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The study was conducted during August, 2022–March, 2023 in the northwestern region of the Himalayan foothills on 
isolating and profiling a new Trichoderma strain from Himalayan soils for its antagonistic and growth-promoting effects 

against tomato pathogenic fungi. Soil samples were collected from various locations were subjected to serial dilution to isolate 
Trichoderma. The culture was evaluated morphologically based on colony characteristics, spore shape, and hyphal structure 
under a microscope. The isolate’s DNA was extracted and amplified for genetic identification and profiling. In vitro and pot 
assays were conducted to determine antagonistic activity and plant growth-promoting effects against major tomato fungal 
pathogens. Morphological features revealed that isolate exhibited rapid colony growth characterized by cottony mycelium 
and green conidia, showing typical characteristics of genus Trichoderma. Molecular identification using ribosomal Deoxy-
ribomucleic acid sequencing of the Internal Transcribed Spacer confirmed isolate’s taxonomic identity as Trichoderma sp. isolate 
SUB11780421PII. Laboratory tests in Petri plates showed that it inhibited pathogen growth by 33 mm resulted to 52.72% of 
mycelial inhibition. In pot culture trials, it reduced disease incidence by 20% for Sclerotium rolfsii. The reduction was 30% for 
Fusarium oxysporum f. sp. lycopersici,  while a more pronounced disease suppression of 35% was observed against Rhizoctonia 
solani. Additionally, this novel isolate from the foothills of the Himalayas promoted root (3.08 cm) and shoot growth (12.39 
cm). These outcomes suggested that Trichoderma sp. isolate SUB11780421PII showed strong potential as a biological organism 
for mitigating diseases and supporting resilient agriculture, marking its first report from the region.  
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1.   INTRODUCTION

Tomato is a vital crop of great economic value, widely 
grown across the globe, and plays a crucial role in 

supporting food systems and nutrition (Naik et al., 2010; 
Deb and Dutta, 2021). However, its production is impacted 
by plant pathogens, leading to yield reductions and reduced 
fruit quality (Collins et al., 2022). These pathogens, 
encompassing fungi, bacteria, viruses, and nematodes, 
target tomatoes at various growth stages, causing pre- and 
post-harvest losses (Khurana and Kumar, 2021; Okey and 
Okop, 2024). Panth et al. (2020) and Panno et al. (2021) 
note that these pathogens reduce yield and create economic 
challenges for farmers and the agricultural sector. Species 
such as Fusarium oxysporum, Pythium ultimum, Sclerotium 
rolfsii, Rhizoctonia solani, Verticillium dahliae, Alternaria 
solani, and Phytophthora infestans cause prevalent diseases 
(Patil and Sriram, 2020; Bhardwaj et al., 2023b). They 
cause damping-off, wilting, root rot, blight, and fruit 
decay, making management difficult due to their resilience 
(Cacciola and Gullino, 2019; Bhardwaj and Gupta, 2023a). 
These pathogens thrive in a variety of environmental 
conditions, including different temperatures and humidity 
levels. Pathogens spread quickly through soil, water, wind, 
and human activities, including contaminated tools. Many 
fungi produce spores and sclerotia, allowing survival in harsh 
conditions (Ma et al., 2023; Levens et al., 2024). These 
concerns highlight the need for sustainable, eco-friendly 
disease management strategies (Khurana and Kumar, 
2021; Bhardwaj et al., 2023c). Practices like monoculture, 
excessive fungicide use, and poor pest management lead 
to resistant pathogens and reduced ecological diversity 
(Altieri et al., 2024; Bhardwaj and Chandel, 2024). This 
results in environmental degradation and increased crop 
vulnerability. Sharma (2023) advocates for biological 
control agents as a better alternative. Harnessing natural 
enemies of pathogens, like Trichoderma reduces known for 
their antifungal properties, reduce chemical use, counter 
pathogen resistance, and preserve biodiversity (Athira and 
Anith, 2020; Wongamthing and Sainamole Kurian, 2023). 

Trichoderma fungi control pathogenic fungi, by competing 
for nutrients, and producing bioactive substances (Singh 
et al., 2023). Seethapathy (2025) highlights chitinases, 
glucanases, and proteases, produced by Trichoderma break 
down fungal cell walls. Tyskiewicz et al. (2022) report that 
some species produce peptaibols, trichodermol, viridin, 
harzianolides that inhibit pathogen growth. They also 
promote plant growth and soil health by degrading organic 
matter, mobilizing nutrients, and inducing immunity. These 
mechanisms are effective for Pythium ultimum, Fusarium 
oxysporum and Rhizoctonia solani. Trichoderma isolates, 
including those closely related to T. viride and T. harzianum, 

manage pathogens and promote growth (Manzar et 
al., 2022). The Himalayas’s vibrant ecosystem supports 
microbial diversity, with foothills being a hotspot for 
novel microorganisms with superior biocontrol properties 
(Rajashekara et al., 2023). Despite growing interest, research 
on isolating and screening Trichoderma against tomato 
pathogens remains limited. Known species like T. viride, T. 
atroviride, T. hamatum, T. asperellum, and T. could benefit 
from exploring new species (Khan et al., 2018). This could 
enhance crop resilience, reduce pesticide use, and promote 
sustainable practices (Alfiky and Weisskopf, 2021; Manzar 
et al., 2022).

Therefore, the study aims to isolate and characterize a 
novel Trichoderma antagonist from the Himalayan foothills 
to assess its properties against Sclerotium rolfsii, Fusarium 
oxysporum f. sp. lycopersici, and Rhizoctonia solani. The 
investigation further explores the impact of the isolate 
on seedling vigor and development of roots and shoots. 
Molecular techniques, including ribosomal DNA (rDNA) 
sequencing of the Internal Transcribed Spacer (ITS) 
region, will be employed for taxonomic identification. By 
assessing both the biocontrol efficacy and growth-boosting 
properties of the isolate, the study intended to present an 
nature-friendly substitute to synthetic chemical control 
agents, contributing to self-sustaining farming techniques 
in managing soil-borne diseases in tomato crop.

2.   MATERIALS AND METHODS

2.1.  Isolation of trichoderma species from tomato rhizosphere 
soil for antagonistic assessment

The study was conducted during August, 2022–March, 
2023 in the northwestern region of the Himalayan 
foothills. Soil samples (250 g each) were collected from 
various locations in the rhizosphere of tomato plants in the 
foothills of the Himalayas, at a depth of 5–10 cm, using 
an auger during august month of year 2022. The samples 
were placed in sterile plastic bags. Serial dilutions (10-¹ 
to 10-6) of the soil were plated on Potato Dextrose Agar 
(PDA) supplemented with streptomycin (50 mg l-1) to 
inhibit bacterial growth. Petri dishes (9 cm) were incubated 
at 25°C for 5–7 days. Fungal colonies with characteristics 
resembling Trichoderma were selected. Pure cultures were 
established by subculturing individual colonies onto fresh 
PDA plates. The colony growth was evaluated for typical 
Trichoderma features, such as colony color, texture, edges, 
and growth rate. Microscopic examination was performed 
to assess hyphal structure, conidiophores, conidia, phialides, 
and chlamydospores (Games and Bissett, 2002). The 
pathogens Pythium ultimum, Fusarium oxysporum f. sp. 
lycopersici, Rhizoctonia solani, and Sclerotium rolfsii were 
isolated from diseased tomato plants, identified by cultural 
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and morphological traits, and confirmed pathogenic 
through soil inoculation and mass multiplication methods 
(Bhardwaj and Chandel, 2024). The antagonistic activity 
of the Trichoderma isolate was tested using a dual culture 
method. The target pathogen was inoculated on one side 
of the PDA plate, with Trichoderma placed on the opposite 
side and the plates were incubated at 25°C for 3–7 days. 
The zone of inhibition around the Trichoderma colony was 
measured to evaluate its antagonistic effect (Bhardwaj et 
al., 2023a). The isolate’s effectiveness was compared with 
controls to confirm its biocontrol potential.

2.2.  Molecular identification and DNA extraction

Around 0.1 g of the sample was placed in a mortar 
and homogenized with 1 ml of extraction buffer. The 
homogenate was transferred to a 2 ml microfuge tube, 
and an equal volume of Phenol:Chloroform:Isoamyl 
alcohol (25:24:1) was added. The tubes were mixed gently 
by shaking. The mixture was then centrifuged at room 
temperature for 15 min at 14,000 rpm. The upper aqueous 
phase was transferred to a new tube, and an equal volume of 
Chloroform: Isoamyl alcohol (24:1) was added and mixed. 
The tubes were centrifuged again at room temperature for 
10 min at 14,000 rpm, and the upper aqueous phase was 
transferred to a new tube. DNA was precipitated by adding 
0.1 volume of 3 M sodium acetate (pH 7.0) and 0.7 volume 
of isopropanol. After incubation at room temperature for 
15 min, the tubes were centrifuged at 4°C for 15 min at 
14,000 rpm. The DNA pellet was washed twice with 70% 
ethanol and then briefly with 100% ethanol, followed by 
air drying. The DNA was dissolved in TE buffer (Tris-Cl 
10 mM, pH 8.0, EDTA 1 mM). To remove RNA, 5 µl of 
RNase-free RNase A (10 mg ml-1) was added to the DNA 
(Mistry and Bariya, 2022).

2.3.  PCR conditions, cycling and amplification

The PCR amplification of the ITS gene was performed 
using 127 ng of extracted DNA and 10 µM of each primer. 
The Taq Master Mix was prepared with high-fidelity 
DNA polymerase, 0.5 mM dNTPs, 3.2 mM MgCl2, and 
PCR enzyme buffer to ensure optimal conditions for 
amplification. The ITS region was amplified for species-
level identification. Primers used were, ITS Forward 
(5'-TCCGTAGGTGAACCTGCGG-3') and ITS Reverse 
(5'-TCCTCCGCTTATTGATATGC-3'), to target the 
fungal rRNA gene. PCR conditions were set as follows: 94 
°C for 3 min (initial denaturation), followed by 30 cycles of 
94 °C for 30 s (denaturation), 50°C for 1 min (annealing), 
72 °C for 2 min (extension), with a final extension at 72 °C 
for 7 min. The reaction mix was prepared with 1 µl of DNA, 
2 µl of each primer, 4 µl of dNTPs (2.5 mM), 10 µl of 10X 
Taq buffer, 1 µl of Taq polymerase (3 U ml-1), and 30 µl of 
water, making a total volume of 50 µl. After amplification, 

the PCR product get purified to remove any remaining 
primers, dNTPs, enzymes, and other contaminants that 
might interfere with sequencing. The purified PCR product 
was used as a template for the sequencing reaction. The 
sequencing reaction is then performed, which uses chain-
terminating di-deoxynucleotides (ddNTPs) to produce 
fragments of different lengths, each terminating at a specific 
nucleotide. he reaction typically included thermal cycling 
steps (After the sequencing reaction, the products were 
purified to remove excess Big Dye terminator chemicals 
and unincorporated nucleotides, annealing, and extension) 
to allow DNA synthesis and incorporation of ddNTPs. The 
obtained ITS sequences were subjected to a BLAST search 
in the NCBI GenBank database to identify closely related 
sequences and confirm the species-level identification based 
on sequence similarity (Cai and Druzhinina, 2021). 

2.4.  Phylogenetic analysis

Phylogentic Tree Builder uses sequences aligned with 
System Software aligner. A distance matrix is generated 
using the Jukes-Cantor corrected distance model. When 
generating the distance matrix, only alignment model 
positions were used, alignment inserts were ignored and the 
minimum comparable position is 200. The tree was created 
using Weighbor with alphabet size 4 and length size 1000. 
In phylogenetic tree construction, pseudoalignments were 
created by randomly selecting positions from the original 
alignment. This process was repeated 100 times, generating 
a majority consensus tree showing the frequency of groups 
on each side of a branch (Asis et al., 2021).

2.5.  Biocontrol assays- effect on plant growth 

The  pot experiments were conducted with four tomato 
seedlings of Solan Lalima pot-1 (5–6 inches), each filled 
with approximately 1.2 kg of soil, sterilized by the method 
of Bhardwaj and Chandel (2024). Every pot was inoculated 
with 10–20 ml of a Trichoderma sp. spore suspension 
(108spores ml-1) shortly after seedling emergence. Pathogen 
inoculation was applied 7 days before Trichoderma (106 to 
108 spores ml-1 pot-1). A second Trichoderma inoculation 
was applied 2 weeks later to enhance fungal colonization. 
A control group was maintained where no antagonist was 
applied and pathogen inoculation was performed. Pots were 
placed in an uncontrolled glasshouse at 25°C for 4 weeks, 
and growth parameters (shoot length, root length, seedling 
weight, seedling vigor I and II) and disease incidence (based 
on pathogen symptoms) were recorded. Five replications 
were used for statistical analysis.

2.6.  Methods of data analysis 

All experiments were conducted in a completely randomized 
design with five replications, including a control group 
without treatment. Data were analyzed using ANOVA 
(Opstat software), followed by Duncan’s test for multiple 
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comparisons. Similar letters indicated no significant 
difference, while different letters represented significant 
differences. Statistical significance was set at p<0.05.

3.   RESULTS AND DISCUSSION

3.1.  Identification of trichoderma isolate

Morphological observations showed that the isolate initially 
produced a cotton-like, pale white mycelium. Over time, 
the mycelium darkened to a dull green colour as conidia 
production commenced. This colour change indicates the 
maturation of reproductive structures within the fungal 
culture. The texture of the mycelium was initially cottony, 
with smooth and thin edges. As the isolate matured, the 
mycelium became denser and more compact in appearance. 
This change in texture reflects the growth and development 
of the fungal colony over time. The isolate exhibited rapid 
growth, fully covering the surface of the petri plates within 
48 to 96 hours at a temperature range of 25–28°C on PDA 
medium. This fast growth rate indicates the isolate's robust 
ability to colonize and spread in favourable conditions. 
The hyphal structure of the isolate was smooth-walled, 
septate, branched, and hyaline. The conidiophores exhibited 
irregular branching, typically cylindrical or occasionally 
pyramidal in shape. The conidia were either spherical 
(2.5–5 µm in diameter) or ovoid, measuring 3–5 µm in 
width and 4–7 µm in length. Phialides were cylindrical 
or ampuliform, producing conidia in a single layer at the 
tip of the conidiophore. The hyphae were septate, thin-
walled, and exhibited rapid growth in culture. However, 
under laboratory conditions, the isolate did not produce 
chlamydospores.

India, the seventh-largest country, in South Asia, has 
climates ranging from icy north to humid south  and lies 
in close proximity to the Himalayas (Singh et al., 2016; 
Sharma and Dube, 2018; Dihidar, 2024). These mountains 
are the world’s highest mountain range, shape India’s 
climate, soil, and ecosystems (Tiwari et al., 2017; Tiwari et 
al., 2021). The region supports diverse ecosystems, with a 
rich variety of plants, animals, and microbial life including 
unique prokaryotes, fungi, and other microorganisms 
that aid soil health (Azam et al., 2021; Patel et al., 2024). 
These microorganisms often bear antagonistic properties, 
contributing to the suppression of soil-borne pathogens of 
tomato (Dhakar and Pandey, 2020; Suyal et al., 2021). The 
area's biodiversity creates a range of ecological niches, from 
which fifteen samples were selected. In a similar study, 20 
Trichoderma species from rhizospheric soils in northwestern 
India (Uttarakhand) were collected and evaluated for 
Colletotrichum graminicola in sorghum (Manzar et al., 2021). 
Similarly, Kannangara et al. (2017) gathered soil samples 
from Sri Lanka’s North Western Province to investigate the 

efficacy of Trichoderma as biocontrol agents (BCAs) against 
Ceratocystis paradoxa in coconut. 

Trichoderma species are known for their distinctive 
morphological characteristics (Pandian et al., 2016; Paul 
and Kumar, 2021b). These include rapid growth and the 
formation of cotton-like colonies initially, sparse or dense, 
which transition to floccose growth, as conidia develop. 
The species produce green pigments (Figure 3a), mainly 
due to terpenoid compounds like trichodermin, giving 
them their distinctive color (Sharma et al., 2014; Dutta 
et al., 2022). These pigments are metabolites help protect 
them from environmental stresses like UV radiation and 
microbial competition, with enhanced defense mechanisms 
(Sureshrao et al., 2016; Alfiky and Weisskopf, 2021). The 
green color observed in the isolate suggests it belong to 
Trichoderma, as this is characteristic of T. species, which 
exhibits similar fast colony growth, dense or sparse 
mycelium, and creamish pigmentation on the reverse side 
of Potato Dextrose Agar (Moya et al., 2020; Paul et al., 
2021a). Also it exhibits smooth, thin edges, floccose growth 
and less dense colonies, (Figure 3b), typically seen in some 
of Trichoderma isolates (Kumar et al., 2020; Jaklitsch, 2009). 
While the green pigmentation and antagonistic behavior 
are strong indicators, confirming the preliminary identity 
of the isolate belonging to genus Trichoderma (Guardiola-
Marquez et al., 2023).

Identification of Trichoderma species requires careful 
examination of mycelium and reproductive structures, 
as the genus is highly diverse ( Jambhulkar et al., 2024).  
Trichoderma typically exhibits septate hyphae, divided by 
cross-walls (septa) that regulate cytoplasm flow, aiding 
growth and adaptability. This septation, with absence of 
clamp connections, helps distinguish Trichoderma from 
similar genera (Intana et al., 2024). These also produce 
conidiophores, typically upright and branched with swollen 
tips that bear conidia-asexual spores. Conidia are smooth, 
hyaline (transparent), and often arranged in chains or 
clusters, that distinguish Trichoderma from other fungi, 
whereas some have spherical or obvoid condia. Additionally, 
chlamydospores production, provide ability to compete in 
specific environments and boost their biocontrol capabilities 
(Alfiky and Weisskopf, 2021; Correa et al., 2021). Some 
species has branched conidiophores with monophialidic 
or polyphialidic phialides that produce conidia in chains. 
However, in this study, the isolate showed unbranched or less 
branched conidiophores, fewer phialides, conidia arranged 
in clusters, with some scattered (Figure 3c), suggesting 
it is more similar to a different species despite initial 
resemblance to T. harzianum. In hilly areas, fluctuating 
temperatures may cause fungi to produce simpler, less 
branched conidiophores as they adapt to temperature 
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stresses. These observations align with Barrera et al. (2021), 
Qiao et al. (2018), and Zheng et al. (2021), indicating that 
the isolates are morphologically and microscopically similar 
to T. harzianum, but genetically distinct.

3.2.  Antagonistic activity of trichoderma isolate  

The antagonistic activity of the Trichoderma isolate was 
evaluated against several tomato pathogens (Table 1). The 
results of the experiment showed that the isolate exhibited 
varying levels of antagonistic activity against different 
pathogenic fungi. When co-cultured with Trichoderma, 
the mycelial growth of Pythium ultimum was inhibited 
by 51.79%, resulting in a reduced growth of 34.40 mm. 
Rhizoctonia solani showed a 56.22% reduction in mycelial 
growth, resulting in a growth of only 27.80 mm. Trichoderma 
demonstrated the greatest effectiveness against Sclerotium 
rolfsii, with a mycelial inhibition of 60.63%. This significant 
reduction in growth led to the pathogen’s mycelium 
extending only up to 21.80 mm, highlighting Trichoderma’s 
strong antagonistic capability. On the other hand, Fusarium 
oxysporum f. sp. lycopersici exhibited a mycelial inhibition 
of 52.72%, with its growth reaching 33.00 mm. This 
indicates that while Trichoderma effectively suppressed the 
pathogen's growth, the level of inhibition was slightly lower 
compared to other pathogens, suggesting varying degrees 
of antagonistic efficiency depending on the fungal species. 
Overall, these results revealed that the isolate has strong 
biocontrol potential, particularly against Sclerotium rolfsii 
and Rhizoctonia solani.

Previous research demonstrated the pathogen-suppression 
ability of novel Trichoderma isolates from soil of different 
geographical areas against various pathogens. For instance, 
Trichoderma ghanense inhibited Pythium aphanidermatum 
growth by 44.6% (Elshahawy et al., 2019), while Trichoderma 
strains reduced Fusarium oxysporum mycelial growth by 
50.59% to 92.94% (Xu et al., 2022). Trichoderma isolate 
PBT13 showed 72.97% inhibition of Fusarium oxysporum 
f.sp. ciceri, and PBT3 and PBT4 reduced growth by 72.23% 

and 59.3%, respectively (Kumari et al., 2024).  Similarly, 
Trichoderma isolates CEN281 and CEN287 exhibited 
strong biocontrol against Sclerotinia sclerotiorum and 
Sclerotium rolfsii (Montalvao et al., 2023). Novel isolates T. 
asperellum AFP, T. asperellum MC1, T. brevicompactum MF1, 
and T. harzianum CH1 were effective against Fusarium 
oxysporum, Rhizoctonia solani, and Phytophthora capsici 
(Singh et al., 2016), while T. pseudoharzianum T17 was 
effective against Fusarium oxysporum (Zhou et al., 2020). 
The present results are consistent with the findings of these 
researchers (Table 1). 

Considerable genetic and metabolic variation in Trichoderma 
species leads to differences in their levels of antagonistic 
activity (Pandian et al., 2016). Some isolates produce 
gliotoxin, xylanases, or cellulase at varying levels to inhibit 
pathogen growth, while temperature, pH, and nutrient 
availability, also influence their antifungal activity (Sharma 
et al., 2014). Moreover, the effectiveness of these isolates 
depends on the target pathogens' susceptibility to the 
bioactive compounds, with some pathogens being more 
resistant than others. Trichoderma isolate SUB11780421PII 
demonstrated strong inhibitory effects on Rhizoctonia solani 
(Figure 3d), Fusarium oxysporum f.sp. lycopersici (Figure 
3e), Pythium ultimum (Figure 3f ), and Sclerotium rolfsii 
(Figure 3g), suggesting a potent combination of antifungal 
agents. The biocontrol mechanisms of Trichoderma include 
pathogen colonization, pathogen parasitization, production 
of secondary metabolites, and volatile organic compounds. 
Not all Trichoderma isolates exhibit the same level of efficacy, 
emphasizing the importance of selective screening (Mishra 
et al., 2020).

The table presents the mycelial growth and mycelial 
inhibition of Pythium ultimum (Py), Rhizoctonia solani 
(Rz), Sclerotium rolfsii (Sc), and Fusarium oxysporum f. sp. 
lycopersici (Fs) when treated with Trichoderma sp. isolate 
SUB11780421PII. Significance of data was analyzed 
using Duncan's test at the 5% level, with different letters 
indicating significant differences and the same letters 

Table 1: Effect of Trichoderma isolate on mycelial growth and inhibition of various pathogenic fungi of tomato

Treatments Mycelial 
growth (mm)

Mycelial inhibition 
(%)

Pythium ultimum (Py)+Trichoderma sp. isolate SUB11780421PII 34.40c 51.79a

Rhizoctonia solani (Rz)+Trichoderma sp. isolate SUB11780421PII 27.80b 56.22b

Sclerotium rolfsii (Sc)+Trichoderma sp. isolate SUB11780421PII 21.80a 60.63c

Fusarium oxysporum f. sp lycopersici (Fs)+Trichoderma sp. isolate SUB11780421 PII 33.00c 52.72a

CD (p=0.05) 4.81 3.45

SEm± 1.59 1.14

SE(d) 2.25 1.61

C.V. 12.17 4.61
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Trichoderma sp. SDAS203586 and various T. harzianum 
strains (QT22092, QT22053, QT22003). This high 
similarity suggested the isolate could be T. harzianum, but 
other Trichoderma species shared similar sequences. The 
match to isolates like SDAS203584 and yi1427_1 confirmed 
its belonging to the Trichoderma genus, though exact species 
identification remained uncertain. The phylogenetic tree 
based on these molecular markers, likely showed the isolate 

indicating no significant difference. Statistical parameters 
include Critical  Difference (0.05), Standard Error of the 
Mean (SE(m)), Standard Error of the Difference (SE(d)), 
and Coefficient of Variation (C.V.).

3.3.  Molecular identification and phylogenetic analysis

Molecular identification of Trichoderma isolate revealed 
≥98% similarity with Trichoderma species in the NCBI 
GenBank database. It showed 99.11% similarity to 

Table 2: Similarity of Trichoderma isolate to related Trichoderma species based on ITS and rRNA gene sequences

Organism name Accession number  %

Trichoderma sp. isolate SDAS203586 internal transcribed spacer 1 MK870952.1 99.11%

Trichoderma sp. isolate SDAS203584 internal transcribed spacer 1 MK870941.1 99.11%

Trichoderma sp. isolate yi1427_1 small subunit ribosomal RNA gene MH284833.1 99.11%

Trichoderma sp. isolate yi1404_1 internal transcribed spacer 1 MH284826.1 99.11%

Trichoderma sp. isolate yi1438_1 internal transcribed spacer 1 MH284795.1 99.11%

Trichoderma harzianum strain QT22092 18S ribosomal RNA gene KY225649.1 99.11%

Trichoderma harzianum strain QT22053 18S ribosomal RNA gene KY225616.1 99.11%

Trichoderma harzianum strain QT22003 18S ribosomal RNA gene KY225600.1 99.11%

Trichoderma sp. strain T1H2 internal transcribed spacer 1 MT250831.1 98.88%

Trichoderma sp. strain Tricho_19 internal transcribed spacer 1 MK680276.1 98.88%

clustering with known T. harzianum strains and other 
Trichoderma species (Figure 2). It also shows a 98.88% 
match with strains T1H2 and Tricho_19 indicating that the 
isolate might differ from those, but remained closely related. 
Based on these results, the isolate was tentatively identified 
as Trichoderma sp. (Table 2). However, further genetic 
analysis is needed for definitive species identification. 
Morphologically and culturally, it resembled T. harzianum. 
The present study focused on its biocontrol activity, and the 
isolate is named Trichoderma sp. isolate SUB11780421PII 
(submitted to GenBank). This isolate showed exceptional 
pathogen control, which was the primary objective of the 
study. Genetic markers were not pursued, and the isolate's 
disease control efficacy was evaluated in pot experiments.

Molecular identification of Trichoderma species using 
DNA-based techniques like Polymerase Chain Reaction 
(PCR), targeting the Internal Transcribed Spacer (ITS) 
region, helps differentiate species and assess genetic diversity 
(Figure 1) (Kredics et al., 2018). These tools have resolved 
taxonomic ambiguities and enabled phylogenetic tree 
construction to map the genus's evolutionary relationships 
among Trichoderma species. The ITS region, variable 
between species but conserved within them, is a reliable 
marker for distinguishing closely related species that are 
morphologically similar. Similarly, the 18S rRNA gene is 
highly conserved part, particularly within closely related 
species, which accounts for the observed genetic similarity 

Figure 1: The gel electrophoresis image shows genomic 
Deoxyribonucleic Acid (DNA) that has been Polymerase 
Chain Reaction (PCR) amplified, producing two prominent 
bands at sizes of 2.5 kb (2500 bp) and 500 bp. It also includes 
a 500 bp DNA ladder, which contains 10 distinct DNA 
fragments of the following sizes: 500 bp, 1000 bp, 1500 bp, 
2000 bp, 2500 bp, 3000 bp, 3500 bp, 4000 bp, 4500 bp, and 
5000 bp. The 2.5 kb PCR product aligns with the 2500 bp 
fragment in the ladder, while the 500 bp band corresponds to 
the 500 bp marker in the ladder, helping to confirm the sizes 
of the PCR-amplified products 

(Cai and Druzhinina, 2021). The present isolate shows 
99.11% similarity with Trichoderma sp. isolate SDAS203586 
(ITS1) and 99.11% similarity with Trichoderma harzianum 
strain QT22053 (18S ribosomal RNA gene) (Table 2). 
It is due to the conserved nature of these genetic regions 
within the Trichoderma genus that suggests that the present 
isolate shares a close genetic relationship with these strains. 

PCR amplified ITS rRNA Ladder details
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However, the slight difference of around 0.89% suggests that 
it could represent a distinct strain or a slightly divergent 
species within the Trichoderma genus (Kubicek et al., 2019; 
Hewedy et al., 2020).

Many cryptic species in the Trichoderma genus are 
genetically similar but differ morphologically or adapt to 
different ecological niches, as seen in the present isolate. 
Consequently, isolates that show high genetic similarity 
may still belong to separate species or distinct ecotypes 
( Jambhulkar et al., 2024). This genetic overlap indicates 
that the present isolate likely belongs to the same or a very 
closely related species as Trichoderma sp. SDAS203586 and 
T. harzianum QT22053, pointing to similar ecological roles, 
functional traits, and potential applications in biocontrol 
or other biotechnological processes (Figure 2). Muthu and 
Sharma (2011), Kumar et al. (2020), Gajera et al. (2023) 
also employed ITS and 18S rRNA markers to identify 
Trichoderma isolates and assess their biocontrol potential 
against pathogens. 

Sequence Comparison of Trichoderma strains based 
on Internal Transcribed Spacer (ITS) and Ribosomal 
RNA gene regions reveals a high similarity to GenBank 
reference sequences. Accession numbers and corresponding 
% matches of various Trichoderma strains to reference 
sequences, showing high identity (99.11%) across most 
isolates, with slight variation (98.88%) are provided.

3.4.  Biocontrol assays: effect on pathogen suppression and tomato 
plant growth in pot culture

The biocontrol efficacy of Trichoderma sp. isolate 

SUB11780421 PII was evaluated in pot culture experiments 
(Table 3). In the case of Sclerotium rolfsii, the disease 
incidence dropped to 20%. It showed the longest seedling 
length (12.39 cm), root length (2.88 cm), and seed weight 
(2.22 g), with significantly high seedling vigor I (1,171.20) 
and seedling vigor II (220.60). For Fusarium oxysporum f. 
sp. lycopersici and Rhizoctonia solani, the disease incidences 
were reduced to 30% and 35%, respectively. The treatment 
resulted in a seedling length of 11.71 cm for Fusarium and 
11.42 cm for Rhizoctonia, with root lengths of 2.84 cm and 
3.03 cm, respectively. Seed weight was 2.03 g for Fusarium 
and 1.72 g for Rhizoctonia. SVI was 1,239.40 for Fusarium 

Table 3: Effect of Trichoderma sp. isolate SUB11780421PII on plant growth parameters and disease incidence

Treatments DI (%) SL (cm) RL (cm) SW (g) SVI SVII

Pythium ultimum (Py)+Trichoderma sp. isolate 
SUB11780421PII

40.00b (38.98) 10.86b 2.64c 1.56a 1,142.40a 168.60b

Fusarium oxysporum f. sp lycopersici 
(Fs)+Trichoderma sp. isolate SUB11780421PII

30.00a (32.98) 11.71b 2.84c 2.03b 1,239.40a 200.20c

Rhizoctonia solani (Rz)+Trichoderma sp. isolate 
SUB11780421PII

35.00a (35.98) 11.42b 3.03c 1.72a 1,071.40a 172.60b

Sclerotium rolfsii (Sc)+Trichoderma sp. isolate 
SUB11780421PII

20.00a (23.99) 12.39c 2.88c 2.22b 1,171.20a 220.60c

Py+Fs+Rz+Sc+Trichoderma sp. isolate 
SUB11780421PII

40.00b (38.98) 10.71b 2.33b 1.66a 1,086.00a 134.80a

Control 95.00c (83.99) 8.87a 2.13a 1.04a 1,071.40a 64.40a

(No Treatment)

CD (p=0.05) 13.21 1.55 0.59 0.65 537.95 42.60

SEm± 4.50 0.52 0.20 0.22 167.30 21.32

SE(d) 6.36 0.74 0.28 0.31 56.98 30.15

C.V. 23.68 10.74 17.16 29.09 80.58 29.39

Figure 2: Phylogenetic tree is constructed using Weighbor with 
a Jukes-Cantor corrected distance matrix based on aligned 
sequences. Alignment inserts were excluded, and only positions 
with a minimum length of 200 were considered. The tree was 
built with an alphabet size of 4 and a sequence length of 1000. 
Bootstrapping (100 iterations) was applied to assess tree reliability, 
with a majority consensus tree showing the frequency of groupings. 
Bootstrap values are shown at the nodes, indicating the support 
for each branch. The scale used is 0.001. The Jukes-Cantor 
model corrects for multiple substitutions to prevent distance 
underestimation
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and 1,071.40 for Rhizoctonia, while SVII was 200.20 and 
172.60, respectively. These results indicate strong growth 
promotion and pathogen suppression by the isolate for both 
pathogens. The results demonstrated for Pythium ultimum 
the disease incidence was reduced to 40%, significantly lower 
than the control group (95%). While seedling length was 
10.86 cm and root length was 2.64 cm, both parameters were 
still lower than other treatments. However, seed weight was 
relatively high at 1.56 g, and the seed vigor index reached 
1,142.40, indicating moderate growth enhancement. The 
seedling vigor index was  168.60, further suggesting positive 
effects on plant vigor. 

The combination of all four pathogens (Py+Fs+Rz+Sc) 
with Trichoderma sp. isolate SUB11780421PII led to a 
disease incidence of 40%, with seedling length of 10.71 cm, 
root length of 2.33 cm, and seed weight of 1.66 g (Table 
3). SVI was 1,086.00, and SVII was 134.80, showing that 
even in the presence of multiple pathogens, the isolate still 
had a moderate impact on disease suppression and plant 
growth. The control group (no treatment) exhibited a 
disease incidence of 95%, with the lowest seedling length 
(8.87 cm), root length (2.13 cm), and seed weight (1.04 
g). Both SVI (1,071.40) and SVII (64.40) were also the 
lowest, indicating poor growth and pathogen damage. 
In conclusion, Trichoderma sp. isolate SUB11780421PII 
showed significant potential for biocontrol, effectively 
suppressing pathogens and promoting tomato plant growth, 
particularly in treatments with Fusarium oxysporum f. sp. 
lycopersici and Sclerotium rolfsii. The isolate’s application in 
pot culture demonstrated its effectiveness as a biocontrol 
agent for enhancing plant health and reducing the impact 
of soil-borne pathogens.

The reduced disease incidence from 20 to 40% by 
application of Trichoderma sp. isolate SUB11780421PII due 
to antifungal metabolites, such as enzymes and secondary 
metabolites. It also stimulates the plant’s immune system 
through induced systemic resistance (ISR), enhancing its 
defense responses against infections. Trichoderma sp. isolate 
SUB11780421PII reduces Sclerotium rolfsii by up to 20% in 
pots, which is in agreement to Sumi and Ao (2015 Islam 
et al. (2017)) who used T. harzianum TR05 in sunflower 
tomato seedlings, leading to a minimum of 5.365.31% 
disease incidence (Table 3). Also, Azad et al. (2016) Dania 
and Henry (2021) managed Sclerotium rolfsii (22.2%) with 
T. species application in cowpea. The isolate also reduces 
wilt caused by Fusarium oxysporum f.sp. lycopersici by 30% 
and Rhizoctonia solani by 35%, consistent with the findings 
of Younesi et al. (2021), who reported 66.1% and 69.5% 
wilt control efficiency with T. harzianum KT9 and KT10, 
respectively, in chickpeas. Similar to the present study, 
Trichoderma Ta41 promoted tomato growth by increasing 
plant height, root length, and shoot/root weights, with 
reduced disease incidence by Rhizoctonia solani (Heflish 

et al., 2021). 

However, the shoot and root length of 12.39 cm, 3.03 
cm, respectively, indicates that Trichoderma sp. isolate 
SUB11780421PII have promoted plant growth despite 
the presence of the pathogen. This is due to the growth-
promoting properties of Trichoderma, like auxins, cytokinins, 
and gibberellins, which stimulate root growth, increase 
nutrient uptake, and improve overall seedling health 
(Figure 3i). Even in the presence of pathogens, Trichoderma 
colonizes the roots, forming a protective biofilm that acts as 
a barrier against infection, while also enhancing the plant’s 
immune response. This protective and growth-promoting 
action allows tomato seedlings to survive and thrive despite 
the presence of soil-borne pathogens (Figure 3h). Whereas, 
poor performance of the control treatment is likely due to 
the unprotected root system, allowing unchecked pathogen 
growth, reduced nutrient uptake, and seedling decline 
(Figure 3j). The absence of Trichoderma's protective and 
growth-promoting effects likely led to higher disease 
incidence and stunted growth (Adedayo and Babalola, 2023; 
Singh et al., 2023; Santoyo et al., 2024).

Figure 3: (a) Trichoderma sp. isolate SUB11780421PII growth 
in Petri plate (b) dorsal view (c) less branched conidiophores and 
conidia in chains (d) Trichoderma sp. isolate SUB11780421PII 
showing antagonistic activity with Rhizoctonia solani (e) with 
Fusarium oxysporum f.sp. lycopersici (f ) with Pythium ultimum 
(g) with Sclerotium rolfsii (h) tomato seedlings without 
disease in pots after application of Trichoderma sp. isolate 
SUB11780421PII (i) seedling exhibits strong root growth and 
vigorous shoot development (j) diseased seedlings, severely 
affected by pathogens, exhibit poor root development and 
stunted shoots
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Table represents disease incidence (DI), shoot length (SL), 
root length (RL), seedling weight (SW), and seedling 
vigor (SVI, SVII) in tomato seedlings (Solan Lalima) after 
application of Trichoderma sp. isolate SUB11780421PII. 
These measurements were taken after exposure to individual 
pathogens (Pythium ultimum, Fusarium oxysporum f.sp. 
lycopersici, Rhizoctonia solani, Sclerotium rolfsii), a combined 
pathogen mixture (Py+Fs+Rz+Sc), and a control group with 
no treatment. Values represent the mean of each parameter, 
with DI values are transformed using arcsine square root 
transformation, presented in parenthesis. Different letters (a, 
b, c) indicate significant differences at the 0.05 level based 
on Duncan's test. Values represent treatment effects with 
corresponding statistical parameters: Critical Difference (at 
0.05 significance), Standard Error of the Mean (SE(m)), 
Standard Error of the Difference (SE(d)), and Coefficient 
of Variation (C.V.) using OP stat software.

4.   CONCLUSION

Trichoderma sp. isolate SUB11780421PII from 
underexplored areas of the northwestern Himalayan 

region was proved as a effective biocontrol agent. The 
isolate demonstrated broad-spectrum antagonistic activity 
against tomato pathogens in both laboratory and pot 
culture conditions, reducing disease incidence across all 
pathogens. Despite up to 40% disease levels, it significantly 
improved root and shoot growth, seedling weight, and vigor, 
showcasing its potential for promoting plant growth under 
moderate disease pressure.
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