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ABSTRACT

The present study aimed to isolate fungi found in vermicompost that exhibit antifungal
activity against fungal pathogens of chili. The fungal pathogens were isolated from chili and their
pathogenicity was tested and identified by morphology with sequence analysis of Internal
Transcribed Spacer (ITS), Glyceraldehyde-3-Phosphate Dehydrogenase (GAPDH), and Beta-
tubulin2 (TUB2) genes. The results indicated that fungal isolate B1 was identified as
Colletotrichum siamense, a causative agent of chili anthracnose. The total fungi in the
vermicompost was 2.64 x10° CFU/g with 32 fungal colonies of different morphology being
isolated. The antifungal activity was observed with fungal isolates from vermicompost. Among
these fungal isolates, 13 fungal isolates (40.63%) revealed antifungal activity against C. siamense
with the percent inhibition in the range of 46.85-72.64%. The E10, E8 and F5 isolates revealed
the highest percent inhibition of 72.75+4.81%, 71.70+£5.45%, and 70.65+4.80%, respectively.
The identification of fungal isolates E10, E8, and F5 by morphological study and sequence
analysis of ITS, RPB2 (DNA-directed RNA polymerase Il subunit 2), and TEF1 (Translation
elongation factor 1) were examined. These isolates were identified as Trichoderma breve (E10)
and 7. zerobreve (E8 and F5). The findings of this study suggest that the fungal isolates from
vermicompost with inhibitory activity against chili pathogen could support the use of
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vermicompost in chili plantations, not only for promoting plant growth but also for controlling

fungal pathogens of chili anthracnose.
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1. Introduction

Chili (Capsicum spp.) is an important
economic crop worldwide; however,
agriculturists face problems with chili
diseases that result in yield losses and low
prices [1]. Among chili diseases,
anthracnose is the most common, found
very often in chili plantations including
Chanthaburi province, Eastern Thailand.
This disease is caused by Colletotrichum
spp., a fungal pathogen that destroys chili
plants including stem, leaf, and especially
chili fruits. Moreover, during the pre- and
post-harvest of chili, anthracnose can be
observed. The dissemination of anthracnose
is caused by infected seeds, contaminated
soil, and wasted plant. In addition,
environmental factors also affect the
transmission of this pathogen. Conditions
such as 27 °C and 80% relative humidity
support Colletotrichum spp. growth, leading
to high dissemination and infections rates
during the rainy season [2, 3]

Chili  anthracnose causes high
economic loss and poses a problem that is
difficult to solve. Several methods to
prevent and control anthracnose are used
[2]; however, agriculturists typically use
chemical fungicides due to its greater ease
of use and effectiveness as compared to
other  methods.  However, chemical
fungicides are toxic and affect the health of
people through direct contact, and
unsuitable usage results in acute and chronic
diseases. Additionally, chemical fungicides
affect the environment and ecology,
resulting in chemical contamination of soil
and water. In light of these drawbacks, other
methods such as biological control, organic
substances, and organic compost are being
developed to replace them.

Vermicompost is the product of the
decomposition process in the organic waste
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that is associated with earthworms and
microbe activities. It promotes plant growth
by allowing the proliferation of microbes
that produce beneficial hormones and
enzymes. In parallel, these microbes can
inhibit plant pathogens [4]. Therefore, the
activity of the microbial community results
in the production of bioactive compounds in
the vermicompost, the fungi play an
especially important role in these activities
[5].

Chili anthracnose was disseminated
and observed in Pong Nam Ron District,
Chanthaburi Province. The agriculturist of
community enterprises in this area produces
vermicompost for wuse in their chili
plantations to replace chemical fungicides
and to control anthracnose.

This study aimed to isolate fungi
contained in vermicompost that exhibited
antifungal activity against fungal pathogens
of chili. The fungal isolates from
vermicompost with inhibitory activity
against chili pathogens could support the use
of vermicompost in chili plantations, not
only for promoting plant growth but also for
controlling chili anthracnose pathogens.

2. Materials and Methods
2.1 Fungal pathogen isolation

Chili plants with disease symptoms
were collected from an agricultural
plantation in Pong Nam Ron district,
Chanthaburi province. For sampling, a piece
of chili was cut and suspended in 1%
sodium hypochlorite for 3 min. After that,
the chili tissue was washed with sterile
distilled water 3 times. Subsequently, a
piece of chili tissue was placed on Potato
Dextrose Agar (PDA) and incubated at room
temperature for 3-5 days. The colony of
fungal growth from chili tissue was
observed and point inoculated on PDA again
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for preparation of pure fungal culture. The
colony morphology was observed and a
slide was prepared for investigating the
fungal structure under a microscope.

2.2 Pathogenicity test

To investigate the pathogenicity of
the fungal pathogen isolated from chili
according to Koch’s postulation, the fungal
pathogen was cultured on PDA for 7 days
and a cork borer with a 5 mm diameter was
used to drill at the edge of the colony. A
piece of the mycelial disc was placed on
uninfected chili in a moisture chamber and
incubated at room temperature. The
symptoms of fungal infection in chili were
investigated. The infected chili was cut and
the fungi were isolated from chili tissue as
described above.

2.3 Determination of total fungi in
vermicompost

Vermicompost, a  product of
community enterprise in Pong Nam Ron
district, Chanthaburi province, was used in
this study. Total fungal components in
vermicompost were determined by total
plate count on dichloran rose bengal
chloramphenicol agar (DRBC agar)
according to standard protocol [6].

2.4 Isolation of fungi in vermicompost

The different morphological colonies
of fungi on DRBC agar were selected to
determine antifungal activity with the fungal
pathogen of chili. The fungi were point-
inoculated on PDA again for pure culture.
The colony morphology was observed and
fungal structures were investigated from
slide culture under a microscope.

2.5 Determination of antifungal activity
To determine the antifungal activity
of fungi isolated from vermicompost, the
dual culture technique was wused to
investigate this property as previously
described [7]. Briefly, all fungal isolates
were cultured on PDA for 7 days. A cork
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borer with a 5 mm diameter was used to
drill at the edge of the colony. A piece of the
pathogen mycelial disc was placed where 2
cm from the edge of the PDA plate, and
another piece of fungi isolated from
vermicompost was placed on the opposite
side. A plate containing only the fungal
pathogen on the PDA plate was used as a
control. The experiment was done in
triplicate and the inhibition percentage was
calculated by [(R1-R2)/R1x100], with RlI
being the radius of the fungal pathogen
colony in the control plate, and R2 being the
radius of the fungal pathogen colony in a
dual culture plate.

2.6 DNA extraction and PCR
amplification
All fungal samples were DNA

extracted by commercial kit following the
manufacturer protocol (Flavogen, Taiwan).
To identify the fungal pathogen isolated
from chili, PCR amplifications were
performed in 3 positions including ITS
(Internal Transcribed Spacer), GAPDH
(Glyceraldehyde-3-Phosphate  Dehydroge-
nase), and TUB2 (Beta-tubulin2) with
specific primers. The ITS region was
amplified with primer ITS1 and ITS4 [8],
GAPDH was amplified with primer GDF-F
and GDF-R [9] while TUB2 was amplified
with primer T1-F and T2-R [9] (Table 1).

The PCR reaction was performed in a
total volume of 20 pl consisting of distilled
water (Apsalagen, Thailand), 1x PCRmaster
mix (Apsalagen, Thailand), 0.5 uM of each
primer, and 10 pg-1 pg of DNA template at
the final concentration. The DNA target
amplification by PCR techniques was
carried out in a thermal cycler. PCR
conditions used were as follows.

2.6.1 The ITS region
An initial denaturation at 95°C for 3
min, subsequently the 35 cycles of

denaturation at 95°C for 30 sec, annealing at
52°C for 30 sec and extension at 72°C for 1
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min, and a final extension at 72°C for 10
min.

2.6.2 GAPDH

An initial denaturation at 95°C for 3
min, then 35 cycles of denaturation at 95°C
for 30 sec, annealing at 61°C for 30 sec and
extension at 72°C for 45 sec, and final
extension at 72°C for 10 min.

2.6.3 TUB2

An initial denaturation at 95°C for 3
min, followed by 35 cycles of denaturation
at 95°C for 30 sec, annealing at 60°C for 30
sec and extension at 72°C for 45 sec, and a
final extension at 72°C for 10 min.

To identify fungi isolated from
vermicompost with antifungal activity, the
PCR amplifications were performed in 3
positions including ITS, RPB2, and TEF1
(Translation elongation factor 1). The ITS
region was amplified as described above.
Additionally, the RPB2 gene was amplified
with primer fRPB2-5f and fRPB2-7cR [10],
whereas TEF1 was amplified with primer

Table 1. Primers used in this study.

EF1-983F and EF1-1567R [10] (Table 1).
PCR was performed as described previously
and the PCR amplification was carried out
in a thermal cycler. PCR conditions used
were as follows.

2.6.4 RPB2

An initial denaturation at 95°C for 3
min, then the 35 cycles of denaturation at
95°C for 30 sec, annealing at 62°C for 30
sec and extension at 72°C for 45 sec, and a
final extension at 72°C for 10 min.

2.6.5 TEF1

An initial denaturation at 95°C for 3
min, followed by 35 cycles of denaturation
at 95°C for 30 sec, annealing at 64°C for 30
sec and extension at 72°C for 45 sec, and a
final extension at 72°C for 10 min.

PCR products were analyzed by gel
electrophoresis (2% gel with RedSafe
(iNtRONbiotechnology, Korea) at 100V for
30 min.

Target Primer Sequence (5’ to 3°)
TS ITS1 TCCGTAGGTGAACCTGCGG
1TS4 TCCTCCGCTTATTGATATGC
GAPDH GDF-F GCCGTCAACGACCCCTTCATTGA
GDF-R GGGTGGAGTCGTACTTGAGCATGT
TUR2 T1-F AACATGCGTGAGATTGTAAGT
T2-R TAGTGACCCTTGGCCCAGTTG
RPB2 fRPB2-5f GAYGAYMGWGATCAYTTYGG
fRPB2-7cR CCCATRGCTTGYTTRCCCAT
TEF1 EF1-983F GCYCCYGGHCAYCGTGAYTTYAT
EF1-1567R ACHGTRCCRATACCACCRATCTT

2.7 Phylogenetic tree analysis

Purification of PCR products and
DNA sequencing were performed at ATGC
company (Pathum Thani, Thailand). The
obtained sequences were determined for the
percent similarities by BLASTn in the
GenBank database (https://blast.ncbi.nlm.ni
h.gov/Blast.cgi). The sequences were
analyzed using the Neighbor-Joining
method to generate an evolutionary tree [11,
12].  The evolutionary distances were
computed using the Maximum Composite
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Likelihood method [13]. Evolutionary
analyses were conducted in MEGA X [14].

3. Results and Discussion
3.1 The fungal pathogen in chili

The fungal pathogens causing disease
in chili plants in the agricultural plantation
in Pong Nam Ron district, Chanthaburi
province were isolated and identified. Five
fungal strains were isolated from chili and
tested for pathogenic properties. Only
isolate B1 was identified by morphology
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(Fig. 1) and sequence analysis of ITS,
GAPDH, and TUB2. The results found that
fungal isolate Bl was identified as
Colletotrichum siamense, (Fig. 2) and was
thus used in further experiments.

Colony morphology Under microscope
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Fig. 1. Colony morphology and structure under
the microscope of the isolated fungal pathogen
B1. Black and white arrow head indicates
appressorium and conidia, respectively.

C. siamense is a causative agent of chili
disease which has previously been
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75" Colletotrichum gloeosporioides isolate JS1
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described. Colletotrichum spp.were isolated
from chili with symptoms of anthracnose in
Thailand [15]. Forty-eight isolates of
Colletotrichum spp. were identified based
on morphology and sequence analysis of the
ITS and actin gene (ACT). They were
identified as 4 species, comprising
C. gloeosporioides, C. siamense, C. acutatum,
and C. capsici. Additionally, the study of
chili anthracnose in Asia (including
Thailand) revealed Colletotrichum spp.
isolates (260 isolates) that were identified by
the morphological study and muti-gene

phylogenetic  analysis  (including ITS,
GAPDH, TUB2). The collected  isolates
were identified as C. endophyticum,

C. frucicola, C. karsti,
C. scoveillei, C. siamense, C. tropicale,
C. javanense, C. makassarense, and
C. tainanense [16].

C. plurivorum,

Colletotrichum siamense isolate AXCD1

Colletotrichum siamense isolate UMS01
Colletotrichum tropicale isolate UFCM0685
Colletotrichum asianum isolate INDES-AM1

Colletotrichum musae voucher CM02

Colletotrichum gloeosporioides isolate A4

Colletotrichum gloeosporioides isolate BM6

S9

— Colletotrichum torulosum CBS:102667
100 - Colletotrichum boninense isolate CNU220003

Colletotrichum dematium isolate EsH11

99 | Colletotrichum paxtonii IMI:165753
I" Colletotrichum paxtonii CBS:502.97

Colletotrichum walleri CBS:125472
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Fig. 2. Phylogenetic tree of nucleotides from fungal pathogen of chili isolate B1 base on ITS, GAPDH,

TUB2.
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3.2 Fungi contained in vermicompost

Vermicompost was produced by
agriculturists of community enterprises in
Pong Nam Ron district, Chanthaburi
province, to be used in their chili plantation.
It was found to have 2.64x10° CFU/g of
total fungi and 32 fungal colonies with
different morphologies were isolated. The
number of total fungi in this study was not
different from the previous study that
explored the fungal communities in compost
and vermicompost. They revealed that total
fungi in compost and vermicompost were up
to 8.2x10° CFU/g and 4.0x10° CFU/g,
respectively [5].

Additionally, fungal species in
vermicompost consisted of zygomycetes,
ascomycetes, basidiomycetes, mitosporic

fungi, and sterile mycelia that revealed their
relative load to be 6, 4, 2, 76, and 12%,
respectively. Based on the present findings,
the mitosporic fungi (76%) dominated the
vermicompost. The most abundant species
were Scedosporium and Pseudallescheria
boydii, and the genera with the highest load
and number of species was Penicillium and
Aspergillus. Interestingly, members of the
genera Trichoderma were found in this
study, including Trichoderma hamatum and
Trichoderma harzianum [5)]. Trichoderma
spp. have previously been reported for their
antifungal activity against plant pathogens
including against the causative agents of
anthracnose [2, 17, 18].

3.3 Vermicompost contained fungi
inhibiting the fungal pathogen of chili
Thirty-two fungal colonies isolated
from vermicompost were tested for
antifungal activity against fungal pathogen
of chili. Among these fungal isolates, 13
(40.63%) revealed antifungal activity
against Colletotrichum siamense, a fungal
pathogen of chili, and showed an inhibition
percentage in the range of 46.85-72.64%.
The isolates E10, E8, and F5 displayed the
highest percent inhibition, with 72.754+4.81,
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71.70+£5.45, and 70.65+4.80%, respectively
(Table 2 and Fig. 3).

In previous studies, the percentage of
inhibition between Trichoderma spp. and
Colletotrichum capsica was 30.87% [19]. In
this study, the fungal colonies isolated from
vermicompost (E10, E8, and F5) were
classified in the genera of Trichoderma and
displayed a higher percentage of inhibition
than those in some other studies.

Table 2. Percent inhibition of fungal
isolates from  vermicompost against
Colletotrichum siamense.

Isolates Percent inhibition (%)

E5 66.18+4.83
E6 61.21£11.91
E7 65.41£3.15
E8 71.70+5.45
E9 58.13+£2.79
E10 72.75+4.81
E19 46.85+0
F3 56.52+0
F4 66.18+4.83
F5 70.65+4.80
F6 54.91£2.79
F7 59.12+8.32
F12 69.6+1.82

Fig. 3. Antifungal activity of some fungal
isolates from vermicompost against
Colletotrichum siamense. A: fungal isolate E10,
B: fungal isolate E8, C: fungal isolate F5,
D: C. siamense as a control.

3.4 Identification of antagonistic fungi
The fungal isolates from vermi-
compost with the highest antifungal
properties were identified by morphological
study and sequence analysis of ITS, RPB2,
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and TEF1. The results found that these
isolates were identified as Trichoderma
breve (E10) and T. zerobreve (E8 and F5,
respectively) (Figs. 4-5).

Trichoderma breve and T. zerobreve
are found in soil [20] and have previously
been reported to exhibit antagonistic
properties against plant pathogens [2, 17,
18]. T. breve was associated with enhanced
plant growth by height, leaf number, and
chlorophyll index of Cocoa (Theobroma
cacao L.), and it could colonize the root
hairs of 66.67% [21]. Moreover, the efficacy
of Trichoderma spp. against Colletotrichum
capsici, a causative agent of chili
anthracnose, in fruit infection was
investigated. The results showed that all
Trichoderma strains reduced the fruit
infection rate more than the diseased
control. T. harzianum 1IMI-392433 was
found to be much more effective against
C. capsici [22].

The  biocontrol  properties  of
Trichoderma spp. have previously been

Colony morphology

O

described to be based on 3 main
mechanisms. Mycoparasitism, the hyphae of
Trichoderma coil around and penetrate into
the hyphae of the pathogen by producing a
hook or knob-like structure (appressorium).
Antibiosis, T. harzianum produced antibiotics
like trichodermin, suzukacillin, and alame-
thicin that influence morphological or
physiological sequences leading to its
successful penetration. Finally, competition
for nutrients or space to suppress plant
pathogens [17, 18].

4. Conclusion

In conclusion, the fungal isolates
from vermicompost (Trichoderma breve and
T. zerobreve) with inhibitory activity against
the chili pathogen Colletotrichum siamense
could support the use of vermicompost on
chili plantations, not only for promoting
plant growth but also for use as a biological
control agent against the fungal pathogens
that cause chili anthracnose.

Under microscope

Fig. 4. Colony morphology and structure under microscope of fungi isolated from vermicompost that
revealed antifungal activity. A: fungal isolate E10, B: fungal isolate ES, C: fungal isolate F5.
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Fig. 5. Phylogenetic tree of nucleotides from fungal colonies isolated of vermicompost (isolates E10, ES8,
and F5) based on ITS, RPB2, TEFI.
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