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ABSTRACT

Trichoderma has the potential to suppress fungal pathogens and thus control plant diseases, including Phytophthora foot rot,
which is the most devastating disease of black pepper in Lampung. Identification of a microorganism can not only rely on its
morphological characteristics, but it is also necessary to identify it molecularly at the species level. This research was aimed
at identifying the fungus Trichoderma sp. Margodadi isolates at the species level and to know the potential of Trichoderma
sp. Margodadi isolates and their secondary metabolites to control P. capsici. This research was conducted from March to
November 2021 at the Laboratory of Plant Disease, Department of Plant Protection, and the Laboratory of Agricultural
Biotechnology, Faculty of Agriculture, University of Lampung. Identification of Trichoderma was done by morphological
characteristics and molecular methods. The ability of Trichoderma to suppress P. capsici was tested by dual culture. The
effect of secondary metabolites on the growth of P. capsici was determined in vitro at concentrations of 0% (control), 10%,
20%, 30%, and 40%. The experimental design used was a completely randomized design consisting of five treatments
repeated five times. The data obtained from the test were analyzed using ANOVA, followed by the LSD test at 5%. The results
of this study showed that Trichoderma sp. Margodadi isolate had a close relationship with Trichoderma asperellum and had
the ability as an antagonist to inhibit the growth of P. capsici up to 47.23%, and the secondary metabolites produced could

inhibit the growth of P. capsici up to 72.53% with the best concentration of 40%.

Key words: Phytophthora foot rot, P. capsici, Trichoderma asperellum

INTRODUCTION

Pepper plants (Piper nigrum L.) are important
spice plants in Indonesia including Lampung province.
These plants produce black pepper, white pepper,
and powdered pepper commodities that have high
economic value as an export commodities and as a
trade commodities in the country. Total pepper export
from Indonesia varied from 62,605 ton in 2012 to
39,691 ton in 2019 (Ichsan & Permata, 2022). In 2022,
the value of black pepper exports from Indonesia was
approximately 50.49 million U.S. dollars (Statista,
2023). In addition, these commodities are also
important in Indonesian domestic markets.

In cultivating pepper plants, there are various
problems, one of which is foot rot. Foot rot disease is
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caused by Phytophthora capsici Leonian (synonym:
P. palmivora var. piperis), a soil-borne fungus. This
disease could cause huge losses as it damages plants
starting from the nursery and young pepper plants to
mature plants that bear fruit. Affected plants could
wither and die if the disease occurs in the roots or
the base of the stem (Ginting & Maryono, 2012). The
pathogen could attack all parts of the plants, causing
losses of around 25-30%. Foot rot incidence could be
as high as 50% or 65% (Thomas & Naik, 2017).

This disease should be controlled with an
integrated control approach including cultural and
chemical methods. So far, however, chemical means
are still the main method used to control pepper stem
rot disease, with fungicides used including metalaxyl,
phosphonates, and copper-based fungicides (Jibat
& Asfaw, 2023). In addition, Rini & Remya (2020)
reported that fenamidone + mancozeb was effective in
controlling the disease. Nysanth et al. (2022) suggested
that the disease should be controlled by using beneficial
and antagonistic rhizospheric = microorganisms,
important among them being Trichoderma spp. and
Pseudomonas fluorescens. This biological control
should be combined with phytosanitation and other
good agricultural practices.
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Trichodermais aubiquitous hypomycetes fungus
found in various soil and root habitats, particularly those
rich in organic material. Trichoderma is considered a
superior biocontrol agent due to its high reproductive
capacity, ability to survive in challenging environments,
efficient utilization of nutrients, aggressive behavior
against phytopathogenic fungi, promotion of plant
growth, and induction of defense mechanisms (Manzar
et al., 2022). Trichoderma employs various biocontrol
mechanisms, including mycoparasitism, competition,
antibiosis, and the enhancement of plant defense
systems (Manzar et al., 2022; Guzman-Guzman et al.,
2023).

Trichoderma sp. has antagonistic properties
or the ability to inhibit the growth of soil-borne
pathogenic fungi (Ivayani et al., 2018; Ginting et al.,
2017; Gusnawaty et al., 2017). Trichoderma sp. can
produce secondary metabolites that have antifungal
properties (Song et al., 2018; Tyskiewicz et al., 2022).
Trichoderma also produces secondary metabolites
that can induce plant resistance to various pathogens
(Mukhopadhyay and Kumar, 2020; Guzman-Guzman
etal. 2023). Chet et al. (1998) stated that antibiosis is an
antagonism mechanism that involves the metabolites,
enzymes, volatile and nonvolatile compounds, or
toxins produced by a microorganism that cause lysis
to cell. Control using Trichoderma sp. could vary in
effectiveness depending on species. This is due to
differences in morphology and physiology (Widyastuti
et al., 2006). Thus, Trichoderma has the potential to
suppress the pathogen and thus control the disease,
including Phytophthora foot rot which is the most
devastating disease of black pepper in Lampung.

Morphological identification of fungi is
considered ineffective because these microorganisms
are cryptic, so it is very difficult to distinguish species
from one another if only using a morphological
approach (Sibero et al., 2018). Identification of species
is expected to be accurate and precise because it should
predict the properties that are required for application
or that are relevant in pathology (Cai & Drushinina,
2021). Therefore, a molecular identification process is
needed to determine the species of a fungus. Molecular
identification is carried out to know fungi to the species
level because identification based on the morphology
of fungi can only provide matches up to the genus level
(Susilowati et al., 2020). Molecular identification of
fungi has high sensitivity and accuracy. The ITS region
can be used as a genetic marker because it has fairly
high sequence variation even within the same species,
and all fungi have this area.

The objectives of this research were to identify
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molecularly the fungus Trichoderma sp. Margodadi
isolates to the species level and to determine the
potential of Trichoderma sp. Margodadi isolates
against P, capsici.

MATERIALS AND METHODS

Research Site. This research was conducted at
the Laboratory of Plant Disease, Department of
Plant Protection, and the Laboratory of Agricultural
Biotechnology, Faculty of Agriculture, University of
Lampung from March to November 2021.

Fungal Isolates Used in this Study. The P. capsici
fungus isolate used was the result of isolation from pepper
seedling planted in polybags containing contaminated
soil. The soil used was taken from the soil around the
roots of pepper plants infected with foot rot disease at
the Cahaya Negeri Agricultural Experimental Station,
North Lampung (Figure 1A). Pepper leaves showing
symptoms of P. capsici infection were taken, and the
pathogen was isolated at the Laboratory of Agricultural
Biotechnology, Faculty of Agriculture, the University
of Lampung using CTA media (400 g of carrots, 400
g of tomatoes, 20 g of agar block, 3 g of CaCo,, and
200 mL of aquadest) that had been added with lactic
acid (Figure 1B). Identification of the fungus P. capsici
was carried out macroscopically and microscopically
(Figure 1C). The Trichoderma fungus used in this study
is Trichoderma sp. Margodadi isolate collection of
Plant Clinic, Department of Plant Protection, Faculty
of Agriculture, University of Lampung.

Identification of Trichoderma sp.

Morphological Ildentification. The stock culture of
Trichoderma sp. Margodadi isolate, which was stored
for 2 months in test tubes containing potato sucrose
agar (PSA) media (200 g potatoes, 20 g succrose,
20 g agar rods, 1000 mL distilled water, and 1.4 mL
lactic acid), was rejuvenated in 9 cm glass petri dishes
with PSA media, then incubated for 7 days. The slide
culture technique (Gusnawaty et al., 2014) was used for
microscopic examination of the fungus Trichoderma sp.
Margodadi isolate identified using indentification book
(Barnett & Hunter, 1998).

Molecular Identification. Total DNA of Trichoderma
sp. Margodadi isolate was extracted using the cetyl
trimethyl ammonium bromide (CTAB) method (Inglis et
al., 2018). PCR (Sensoquest Thermalcycler, Sensoquest
GmbH, Germany) was used to amplify the nuclear
ribosomal ITS region using primer pairs ITS1 (5’-TCC
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Figure 1. Foot rot symptom and morphological characteristics P. capsici. A. Pepper plants with symptoms of
pepper foot rot disease (arrow) at the Cahaya Negeri Agricultural Experimental Station, North Lampung;
B. P. capsici fungal colonies on CTA media (arrow); C. Microscopy examination of P. capsici (400x

magnification) showing sporangium (arrow).

GTA GGT GAA CCT GCG G-3) and ITS4 (5’- TCC
TCC GCT TAT TGA TC GC-3’) (White et al., 1990)
using a mixture of roughly 2 ng genomic DNA. PCR
was performed with a total volume of 25 pL consisting
of 12.5 pLL Master Mix (Red Mix) (Bioline, USA), 1 uL
ITS primer 1 and 1 uL ITS primer 4,1 uL template DNA
(approximately 1 pg/uL), and 9.5 pL sterile water. DNA
amplification included initial denaturation at 94 °C for
3 min, followed by 30 cycles of denaturation at 94 °C
for 30 sec, annealing at 55 °C for 45 sec, extension at 72
°C for 1 min, and a final extension at 72 °C for 10 min.

The PCR products were confirmed using agarose
gel electrophoresis and sent to Genetika Science
Indonesia Co., Ltd. for sequencing. MEGA XI was
used to assemble and align the sequencing results,
which were subsequently validated using BLAST
(http://www.blast.ncbi.nlm.nih.gov). Clustal W was
used to align sequenced ITS regions in MEGA XI
(Tamura et al., 2021). MEGA XI was used to generate
phylogenetic analyses using the Maximum Likelihood
method (Felsenstein, 1981) with nucleotide substitutions
using the Tamura-Nei model (Tamura & Nei, 1993).
The relative robustness of branches was statistically
assessed using bootstrap analysis with 1000 replications
(Felsenstein, 1985). Relevant sequences from other
species were retrieved from GenBank using reference
sequences from previously published studies (Filizola
et al., 2019). Outgroup taxa were Protocrea pallida
(NR111329) (Brito et al., 2023).

Antagonistic Capability of Trichoderma sp. Against P
capsici in Vitro. The test was carried out using the dual
culture method (Figure 2). Trichoderma sp. Margodadi

isolate and P. capsici were planted opposite each other
at a distance of 3 cm in sterile petri dishes containing
PSA media and incubated for 7 days. The percentage
of inhibition of the fungus Trichoderma sp. Margodadi
isolate against P. capsici was compared with the petri
dishes control treatment. In the control treatment,
only P. capsici was grown without Trichoderma. The
percentage of inhibition was calculated using the
formula (Soenartiningsih et al., 2014):

_ (D1 B Dz)
PI = D, 100%
PI = Percentage of inhibitation (%);
D, = Diameter of P. capsici colonies in the absence
of antagonistic fungi (control);
D, = Diameter of P capsici colonies against

Trichoderma sp. Margodadi isolate.

Capability of Secondary Metabolites of Trichoderma
sp. to Inhibit Growth of P. capsici.

Production of Secondary Metabolites of Trichoderma
sp. The culture of Trichoderma sp. Margodadi isolate
was rejuvenated and incubated for 7 days. Then, two
petri dishes containing the isolates were taken and put
into an erlenmeyer containing potato sucrose broth
(PSB) media (200 g of potatoes, 20 g of succrose, and
1000 mL of distilled water that had been added with
1.4 mL lactic acid after cooling to + 45 °C). The media
containing the culture of Trichoderma sp. Margodadi
isolate was homogenized using a shaker at a speed of
150 rpm at room temperature. Incubation was carried
out for 7 days according to the stationary period in the
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Figure 2. Placement of Trichoderma and P. capsici by dual culture method. A= Trichoderma sp. Margodadi

isolate; P= P. capsici.

growth phase of the fungus Trichoderma sp. The results
of the fermentation were filtered using Whatman 40
filter paper. The suspension that had been obtained was
then centrifuged (HITACHI RX II Series, Hitachi Koki
Co., Ltd, Japan) a speed of 4000 rpm for 15 min (Harni
et al., 2017). The results were obtained in the form of
supernatant and pellet. The supernatant was taken and
stored in -20 °C until it was used later.

Assessment of Trichoderma sp. Secondary Metabolites
Againts P. capsici. The experiment was done using
poissoned food method. The experimental design used
was a completely randomized design consisting of five
treatments and five replications. The data obtained
from the test were analyzed using anova followed by
LSD test at 5%. The supernatant was put into a PSA
medium which was still liquid (temperature 45 °C)
in concentrations of 0%, 10%, 20% 30%, and 40%.
After the media solidified, a 0.5-mm mycelium plugs
of the pathogenic fungi were inoculated at the center
of the PSA medium and incubated for 7 DAI at 28 °C.
Percentage of inhibition of growth of pathogenic fungi
by secondary metabolites of antagonistic fungi with
filtrate culture was calculated using the formula (Shentu
etal., 2014):

Pl = (DK -DP) X 100%
DK
PI = Percentage of inhibitation of P. capsici (%);
DK = Diameter of P. capsici fungal colonies in the
control treatment;
DP = Diameter of P. capsici fungal colonies on

treatment.

RESULTS AND DISCUSSION

Macroscopic observations of Trichoderma sp.
Margodadi isolate showed that the colony was fibrous
and round-shape that formed a circle with a flat surface.
The initial growth of the colony has a white color, then
became light green, and finally dark green on the upper
surface (Figure 3A). Most saprophytic fungi begin with
white mycelium and and change color as the mycelium
matures (Stamets, 2000). Microscopic observation of
Trichoderma sp. Margodadi isolate showed that the
conidia were round with a greenish color, growing at
the tip of the phialides (Figure 3B).

Based on the results of the ITS DNA sequence
analysis in the BLAST program database, it showed
that Margodadi isolate had a genetic relationship
with 7. asperellum with a 100% similarity level. The
phylogenetic tree showed that Margodadi isolate was
nested within 7. asperellum with a bootstrap value of 100
(Figure 4). The phylogenetic tree in this work exhibits
a resemblance to the phylogenetic tree constructed by
Sutarman et al. (2021); Wu et al. (2017); Rai et al.,
(2016), wherein T. asperellum is grouped together with
T’ harzianum and T. longibrachiatum in a single clade.
According to this information, it may be concluded that
the Trichoderma Margodadi isolate is 7. asperellum. Wu
etal. (2017) state that accurate taxonomic understanding
of Trichoderma isolates is crucial for the identification
and characterization of prospective biocontrol species,
as well as for preventing the entry of unrecognized
fungal species into an ecosystem.

Phylogenetic analysis is an analysis that aims to
compile phylogenetic relationships, which are generally
described in a branching line like a tree, also called
a phylogenetic tree. A phylogenetic tree is a form of
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_—
Figure 3. Trichoderma sp. Margodadi isolate. A. The colony culture at 7 days after incubation on PDA; B.
Microscopic morphology (400%). 1. Conidiophores; 2. Conidia; 3. Fialid.
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Figure4. Phylogenetictreeof Trichodermasp.Margodadiisolate(Acc.No.OR563983)inferred fromITSregion(ITS1—
5.8S-ITS4) sequences using Maximum Likelihood method with Tamura-Nei model (1000x bootstrap) as
nucleotide substitutionsmodel. The tree wasrooted to Protocreapallida CBS299.78 (Acc.No.NR 111329).
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description of the genealogy of living things, including
animals and plants, that have branches resembling
trees (Hall, 2013). As described by Ardiana et al.
(2021), phylogenetic is a method that can be used
to analyze the phylogenetic relationship of a living
being. In phylogenetic, a group of organisms that share
similarities in character or characteristics is considered
to have a close genetic relationship. These similarities
are considered descendants of a parent, which will
later form a monophyletic group. In the phylogenetic
analysis, there are in-group and out-group groups.
Out group groups are needed because they can cause
polarization of characters or traits, namely, apomorphic
characters found in the in-group and plesiomorphic
characters found in the out-group.

Based on in vitro tests, the ability of 7. asperellum
Margodadi isolate as an antagonist against the fungus
P. capsici reached 47.23% (Figure 5). The inhibition of
growth in diameter of P. capsici colonies was caused by
the faster growth of 7. asperellum Margodadi isolate,
which could compete for space and higher nutrients
compared to the growth of P. capsici colonies and
antibiosis. The role of T. asperellum in suppressing the
growth of P. capsici fungal colonies was based on the
growth rate of the antagonist fungus. The faster the
growth of the antagonist fungus, the more effective it is
in suppressing the growth of pathogenic fungal colonies
due to the mechanism of competition for space and
nutrients (Widi et al., 2015).

The mechanism of antibiosis is indicated by the
formation of a clear zone between the mycelium of
antagonist and pathogenic fungi, due to the presence
of antibiotic compounds naturally produced by several
types of fungi in their metabolic processes (Fety et
al., 2015). Organisms such as 7. asperellum have a
maximum and minimum inhibition value as a biocontrol
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agents against pathogenic fungi. The biocontrol ability
of Trichoderma varies depending on the pathogen and
culture conditions. The fungus Trichoderma is very
important for suppressing the development of soil-borne
pathogenic fungi (Hewedy et al., 2020). T. asperellum
has potential as a biological agent because the growth of
this fungal colony is very fast. It can be cultured easily
in culture media or natural conditions.

The fungus T. asperellum, with antagonistic
activity against P. capsici hyphae, can also infect
oospores (Jiang et al., 2016). This suggests the potential
for new applications of T. asperellum to control
Phytophthora blight in fields colonized with oospores.
T. asperellum can inhibit the growth of mycelia and the
production of P. capsici sporangia, so this species has
the potential to reduce primary inoculum and suppress
infection (Ramirez-Delgado et al., 2018). Secondary
metabolite application of 7. asperellum Margodadi
isolate on P. capsici isolates decreased sporangia
production (Figure 6).

The results show that the growth of pathogenic
fungi was slowed down more when a higher dose was
used. At the dose of 40%, secondary metabolites had the
best inhibitory value (72.53%) against the growth of P,
capsici (Table 1). Meena et al. (2017) reported that the
nonvolatile secondary metabolite of Trichoderma can
inhibit the growth of Alternaria alternata up to 62.5%.
The secondary metabolites produced by 7. asperellum
have the ability to inhibit the growth of pathogens.
This is attributed to their production of both volatile
and nonvolatile compounds, which effectively impede
the growth of mycelia from various fungi (Howell,
2003). Wu et al. (2017) reported that 7. asperellum
secretes chitinase, glucanase, and protease enzymes
that break down the cell walls of fungi and contribute
to mycoparasitism. Furthermore, it produces xylanase,

47.23

4 5 6 7
Days after inoculation

Figure 5. The antagonistic effect of 7. asperel/lum Margodadi isolate against the fungus P. capsici
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which contributes to the stimulation of plant defense
mechanisms and boosts plant resistance. 7. asperellum
has the ability to synthesize nine primary metabolites
that serve as precursors for antimicrobial chemicals.
Additionally, it produces a diverse range of antimicrobial
secondary metabolites, such as polyketides, alkanes, and
other compounds. In addition to its ability to secrete
antimicrobial compounds, 7. asperellum also has the
capacity to create an amino acid polypeptide that is
encoded by the TabZIP15 gene. This polypeptide plays
a role in enhancing the ability to tolerate stress caused
by pathogen toxins (Yu et al., 2020).

The mechanism by which secondary metabolites
inhibit the development of pathogens is through
protein denaturation, both structurally and functionally,
in pathogenic cells. Secondary metabolites have
active compounds that can break the disulfide bonds
connecting the cell wall protein polypeptides and cell
membranes (Tyskiewicz et al., 2022). Denaturation
of structural proteins in the cell wall weakens the
cell’s protection, making it vulnerable. Meanwhile,

Vol. 24, No. 1, 2024: 128—138

denaturation of the pathogenic cell membrane leads to a
loss of permeability properties, preventing the selective
passage of substances into and out of the cell.

CONCLUSIONS

Based on the results of this study, Trichoderma
sp. Margodadi isolate had a genetic relationship
with Trichoderma asperellum reaching 100% which
is supported by morphological characteristics and
molecular identification. 7. asperellum Margodadi
isolate had the potential to inhibit the growth of P,
capsici, as an antagonist agent with an inhibitory value
0f'47.23% and also the secondary metabolites produced
could inhibit the growth of P. capsici by 72.53% with
the best concentration of 40%.
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