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Abstract. Siahaan P, Tangpao AM, Umboh SD. 2024. Characterization of Trichoderma sp. local isolate and antagonism assay against 
pathogen Helminthosporium sp. Biodiversitas 25: 3380-3389. Trichoderma, as a biological agent, plays an important role in controlling 

pathogens that cause plant diseases, so it needs to be utilized properly, especially for local isolates. This research aimed to analyze the 
morphological, molecular and secondary metabolic characteristics of local isolates of Trichoderma fungus and test their antagonism 
against the pathogenic fungus Helminthosporium sp. The results showed that Tomohon local isolate of Trichoderma was identified as T. 
asperellum. The results of GC-MS analysis show that T. asperellum produces secondary metabolites in the form of volatile compounds 
from the group of volatile aldehydes, esters and ketones, as well as four fatty acid compounds, namely n-hexadecanoic acid, 
hexadecanoic acid, methyl ester, octadecadienoic acid, methyl ester, 9,12-octadecadienoic acid (Z,Z), play an important role in the 
antagonistic ability of Trichoderma. T. asperellum was able to inhibit Helminthosporium sp. by 70% on the seventh day of observation, 
and had antagonistic mechanisms, namely antibiosis and competition. Based on these results, local isolates of T. asperellum have great 

potential for use as biological control agents. 
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INTRODUCTION 

Leaf blight disease in corn plants, caused by the 

pathogenic fungus Helminthosporium sp. (Shan et al. 
2023), has become a serious challenge for agriculture in 

many regions, including North Sulawesi, Indonesia. This 

pathogen is known for its ability to significantly damage 

corn plants. The presence of this pathogen can lead to 

diseases that harm the leaves, stems, and seeds of corn, 

thereby reducing the quality and quantity of the harvest, 

resulting in decreased production and productivity, and 

impacting the well-being of farmers (Priyashantha et al. 

2023). In North Sulawesi, corn leaf blight has become one 

of the main problems in efforts to increase corn production 

and productivity. The geographical and climatic conditions 

in this region provide a highly conducive environment for 
the development of the Helminthosporium sp. pathogen, 

which in turn exacerbates its negative impact on local 

agriculture (Shabana et al. 2022). Factors such as warm 

temperatures, high humidity, and sufficient rainfall create 

ideal conditions for this pathogen to grow and spread 

rapidly (Gullino et al. 2022). Consequently, plants are 

vulnerable to infection, which can lead to reduced yields, 

economic losses for farmers, and threats to food security. 

Efforts to control leaf blight disease in corn have often 

been conducted using synthetic chemical pesticides. 

However, the use of these pesticides not only has negative 
impacts on the environment but also poses significant risks 

to human health and non-target organisms. The increase in 

pesticide residues in soil and water can lead to contamination 

that endangers local ecosystems, while direct or indirect 

exposure to pesticides can result in serious health problems 

for humans (Boonupara et al. 2023). Moreover, excessive 

use of pesticides can affect the presence and balance of 
non-target organisms, such as pollinating insects, birds, and 

soil microorganisms that are essential for sustainable 

agriculture (Tudi et al. 2021). Therefore, there is an urgent 

need to find more environmentally friendly and sustainable 

solutions for controlling leaf blight disease in corn. Many 

environmentally friendly control methods have been 

implemented, and one approach that has gained attention is 

the use of biocontrol agents, such as antagonist fungi from 

the genus Trichoderma (Alwadai et al. 2022). 

Trichoderma species are a group of fungi commonly 

found in soil and decaying wood. Trichoderma sp. can act 

as biocontrol agents, decomposers, and endophytes in 
various plant species (Woo et al. 2023). These species are 

easy to isolate, highly adaptive, and grow rapidly on 

various substrates. Additionally, Trichoderma spp. have a 

broad microparasitism capability and are non-pathogenic to 

plants (Mukherjee et al. 2022), making Trichoderma sp. 

one of the most widely used agents for controlling plant 

disease pathogens. Trichoderma sp. has been proven to has 

the potential to control plant pathogens and enhance plant 

resistance to diseases (Ferreira and Musumeci 2021). 

Several studies have demonstrated the antagonistic ability 

of Trichoderma sp. fungi against disease-causing pathogens, 
including the control of Vascular Streak Dieback disease 

caused by the pathogen Oncobasidium theobromae 

(Simamora et al. 2021), the control of Sclerotinia minor 

plant pathogens (Ramona et al. 2022), the control Sclerotium 

rolfsii causing collar rot of chili (Yadav et al. 2022), and 
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the control of sheath blight disease caused by the pathogen 

Rhizoctonia solani (Iswati et al. 2024). 

The potential of the antagonist fungus Trichoderma sp. 

has been extensively researched. However, studies on the 

effectiveness and application of Trichoderma sp., particularly 

local isolates, in controlling leaf blight disease in corn are 

still limited, especially in the North Sulawesi region. With 

this understanding, this research aimed to explore, 

characterize, and analyze bioactive compounds and 

antagonistic tests of local isolates of Trichoderma sp. 
against the Helminthosporium sp. in controlling leaf blight 

disease in corn in North Sulawesi. This study not only 

provides new insights into the use of biocontrol agents in 

controlling plant diseases, but also has the potential to offer 

practical solutions that can be applied by farmers in North 

Sulawesi and other regions.  

MATERIALS AND METHODS  

Sample collection 

Sampling was conducted in the corn fields in Tomohon 

City, North Sulawesi, Indonesia. Samples were collected 

directly by hand from plant parts infected with the fungus 
Helminthosporium sp. (coordinate: 1.29861, 124.84844). 

Trichoderma sp. was obtained by taking soil samples from 

banana plantations (coordinate: 1.299640, 124.846941). 

The samples were then brought to the Advanced Biology 

Laboratory at Universitas Sam Ratulangi, Manado, for 

further analysis.  

Isolation of Trichoderma sp.  

Trichoderma sp. was isolated using the serial dilution 

method. First, 25 g of the soil sample was placed in a 

beaker and mixed with 250 mL of sterile water. This 

mixture was then stirred with a stirring rod for 15-20 
minutes. Second, dilution where 1 mL of the stock solution 

was taken and added to a test tube along with 9 mL of 

sterile distilled water. The mixture was then homogenized 

using a vortex. This process was repeated until a dilution of 

10-4 was achieved. Subsequently, 1 mL of the solution was 

placed in a petri dish and  mixed with PDA media. The 

plates were then left to incubate (25°C) for 7 days (Mayo-

Prieto et al. 2020). The obtained fungi were re-cultured on 

fresh PDA media.  

Isolation of Helminthosporium sp.  

 Diseased samples (leaf blight disease) of corn plants 

were taken from the leaf parts that showed brown spots 
scattered across the entire leaf blade. These samples were 

then placed in sterile plastic bags and transported to the 

Advanced Biology Laboratory, Faculty of Mathematics and 

Natural Sciences, Universitas Sam Ratulangi. Isolation was 

performed by cutting infected leaf into 1x1 cm pieces, then 

sterilized by soaking in 70% alcohol for 1-3 minutes, 

followed by 5% NaOCl for 5-10 minutes, then rinsed twice 

with distilled water. After that, leaf samples were dried on 

sterile tissue paper. After drying, the leaf samples were 

then placed on PDA (Potato Dextrose Agar) medium and 

incubated at 25°C for 3 days (Hu et al. 2023). 

Identification of Trichoderma and Helmintosporium 

isolates 

 The identification process of fungi after isolation was 

conducted in two stages: macroscopic and microscopic 

observations. Macroscopic morphological observation 

involved shape, size and color of colony, surface and edge 

of colony, while microscopic characters, included color and 

shape of colonies, as well as the shape of phialids, conidia 

and conidiophores (Senanayake 2020).  

Molecular identification of Trichoderma sp. 
 Trichoderma was extracted using the standard procedures 

with the Plant Genomic DNA Mini Kit (Geneaid). DNA 

amplification was conducted using the T-Personal 

thermocycler (Biometra) with MyTaq HS Red Mix 

(Bioline) and universal primers ITS1 (5'- TCC GTA GGT 

GAA CCT GCG G -3') and ITS4 (5'- TCC TCC GCT 

TAT TGA TAT GC -3'). The PCR process involved an 

initial denaturation step at 94-95°C for 5 minutes, followed 

by 35 cycles consisting of three main steps: denaturation at 

94-95°C for 30 seconds, annealing at 50-55°C for 30 

seconds, and extension at 72°C for 1 minute. After all 

cycles were completed, final extension was performed at 

72°C for 5-10 minutes. The PCR-amplified DNA was 

separated using 0.8% agarose gel electrophoresis. Sequencing 

was performed by First Base CO (Malaysia) using the PCR 

product and primers. The homology study with the 

comparison fungus Trichoderma in NCBI was conducted 
using the BLAST (Basic Local Alignment Search Tool) 

method. For analysis and dendrogram construction, the 

Mega X software was used (de Sousa et al. 2021). 

Identification of bioactive compounds  

 The initial extraction steps involved homogenizing 

Trichoderma sp. with a mixture of methanol and acetic acid 

at 70°C for 4 hours with constant shaking. Subsequent 

extraction was conducted using 80% methanol at 70°C for 

1 hour, followed by 70% acetone at 30°C for 1 hour, and 

finally with 100% methanol at 20°C for 4 hours. The 

extracted material was then purified by centrifugation at 
2800 rpm for 10 minutes, followed by filtration of the 

supernatant using Whatman filter paper and the solvent was 

evaporated using a rotary evaporator. The resulting extract 

was then analyzed using GC-MS Agilent 8890 GC System 

(Alshuniaber et al. 2020). 

Antagonism test (antagonistic activity, antibiosis, and 

microparasitism) 

The experiment was performed in five replicates and 

conducted at the Advanced Biology Laboratory, Universitas 

Sam Ratulangi. Seven days old Trichoderma culture was 

used for this experiment. Trichoderma sample was taken 

using a cork borer from the edge of the colony and then 
placed on PDA medium labeled 'A'. Seven days old culture 

of Helminthosporium sp. was placed on PDA medium and 

labeled 'P' (Figure 1). Subsequently, all petri dishes were 

incubated at room temperature (Putri et al. 2022). 

Observations were made daily for one week to monitor the 

growth and development of the colonies. After one week, 

the radius of Helminthosporium sp. colony in the petri dish 
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was measured. This process aimed to quantitatively assess 

the extent of pathogen colony growth. These steps were 

designed to provide a deeper understanding of the interaction 

between Trichoderma sp. and Helminthosporium sp., as 

well as its impact on pathogenic colony growth.  

Data analysis  

 The growth rate of fungi was determined by measuring 

the diameter of each colony daily after inoculation until the 

seventh day, using a ruler for measurements. The percentage 

of inhibition was calculated using the following formula 
(Skidmore and Dickinson 1976): 

 

The metabolite profiling analysis involved reviewing 

the literature to obtain information on the compounds 

obtained from Trichoderma sp. fungi based on the GC-MS 

analysis results. 

RESULTS AND DISCUSSION 

Morphological characteristics of Helminthosporium sp. 

and Trichoderma sp.  

Helminthosporium sp. 

 The fungus Helminthosporium sp. formed oval-shaped 

colonies with a white center that slightly turns brownish 
over time, also formed concentric circular rings on PDA. 

The growth type was concentric and round, with a cotton-

like texture, dense compactness, and moderate thickness. 

After seven days, the colony size reached 6.8 cm. The 

colony surface appeared flat and fibrous (Figure 2.A). The 

conidia were single, elongated oval-shaped, slightly curved, 

with a swollen middle and tapering blunt ends. They were 

thick walled, slightly prominent hilum, and contain 5-7 

septa, with a light brown color. Conidiophores were 

unbranched and septate, with a slightly prominent and 

distinct hilum (Figure 2.B). Overall, macroscopic and 
microscopic characteristics confirmed the fungus as 

Helminthosporium sp.   

Trichoderma sp. 

On PDA, media Trichoderma sp. initially formed white 

colonies. By the fourth and fifth days, the colonies began to 

turn whitish-green color, and expand in size. From sixth to 

seventh day, colonies turned in dark green, cover the entire 

surface of the petri dish with round colonies (Figure 3.A). 

Microscopic characteristics showed that hyphae were hyaline, 

septate, erect conidiophores arranged vertically and branching. 

Conidia were round, greenish-yellow in color, with phialides 

located beneath them oriented towards the apex, arranged 
2-3 in parallel, ampulliform in shape, and slightly enlarged 

in the middle (Figure 3.B).  

Molecular analysis of Trichoderma sp. 

The PCR results for the fungal isolate using universal 

primers ITS1 and ITS4 showed excellent outcomes. The 

amplified DNA band matched the target size at 600 bp 

(Figure 4).  

The sequence matching of isolate PSBT using BLAST 

(Basic Local Alignment Search Tool) on NCBI yielded 

results as shown in Table 1. The results indicated that 

query sequence had 100% similarities with sequences from 

species listed in the table. All results showed an e-value of 

0.0, indicated that the similarity was highly significant. The 

PSBT isolate from molecular analysis showed similarity to 

four different species of Trichoderma: T. asperellum, T. 

harzianum, T. yunnanense, and T. azevedoi. 

 
 

 
 
Figure 1. Antagonism test method. P: colony of Helminthosporium 
sp. A: colony of Trichoderma sp.; R1: radius of Helminthosporium 

sp. colony moving away from Trichoderma sp. colony; R2: radius 
of Helminthosporium sp. colony approaching Trichoderma sp. 
colony 
 
 
 

 
 
Figure 2. Colony of A. Helmintosphorium sp. on PDA media; B. 
Conidia (magnified 100×) 
 

 
 

 
 

Figure 3. Colony of Trichoderma sp. on PDA media on A. 
Seventh day (A); B. Hyphae, conidiphores and conidia (magnified 
100×) 

A B 

A B 
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The construction of phylogenetic tree (Figure 5) showed 

that T. asperellum, T. harzianum, T. yunnanense, and T. 

azevedoi were genetically related, with T. asperellum and 

T. harzianum exhibiting the closest relationship. This is 

consistent with the BLAST results from the previous table, 

which indicated 100% genetic similarity between the query 

sequence and sequences from these species. The visualization 

of cladogram provides insights into how these different 

species evolved from a common ancestor. 

Matching the PSBT isolate with reference isolates and 
constructing the phylogenetic tree revealed that the PSBT 

isolate shares similarities with four different species, 

making it challenging to definitively assign a species name 

to PSBT. Conventional identification was crucial to 

compare the morphological characteristics of PSBT with 

those of the four species from GenBank, in order to 

establish its species classification. The macroscopic and 

microscopic morphological characteristics of Trichoderma 

PSBT isolate and the other four species are presented in 

Table 2. While the four Trichoderma species generally 

share similar morphological characteristics, upon closer 
examination, the Trichoderma PSBT isolate exhibits 

characteristics more similar to T. asperellum. 

 
 
Figure 4. Products amplification of Trichoderma isolate 

 

 

Table 1. Matching results of the isolate with reference isolates on NCBI 
 

Species Max score Total score Query cover E-value Per. Ident. Acc. Len Accession 

Trichoderma asperellum 942 942 100% 0.0 100% 642 MN783048.1 
Trichoderma asperellum 942 942 100% 0.0 100% 575 OR770586.1 
Trichoderma harzianum 942 942 100% 0.0 100% 567 OP739100.1 

Trichoderma yunnanense 942 942 100% 0.0 100% 602 OR775709.1 
Trichoderma azevedoi 942 942 100% 0.0 100% 562 OR787381.1 

Notes: Access Date: July 14, 2024 

 
 
Table 2. Comparison of characteristics of the five Trichoderma fungal isolates 
 

Species Characteristics References 

Trichoderma isolate 
PSBT 

Colonies were dark green with concentric rings. Hyphae were hyaline and septate, 
conidiophores were vertically arranged in an upright shape with branching. Conidia were 
green, subglobose to round in shape, beneath the conidia were phialides arranged 2-3 
parallel towards the apex, ampulliform in shape and slightly enlarged in the middle. 

(This study) 

Trichoderma asperellum   The colonies were dark green and formed concentric rings. Green conidia were 
subglobose in shape. Phialides were single or form a circle of two to three and slightly 
enlarged in the middle. The entire conidiophore system appears pyramid-shaped with 
main branches emerging from the base to the tip. 

Asis et al. 
(2020) 

Trichoderma harzianum The colony was round in shape with a dark green color, producing tufts or pustules that 
are bordered by sterile mycelium, with conidiophores often branching and vertical. 
Ampulliform and convergent phialides, conidia are subglobose to obovoid. 

Manjur and 
Afia (2019) 

Trichoderma azevedoi The mycelium was cottony, with light green spores concentrated in the center of the plate 
and in a wide concentric ring about halfway to the edge of plate. Pyramid-shaped 
conidiophores with opposite or isolated branches, ending in groups of three to five 
phialides. Ampulliform phialides, shaped like a fask. The length of phialides was shorter 
than other species, narrowing under the tip to form a narrow neck. Conidia were spherical, 
subglobose to ovoid. 

Inglis et al. 
(2020) 

Trichoderma 
yunnanense 

The colony was white to greenish-white. Hyaline conidiophores, macroconidiophores 
within flexible pustules. Irregularly branched, primary branches arise at acute angles or 
slightly curved towards the apex of conidiophore, solitary or paired. Phialides of 
macroconidiophores ranged from lageniform to ampulliform, appearing narrow at the 
base, with short conidia emerging separately or more commonly paired with branches, 
rarely forming three circles. Conidia were oval to ellipsoidal, with both ends rounded or 
slightly narrowed at the base. 

Yu et al. 
(2007) 
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Antagonism test (antagonistic activity, antibiosis, and 

microparasitism) 

 The diameter of fungal colony continued to grow until 

the seventh day of observation (Table 3). Acting as an 

antagonist, Trichoderma grew rapidly, whether grown as a 

single isolate on PDA media or grown together with the 

pathogenic fungus Helminthosporium sp. This was different 

from the fungus Helminthosporium sp. which were grown 

together with Trichoderma sp. fungus, had an average 

colony diameter that was smaller than the control. 
The percentage of inhibition of Trichoderma sp. against 

Helminthosporium sp. increased every day, where on the 

first day of observation, it reached 33% and on the seventh 

day it reached 71% (Figure 6). The results of T-test conducted 

on seventh day of observation obtained a significance 

(<0.05) value of 0.019, this indicated that the application of 

Trichoderma sp. provide influence or resistance to 

Helminthosporium sp. 

The results of antagonist test showed that Trichoderma 

sp. inhibited the growth of Helminthosporium sp. through an 

antibiosis mechanism which was characterized by the 
formation of a clear zone between the two fungi (Figure 7.A). 

The competition mechanism can be seen from the growth 

of Trichoderma which grows faster and covers the growth 

zone of the pathogen Helminthosporium sp. (Figure 7.B).  

Bioactive compounds from Trichoderma sp.  

 Analysis of secondary metabolites of Trichoderma 

using GC-MS produced a chromatogram with several main 

peaks representing the identified compounds. A total of 32 

compounds were identified, where the first compound was 

identified at a retention time of 11.295 and the last compound 

was detected at a retention time of 31.273 (Figure 8). 
 
 
 

 
 
Figure 7. Antagonistic activity of Trichoderma sp. against 
Helminthosporium sp.. A. Antibiotics; B. Competition T: 
Trichoderma sp., H: Helminthosporium sp. 

 

 
 
Figure 5. Cladogram of each isolate with five sequences from GenBank 
 

 
 
Figure 6. Percentage of inhibitory power of Trichoderma sp. against Helmintosporium sp. 

 
Table 3. Average diameter of fungal colony growth 
 

Fungi 
Average mycelial growth diameter (cm) 

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 
Trichoderma sp. (control) 1.00±0.00 4.70±0.82 5.87±0.49   7.37±1.50  7.77±1.10 8.00±1.00 9.00±0.00 
Trichoderma sp. (treatment) 1.10±0.14 4.18±0.67 6.02±1.56 6.42±1.42 6.72±1.30 8.06±0.52 8.82±0.35 
Helminthosporium sp. (control) 0.67±0.57 1.17 ±0.57 2.30±0.43 2.80±0.43  3.50±0.50 3.83±0.57 5.00±1.56 
Helminthosporium sp. (treatment) 0.44±0.24 1.18±0.29 1.70±0.39 1.96±0.52 2.28±0.44 2.70±0.67 2.96±0.84 

A B 
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The compound with the lowest abundance was 

hexacosanioc acid, methyl ester with a total area of 0.39%, 

while the compound with the highest abundance was 9,12-

octadecadienoic acid (Z,Z) with a total area of 14.44% 

which was a combination of three of these compounds 

detected at different retention times, namely at 19.075, 

20.100 and 23.321. Three compounds were included in the 

adehyde group, namely 4-hydoxy-3-methoxybenzaldehyde, 

butyrovanillone and 2-ethoxy-5-methoxybenzaldehyde. Five 

compounds were detected as sterols, namely campesterol 
ergost-5-en-3. beta,-ol, stigmasterol, .gamma.-sitosterol, 4-

campestene-3-one, and 4,22-stigmastadiene-3-one. A total 

of 21 compounds belonged to the fatty acid group with 

several compounds with the highest abundance, namely n-

hexadecanoic acid, hexadecanoic acid, methyl ester, 

octadecadienoic acid, methyl ester, 9,12-octadecadienoic 

acid (Z,Z) and the rest had an abundance below 5%. Two 

other compounds were detected as esters and terpenes, 

namely hexamethyl-pyranoindane and -amyrin, respectively 

(Table 4). 

Discussion 

Exploration is the first step in efforts to utilize antagonistic 
fungi as biological agents and also detect diseases caused 

by pathogenic herbs. The results of the exploration 

revealed that Helminthosporium sp. caused leaf blight in 

corn plants, this is in accordance with Mahadevakumar and 

Sridhar (2021) who also reported that  Helminthosporium 

sp. is a genus of fungal pathogens known to cause leaf 

blight on a variety of plants, especially cereal crops. 

The conventional identification method involves 

morphological observations, such as colony shape, color, 

texture, and microscopic characteristics of conidia and 

conidiophores. In this study, PSBT isolate was 

morphologically identified as Trichoderma sp. with colonies 
characterized by dark green color and the presence of 

concentric rings. The hyphae were hyaline and septate, and 

conidiophores were vertically upright and branched. The 

conidia were green, ranging from subglobose to round in 

shape, with phialides beneath the conidia arranged 2-3 in 

parallel towards the apex, ampulliform in shape, and 

slightly swollen in the middle. The prominent feature of  

Trichoderma is the formation of concentric rings in the 

colony, resulting from the complex interaction between 

genetic, environmental, and biological factors that influence 

the fungus's growth and development in the medium 

(Jangir et al. 2017).  

Molecular analysis revealed that the amplified DNA 
band matched the target size at 600 bp. This aligns with 

Antil et al. (2023), who stated that the length of ITS region 

typically ranges from 500 to 600 base pairs (bp), indicating 

that DNA fragments in this region are sized between 500 

and 600 base pairs. This range allows for accurate 

differentiation between various fungal species, as variations 

in ITS sequence and length are often species-specific. It 

was also noted that PSBT isolate showed similarities with 

four different species of Trichoderma (i) T. asperellum; (ii) 

T. harzianum; (iii) T. yunnanense; and (iv) T. azevedoi. 

100% identity with multiple different species, can be 
attributed to several factors. First, genetic conservation 

within the Trichoderma genus results in the genetic 

markers used having little variation between species. 

Second, convergent evolution can cause genetically unrelated 

species to exhibit similarities. Third, genetic polymorphism 

within species can add complexity to the identification 

process. Additionally, the use of markers with low resolution 

or limitations in the scope of reference databases can 

reduce the accuracy of species identification. Although 

molecular methods have become powerful tools for species 

identification, conventional methods remain highly relevant 
(Gautam et al. 2022). A more comprehensive analysis and 

the use of broader databases also help to achieve more 

accurate species identification (Dou et al. 2020; Cai et al. 

2021; Brito et al. 2023). 

 
 

 
 
Figure 8. Chromatogram results by chromatography-mass spectrometry (GC-MS) separation 
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Table 4. Secondary metabolite compounds of Trichoderma sp. 
 

Retention time Compounds name Area (%) Formula Chemical structure 
Coumpounds 

nature 
11.295 4-Hydoxy-3 metoxybenzaldehyde 0.77 C8H8O3 

 

Aldehyde 

13.552 Butyrovanillone 0.79 C11H14O3 

 

Aldehyde 

14.813 Methyl Tetradecanoate 4.66 C15H30O2 

 

Fatty acid 

15.299 2-Ethoxy-5-methoxybenzaldehyde 6.44 C10H12O3 

 

Aldehyde 

15.709 Methyl 6-methyloctanoate 0.95 C10H20O2 

 

Fatty acid 

15.855 Pentadecanoic acid, methyl ester 0.56 C16H32O2 

 

Fatty acid 

16.046 Gentisic acid 1.14 C7H6O4 

 

Fatty acid 

16.349 Hexamethyl-pyranoindane 1.33 C18H24O 

 

Ester 

16.695 4-ethyl-5,6,7,8-tetrahydro 2.59 C13H17N3

S2  

NF 

16.909 Hexadecanoic acid, methyl ester 8.00 C17H34O2 
 
Fatty acid 

17.470 n-hexadecanoic acid 6.64 C16H32O2 
 

Fatty acid 

17.814 Heptadecanoic acid, methyl ester 1.44 C18H36O2 
 

Fatty acid 

18.562 10,13-Octadecadienoic acid, methyl ester 12.01 C19H34O2 
 
Fatty acid 

18.744 Methyl stearate 2.61 C19H38O2 
 

Fatty acid 

19.075 9,12-Octadecadienoic acid (Z,Z) 11.60 C18H32O2 
 

Fatty acid 

20.100 9,12-Octadecadienoic acid (Z,Z) 0.31 C18H32O2 
 

Fatty acid 

20.229 cis-Methyl 11-eicosenoate 0.59 C21H40O2 

 

Fatty acid 

20.422 Eicosanoic acid, methyl ester 1.40 C21H42O2 
 

Fatty acid 

20.936 9-Octadecyne 0.84 C18H34 
 
Fatty 

21.215 Heneicosanoic acid, methyl ester 0.55 C22H44O2 
 

Fatty acid 

21.994 Docosanoic acid, methyl ester 1.65 C23H46O2 
 
Fatty acid 

22.726 Tricosanoic acid, methyl ester 1.28 C24H48O2 
 

Fatty acid 

23.321 9,12-Octadecadienoic acid (Z,Z),  2.53 C18H32O2 
 

Fatty acid 

23.443 Tetracosanoic acid, methyl ester 1.85 C25H50O2 
 

Fatty acid 

24.157 Squalene 0.91 C₃₀H₅₀ 
 

Fatty 

24.858 Hexacosanioc acid, methyl ester 0.39 C17H34O 
 

Fatty acid 

28.482 Campesterol Ergost-5-en-3. Beta,-ol 5.46 C30H50O2 

 

Sterols 

28.962 Stigmasterol 6.43 C29H48O 

 

Sterols 

29.935 .gamma.-sitosterol 10.49 C29H50O 

 

Sterols 

30.529 4-Campestene-3-one 1.64 C28H46O 

 

Sterols 
 

31.067 4,22-Stigmastadiene-3-one 1.37 C29H46O 

 

Sterols 

31.273 -Amyrin 0.78 C30H50O 

 

Terpenes 
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Results of inhibition revealed that Trichoderma isolate 

PSBT showed good inhibitory power against 

Helminthosporium sp. with inhibition reached 71% on the 

seventh day of observation. This level of inhibition comes 

into the category of moderately strong inhibition. At the 

first day Trichoderma sp. started to show an inhibitory 

effect against Helminthosporium sp., although it was 

relatively low. A significant increase (51%) on the second 

day indicated that Trichoderma sp. had the ability to inhibit 

the growth of Helminthosporium sp., this may be because it 
produces more inhibitory enzymes and metabolites. 

Trichoderma sp. produces enzymes, such as chitinase, 

glucanase, and protease, which can degrade the cell walls 

of pathogenic fungi, causing direct damage and inhibiting 

their growth (Tyśkiewicz et al. 2023). On the seventh day, 

it inhibited the maximum growth of Helminthosporium sp. 

This suggests that Trichoderma sp. produces maximum 

amounts of inhibitory metabolites that are effective against 

Helminthosporium sp. 

The process of antagonism of Trichoderma sp. against 

pathogens is conducted in several ways such as 
mycoparasitism, antibiosis and competition (Mukherjee et 

al. 2022). A clear zone was formed in antagonism test of 

Trichoderma sp. this may be due to its antagonistic activity 

against Helminthosporium sp., such as mycoparasitism and 

metabolite compound activity. The metabolite compounds 

produced play an important role in the antagonistic ability 

of the Trichoderma. Volatile compounds, such as aldehydes, 

esters and terpenes have been linked to the mycoparasitism 

ability of Trichoderma  (Bhardwaj and Kumar 2017), 

where GC-MS results found several volatile compounds 

such as 4-Hydoxy-3-methoxybenzaldehyde, Butyrovanillone, 
2-Ethoxy-5 -methoxybenzaldehyde, Hexamethyl-pyranoindane 

and -Amyrin. A total of four fatty acid compounds, 

namely n-hexadecanoic acid, Hexadecanoic acid, methyl 

ester, Octadecadienoic acid, methyl ester, 9,12-

Octadecadienoic acid (Z,Z) is the compound with the 

greatest abundance produced by the fungus Trichoderma 

sp. is known to play an important role in the ability of 

antagonism. Several studies have reported that these four 

compounds have antimicrobial, antibacterial and antifungal 

activity (Srinivasa 2017; Yuef et al. 2018; Amaechi 2021; 

El-Nasr et al. 2023; Lakhdari et al. 2023). The other five 

compounds that fall into the sterol group were campesterol 

ergost-5-en-3. beta,-ol, stigmasterol, .gamma.-sitosterol, 4-
campestene-3-one and 4,22-stigmastadiene-3-one were 

isoprenoid derivative compounds.  These compounds are 

important for the growth and development of eukaryotic 

organisms, and can be found in animals, plants, and fungi 

(Ślusarczyk et al. 2021).  

Trichoderma has been widely used to control pathogenic 

fungi causing disease in plants (Yadav et al. 2020; Alwadai 

et al. 2022; López-Valenzuela et al. 2022), however, the 

use of Trichoderma, especially local isolates, has become 

important to support sustainable agriculture. Local isolates 

of Trichoderma have specific advantages as they have 

adapted to local environmental conditions, such as 
temperature, humidity, and soil type, making them more 

effective in controlling pathogens that also originate from 

the same environment (Lahlali et al. 2022). This adaptation 

provides significant benefits, having high competitive ability 

against pathogens and other microorganisms, enhancing its 

effectiveness in disease control (Abdullah et al. 2021). 

Furthermore, the use of local isolates supports more 

environmentally friendly agricultural practices by reducing 

the need for chemical fungicides that can potentially harm 

soil and water, as well as pose risks to human and animal 

health. The use of antagonistic fungi like Trichoderma also 

contributes to soil health management by increasing soil 

microbiota activity, which ultimately enhances soil fertility 
and agricultural land productivity (Asghar et al. 2024). 

From an economic perspective, the use of local antagonistic 

fungi supports the local economy by reducing dependency 

on imported products and promoting the use of local 

resources. This not only lowers production costs for farmers 

but also creates opportunities for innovation and the 

development of local industries, such as the mass 

production of Trichoderma based biofungicides (Kumar et 

al. 2023).  

In conclusion, the local Tomohon isolate was identified 

as Trichoderma asperellum after morphological and molecular 
analysis. The results of GC-MS analysis showed that T. 

asperellum produced secondary metabolites in the form of 

volatile compounds. The four fatty acid compounds were 

n-hexadecanoic acid, hexadecanoic acid, methyl ester, 

octadecadienoic acid, methyl ester, 9,12-octadecadienoic 

acid (Z,Z), play an important role in inhibiting the growth 

of Helmintosporium. From these results, the local isolates 

of the T. asperellum fungus have great potential to be used 

as a biological control agent.  
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