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Abstract. Iswati R, Aini LQ, Soemarno, Abadi AL. 2024. Exploration and characterization of indigenous Trichoderma spp. as
antagonist of Rhizoctonia solani and plant growth promoter of maize. Biodiversitas 25: 1375-1385. Maize sheath blight disease, caused
by Rhizoctonia solani, is the main maize disease in Gorontalo and is widespread from the lowlands to the highlands. The indigenous
Trichoderma spp. is known to function as a biocontrol agent while producing secondary metabolites that promote plant growth. The
objective of this study was to isolate, select, and identify indigenous Trichoderma strains that act as antagonistic agents and promote
maize plants growth. The bulk of the soil samples were collected from the rhizosphere of maize plantations in the lowland (0-300 masl),
medium (300-500 masl), and highland (500-1000 masl) regions at several sites in Gorontalo. Trichoderma spp. isolation was carried out
using the serial dilution method on Rose Bengal chloramphenicol medium, and the strains were further purified in PDA medium,
followed by morphological and molecular identification. The antagonistic effect was assessed using dual culture method. In addition, the
plant growth-promoting traits examined were qualitative IAA production, potassium solubilization, phosphate solubilization, and in vivo
for maize plant growth promotion. Molecular identification revealed that the indigenous fungal strains were dominated by three species,
namely, Trichoderma asperellum, T. virens, and T. brevicompactum. Other strains identified were T. ghanense, T. reesei, and T.
dorothopsis. Of the 30 Trichoderma spp. strains, 25 inhibited R. solani more than 50%. All Trichoderma spp. strains can produce I1AA
qualitatively and dissolve phosphate at different intensities; only one fungal strain namely T. dorothopsis-TZ31LU1, can solubilize
potassium. In addition, several indigenous Trichoderma spp. strains were able to increase the growth of maize plants in vivo. Thus, 25
Trichoderma spp. strains had the potential to be developed as biological control agents for maize sheath blight disease as well as plant
growth promoters in maize.
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INTRODUCTION

Maize (Zea mays) is a main agricultural commaodity that
supports the economic growth of Gorontalo's province in
Indonesia. Maize contributes 38.66% to gross regional
domestic income (GRDP), 3.42% to economic growth for
Gorontalo, and 4% to total national maize production (BPS
2022). However, maize productivity, specifically for
Gorontalo, is only 4.7 tons/ha on average, lower than the
average national productivity of 7.1 tons/ha. One of the
reasons for the lower maize productivity in Gorontalo is
thought to be caused by plant disease.

According to Haque et al. (2022) and Lim et al. (2023),
plant diseases can be important obstacles to increasing
maize productivity. Globally, there are more than 112
species of plant disease in maize (Rai and Singh 2018;
Haque et al. 2022), 100 of which are prevalent in Indonesia
(Rais 2016). The main maize diseases in Indonesia, as well
as in Gorontalo, are downy mildew, leaf rust, leaf blight,
leaf spot, and sheath blight, with disease intensities ranging
from 5.5 to 50% (Tenteyali 2016; Talib 2017). Leaf-sheath
blight disease, caused by Rhizoctonia solani, rank as the
second major maize disease in Indonesia following downy

mildew and presents a widespread issue across the country
(Soenartiningsih et al. 2014). This pathogen infects the
lower maize leaf sheath and can also spread to cobs,
causing yield losses of up to 100% in susceptible varieties
(Soenartiningsih et al. 2014). The disease symptoms
include severe leaf rot accompanied by the death of the
apex, which can infect all parts of the maize plant, such as
leaf midribs, fruit rind cobs, and stems (Rai and Sigh
2018).

The development of maize sheath blight can be
widespread throughout the season. The ability of the
fungus to produce sclerotia in the soil and plant parts
makes it difficult to control (Muimba-Kankolongo 2018;
Mirsam et al. 2023a). The control measures for maize
diseases in Gorontalo Province generally rely more on
chemical control techniques using fungicides. In addition to
being inefficient, the use of pesticides also affects
environmental safety issues (Damalas and Eleftherohorinos
2011).

Along with the trend of limiting the use of chemical
pesticides in crop cultivation, local biological agents have
become an important alternative for controlling plant
diseases. Trichoderma spp. are known as biocontrol agents,
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can control fungal-caused plant diseases such as R. solani,
Sclerotinia sclerotia, Sclerotium rolfsii, and Fusarium
oxysporum (Saxena et al. 2015; Yusnawan et al. 2019;
Herrera et al. 2020; Yadav et al. 2020). Trichoderma
species can inhibit the growth of plant pathogens through
several means, such as parasitism, secretion of fungal cell
wall-degrading enzymes such as chitinase, and secretion of
antibiotics or organic volatile compounds that are toxic to
pathogens (Tzelepis et al. 2015; Li et al. 2019;
Kamaruzzaman et al. 2021; Mukherjee et al. 2022). In
addition, the ability of some Trichoderma species to
produce growth hormones and provide nutrients for host
plants gives this fungus the potential to promote plant
growth. Trichoderma spp. are widely known to act as a
producer of phytohormones and increase the supply of
macronutrients to support plant growth (Khan et al. 2016;
Kamal 2018; Ji et al. 2020; Yu et al. 2021).

Therefore, efforts are needed to isolate indigenous
Trichoderma strains from Gorontalo, which function as
biocontrol agents against maize plant diseases and promote
maize plants growth. Exploration of Trichoderma requires
recovery from the rhizospheres of maize plants grown at
various altitudes from 0 to 1,000 meters above sea level
(masl) to obtain variable isolates suitable for application in
the field in Gorontalo. As a result, Trichoderma, which has
traits that promote plant growth, is expected to potentially
provide potential as a biocontrol agent for controlling the
maize plant pathogen R. solani, which infects maize in
Indonesia, especially Gorontalo. Thus, the objective of this
study was to isolate, select, and identify indigenous
Trichoderma strains that act as antagonistic agents and
promote the growth of maize plants.
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MATERIALS AND METHODS

Soil sampling

Sampling sites were established based on the ecological
altitude range (Welman 1972): zone | 0-300 masl, zone Il
300-500 masl, zone Il 500-1,000 masl, zone IV 1,000-
2,000 masl, and zone V 2,000 masl. In Gorontalo, maize
plants generally cultivate from low to medium altitude up
to Zone 11, so the samples were collected from Zone | to
Zone I11. Subsequently, each zone was divided into two
categories according to diseases incidence level. In each
zone, samples were collected from two different sites, i.e.,
a disease-free site and a disease-endemic site; with data
sourced government appointed observers of crop pest
diseases. The sampling locations are listed in Figure 1.

Five rhizosphere soil samples at a depth of 20 cm were
collected from each site and then composited. The samples
were placed in a plastic bag and brought to the laboratory
for further analysis.

Isolation of Trichoderma spp. and Rhizoctonia solani

Isolation of Trichoderma species was carried out using
the serial dilution technique. A total of 10 g of soil was put
into an Erlenmeyer flask containing 100 mL of sterile
distilled water, stirred with a shaker for 30 minutes at a
speed of 150 rpm, and then diluted serially until the
dilution was 108, A total of 0.1 mL of suspension was
incubated in Rose Bengal Chloramphenicol (RBC) medium
(Nikmah 2017). Incubation was carried out at room
temperature for 3-5 days.
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Figure 1. Site for maize rhizosphere sampling in Gorontalo, Indonesia
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Observation and identification of Trichoderma spp.
were conducted based on macroscopic and microscopic
morphology (Zheng et al. 2021; Kubicek and Harman
2002), and the several strains were subsequently transferred
to Malt Extract Agar (MEA) medium and the other strains
transferred to Potato Dextrosa Agar (PDA) using the
hyphal tip isolation technique to obtain pure isolates.
Species of Rhizoctonia were isolated from diseased plant
parts that were collected from the same location as the soil
sampling location. Diseased specimens, such as stems,
sheath, and leaves were cleaned with running water, air-
dried, and cut into 0.5 cm pieces on the affected area
adjacent to the healthy part. The samples were then dipped
in 1% sodium hypochlorite for 1 min, followed by 70%
alcohol for 1 min, washed with sterile distilled water, then
air dried, and subsequently grown on PDA medium
supplemented  with  chloramphenicol (12.5 mg/L)
(Nurhayati et al. 2021). The growing Rhizoctonia sp. were
identified macroscopically and microscopically and then
purified by transferring the tips of hyphae to new PDA
medium as a pure isolate (Barnett and Hunter 1988).

Molecular identification

Fungi that was propagated using single spores were
rejuvenated on PDA medium and incubated for 4-6 days at
28°C. The fungal mycelium was collected from the
colonies grown on PDA medium culture using inoculating
loop and subsequently transferred into Eppendorf tube
containing PBS buffer and centrifuged. This step was
repeated until perfect cell pellets are obtained according to
the required quantity.

Fungal DNA was extracted using the GES method,
according to Pitcher et al. (1989), with minor
modifications. The DNA was extracted using the BYF i-
genomic DNA  Extraction Mini Kit (iNtRON
Biotechnology).

PCR amplification of the ITS DNA gene was carried
out using Go-Taq Master Mix (Promega) and a universal
primer pair (forward/reverse), namely, ITS 4 (5-- TCC
GCT TAT TGA TAT GC -- 3) and ITS 5 (5°-- GGA AGT
AAA AGT CGT AAC AAG G -- 3). The resulting PCR
products (positive DNA) were subsequently subjected to
Sanger sequencing using an ABI 3130 XL Genetic
Analyser with the same primer pair. The sequencing data
were subsequently analyzed using the BioEdit program
software  (http://www.mbio.nesu.edu) and ClustalW
(http://lwww.clustal.org). The sequence data revealed from
the analysis were subsequently compared with sequences in
the NCBI GenBank database via the Basic Local
Alignment Search Tool (BLAST-N) to determine
similarities or homologies of the DNA samples with the
genomic database. DNA sequence alignment and
phylogenetic analysis were conducted using MEGA
version 10 with the neighbor-joining method and 1000
replication bootstrapping.

In vitro antagonistic assay of Trichoderma spp. against
Rhizoctonia solani

The antagonistic effects of Trichoderma spp. against R.
solani (that has been tested for its virulence with an
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average of 69.75%) were tested using the dual culture
method to determine the mode of action, i.e., parasitism,
competition, or antibiosis. A five-millimeter-diameter
culture disc of Trichoderma spp. was transferred to a new
PDA medium surface in a 9 cm Petri dish, and then R.
solani agar disc was also placed on the same PDA medium
surface at a distance of 3 cm. The culture was then
incubated until 7 days at room temperature. The growth of
R. solani was then assessed daily by measuring the radius
of R. solani colony growing toward Trichoderma spp. and
the opposite radius toward the edge of Petri dish (Figure 2).
The measurements were then calculated using the
following formula (Skidmore and Dickinson 1976):

I_Rl—RZ
T Rl

x 100%

Where:

I : Percentage of inhibition

R1 : The radius of R. solani toward the edge of the Petridish

R2 : The radius of R. solani toward the Trichoderma
spp. antagonist fungus

In vitro growth-promoting assay of Trichoderma spp.
IAA production assay

The ability of Trichoderma spp. to generate 1AA was
assayed qualitatively using a method described by Lesmana
et al. (2019). Potato dextrose broth (PDB) containing L-
tryptophan (1 g/L) was used to cultivate each Trichoderma
spp. isolate. Two 0.5-cm-diameter mycelial agar discs of
Trichoderma sp. were added to 25 mL of sterile PDB, and
the mixture was then incubated for 72 hours. Next, 5 mL of
the culture was spun for five minutes at 3000 rpm. One
milliliter of the supernatant was transferred to a test tube,
and 3 mL of Salkowski reagent was added. A change in
color from yellow to brick red was observed. The more
intense the red color formed, the greater the amount of IAA
dissolved in the filtrate.

Figure 2. Scheme of antagonistic test on PDA media between R.
solani (P) and Trichoderma spp. (T), the radius of R. solani
toward the edge of the petri dish (R1), and the radius of R. solani
toward Trichoderma spp. (R2)
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Phosphate solubilization assay

A phosphate solubilization assay was carried out on
Pikovskaya medium (HiMedia) by dissolving 31.3 g of the
media in one liter of distilled water. 0.5 cm agar disc of 7-
day-old Trichoderma sp. mycelia was grown on the
Pikovskaya media in a Petri dish and incubated at room
temperature, after which the diameter of the clear zone
around the colony of Trichoderma sp. was measured after 3
days. The phosphate dissolution index (PDI) was calculated
using the following formula of Sharon et al. (2016):

Phosphate Dissolution Index = (colony diameter + clear
zone diameter)/colony diameter

Potassium solubilization assay

A potassium solubilization assay of Trichoderma spp.
indigenous isolates was carried out using modified
Alexanderove media (Hu et al. 2006). 0.5-cm agar disc of
7-day-old Trichoderma sp. mycelia was grown in Petri
dishes containing Alexanderove medium and incubated at
room temperature. The clear zone and colony diameter
were measured after 3 days. The potassium dissolution
index was calculated using the formula (Setiawati and
Mutmainnah 2016):

Potassium dissolution index = clear zone diameter/
colony diameter

Plant growth promotion assay of Trichoderma spp. on
maize plants in the pot experiment

The ability of Trichoderma spp. indigenous isolates to
promote growth was tested in experimental pots in the
greenhouse. 7 days old of Trichoderma sp. isolate pieces
were inoculated in sterile rice medium and incubated for 7
days at room temperature. Pots containing 1 kg sterile soil
were inoculated with 10 g of 7-day-old Trichoderma sp.
inoculum in rice medium by spreading it evenly on the
surface of the ground then covered it again with soil. After
7 days, 2 maize seeds of the Anom cultivar were planted on
soil medium per pot. Each treatment involving the
Trichoderma spp. isolate was repeated three times and the
pots were arranged in a completely randomized design.
Observations of plant height, number of leaves, length of
roots, and number of roots were performed 21 days after
planting.

Data analysis

The observation data were statistical analysis of
variance (ANOVA) and compared the treatment means
with least significance tests at P<0.05 using Star software
(Akbar 2021).

RESULTS AND DISCUSSION

Isolation and identification

A total of 30 isolates of Trichoderma spp. were
obtained from the soil rhizosphere samples. A total of 25
Trichoderma spp. isolates were successfully recovered
from lowland areas (0-300 masl), two isolates from
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medium plains (300-500 masl), and three isolates from
highland (500-1,000 masl) sites around Gorontalo
Province. A significant differences was observed in
Trichoderma population at various altitudes. The
distribution and composition of Trichoderma species is
influenced by several factors such as ecosystem, region,
altitude, latitude and longitude (Ma et al. 2020). An
important finding of present study was that Trichoderma
was more dominant at lowest altitude around 83.33%. This
may be as lowest altitude environmental conditions are
more suitable for the growth and development of
Trichoderma. The wide distribution of Trichoderma is very
profitable for agriculture in Gorontalo considering that
maize farming businesses in Gorontalo are spread from
lowland to highland and dominant in the lowlands. It was
also recorded that 63.33% of Trichoderma spp. spread in
areas with high disease incidence. The morphological
characteristics of 30 isolates of Trichoderma spp. based on
macroscopic and microscopic identification are listed in
Table 1.

Molecular identification

The results of molecular identification showed that all
the indigenous fungal isolates belonged to the genus
Trichoderma (Table 2). The fungal strains were dominated
by three species, namely, 12 strains (40%) of T. asperellum,
10 strains (33.33%) of T. brevicompactum, and 5 strains
(16.67%) of T. virens (Table 2). Moreover, the results of
molecular identification included T. dorothopsis (TZ31LU1),
T. ghanense (TZ12PO1), and T. reesei (TZ31DUL1) species.
Based on the site of sample, in lowland had 25 isolates
(83.83%) consists of 4 strains, namely T. asperellum strains
(11 isolates), T. brevicompactum strain (10 isolates) T.
virens strains (3 isolates), and T. ghanense strain (1
isolate); 1 strain that is T. virens (2 isolates) in medium
plains; and 3 strains consists of T. asperellum (1 isolate), T.
dorothopsis strain (1 isolate), and T. reesei (1 isolate) in
highland (500-1,000 masl). Several studies have revealed
that T. asperellum, T. brevicompactum, and T. virens play a
role in plant pathogens biocontrol and plant growth
promotion. Several species of T. asperellum, T.
brevicompactum, and T. virens are also known to be able to
act as plant growth promoters (Shentu et al. 2013; Jogaiah
et al. 2018; Yu et al. 2021).

Phylogenetic tree (Figure 3) analysis revealed that
group of species was divided into 2 main clusters. The first
cluster with a bootstrap value of 74% was similar to
Trichoderma asperellum which consists of isolate codes
TZ32TP1, TZ12BU1, TZ11BOl1, TZ12BU5, TZ11BO2,
TZ12BN1, TZ12BU4, TZ11MO1, TZ12BU3, TZ11DI1,
TZ11WOL1 and TZ12BU2. Apart from that, in this cluster
there was a sub-cluster which with a bootstrap value of
99% is close to Trichoderma dorothopsis, namely isolate
code TZ31LU1l. Meanwhile, the second cluster with a
bootstrap value of 73% had 2 sub-clusters. The first sub-
cluster had a bootstrap value of 95% which showed
closeness to Trichoderma brevicompactum with isolate
codes consisting of TZ12BN2, TZ12HU3, TZ12HU1,
TZ12KB2, TZ12KB3, TZ120W1, TZ12KB1, TZ12HU4,
TZ12HU2, and TZ12MNL1.
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Table 1. Morphological characteristics of Trichoderma spp. isolates from the rhizosphere of maize plants
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Morphological characteristics
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The colony was fast-growing (radius 6.0 cm)
on MEA at 274+2°C temperature; brass-
greenish white aerial mycelium on MEA
medium. Conidia production was visible after
3 days. Phialide were ampulliform,
lageniform hyaline, and 4-5.5 (long)x : 5.1)
pm. Conidia were greenish-hyaline, globose
to ovoid, (2.2-)3.5 x 2.0(2.5) um, and smooth
surface

The colony was fast-growing (radius 4.7 cm)
on MEA at 27+2°C temperature; white-green
aerial mycelium on MEA medium. Conidia
production was visible after 3 days. Phialide
were ampulliform, lageniform hyaline, and
length 4.1-7.8 (X : 5.6) um. Conidia were
greenish, globose to ovoid, (1.8-)2.4 x
1.4(2.0) um, and smooth surface.

The colony was fast-growing (radius 7.5 cm)
on MEA at 27+2°C temperature, white-green
aerial mycelium on MEA medium Conidia
production was visible after 3 days. Phialide
were ampulliform, hyaline, and 4-6 (x : 5.1)
pum. Conidia were greenish, globose to ovoid,
(3.1-)4.0 x 2.5(3.1) um, and smooth surface.

The colony was fast-growing (radius 8-8.4
cm) on MEA at 27+2°C temperature. Colonies
were grayish green with yellow pigment
diffused on the medium. Conidia production
was visible after 3 days, starting from the
initial point of inoculum growth. Phialide
were ampulliform, lageniform hyaline, and 5-
8 (X : 6.63) um. Conidia were greenish-
hyaline, globose to ovoid, (2.6-)3.4 x 2.2(2.7)
pm, and smooth surface.

© The colony was fast-growing (radius 6.9 cm)

on MEA at 27+2°C temperature, white-green
aerial mycelium on MEA medium. Conidia
production was visible after 3 days. Phialide
were ampulliform, lageniform hyaline, and 4-

' 6 (x:5.0) um. Conidia were greenish-hyaline,

globose to ovoid, (2.5-)3.6 x 2.0(2.5) um, and
smooth surface.

The colony was slow-growing (radius 4-4.1
cm) on MEA at 27+2°C temperature.
Submerged colonies and yellow-green aerial
mycelium on PDA medium. Conidia
production was visible after 7 days. Phialide
were lageniform curved at the tip of the
conidiogen, hyaline, and 4-8 (x : 6.0) um.
Conidia were greenish-hyaline, globose to
ovoid, (3.1-)4.1 x 2.2(3.0) um, and rough
surface.

TZ11BO1
TZ11BO2
TZ11WO1
TZ11MO1
TZ12BN1
TZ12BU1
TZ12BU2
TZ12BU3
TZ12BU4
TZ12BUS
TZ32TP1
TZ11DI1

TZ12BN2
TZ12HU1
TZ12HU2
TZ12HU3
TZ12HU4
TZ12KB1
TZ12KB2
TZ12KB3
TZ120W1
TZ12MN1

TZ11BO3
TZ21BT1
TZ11BT1
TZ22MM1
TZ11PI1

TZ31DU1

TZ31LU1

TZ12P0O1

Note: Scale bar =10 um
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The second sub-cluster with a bootstrap value of 43%
consists of 2 sub-sub-clusters, namely the first with a
bootstrap value of 98% which was similar to Trichoderma
virens (TZ11BT1, TZ21BT1, TZ11BO3, TZ11PI1, and
TZ22MM1) and the second with a bootstrap value of 96%
which shows similarity to Trichoderma ghanense
(bootstrap value 86% with isolate code TZ12PO1) and
Trichoderma reesei (bootstrap value 84% with isolate code
TZ31DU1). The outgroup in the phylogenetic tree was
used to show differences in genetic closeness between
isolates and the comparison gene, i.e. Gliocladium viride.
The results of molecular identification using Blast-N search
are presented in Table 2.

In vitro antagonistic activity against Rhizoctonia solani
Antagonistic assays showed that several Trichoderma
species strongly inhibited the growth of R. solani in vitro.
Among the 30 fungal strains, 25 inhibited R. solani by more
than 50% (Table 3). The five strains had less than 50%
lower inhibitory effect on R. solani, i.e., T. asperellum
TZ12BU3 (42.2%), T. asperellum TZ12BU4 (22.2%), T.
asperellum TZ12BUS5 (35.2%), T. virens TZ21BT1 (46.7%),
and T. virens TZ22MM1 (46.6%). Six Trichoderma spp.
strains were able to inhibit more than 70%, i.e.,T.
asperellum-TZ11DI1 (77.4%), T. asperellum
TZ12BU1 (75%), T. asperellum TZ12BU2 (76.2%), T.
brevicompactum TZ120W1 (77.4%), T. reesei TZ31DU1

(75.1%), and T. asperellum TZ32TP1 (75.1%). These
results suggest that most Trichoderma spp. strains were
able to inhibit the growth of the plant pathogen R. solani.
Trichoderma sp. is a biological agent that acts as a
biocontrol agent to suppress plant diseases in vitro
(Manandhar et al. 2019; Ngo et al. 2021). Other reports
have shown that five strains of T. asperellum have
antagonistic effects on more than 50% of maize plants
through parasitism and increased growth (Mirsam et al. 2023).

Fourteen Trichoderma spp. strains, including T.
brevicompactum, are known to be capable of inhibiting the
growth of the plant pathogen Fusarium solani on potato
plants (Ommati and Zaker 2012). T. virens has also been
reported to inhibit the growth of R. solani by secreting cell
wall-degrading enzymes (CWDESs) such as chitinase and
cellulase (Ghasemi et al. 2020). T. ghanense also
efficiently inhibited the growth of F. solani, and a
moderate antagonism against S. sclerotia or R. solani
(Qualhato et al. 2013). T. reesei is also known to inhibit the
growth of Alternaria alternata by 75%. The results of the
present study revealed consistent traits of Trichoderma spp.
as a hiocontrol agent that can antagonistically inhibit the
growth of plant pathogens. Trichoderma spp. are widely
known as biocontrol agents for suppressing plant pathogens
through  antibiosis,  competition, and  parasitism
mechanisms (Stracquadanio et al. 2020; Mukherjee et al.
2022).

Table 2. Results of BLAST-N searches of Trichoderma spp. and Rhizoctonia solani isolates

Strains Nearest species/ Accession no. Similarity (%)
TZ11BO1 Trichoderma asperellum (KU059966.1) 100%
TZ11BO2 Trichoderma asperellum (MH215555.1) 100%
TZ11BO3 Trichoderma virens (MG707198.1) 100%
TZ11BT1 Trichoderma virens (KY767626.1) 100%
TZ11WO1 Trichoderma asperellum (MH215555.1) 100%
TZ11MO1 Trichoderma asperellum (MH215554.1) 100%
TZ11DI1 Trichoderma asperellum (MH215555.1) 100%
TZ11PI1 Trichoderma virens (MG707198.1) 100%
TZ12BN1 Trichoderma asperellum (KU059966.1) 100%
TZ12BN2 Trichoderma brevicompactum (MH624142.1) 100%
TZ12BU2 Trichoderma asperellum (MF871562.1) 100%
TZ12BU3 Trichoderma asperellum (KU059966.1) 100%
TZ12BU4 Trichoderma asperellum (KU059966.1) 100%
TZ12HU1 Trichoderma brevicompactum (MH624142.1) 100%
TZ12HU2 Trichoderma brevicompactum (MH624142.1) 100%
TZ12HU3 Trichoderma brevicompactum (MH624142.1) 100%
TZ12HU4 Trichoderma brevicompactum (MH624147.1) 100%
TZ12KB1 Trichoderma brevicompactum (MH624147.1) 100%
TZ12KB2 Trichoderma brevicompactum (MH624147.1) 100%
TZ12KB3 Trichoderma brevicompactum (MH624147.1) 100%
TZ12MN1 Trichoderma brevicompactum (MH624147.1) 100%
TZ21BT1 Trichoderma virens (MN427919.1) 100%
TZ22MM1 Trichoderma virens (MH624149.1) 100%
TZ31LU1 Trichoderma dorothopsis (MH624143.1) 100%
TZ32TP1 Trichoderma asperellum (MH215554.1) 100%
TZ12BU1 Trichoderma asperellum (MH215555.1) 100%
TZ12PO1 Trichoderma ghanense (KT792972.1) 100%
TZ120W1 Trichoderma brevicompactum (MH624147.1) 100%
TZ31DU1 Trichoderma reesei (LC535971.1) 100%
TZ12BUS Trichoderma asperellum (KU059966.1) 100%
R2S Rhizoctonia solani (MT620736.1) 100%
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In this study, the inhibitory mechanism of Trichoderma
spp. against R. solani involved two mechanisms, namely,
antibiosis, in which a clear zone formed around the colony
on PDA media, and competition (Figure 4). This study
revealed that each Trichoderma spp. strain had a different
antagonistic mechanism against R. solani. A clear zone was
produced by Trichoderma spp. due to the release of
antibiosis compounds that are toxic to the mycelia of R.
solani. Trichoderma sp. can inhibit pathogen growth by
producing VOCs, causing antibiosis, parasitism, activating
defense enzymes, and inducing plant resistance (Sood et al.
2020). Trichoderma sp. as a biocontrol agent, releases
antibiotic compounds and lytic enzymes that are toxic to
pathogens (Asad et al. 2015). Most volatile organic
compounds (VOCs) produced by Trichoderma spp. are
monoterpene and sesquiterpene compounds, play a role in
protecting plants from pathogen infection (Tabarestani et
al. 2016). T. asperellum produces as many as 32 volatile
organic compounds (VOCs) with antifungal activity that
effectively influence the growth of the pathogens B. dinner
and S. clerotiorum (Kamaruzzaman et al. 2021).
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Trichoderma sp. produce several enzyme pathogenic cell
wall-degrading enzymes (CWDEs), such as (-1,6-

glucanase and chitinase, which play important roles in
parasitism (Jayalakshmi et al. 2009). In the present study,
Trichoderma spp. strains were able to inhibit the growth of
R. solani by releasing antibiosis compounds (Figure 4.A)
and competing (Figure 4.B).

Figure 4. Inhibition of R. solani by Trichoderma sp.: A.
Antibiosis, B. Competition. T: Trichoderma sp., P: Rhizoctonia solani
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Figure 3. Phylogenetic tree of indigenous Trichoderma spp.

Gliocladium viride isolate DUCC007 GU903312.1 (South Korea)
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Table 3. Inhibition of R. solani by Trichoderma spp.

. Percentage  Inhibition
Strains (%) types
T. asperellumTZ11BO1* 51.52 Competition
T. asperellum -TZ11BO2* 60.00 Competition
T.greenTZ11BO3* 59.52 Competition
T.green -TZ11BT1* 55.15 Competition
T. asperellumTZ11WO1* 58.59 Competition
T. asperellum-TZ11MO1* 60.71 Competition
T. asperellum-TZ11DI1* 77.40 Competition
T. greenTZ11PI1* 55.15 Competition
T. asperellum -TZ12BN1* 61.11 Competition
T. brevicompactum-TZ12BN2* 67.44 Antibiosis
T. asperellumTZ12BU1* 75.00 Antibiosis
T. asperellum-TZ12BU2* 76.27 Competition
T. asperellum-TZ12BU3 42.22 Competition
T. asperellum-TZ12BU4 22.22 Competition
T. asperellumTZ12BU5 35.52 Antibiosis
T. ghanense-TZ12PO1* 57.06 Antibiosis
T. brevicompactum-TZ12HU1* 65.56 Competition
T. brevicompactum-TZ12HU2* 63.10 Competition
T. brevicompactum-TZ12HU3* 51.19 Antibiosis
T. brevicompactum-TZ12HU4* 66.67 Competition
T. brevicompactum-TZ12KB1* 60.00 Competition
T. brevicompactum-TZ12KB2* 68.89 Antibiosis
T. brevicompactum-TZ12KB3* 67.44 Competition
T. brevicompactum-TZ120W1* 77.40 Antibiosis
T. brevicompactum-TZ12MN1* 64.55 Competition
T. greenTZ21BT1 46.70 Competition
T. greenTZ22MM1 46.67 Competition
T. reesei-TZ31DU1* 75.14 Competition
T. dorothopsis-TZ31LU1* 69.49 Competition
T. asperellumTZ32TP1* 75.14 Competition
Note: *: Inhibition index > 50%.

Plant Growth Promotion (PGP) traits

The results also revealed the activities of Trichoderma
spp. plant growth-promoting agents in terms of IAA
hormone production, phosphate solubilization, and
potassium solubilization. The results of the qualitative
assay of IAA production showed that after 12 hours of
incubation, Trichoderma spp. strains produced a color
change from yellow to brick red with different intensities
for each isolate. These results suggest that all the strains of
indigenous  Trichoderma spp. can produce IAA
qualitatively at different concentrations. Moreover, 13
strains produce a strong dark brick red colour, indicated
high concentration of IAA: T. asperellum TZ11DI1,
T. brevicompactum TZ12BN2, T. asperellum TZ12BU1, T.
asperellum TZ12BU2, T. asperellum TZ12BU3, T.
asperellum TZ12BU5, T. ghanense TZ12PO1, T.
brevicompactum  TZ12HUL, T. brevicompactum
TZ12HU4, T. brevicompactum TZ12KB1, T. virens
TZ21BT1, T. reesei TZ31DUl, and T. dorothopsis
TZ31LUL (Table 4). Some Trichoderma spp. can produce
hormone IAA in vitro (Saxena et al. 2015; Bader et al.
2020). The results of also confirmed that Trichoderma sp.
strain was capable of producing IAA, and the application of
Trichoderma sp. can increase plant growth. IAA is an
important hormone in plants that develops lateral roots and
promotes root hair development (Zamioudis et al. 2013).
Applying T. atroviride and T. virens increased plant growth
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by regulating 1AA production in Arabidopsis thaliana
(Contreras-Cornejo et al. 2009).

The ability of indigenous Trichoderma spp. as a PGP,
especially as a biofertilizer were assayed for phosphate and
potassium  solubilization activity. The ability of
Trichoderma spp. to dissolve phosphate was determined by
the clear zone around the colonies that formed in the
Pikovskaya medium. All the Trichoderma spp. strains were
able to dissolve phosphate (Table 4). Two strains have the
highest ability to solubilize phosphate, namely, T.
asperellum TZ12BN1(1.8) and T. brevicompactum
TZ12HU1 (1.4). The results showed that Trichoderma sp.
can act as a phosphate solubilizer, a macronutrient for plant
growth. Additionally, phosphate is a macronutrient that
plays an important role in plant growth and is involved in
the physiological response of plants to abiotic stress (Khan
et al. 2023). Several reports have shown that many
Trichoderma species, such as T. brevicompactum, T.
gamsii, and T. harzianum, can solubilize phosphate (Bader
et al. 2020). The application of T. asperellum Q1 was
shown to increase plant growth under salt stress, and this
fungus can dissolve organic and inorganic phosphate as
well as phosphatase and phytase activities (Zhao and Zhang
2015). Therefore, the results of present study exhibited that
several Trichoderma spp. strains were able to solubilize
phosphate, which plays a role in increasing plant growth.
The ability of Trichoderma sp. to solubilize potassium was
determined by the clear zone surrounding the fungal colony
grown on the Alexandrov medium. The comparison
showed that, with an index of 0.57, only one strain of
Trichoderma sp. could solubilize potassium, namely, T.
dorothopsis TZ31LUL. Potassium is known to play a role
in plant growth and metabolism. Inoculation with
Trichoderma can increase the amount of NPK nutrients
used for plant growth (Silva et al. 2023). Therefore,
applying Trichoderma sp. to plants can be used as
biological fertilizers to increase plant growth.

The effect of Trichoderma spp. application on maize
plants in pots

The study results showed that inoculation with
Trichoderma spp. increased the growth of maize plants
(Table 5). The height of the plants inoculated with
Trichoderma spp. was higher than that of control.
Similarly, the number of leaves on plants inoculated with
Trichoderma spp. was higher than control plants, except for
those in the two treatments, namely, T. brevicompactum
TZ12BN2 and T. asperellum TZ32TPI1. Trichoderma spp.
inoculation also increased the root length compared to that
of the control, except for the T. asperellum TZ11BO1, T.
asperellum TZ11 WOL, T. brevicompactum TZ12BN2, T.
asperellum TZ12BU5, and T. brevicompactum TZ12MN1
strains. However, these strains showed slightly higher
values than the control but not statistically significant.
Similarly, the number of roots increased in the plants
treated with Trichoderma spp. compared to the control,
except for the T. asperellum TZ11BO2, T. virens
TZ11BO3, T. virens TZ11BT1, T. asperellum TZ11WQO1,
and T. asperellum TZ11DI1 strains. These results follow
various studies that applying Trichoderma sp. to plants can
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increase plant growth (Susiana et al. 2018; Bayoumi et al.
2019; He et al. 2019). Trichoderma sp. is a biological
fertilizer that can increase plant growth by producing

phytohormones and increasing plant nutrient uptake (Zhang
et al. 2013). Moreover, our study confirmed that
Trichoderma spp. increases the growth of maize plants.

Table 4. Plant growth-promoting activities of Trichoderma spp.

PGP activities No Strains PGP activities

Strains Pho§phat_e Pote}s_siur_n Pho§phat_e Potqs_siur_n

Solubilization Solubilization 1AA Solubilization Solubilization 1AA

index Index index index

TZ11BO1 1.27 - + 16 TZ12P0O1 1.03 - +++
TZ11BO2 1.24 - ++ 17 TZ12HU1 1.42 - +4++
TZ11BO3 1.00 - ++ 18 TZ12HU2 1.08 - ++
TZ11BT1 1.00 - ++ 19 TZ12HU3 1.23 - ++
TZ11WO1 1.19 - ++ 20 TZ12HU4 1,00 - +++
TZ11MO1 1.20 - ++ 21 TZ12KB1 1,00 - +++
TZ11DI1 1.16 - +++ 22 TZ12KB2 1.03 - ++
TZ11PI1 1.00 - ++ 23 TZ12KB3 1.28 - ++
TZ12BN1 1.80 - ++ 24 TZ120W1 1.12 - ++
TZ12BN2 1.06 - +++ 25 TZ12MN1 1.27 - ++
TZ12BU1 1.20 - +++ 26 TZ21BT1 1,00 - +++
TZ12BU2 1.14 - +++ 27 TZ22MM1 1,14 - ++
TZ12BU3 1.20 - +++ 28 TZ31DU1 1,00 - +++
TZ12BU4 1.23 - + 29 TZ31LU1 1,00 0.57 +4++
TZ12BU5 1.15 - +++ 30 TZ32TP1 1.15 - +

Note: -: no activities, +: light brick red (low concentration), ++: medium brick red (medium concentration), +++: strong dark brick red
(high concentration)

Table 5. The effect of Trichoderma spp. on maize plant growth

Isolates code

Plant height (cm)

Plant growth parameters

Number of leaves

Root length (cm)

Number of roots

Control 60.50a (0%) 4.50a (0%) 14.00a (0%) 6.00a (0%)

T. asperellum - TZ11BO1 73.50b (17.69%) 7.00b (35.71%) 14.60a (4.11%) 11.00b (45.45%)
T. asperellum - TZ11BO2 77.00b (21.43%) 7.50c (40.00%) 19.10b (26.70%) 8.00a (25.00%)
T. virens - TZ11BO3 75.00b (19.33%) 8.00c (43.75%) 20.21d (30.73%) 8.00a (25.00%)
T.virens - TZ11BT1 83.00c (27.11%) 7.50c (40.009%) 22.50c (37.78%) 8.00a (25.00%)
T. asperellum - TZ11WO1 77.00b (21.43%) 7.50c (40.00%) 17.00a (17.65%) 8.00a (25.00%)
T. asperellum - TZ11MO1 85.50c (29.24%) 7.50c (40.0096) 22.26¢ (37.11%) 9.00b (33.33%)
T. asperellum - TZ11DI1 74.50b (18.79%) 6.50b (30.77%) 19.60b (28.57%) 8.00a (25.00%)
T. virens - TZ11PI1 70.00b (13.57%) 8.00c (43.75%) 27.00d (48.15%) 9.00b (33.33%)
T. asperellum - TZ12BN1 70.00b (13.57%) 7.00b (35.71%) 22.94c (38.97%) 12.00c (50.00%)
T. brevicompactum - TZ12BN2 78.50b (22.93%) 5.50a (18.18%) 16.06a (12.83%) 10.00b (40.00%0)
T. asperellum - TZ12BU1 75.50b (19.87%) 7.50c (40.00%) 18.44b (24.08%) 11.00b (45.45%)
T. asperellum - TZ12BU2 72.00b (15.97%) 7.00b (35.71%) 25.70c (45.53%) 9.00b (33.33%)
T. asperellum - TZ12BU3 73.00b (17.12%) 8.00c (43.75%) 19.70b (28.93%) 9.00b (33.33%)
T. asperellum - TZ12BU4 79.00b (23.42%) 7.00b (35.71%) 20.44b (31.51%) 9.00b (33.33%)
T. asperellum - TZ12BU5 81.50b (25.77%) 7.50c (40.00%) 17.08a (18.03%) 9.00b (33.33%)
T. ghanense - TZ12PO1 77.00b (21.43%) 7.00b (35.71%) 22.20c (36.94%) 14.00c (57.14%)
T. brevicompactum - TZ12HU1 76.00b (20.39%) 7.50c (40.00%) 30.50e (54.10%) 13.00c (53.85%)
T. brevicompactum - TZ12HU2 84.00c (27.98%) 8.00c (43.75%) 23.28¢ (39.86%) 12.00c (50.00%)
T. brevicompactum - TZ12HU3 75.50b (19.87%) 6.50b (30.77%) 22.25¢ (37.08%) 12.00c (50.00%)
T. brevicompactum - TZ12HU4 77.00b (21.43%) 6.50b (30.77%) 22.62c¢ (38.11%) 15.00d (60.00%6)
T. brevicompactum - TZ12KB1 74.00b (18.24%) 7.50c (40.00%) 21.52b (34.94%) 11.00b (45.45%)
T. brevicompactum - TZ12KB2 74.00b (18.24%) 6.50b (30.77%) 22.00c (36.36%) 10.00b (40.00%)
T. brevicompactum - TZ12KB3 73.50b (17.69%) 8.00c (43.75%) 19.04b (26.47%) 16.00d (62.50%0)
T. brevicompactum - TZ120W1 79.50b (23.90%) 7.50c (40.00%) 22.44c¢ (37.61%) 14.00c (57.14%)
T. brevicompactum - TZ12MN1 73.50b (17.69%) 7.00b (35.71%) 17.50a (20.00%) 10.00b (40.00%0)
T.virens - TZ21BT1 82.00b (26.22%) 7.50c (40.00%6) 18.20b (23.08%) 12.00c (50.00%)
T. virens - TZ22MM1 69.50b (12.95%) 6.50b (30.77%) 20.19b (30.66%) 12.00c (50.00%)
T. reesei - TZ31DU1 71.50b (15.38%) 6.50b (30.77%) 23.24¢ (39.76%) 12.00c (50.00%)
T. dorothopsis - TZ31LU1 86.00c (29.65%) 8.00c (43.75%) 26.00d (46.15%) 13.00c (53.85%)
T. asperellum - TZ32TP1 87.50c (30.86%) 4.50a (0.00%) 19.10b (26.70%) 14.00c (57.14%)
N

ote: Means followed by the same letter are not significantly different.
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In conclusion, the result revealed that 30 Trichoderma
spp. isolates were found which included 6 strains, namely
12 stains T. asperellum, 10 strains T. brevicompactum, 5
strains T. virens, 1 strain T. Dorothopsis, 1 strain T.
Ganense, and 1 strain T. reseei. All isolates were found
antagonistic to R. solani. This indicates that isolates can
function as a biocontrol against R. solani. All isolates
produced IAA and dissolved phosphate, and only 1 isolate
dissolved potassium in vitro. Almost all isolates had a
significant effect on plant height, number of leaves, number
and length of roots in greenhouse, that showed the isolate
potential as a growth promoter and biofertilizer. A
comprehensive study should be conducted to investigate
the ability of indigenous Trichoderma spp. isolates to
promote growth and induce resistance in maize plants.

ACKNOWLEDGEMENTS

Author would like to thank the Gorontalo Provincial
Agriculture Service, Indonesia for funding and facilitating
and assisting in the implementation of this research through
APBD 2021 funding for the identification of diseases and
biological control agents on maize plants in Gorontalo
Province.

REFERENCES

Akbar MR. 2021. The Application of STAR for Agricultural Research.
DOI: 10.13140/RG.2.2.17842.12489.

Asad SA, Tabassum A, Hameed A, Hassan FU, Afzal A, Khan SA,
Ahmed R, Muhammad S. 2015. Determination of Iytic enzyme
activities of indigenous Trichoderma isolates from Pakistan. Braz J
Microbiol 46 (4): 1053-1064. DOI: 10.1590/S1517-838246420140787.

Bader AN, Salerno GL, Covacevich F, Consolo VF. 2020. Native
Trichoderma harzianum strains from Argentina produce indole-3
acetic acid and phosphorus solubilization, promote growth and
control wilt disease on tomato (Solanum lycopersicum L.). J King
Saud Univ Sci 32 (1): 867-873. DOI: 10.1016/j.jksus.2019.04.002.

Barnett HL, Hunter BB. 1998. Illustrated genera of imperfect fungi. 4th
Ed. APS Press, Minnesota (US).

Bayoumi Y, Taha N, Shalaby T, Alshaal T, Ramady HE. 2018. Sulfur
promotes biocontrol of purple blotch disease via Trichoderma spp.
and enhances the growth, yield and quality of onion. Appl Soil Ecol
134: 15-24. DOI: 10.1016/j.aps0il.2018.10.011.

BPS. 2022. Statistical Yearbook of Indonesia 2022. BPS, Jakarta.

Contreras-Cornejo HA, Macias-Rodriguez L, Cortés-Penagos C, Lépez-
Bucio J. 2009. Trichoderma virens, a plant beneficial fungus,
enhances biomass production and promotes lateral root growth
through an auxin-dependent mechanism in arabidopsis. Plant Physiol
149 (3): 1579-1592. DOI: 10.1104/pp.108.130369.

Damalas CA, Eleftherohorinos I1G. 2011. Pesticide exposure, safety issues,
and risk assessment indicators. Intl J Environ Res Public Health 8 (5):
1402-1419. DOI: 10.3390/ijerph8051402.

Ghasemi S, Safaie N, Shahbazi S, Shams-Bakhsh M, Askari H. 2020. The
role of cell wall degrading enzymes in antagonistic traits of
Trichoderma virens against Rhizoctonia solani. Iran J Biotechnol 18
(4): 18-28. DOI: 10.30498/1JB.2020.2333.

Haque MA, Marwaha S, Deb CK, Nigam S, Arora A, Hooda KS,
Soujanya PL, Aggarwal SK, Lall B, Kumar M, Islam SN, Panwar M,
Kumar P, Agrawal RC. 2022. Deep learning-based approach for
identification of diseases of maize crop. Sci Rep 12 (1): 1-14. DOI:
10.1038/s41598-022-10140-z.

He A-L, Liu J, Wang X-H, Zhang Q-g, Song W, Chen J. 2019. Soil
application of Trichoderma asperellum GDFS1009 granules promotes
growth and resistance to Fusarium graminearum in maize. J Integr
Agric 18 (3): 599-606. DOI: 10.1016/S2095-3119(18)62089-1.

BIODIVERSITAS 25 (4): 1375-1385, April 2024

Herrera W, Valbuena O, Pavone-Maniscalco D. 2020. Formulation of
Trichoderma asperellum TV190 for biological control of Rhizoctonia
solani on corn seedlings. Egypt J Biol Pest Control 30: 44. DOI:
10.1186/541938-020-00246-9.

Hu X, Chen J, Guo J. 2006. Two phosphate- and potassium-solubilizing
bacteria isolated from Tianmu Mountain, Zhejiang, China. World J
Microbiol Biotechnol 22: 983-990. DOI: 10.1007/s11274-006-9144-2.

Jayalakshmi SK, Raju S, Rani SU, Benagi VI, Sreeramulu K. 2009.
Trichoderma harzianum L1 as a potential source for lytic enzymes
and elicitor of defense responses in chickpea (Cicer arietinum L.)
against wilt disease caused by Fusarium oxysporum f. sp. ciceri. Aust
J Crop Sci 3 (1): 44-52.

Ji S, Liu Z, Bin L, Wang Y, Wang J. 2020. The effect of Trichoderma
biofertilizer on the quality of flowering Chinese cabbage and the soil
environment. Sci Hortic 262: 109069. DOI:
10.1016/j.scienta.2019.109069.

Jogaiah S, Abdelrahman M, Tran L-SP, Ito S-I. 2018. Different
mechanisms of Trichoderma virens-mediated resistance in tomato
against Fusarium wilt involve the jasmonic and salicylic acid
pathways. Mol Plant Pathol 19 (4): 870-882. DOI:
10.1111/mpp.12571.

Kamal RK, Athisayam V, Gusain YS, Kumar V. 2018. Trichoderma: A
most common biofertilizer with multiple roles in agriculture. Biomed
J Sci Technol Res 4 (5): 4136-4137. DOI:
10.26717/BJSTR.2018.04.001107.

Kamaruzzaman M, Islam MS, Mahmud S, Polash SA, Sultana R, Hasan
MA, Wang C, Jiang C. 2021. In vitro and in silico approach of fungal
growth inhibition by Trichoderma asperellum HbGT6-07 derived
volatile organic compounds. Arab J Chem 14 (9): 103290. DOI:
10.1016/j.arabjc.2021.103290.

Khan F, Siddique AB, Shabala S, Zhou M, Zhao C. 2023. Phosphorus
plays key roles in regulating plants' physiological responses to abiotic
stresses. Plants 12 (15): 2861. DOI: 10.3390/plants12152861.

Khan MY, Haque MM, Molla AH, Rahman MM, Alam MZ. 2016.
Antioxidant compounds and minerals in tomatoes by Trichoderma-
enriched biofertilizer and their relationship with the soil
environments. J Integr Agric 16 (3): 691-703. DOI: 10.1016/S2095-
3119(16)61350-3.

Kubicek CP, Harman GE. 2002. Trichoderma and Gliocladium. Volume
1: Basic biology, taxonomy and genetics. CRC Press. DOI:
10.1201/9781482295320.

Lesmana A, Rianto F, Sarbino S. 2019. Exploration of Trichoderma spp
from rice fields area that have the potential as biological fertilizer.
Jurnal Sains Pertanian Equator 8 (1). DOI: 10.26418/jspe.v8i1.28813.

Li M-F, Li G-H, Zhang K-Q. 2019. Non volatile metabolites from
Trichoderma spp. Metabolites 9 3): 58. DOl
10.3390/metab09030058.

Lim JA, Yaacob JS, Rasli SRAM, Eyahmalay JE, El Enshasy HA, Zakaria
MRS. 2023. Mitigating the repercussions of climate change on
diseases affecting important crop commodities in Southeast Asia, for
food security and environmental sustainability—A review. Front
Sustain Food Syst 6: 1030540. DOI: 10.3389/fsufs.2022.1030540.

Ma J, Tsegaye E, Li M, Wu B, Jiang X. 2020. Biodiversity of
Trichoderma from grassland and forest ecosystems in Northern
Xinjiang, China. 3 Biotech 10: 362. DOI: 10.1007/s13205-020-
02301-6.

Manandhar S, Pant B, Manandhar C, Baidya S. 2019. In vitro evaluation
of biocontrol agents against soil borne plant pathogens. J Nepal Agric
Res Counc 5 (1): 68-72. DOI: 10.3126/jnarc.v5i1.23810.

Mirsam H, Suriani, Kurniawati S, Purwanto OD, Muis A, Pakki S,
Tenrirawe A, Nonci N, Herawati, Muslimin, Azrai M. 2023. In vitro
inhibition mechanism of Trichoderma asperellum isolates from corn
against Rhizoctonia solani causing banded leaf and sheath blight
disease and its role in improving the growth of corn seedlings. Egypt
J Biol Pest Control 33 (1): 95. DOI: 10.1186/541938-023-00729-5.

Muimba-Kankolongo A. 2018. Cereal production, in: Food crop
production by smallholder farmers in Southern Africa. Academic
Press, Cambridge, San Diego. DOI: 10.1016/B978-0-12-814383-
4.00008-6.

Mukherjee PK, Mendoza-Mendoza A, Zeilinger S, Horwitz BA. 2022.
Mycoparasitism as a mechanism of Trichoderma-mediated
suppression of plant diseases. Fungal Biol Rev 39: 15-33. DOI:
10.1016/j.fbr.2021.11.004.

Ngo MT, Nguyen MV, Han JW, Park MS, Kim H, Choi GJ. 2021. In vitro
and in vivo antifungal activity of sorbicillinoids produced by



ISWATI et al. — Exploration and characterization of indigenous Trichoderma spp.

Trichoderma longibrachiatum. J DOl:
10.3390/j0f7060428.

Nikmah BM. 2017. Test The effectiveness of various selective media for
selecting Trichoderma spp. from soil on various different fields.
[Thesis]. Universitas Brawijaya, Malang. DOI:
SKR/FP/2017/852/051711069. [Indonesia]

Nurhayati Y, Suryanti S, Wibowo A. 2021. In vitro evaluation of
Trichoderma asperellum isolate UGM-LHAF againts Rhizoctonia
solani causing sheath blight disease of rice. Jurnal Perlindungan
Tanaman Indonesia 25 (1): 64-73. DOI: 10.22146/jpti.65290.

Ommati F, Zaker M. 2012. In vitro and greenhouse evaluations of
Trichoderma isolates for biological control of potato wilt disease
(Fusarium solani). Arch Phytopathol Plant Prot 45 (14): 1715-1723.
DOI: 10.1080/03235408.2012.702467.

Pitcher DG, Saunders NA, Owen RJ. 1989. Rapid extraction of bacterial
genomic DNA with guanidium thiocyanate. Lett Appl
Microbiol 8: 151-156. DOI: 10.1111/j.1472-765X.1989.th00262.x.

Qualhato TF, Lopes FAC, Steindorff AS, Branddo RS, Jesuino RSA,
Ulhoa CJ. 2013. Mycoparasitism studies of Trichoderma species
against three phytopathogenic fungi: Evaluation of antagonism and
hydrolytic enzyme production. Biotechnol Lett 35: 1461-1468. DOI:
10.1007/s10529-013-1225-3.

Rai D, Singh SK. 2018. Is banded leaf and sheath blight a potential threat
to maize cultivation in Bihar? Intl J Curr Microbiol Appl Sci 7 (11):
671-683. DOI: 10.20546/ijcmas.2018.711.080.

Rais. 2016. Classification of pest and deseases of corn plants using a
genetic algorithm-based neutral network. In: Proceeding of National
Seminary Applied Science and Technology SENIT 2016.
Development of sciences and technology-based local resources.
Harapan Bersama Polytechnic.

Saxena A, Raghuwanshi R, Singh HB. 2015. Trichoderma species
mediated differential tolerance against biotic stress of phytopathogens
in Cicer arietinum L. J Basic Microbiol 55 (2): 195-206. DOI:
10.1002/jobm.201400317.

Setiawati TC, Mutmainnah L. 2016. Solubilization of potassium
containing mineral by microorganisms from sugarcane rhizosphere.
Agric Agric Sci Procedia 9: 108-117. DOLl:
10.1016/j.aaspro.2016.02.134.

Sharon JA, Hathwaik LT, Glenn GM, Imam SH, Lee CC. 2016. Isolation
of efficient phosphate solubilizing bacteria capable of enhancing
tomato plant growth. J Soil Sci Plant Nutr 16 (2): 525-536. DOI:
10.4067/S0718-95162016005000043.

Shentu X-P, Liu W-P, Zhan X-H, Yu X-P, Zhang C-X. 2013. The
elicitation effect of pathogenic fungi on Trichodermin production by
Trichoderma brevicompactum. Sci World J 2013: 607102. DOI:
10.1155/2013/607102.

Silva PHV, Souza AGV, de Araujo LD, Frezarin ET, de Souza GVL, da
Silveira CM, Rigobelo EC. 2023. Trichoderma harzianum and
Bacillus subtilis in association with rock powder for the initial
development of maize plants. Agronomy 13 (3): 872. DOI:
10.3390/agronomy13030872.

Skidmore AM, Dickinson CH. 1976. Colony interactions and hyphal
interference between Septoria nodorum and phylloplane fungi. Trans
Br Mycol Soc 66 (1): 57-64. DOI: 10.1016/S0007-1536(76)80092-7.

Soenartiningsih, Djaenuddin N, Saenong MS. 2014. Effectiveness of
Trichoderma sp. dan Gliocladium sp. as biocontrol agen for leaf
sheath rot in corn. Jurnal Penelitian Pertanian Tanaman Pangan 33
(2): 139090. DOI: 10.21082/jpptp.v33n2.2014.p129-135.
[Indonesian]

Fungi 7 (6): 428.

1385

Sood M, Kapoor D, Kumar V, Sheteiwy MS, Ramakrishnan M, Landi M,
Araniti F, Sharma A. 2020. Trichoderma: The "Secrets" of a
multitalented  biocontrol agent. Plants 9 (6): 762. DOI:
10.3390/plants9060762.

Susiana P, Achmadi P, Retno PS, Rina SK, Kadarwati B. 2018. The
resistance of potatoes by application of Trichoderma viride
antagonists fungus. E3S Web Conf 73: 06014. DOI:
10.1051/e3sconf/20187306014.

Stracquadanio C, Quiles JM, Meca G, Cacciola SO. 2020. Antifungal
activity of bioactive metabolites produced by Trichoderma
asperellum and Trichoderma atroviride in liquid medium. J Fungi 6
(4): 263. DOI: 10.3390/j0f6040263.

Tabarestani MS, Rahnama K, Jahanshahi M, Nasrollahnejad S, Fatemi
MH. 2016. Identification of volatile organic compounds of
Trichoderma spp. using static headspace gas chromatography-mass
spectrometry. Mycol Iran 3 2): 47-55. DOI:
10.22043/mi.2017.41532.1072.

Talib HA. 2017. Potential yield loss due to disease in corn plants in Tolite
Jaya Village, Tolingula Subdistrict, Gorontalo Utara District.
[Thesis]. Universitas Negeri Gorontalo, Gorontalo. [Indonesian]

Tenteyali MS. 2016. Potential yield loss due to disease in corn plants in
Trirukun village, Wonosari subdistrict, Boalemo district. [Thesis].
Universitas Negeri Gorontalo, Gorontalo. [Indonesia]

Tzelepis G, Dubey M, Jensen DF, Karlsson M. 2015. Identifying
glycoside hydrolase family 18 genes in the mycoparasitic fungal
species clonostachys rosea. Microbiology 161: 1407-1419. DOI:
10.1099/mic.0.000096.

Welman FL. 1972. Tropical American Plant Disease (Neotropical
Phytopathology Problems). Scarecrow Press, New Jersey.

Yadav K, Damodaran T, Kumari N, Dutt K, Gopal R, Muthukumar M.
2020. Characterization of Trichoderma isolates and assessment of
antagonistic potential against Fusarium oxysporum f. sp. cumini. J
Appl Hortic 22 (1): 38-44. DOI: 10.37855/jah.2020.v22i01.08.

Yu Z, Wang Z, Zhang Y, Wang Y, Liu Z. 2021. Biocontrol and growth-
promoting effect of Trichoderma asperellum TaspHul isolate from
Juglans mandshurica rhizosphere soil. Microbiol Res 242: 126596.
DOI: 10.1016/j.micres.2020.126596.

Yusnawan E, Inayati A, Baliadi Y. 2019. Isolation of antagonistic fungi
from rhizospheres and its biocontrol activity against different isolates
of soil borne fungal pathogens infected legumes. Biodiversitas 20 (7):
2048-2054. DOI: 10.13057/biodiv/d200735.

Zamioudis C, Mastranesti P, Dhonukshe P, Blilou I, Pieterse CMJ. 2013.
Unravelling root developmental programs initiated by beneficial
Pseudomonas spp. Bacteria. Plant Physiol 162 (1): 304-318. DOI:
10.1104/pp.112.212597.

Zhang F, Yuan J, Yang X, Cui Y, Chen L, Ran W, Shen, Q. 2013.
Putative Trichoderma harzianum mutant promotes cucumber growth
by enhanced production of indole acetic acid and plant colonization.
Plant Soil 368: 433-444. DOI: 10.1007/s11104-012-1519-6.

Zhao L, Zhang Y-Q. 2015. Effects of phosphate solubilization and
phytohormone production of Trichoderma asperellum Q1 on
promoting cucumber growth under salt stress. J Integr Agric 14 (8):
1588-1597. DOI: 10.1016/S2095-3119(14)60966-7.

Zheng H, Qiao M, Lv Y, Du X, Zhang K-Q, Yu Z. 2021. New species of
Trichoderma isolated as endophytes and saprobes from Shouthwest
China. J Fungi 7 (6): 467. DOI: 10.3390/jof7060467.



