate Wavy 3.32
BCW9 White Round Entire Flat Delicate 4.28
CES25 Blackish grey L shape Filiform In growing into medium  Wool 2.11
CFS28 Orange Wrinkled Curled Umbonate Irregular 2.38
AHS199  White Complex Undulate Umbonate Wavy 6.09
AHS190  White Round with stringy edges ~ Filiform Drop-like Branch 1.65
AHW173  White Wrinkled Filiform Umbonate Wavy 5.39
AHW161  White Complex Curled Hilly Lobat 3.38
AHS176  White Complex Filiform Drop-like Wavy 2.10
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Figure 1. Macromorphological and micromorphological characteristics of phyllospheric Actinomycetes of Liliaceae on ISP2 media for
seven days of incubation period based on diversity of shapes, colony colors, and types of spore chains: rectiflexibles (Rx), spirals (Sp),
and retinaculiaperti (Rt). Isolates: A. BCW9, B. BBW12, C. BBW14, D. CES25, E. CFS28, F. AHW161, G. AHW173, H. AHS176, .

AHS190, J. AHS199

Actinomycetes had hyphae sizes ranging from 0.71 um-
2.30 um, as well as three forms of spore chains such as
spiral, retinaculiaperti, and rectiflexibles at 200x
magnification (Table 2).

Actinomycetes obtained had a variety of spore chain
types including spiral, retinaculiaperti, and rectiflexibles
(Figure 1).

Actinomycetes were isolated from twelve plant species
of the Liliaceae family, including Allium cepa, Hymenocallis
littoralis, H. occidentalis, Lilium longiflorum, A. tuberosum,
A. fistulosum, Eleutherine bulbosa, Hippeastrum vittatum,
H. puniceum, Agapanthus umbellatus, Zephyranthes
candida, and Z. rosea. The most common population was
found in A. fistulosum and A. tuberosum reaching 1.8x108
CFU/gram, while shallots (A. cepa) showed a slightly
lower abundance reaching 2.1x10° CFU/gram.
Furthermore, the five plant species isolated were L.
longiflorum, H. puniceum, A. umbellatus, Z. candida, and
Z. rosea (Figure 2A). Actinomycetes were isolated using
three different media and the highest abundance was found
in WYE of 1.80x10® CFU/gram, followed by SCA and

HVA with 1.8 x108 CFU/gram, and 1.39x10° CFU/gram
respectively (Figure 2B).

Three places make up the plant sampling area:
specifically, the lowland region in the Brebes region of
Central Java, which is the hub of shallot plantations; the
medium-land region in the Bogor region of West Java; and
the highland region in the Cianjur region of West Java.
Each of the 11 locations was taken from the Brebes area;
four locations were in the Bogor area; and two locations
were taken from the Cianjur area. Actinomycetes were not
found in several locations in the Wanasari District, Brebes
Regency, including Tanjung Sari, Duku Waringin,
Sawojajar, Pebatan, Klampok, Sigentong, Pesantunan
Village. Samples were also not found in Larangan District,
such as Siandong, and Forbidden Village. The highest
population abundance was identified in leek plants
originating from the Bogor Regency, namely Pasireurih
Village. Tamansari District (-6°38'13" S. 106°45'43" E.
276°), of 1.8x10® CFU/gram, and chives from Cibereum
Village, Cigenang District, Cianjur Regency (-6°47'27"
S.107°4'13' E. 863.7m. 154°), of 1.8x10% CFU/ gram,
followed by the fountain lily plants isolated from Gunung
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Malang Village, Tenjolraya District Bogor Regency (- Simpson dominance index C=0.96. This implied that the
6°39'27" S. 106°42'39" E. 628.7m. 177°), of 3.3x10° phyllospheric Actinomycetes diversity index in Liliaceae
CFU/gram (Figure 2C). The highest population based on  plants was categorized as low (H'<l), the distribution
the Shannon-Wiener diversity index analysis obtained evenness index was uneven (0.00-0.25), and the dominance
H'=0.13, the Pielou evenness index E= 0.04, and, the index was high (0.75<C<1).

Zephyranthes rosea Lindl.
Zephyvranthes candida Lindl.

Eleutherine bulbosa Mill. . =7 1.000

Allium fistulosum L. I | 80.018.000

Allium tuberosim  IEE— 1 30.000.000

Hippeastrum vittatum L'Hér. I, 1 3.000

Agapanthus umbellatus L'Herit.

Hymenocallis occidentalis Leconte. I 945.000

Hyvmenocallis littoralis Jacq. I 13.000

Hippeastrum puniceum Lam.

Lilium longiflorum Thunb.

Allium cepa L. I . 109.000

Humic Acid Vitamin Agar (HVA)
Strach Casein Agar (SCA)

Water yeast ekstract (WYE)

Ciputri Kee. Pacet Cianjur

Situgede Bogor Barat

Sitanggal Kec. Wanasari Kab. Brebes
Larangan Kec, Larangan Kab. Brebes
Siandong Kec Larangan Kab. Brebes
Pasireurih Kec. Tamansari Bogor
Cibereum Kec. Cigenang Cianjur
Gunung malang Kec. Tenjolraya Bogor
Siasem Kec. Wanasari Kab. Brebes
Pesantunan Kec. Wanasari Brebes
Sigentong Kec. Wanasari Brebes
Klampok Kec. Wanasari Brebes
Pebatan Kec. Wanasari Brebes
Sawojajar Kec. Wanasari Brebes
Duku Waringin Kec. Wanasari Brebes
Tanjung sari Kec Wanasari Brebes

Babakan Kec. Dramaga Bogor

WPopulation abundance cfu/ gram

A

I 139.000
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I 1 5.000
I 522,000

N 1 50.018.000
1 1 50.000.000
. 256000
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Figure 2. Population abundance of phyllospheric Actinomycetes of Liliaceae plants, (A) population abundance of Actinomycetes on
various Liliaceae plants, (B) population abundance of Actinomycetes based on the media type, (C) population abundance of

Actinomycetes based on region
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Figure 3. Growth inhibition of the mycelium of A. porri: A. control, B. BBW12, C. BBW14, D. BCW9, E. AHW173, F. CES25, G.
CFS28, H. AHS199, I. AHS190, J. AHW161, K. AHS176. 1. forming inhibition zone, 2. mycelia A. porri growing upwards, 3. mycelia
A. porri thinning due to Actinomycetes activity in the shallot phyllospheric which was incubated for seven days on PDA media.

Table 3. Results of the dual culture Actinomycetes assay on the
Alternaria porri

Colony Inhibition o
Code diameter (cm) rate (%) 'n_h'b't'fn

(T = SDV) (% + SDV) index

Control 45+0.10° 0.00 + 0.0082 -
BBW12 2.43+0.15% 45.93 + 3.39b¢ +++
BBW14 2.60 +0.10% 42.22 +2.22" +++
BCW9 1.90 £ 0.662 57.78 £ 14.60° +++
CES25 2.83+0.21° 37.04 +4.63°P +++
CFS28 2.40 £ 0.10% 46.67 + 2.22b¢ +++
AHS199 2.62 +0.15° 41.48 +3.39" +++
AHS190 2.72 +0.06" 39.26 +1.28°P +++
AHW173  2.70 +£0.10" 40.00 +2.22° +++
AHW161 2.73+0.15" 39.26 + 3.39°P +++
AHS176 2.80 +0.30" 37.78 +6.66°" +++

Note: the numbers in the same column follow the same letters,
showing that they are not significantly different based on HSD
test at the level of o = 5%. *Inhibition zone + = <20%; ++ = 20 -
30%; +++ =>30%

Hypersensitivity, hemolytic and pathogenicity reactions
phyllospheric Actinomycetes of Liliaceae

The results of hypersensitivity, hemolytic, and
pathogenicity assay on 60 Actinomycete isolates showed
that 24 isolates were positive for hypersensitivity to
tobacco. This isolate caused necrosis in tobacco leaves
after three days of inoculation. Infected leaves turn yellow
around the inoculation site, followed by the formation of
necrotic lesions, which change color to dark brown within
5-6 days after inoculation. Ten types of positive isolates
were pathogenicity, which caused the leaves of shallot to
become necrotic 5-6 days after inoculation. Furthermore,
among the isolates tested, five were positive for hemolysis,
which causes color changes or the formation of clear zones
around the colonies within 3-4 days after inoculation.

Antagonism ability of Actinomycetes in inhibiting
growth of Alternaria porri

The ten isolates displayed were the best isolates
selected based on the results of inhibiting the ten highest
isolates using the dual culture assay, which can inhibit the
growth of A. porri in vitro. Its antagonistic ability causes
the A. porri mycelium to thin, grow upwards, and form an
inhibitory zone between A. porri and Actinomycetes
(Figure 3).

The diameter of the inhibited colonies ranged from
1.90-2.83 cm, and it was significantly different compared
to the control, which was 4.50 cm. The smallest colony
diameter was 1.90 cm in isolate BCW9, but it was not
significantly different from isolates BBW12, BBW14, and
CFS28. The inhibition level of Actinomycetes isolates against
A. porri ranged from 37.04 to 57.58% indicating a strong
inhibition index (except control). The highest inhibition rate
reached 57.78% in isolate BCW9, but it was not
significantly different from BBW12 and CFS28 (Table 3).

Discussion

Actinomycetes were found to vary in shape, color,
elevation, edges, colony surface, size, hyphae size, and the
type of spore chain. The surface texture was smooth, rough,
powdery, and opaque. There are three different kinds of
spore chains: spiral, retinaculiaperti, and rectiflexibles.
Sulistyani and Akbar (2014) successfully isolated
Actinomycetes which had a rounded morphology with
raised and convex elevations, flat and irregular edges, as
well as smooth and rough or wrinkled surfaces. Astuty
(2017) also found samples with three types of spore chains,
namely rectiflexibles, retinaculiaperti, and spirals.
Furthermore, the observation results showed varying
colony colors due to the production of secondary
metabolites, especially pigments, as previously stated by
Rante et al. (2020). The differences in the pigment content
of the cells led to variations in the color, according to the
type of Actinomycetes strain.
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The purification test results of isolates aged 1-3 days
did not show any powder or flour on the surface and had a
slippery appearance resembling bacteria. However, old
colonies aged 4-7 days developed a rough texture, and
showed visible powder or flour on their surface, extending
up to 14 days, which indicated the production of spores.
Actinomycetes colonies with a mealy appearance at this
age indicated that their nutrients were running out, leading
to the formation of mycelia growing vertically on the
surface (Olanrewaju and Babalola 2019). The isolates
obtained had a character resembling the smell of soil.
Ananda et al. (2016) argued that Actinomycetes have a
distinctive odor similar to freshly plowed soil due to their
important role in the decomposition of organic matter or
humus in the soil.

Actinomycetes were isolated from twelve families of
Liliaceae, particularly from healthy plants among diseased
ones. Plants and environmental conditions influenced the
abundance and diversity of phyllospheric Actinomycetes.
The factors that influence the abundance of Actinomycete
populations are secondary data, namely observing the
conditions of the area around the planting area. According
to Sukmawaty et al. (2020), their diversity was strongly
influenced by environmental, chemical, physical, and
biological factors. Phyllospheric Actinomycetes were
isolated from the bakung flower (H. occidentalis) in
Sigentong area, Brebes Regency, with the coordinates
(6°53'56" S. 108°59'32" E) and an altitude of 31.4 meters
above sea level. The position of plants were also near the
highway, which had a relatively high level of air pollution.
Moreover, the Actinomycetes population was found in the
Gunung Malang area, Tenjolraya District, Bogor Regency,
with coordinates (6°39'27" S. 106°42'39" E), and an
altitude of 628.7 meters above sea level (masl).

Altitude, air pollution, and the temperature of an area,
as well as cultivation techniques, can influence the
abundance of phyllospheric Actinomycetes. The Sigentong
area in Brebes Regency is located in the lowlands, while
Mount Malang, Tenjolraya District, Bogor Regency, is in
the medium plains area. Long et al. (2021) suggested that
temperature, humidity, and altitude factors can influence
the diversity and abundance of phyllospheric
microorganisms. For example, the species Arundinaria
spanostachya is more commonly found in the highlands
than in the lowlands. The diversity and abundance of
phyllospheric Actinomycetes found were also influenced
by the cultivation techniques used. The highest abundance
of phyllospheric Actinomycetes was found to come from
organically cultivated plants. The level of use of synthetic
pesticides can affect their populations. Phyllospheric
Actinomycetes were not found in leeks (A. fistulosum)
from the Ciputri area, Pacet District, Cianjur Regency; this
was due to the application of synthetic pesticides for 2-3
days. On the other hand, leeks isolated from the Pasireurih
area of Tamansari District, which did not use synthetic
pesticides, showed the presence of Actinomycetes.

At several locations in the Brebes Regency, Central
Java, Actinomycetes were also not found, particularly in
onion center areas, such as Wanasari District, including
Tanjung Sari (-6°54'55" S. 108°59'44" E. 38.9 masl), Duku
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Waringin  (-6°54'49" S. 108°59'17" E. 25.4 masl),
Sawojajar (-6°52'36" S. 109°0'20" E. 28.7 masl), Pebatan (-
6°52'36" S. 109°0'20" E. 28.7 masl), Klampok (-6°51'47"
S. 109°12" E. 19.0 masl), Sigentong (-6°53'56" S.
108°59'32" E. 31.4 masl), and Pesantunan (-6°52'15" S.
109°0'29" E. 30.7 masl). Actinomycetes were also not
found in Larangan District, such as Siandong (-6°57'47.07"
S. 108°58'18.74" E), and Larangan Village (-6°58'50.73" S.
108°57'36.51" E). The majority of the isolated plant species
were shallots. Based on the results, shallots isolated from
several areas in Brebes did not have Actinomycetes
populations. This was presumably due to the intensive use
of pesticides, which were applied every 2-3 days. The
farmers in Brebes Regency primarily use a synthetic
fungicide containing the active ingredient propineb to
control A. porri on shallots.

The results also showed that the abundance of
Actinomycetes was influenced by the type of media used.
Among the media used. WYE supported the highest
growth, followed by SCA, and HVA. The three media were
designed specifically for Actinomycetes. Good growth was
obtained with spores formation when the media was
prepared using inositol, sucrose, mannitol, rhamnose,
fructose, raffinose, and cellulose as a carbon source after
incubation at room temperature and incubation for 7 days.
Additionally, the presence of xylose, arabinose, and
glucose will induce the formation of hyphae and substrate
mycelium. Air mycelium and spores were also formed
when Actinomycetes were inoculated in media containing
carbon sources in the form of sucrose, fructose, raffinose,
cellulose, and rhamnose (Utarti et al. 2020).

The abundance of phyllospheric Actinomycetes
populations in Liliaceae plants was categorized as low, the
distribution evenness index was uneven, and the dominance
index was high. This can be attributed to the nutrient-poor
habitats in which these epiphytic microbes were found,
directly exposed to the atmosphere, the diurnal cycle, as
well as sunlight, and indirectly affecting plant metabolism
(Vorholt 2012). Several environmental factors can affect
the abundance of phyllospheric microbial populations, such
as solar radiation, hot or cold temperatures, and air
pollution. Biotic factors also have a significant influence
including plants' age and competition between other
microorganisms in the phyllosphere. The phyllosphere is an
aerial habitat of plants dominated by leaves and colonized
by various types of microbes.

The selected isolates were subjected to the biosafety
assay, with 24 showing hypersensitivity, leading to
necrosis in tobacco leaves. This indicated that the isolates
were plant pathogens, with ten causing necrosis in shallot
leaves. The hypersensitivity response was characterized by
rapid cell death at the point of pathogen entry. Plants
recognize specific signaling molecules called elicitors
produced by the pathogen, and this hypersensitive reaction
was reportedly related to pathogen resistance (Balint and
Kurti 2019; Kalungi 2022).

Five hemolysis-positive Actinomycetes isolates caused
discoloration or the formation of clear zones around the
colonies on blood agar media, indicating their
pathogenicity to animals and humans. Phyllospheric
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Actinomycetes used as biological control agents must be
microorganisms safe for plants, animals, and humans. The
ability of microbes to degrade red blood cells is divided
into three categories, namely beta (B), alpha (a), and
gamma hemolysis (y). Beta or true hemolysis results in the
formation of clear zones around bacterial colonies. Alpha
hemolysis causes a discoloration of the blood agar medium
surrounding the colony when red blood cells are reduced to
methemoglobin and form a greenish or brownish color.
Meanwhile, gamma hemolysis does not cause lysis
reactions and discoloration (Mogrovejo et al. 2022).

Phyllospheric Actinomycetes isolated from Liliaceae
plants act as antagonistic agents, inhibiting the growth of
the fungus A. porri mycelium by 37.04-57.78%. Inhibition
was evidenced by thinning of the mycelium, slender
upward growth, and the formation of an inhibitory zone
(Figure 3). Several studies have found that Actinomycetes
produce compounds that can inhibit the growth of
pathogens, such as chitinase, protease, amylase, lipase, and
cellulose enzymes (Fatmawati et al. 2018; Wibowo et al.
2020; Kishani et al. 2022). The chitinase enzyme is able to
degrade chitin, which is the main component of fungal cell
walls. Actinomycetes have chitinolytic abilities, enabling
the degradation of chitin (Hartanto and Krestini 2016).
These antifungus activities are crucial for suppressing the
growth of the fungus mycelium, culminating in the use of
Actinomycetes as a biocontrol agent due to their antibiosis
activity (Djebaili et al. 2021). Ohike et al. (2018) tested the
inhibition effect of Actinomycetes against eight types of
phytopathogenic fungi and found that all isolates exhibited
positive results on the mycelium. Fadhilah et al. (2021)
successfully isolated marine Actinomycetes from
mangrove ecosystems. The isolates demonstrated
antagonistic activity against Colletotrichum sp., with an
inhibition percentage of 84.94%.

In conclusion, a total of ten isolates were selected from
26 actinomycete isolates based on the highest inhibitory
percentage. Several isolates were found to have
morphological differences in color, shape, height, edges,
colony surface, size, and spore chains. The diversity level
of phyllospheric Actinomycetes of Liliaceae plants is low,
the distribution evenness index is uneven, and the
dominance index is high. The abundance of Actinomycetes
can be influenced by altitude, media used, type of host
plant, and conditions around the sampling location.
Actinomycetes have the potential to inhibit the
development of A. porri by 37.0-47.58%. This discovery
expands the possibility of phyllospheric Actinomycetes as
potential antagonistic agents against fungal diseases that
attack leaves. Therefore, we recommend further testing of
phyllospheric Actinomycetes as biocontrol agents on the
field scale to increase shallot yields and support the
sustainable agricultural systems.

ACKNOWLEDGEMENTS

This study was funded by the Ministry of Agriculture's
Agricultural  Human  Resources  Extension  and
Development Agency 2019, and the Ministry of Education,

5241

Culture, Research, and Technology through the Doctoral
Dissertation Study Program 2022, with contract number
3762/IT3.L1/PT.01.03/P/B/2022.

REFERENCES

Anandan R, Dharumadurai D, Manogaran GP. 2016. An introduction to
Actinobacteria. In: Dhanasekaran D, Jiang Y (eds.). Actinobacteria-
basics and biotechnological applications. Intech Open Limited,
London, UK. DOI: 10.5772/62329.

Astuty E. 2017. Isolation and morphological characterization of
indigenous Actinomycetes from peat soil. J IImu Alam Lingkungan 8
(16): 7-15. DOI: 10.20956/jal.v8i16.2980. [Indonesian]

Balint P, Kurti. 2019. The plant hypersensitive response: Concepts,
control, and consequences. Mol Plant Pathol 20 (8): 1163-1178. DOI:
10.1111/mpp.12821.

Barka EA, Vatsa P, Sanchez L, Gaveau VN, Jacquard C, Klenk HP,
Clément C, Ouhdouch Y, Van WGP. 2016. Taxonomy, physiology,
and natural products of Actinobacteria. Microbiol Mol Biol 80 (1): 1-
43.DOI: 10.1128/MMBR.00019-15.

Bernal MG, Coérdova AIC, Saucedo PE, Gonzdlez MC, Marrero RM,
Suastegui  JMM. 2015. Isolation and in vitro selection of
Actinomycetes strains as potential probiotics for aquaculture. Vet
World 8 (2): 170-176. DOI: 10.14202/vetworld.2015.170-176.

Bonaldi M, Kunova A, Saracchi M, Sardi P, Cortesi P. 2014.
Streptomycetes as biological control agents against basal drop. Acta
Hortic 1044: 313-318. DOI: 10.17660/ActaHortic.2014.1044.40.

Dikin A, Sijam K, Kadir J, Seman IA. 2006. Antagonistic bacteria against
Schizophyllum Commune FR. in Peninsular Malaysia. Biotropia 13
(2): 111-121. DOI: 10.11598/bth.2006.13.2.221.

Djebaili R, Pellegrini M, Bernardi M, Smati M, Kitouni M, Gallo MD.
2021. Biocontrol activity of Actinomycetes strains against fungal and
bacterial pathogens of Solanum lycopersicum L. and Daucus carota
L.: in vitro and in planta antagonistic activity. Biol Life Sci Forum 4
(27): 1-6. DOI: 10.3390/IECPS2020-08863.

Fadhilah QG, Santoso I, Yasman. 2021. The antagonistic activity of
marine  Actinomycetes from mangrove ecosystem against
phytopathogenic fungi Colletotrichum sp. KA. Biodiversitas 22 (2):
640-647. DOI: 10.13057/biodiv/d220216.

Fatimah, Suroiyah F, Solikha N, Rahayuningtyas ND, Surtiningsih T,
Nurhariyati T, Ni’matuzahroh, Affandi M, Geraldi A, Thontowi A.
2022. Antimicrobial activity of Actinomycetes isolated from
mangrove soil in Tuban, Indonesia. Biodiversitas 23: 2957-2965.
DOI: 10.13057/biodiv/d230622.

Fatmawati U, Lestari Y, Meryandini A, Nawangsih AA, Wahyudi AT.
2018. Isolation of Actinomycetes from maize rhizosphere from
Kupang, East Nusa Tenggara Province, and evaluation of their
antibacterial, antifungal, and extracellular enzyme activity. Indones J
Biotechnol 23 (1): 40-47. DOI: 10.22146/ijbiotech.33064.

Fatmawati U, Meryandini A, Nawangsih AA, Wahyudi AT. 2019.
Screening and characterization of Actinomycetes isolated from
soybean rhizosphere for promoting plant growth. Biodiversitas 20:
2970-2977. DOI: 10.13057/biodiv/d201027.

Fardiyanti, Kasrina, Bustaman H. 2021. Ragam jenis Streptomyces sp
pada rizosfer tanaman suku Liliacea di Kawasan Desa Sumber
Bening. Konservasi Hayati 17 2): 29-34. DOLl:
10.33369/hayati.v17i1.14731. [Indonesian]

Gopalakrishnan S, Srinivas V, Vidya MS, Rathore A. 2013. Plant growth-
promoting  activities of Streptomyces spp. in  sorghum and
rice. SpringerPlus 574: 1-8. DOI: 10.1186/2193-1801-2-574.

Harsonowati H, Astuti RIl, Wahyudi AT. 2017. Leaf blast disease
reduction by rice-phyllosphere Actinomycetes producing bioactive
compounds. J Gen Plant Pathol 83: 98-108. DOI: 10.1007/s10327-
017-0700-4.

Hartanto S, Krestini EH. 2016. The inhibitory effect of Actinomycetes on
the growth of the fungi Colletotrichum acutatum causes anthracnose
disease in chilies by in-vitro. Res Rep (2).

Hayakawa M, Nonomura H. 1987. Humic acid-vitamin agar, a new
medium for the selective isolation of soil Actinomycetes. J Ferment
Technol 65 (5): 501-509. DOI: 10.1016/0385-6380(87)90108-7.

Helal IM. 2017. Control of damping-off disease in some plants using
environmentally safe biocide. Pak J Bot 49 (1): 361-370.


https://doi.org/10.20956/jal.v8i16.2980
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6640183/
https://doi.org/10.1128/mmbr.00019-15
https://doi.org/10.17660/ActaHortic.2014.1044.40
https://doi.org/10.11598/btb.2006.13.2.221
https://doi.org/10.33369/hayati.v17i1.14731
https://doi.org/10.1016/0385-6380(87)90108-7

5242

Hersanti, Sudarjat, Damayanti A. 2019. The ability of Bacillus subtilis and
Lysinibacillus sp. in nano silica and carbon fiber to induce onion
resistance to purple blotch disease (Alternaria porri (Ell.) Cif). J
Agric 30 (1): 8-16. DOI: 10.24198/agrikultura.v30i1.22698.

llsan NA, Nawangsih AA, Wahyudi AT. 2016. Rice phyllosphere
Actinomycetes as biocontrol agent of bacterial leaf blight disease on
rice.  Asian JPlant  Pathol 10 (1-2): 1-8. DO
10.3923/ajppaj.2016.1.8.

llsan NA, Nurfajriah S, Inggriani M. 2018. Alpha glucosidase inhibitor
activity of phylloplane Actinomycetes isolated from Moringa
oleifera. BIOMA 14 (2): 49-59. DOI: 10.21009/Biomal4(2).1.

Jiang Y, Li Q, Chen X, Jiang C. 2016. Isolation and cultivation methods
of Actinobacteria. In: Dhanasekaran D, Jiang Y (eds.).
Actinobacteria-basics and biotechnological applications. Intechopen
Limited, London, UK. DOI: 10.5772/61457.

Kalungi S. 2022. Regulation of plant hypersensitivity response. Bio Med
14: 468. DOI: 10.35248/ 0974-8369.22.14.468.2.

Kishani N, Naligama, kavindi E, Weerasinghe, Halmillawewa AP. 2022.
Characterization of bioactive Actinomycetes isolated from Kadolkele
mangrove sediments, Sri Lanka. Pol J Microbiol 71 (2): 191-204.
DOI: 10.33073/pjm-2022-017.

Kunova A, Bonaldi M, Saracchi M, Pizzatti C, Chen X, Cortesi P. 2016.
Selection of Streptomyces against soil borne fungal pathogens by a
standardized dual culture assay and evaluation of their effects on seed
germination and plant growth. Microbiology 16 (272): 2-11. DOI
10.1186/s12866-016-0886-1.

Kuster E, Williams S. 1964. Production of hydrogen sulphide by
Streptomyces and methods for its detection. J Appl Microbiol 12: 46-
52.DOI: 10.1128/am.12.1.46-52.1964.

Li Q, Chen X, Jiang Y, Jiang C. 2016. Morphological identification of
Actinobacteria. In: Dhanasekaran D, Jiang Y (eds.). Actinobacteria-
basics and biotechnological applications. IntechOpen Limited,
London, UK. DOI: 10.5772/61461.

Lindow SE, Brandl MT. 2003. Microbiology of the phyllosphere. Appl
Environ Microbiol 69 (4): 1875-1883. DOI: 10.1128/AEM.69.4.1875-
1883.2003.

Long J, Luo W, Xie J, Yuan, Wang J, Kang L, Li Y, Zhang Z, Hong M.
2021. Environmental factors influencing phyllosphere bacterial
communities in Giant Pandas’ staple food bamboos. Front Microbiol
12: 748141. DOI: 10.3389/fmich.2021.748141.

Mogrovejo DC, Perini L, Gostincar C, Sep¢i¢ K, Turk M, Ambrozic-
Avgustin J, Brill FHH, Gunde-Cimerman N. 2020. Prevalence of
antimicrobial resistance and hemolytic phenotypes in culturable
Arctic bacteria. Front Microbiol 11: 570. DOl:
10.3389/fmich.2020.00570.

Nanda S, Chand SK, Mandal P, Tripathi P, Joshi RK. 2016. Identification
of novel source of resistance and differential response of Allium
genotypes to purple blotch pathogen, Alternaria porri (Ellis) Ciferri.
Plant Pathol J 32: 519-527. DOI: 10.5423/PPJ.0A.02.2016.0034.

Ni H, Lv S, Sheng Y, Wang H, Chu X, Zhang H. 2021. Optimization of
fermentation conditions and medium compositions for the production
of chrysomycin a by a marine-derived strain Streptomyces sp. 891.
Prep  Biochem Biotechnol 51  (10): 998-1003. DOI:
10.1080/10826068.2021.1885046.

Ohike T, Maeda M, Matsukawa T, Okanami M, Kajiyama S, Ano T.
2018. In vitro and in vivo assay for assessment of the biological

BIODIVERSITAS 24 (10): 5234-5242, October 2023

control potential of Streptomyces sp. KT. J Plant Stud 7 (1): 10-18.
DOI: 10.5539/jps.v7n1pl0.

Olanrewaju OS, Babalola OO. 2018. Streptomyces: implications and
interactions in plant growth promotion. Appl Microbiol Biotechnol
103 (3): 1179-1188. DOI: 10.1007/500253-018- 09577-y.

Pielou M. 1977. Mathematical Ecology. John Willey and Sons, Toronto,
USA.

Rante H, Alam G, Pakki E, Usmar U, Ali A. 2020. Identification and
antibacterial activity of Actinomycetes isolated from medicinal plant
Andrographis Paniculata rhizosphere soil. J Med Biomed Sci 7 (4):
1-7.

Shannon CE, Weaver W. 1949. The mathematical theory of
communication. University of Illinois Press, Illinois (USA).

Simpson EH. 1949. Measurement of diversity. Nature 163: 688. DOI:
10.1038/163688a0.

Sivakumar N, Sathishkumar R, Selvakumar G, Shyamkumar R,
Arjunekumar K. 2020. Phyllospheric microbiomes: diversity,
ecological significance, and biotechnological applications. In: Yadav
AN, Singh J, Rastegari AA, Yadav N (eds.). Plant Microbiomes for
Sustainable Agriculture. Springer Nature, Switzerland. DOI:
10.1007/978-3-030-38453-1_5.

Sreevidya M, Gopalakrishnan, Kudapab H, Varshney RK. 2016.
Exploring  plant  growth-promotion ~ Actinomycetes  from
vermicompost and rhizosphere soil for yield enhancement in
chickpea. J Microbiol 47 (1): 85-95. DOI: 10.1016/j.hjm.2015.11.030.

Sukmawaty E, Sari SR, Masri M. 2020. Characterization of soil
Actinomycetes from malino pine forest rhizosphere of South
Sulawesi. Elkawnie 6 (2): 315- 328. DOI: 10.22373/ekw.v6i2.5383.

Sulistyani N, Akbar AN. 2014. The activity of Actinomycetes isolates
from seaweed (Eucheuma cottonii) as producers of antibiotics against
Staphylococcus aureus and Escherichia coli. J Ilmu Kefarmasian
Indonesia 12 (1): 1-9. [Indonesian]

Utarti E, Suwanto A, Maggy T, Suhartono, Meryandini A. 2020.
Identifikasi aktinomiset selulolitik dan xilanolitik indigenous. Berkala
Sainstek 7 (1): 1-5. DOI: 10.19184/bst.v8i1.15941. [Indonesian]

Vorholt JA. 2012. Microbial life in the phyllosphere. Nature 10: 828-840.
DOI: 10.1038/nrmicro2910.

Wahyudi AT, Priyanto JA, Fijrina HN, Mariastuti HD, Nawangsih AA.
2019. Streptomyces spp. from rhizosphere soil of maize with potential
as plant growth promoter. Biodiversitas 20: 2547-2553. DOI:
10.13057/biodiv/d200916.

Wibowo RH, Sipriyadi, Mubarik NR, Rusmana |, Suhartono MT. 2020.
Isolation and screening of soil chitinolytic actinobacteria as the anti-
fungal producer of plant pathogens. Elkawnie: Intl J Islamic Sci
Technol 6 (2): 273-286. DOI: 10.22373/ekw.v6i2.7400.

Wijayanti E, Nawangsih AA, Tondok ET. 2021. Screening of rhizosphere
Actinomycetes of liliaceae plants as biological control agents of
Fusarium oxysporum f. sp. Cepae. J Fitopatol Indones 17 (6): 225-
232. DOI: 10.14692/jfi.17.6.225-232.

Wiraswati SM, Rusmana |, Nawangsih AA, Wahyudi AT. 2019.
Antifungal activities of bacteria producing bioactive compounds
isolated from rice phyllosphere against Pyricularia oryzae. J Plant
Prot Res 59 (1): 86-94. DOI: 10.24425/jppr.2019.126047.

Yanti Y, Hamid, Nurbailis, Dzulfahmi MD, Selviana S, Putra IR. 2023.
Exploration of indigenous Actinomycetes as biocontrol agents of
purple blotch diseases at onion. 10P Conf Ser: Earth Environ Sci
1228 (1): 012022. DOI: 10.1088/1755-1315/1228/1/012022.


https://doi.org/10.24198/agrikultura.v30i1.22698
https://doi.org/10.1128/am.12.1.46-52.1964
https://www.ncbi.nlm.nih.gov/pmc/journals/2544/
https://doi.org/10.1016/j.bjm.2015.11.030
https://doi.org/10.19184/bst.v8i1.15941
https://doi.org/10.1038/nrmicro2910

