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ABSTRACT

Morphological features are not adequate to accurately categorize different species of the genus
Trichoderma. Molecular characters, in combination with morphological characters, are used to
identify Trichoderma at the species or subspecies level. The present study was focused on
characterising Trichoderma asperellum based on morphology and molecular analysis using genes
such as ITS. Light microscopy results showed that Trichoderma asperellum regularly branched
and typically paired conidiophores with straight phialides and globose to subglobose shaped
conidia Sequence similarity analysis with reference 7. asperellum isolates available in the NCBI
database showed 100 percent nucleotide similarity for ITS4 and ITS5. A dual culture test clearly
showed that Trichoderma asperllum inhibited the tested fungal plant pathogen, Fusarium
oxysporum f. sp. lycopersici (87.38 percent). Population dynamics of Trichoderma asperellum in
compost were found to be stable until 21 days after mixing.
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INTRODUCTION

Certain species of genus Trichoderma have several
beneficial characters and used as a potent producer
of enzymes (Kumar et al., 2008; Seiboth et al.,
2012), growth promoter (Harman et al., 2011) and
as well as a potential antagonist of phytopathogens
(Marra et al., 2019; Rivera Mendej et al 2020,
Xiao et al.,2023). Simultaneously, some species
have been reported as human pathogen (Hatvaniet
al., 2013) or pathogen of green mould disease in
mushrooms (Komon-Zelazowskaer al., 2007, Sasi¢
Zori¢ et al., 2023), Owing to hybridization (Olson,
A et al, 2002; Hughes et al, 2013), cryptic
speciation (M. J. et al., 2013, Liicking, R et al,
2014), convergent evolution (Brun, et al., 2010),
complexity in taxonomy, biological restrictions
(Susila et al., 2023) other multiple reasons
(Summerbell, 2003; Hermosa et al., 2004),
morphological based identification alone 1is
challenging and inadequate at the species level
(Druzhinina et al. 2010; Jaklitsch et al., 2013).
Therefore, correct identification of species should
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be the first step and molecular methods must be
combined with parameters for correct identification
for phylogenetic comparisons based on target
sequences (Bissett et al., 2015). To investigate
genetic diversity within the genus, several molecular
methods have been used (Hassan et al., 2019) which
are based on DNA sequence analysis. These methods
are now routinely used in species identification.
Among the molecular methods of identification,
sequence analysis of ITS region is one of the most
robust methods which exhibited the highest
probability of correct identification (Schoch et al.,
2012, Susila et al, 2023). Therefore, it is now
possible to identify each isolate of Trichoderma at
species level (Druzhinina et al., 2015) by combined
use of morphological and molecular methods.

Tomato is one of the most agriculturally important
vegetable which is consumed by humans in various
ways (Abdel Karim et al, 2006). Many soil borne
plant pathogens cause diseases and reduce economic
yield in tomatoes (Babalola and Glick, 2012).
Among the Plant pathogens, Fusariumoxysporum
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f.sp. lycopersici is one of the most devastating and
challenging pathogens in the terms of
management (Pasco et al., 2017, El-Aswad et
al.,2023 ). Numerous strategies of plant diseases
management are developed such as resistant
varieties, agronomical practices and fungicide
control (Abo-Elyousr et al, 2009). Fungicides
have been found to be an effective management
strategy, but at the same time it has proven health
hazards (Maitlo et al., 2014). Resistant variety is
another successful method for management of
Fusarium wilt (Amini, 2009), but new races of the
pathogen appear to overcome resistance genes in
currently grown cultivars (Liicking et al, 2014).
Therefore, the aim of the present research work
was to molecular identification of 7richoderma
isolate and assessing the antifungal potential of
Trichoderma  asperellum, the  effect of
vermicompost on its growth and bio control
activity.

MATERIALS AND METHODS

Microbial cultures

Three biocontrol agents and one pathogen namely,
T. asperellum, Bacillus subtilis, Pseudomonas
aeruginosa and Fusarium oxysporum f. sp
lycopersici were tested in the current study at
Trichy Research Institute of Biotechnology,
Tiruchirapalli, Tamil Nadu, India.Out of three,
Bacillus subtilis and Pseudomonas aeruginosa are
provided by the research laboratory of Trichy
Research Institute whereas 7. asperellum was
isolated from rhizospheric soil.

Isolation of Trichoderma

Rhizospheric soil samples were collected from the
ecological habitat of coconut plant from two
different villages (Trichy and Kulumani) of district
Tiruchiraipalli, south India, for isolation of
Trichoderma spp. Soil samples were brought in
the laboratory and kept in freeze at 4°C until used.
Soil samples were serially diluted in sterilized
distilled water till 10 and 100pul diluted samples
were uniformly spread on Trichoderma selective
Medium (TSM) poured Petri plate (Elad et al.,
1982). Petri plates were kept in the BOD incubator
at 28 + 2°C temperature for five days. After
incubation for five days, morphologically different
fungal colonies appeared on the TSM plates,
which were pulled out by sterilized needle and
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purified by single spore isolation technique (Wah
Cho et al., 1999) on potato dextrose agar medium
(PDA).The purified Trichoderma isolate was
preserved at 4°C for further studies .

Morphological identification of Trichoderma
isolate

For morphological identification of Trichoderma
species, certain characters were studied such as
colony color, chlamydo spores formation,
conidiophores, phialides characters, and shape of the
conidia (Gams and Bisset, 1998).

Molecular identification:

Fungal Growth Conditions and Extraction of DNA:
The Trichoderma isolate was grown on potato
dextrose agar medium (PDA) wrapped with parafilm
tape on 28°C for 96 hours. Two bits of seven days
old culture were inoculated in potato dextrose broth
(PDB) and kept in the BOD incubator for 3 days.
Mycelia mat was collected on filter paper, washed
with millipore water for 2—3 times and homogenized
in liquid nitrogen for DNA extraction. Genomic
DNA was extracted using the method of Raeder et
al., 1985 with slight modifications. DNA
resuspended in 50ul of TE buffer and quantified by
using dye ethidium bromide fluorescence.
Quantification of DNA

DNA concentration and purity was quantified
through UV spectrophotometer using the optical
density (OD) at 260 and 280 nm absorbance values.
PCR  amplification and  Sequencing of
Amplification Product: PCR amplification of ITS4
and ITS5 internal transcribed spacer regions
generated from the total genomic DNA extractions
were done by the methods described by White et al.
(1990), Guigoén-Lopez et al., (2010). The thermo
cycling program was used: 1 cycle at 94 °C for 2
min, 30 cycles at 94 °C for 30 s, 30 cycles at 50 °C
cycles for 45s, 30 cycles at 72 °C for 1 min and a
final 72 °C cycle for 15 min. PCR products were
evaluated on 2% agarose gel at 100 V for 30 minutes
DNA Sequencing

Template DNA (50 pLl) was directly prepared from
PCR-products by purifying it with PCR Purification
Kit. Purified PCR products (30 ul) were sent to GCC
Biotech New Delhi India for the direct sequencing.
DNA sequence for the internal transcribed spacer
region (ITS) of the rDNA was obtained. After
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collecting these query sequences, they were
submitted to the NCBI GenBank for their
accession number
Phylogenetic analysis
The Basic Local Alignment Search Tool
(BLASTN) was used to find the regions of local
similarities between Trichoderma nucleotide
sequences obtained from NCBI, anopen database
resource providing genome sequences of various
organisms. Phylogenetic tree was constructed
using the FASTA format of various 7Trichoderma
species. Construction of the Phylogenetic tree was
prepared by using Mega 5.2 software.
Pathogen
The fungal plant pathogen F. oxysporum f. sp.
lycopersici causing vascular wilt in tomatoes was
isolated from a naturally infected plant of Tamil
nadu agriculture farm India by using standard
isolation technique with some modifications
(Riker and Riker, 1936). Pathogens were identified
macroscopically and microscopically (Leslie and
Summerell, 2006). The pathogen was tested for
pathogenicity (Venkatesh et al., 2013). Pathogen
was grown and maintained on a PDA medium for
further experiments.
Antagonistic activity Trichoderma against F.
oxysporum f.sp. lycopersici
Antagonistic activity of Trichoderma asperellum
was tested against soil borne pathogenic fungi F.
oxysporum f. splycopersici (FOL) by using dual
culture technique proposed by (Yassin et al,
2021), which was the part of microbial
collection in this research study. Five mm discs of
seven day’s old Trichoderma culture were kept
one cm away from the margin on the PDA Petri
plate and the same size of disc of pathogen was
placed at the reverse side of Trichoderma isolate.
Bacterial isolates were streaked at the opposite
side of the test pathogen around 40mm away
from the centre followed by (Islam et al., 2018). A
medium inoculated only with the same size of
pathogen disc, served as control. The experiment
was conducted in three replications and inoculated
Petri plates were kept in a BOD incubator at 28 +
2°C for seven days. The percentage inhibition of
radial growth was determined according to
Ezziyyani et al. (2004) by using the following
formula:
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I=(C-T)/C X100,
Where C is mycelial growth in control plate, T is
mycelial growth of test organisms in inoculated
plate and I is inhibition of mycelial growth.
Preparation of formulation: Identified 7. asperellum
was grown in Potato dextrose broth (PDB) medium
for seven days and culture mixed with sterilized talc
powder in the ratio of 1:2 and dried to 8% moisture
under shade condition. Tomato seeds were treated at
the rate of @3-4gm/ kg seed.

Microbial population assessment in vermi
compost fortified with Bio-inoculants
The sterilized vermi compost was inoculated

separately with three bio inoculants such as B.
subtilis, P. aeruginosa, T. asperellum. Twenty five
kg vermi compost were measured and filled in
sterilized tray and mixed with 1L of 2 days old pure
culture of 7. asperellum broth (CFU count
approximately 1.8x10°). Another, 25 kg vermi
compost were taken in each two trays separately and
mixed Bacillus subtilis and Pseudomonas aeruginosa
respectively. After mixing, these trays were covered
with white polythene sheet and incubated under
shady conditions for 15 days. Microbial population
was assessed from the fortified compost on 7th and
14" day by using serial dilution technique. 1g of
sample was taken from each tray and diluted till 10
and transferred on Potato dextrose medium (PDA).
The total colony count of each biocontrol agent were
assessed by using the following formula given below
and designated as CFU/gm of dry weight (Subashini
etal., 2021).

Colony Forming Units (CFU) is = No of colonies
X Dilution factor/Volume of taken sample

In vitro evaluation to check efficacy of biofortified

vermincompost  against F.  oxysporum  f.sp.
lycopersici
Effect of fortified vermicompost against F.

oxysporum f.sp. lycopersici were accessed by using
agar well diffusion given by (Perez ef al,1990) in
which 6 wells are made in PDA containing 9mm agar
plate four wells are considered for taking the
readings for vermicompost and plant extracts which
are in the order from higher concentration to lower
viz., 500ul, 250ul, 100ul, and 50ul respectively, In
remaining two wells one is negative control where
nothing is used there and remaining well is
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considered for Antibiotic control (PC) where
500ul of amphotericin is used. For 500ul of
fortified vermi compost, mixture preparation add
Sml of DMS to 0.05 grams of fortified
vermicompost .after inserting this in all the six
wells allow to settle down in wells for 30 min
inside laminar chamber and incubated at 27+2°
for 3 days.

Results

Isolation and morphological Characterization
Trichoderma isolate was collected from coconut
rhizospheric soils of district Tamil nadu, South
India. The isolate was grown on Potato dextrose
medium (PDA) for observation of morphological
characters and colony color. The mycelia of
isolated Trichoderma appeared as light greenish.
The morphology appears as coarse and light to
dark green colour mycelia and preliminary
observation confirms it as Trichoderma. However,
morphological characteristics were insufficient to
confirm Trichoderma isolate at species level.
Therefore, molecular identification was needed to
differentiate the complex and overlapping.
Trichoderma isolate. T. asperellum
mycelia were white and dark green, and arranged
in concentric rings, each of either white or dark
green colour when grown for three days in PDA
media (Fig. 1). Conidia were sub globose to
globose or ovoidal to ellipsoid, and some ovoid
conidia, ampliform phialides, were described
(Samuels et al., 2010). Most of the conidiophores
of T. asperellum were symmetrically paired along
the main branches and axis. Phialides were
characteristically elongate divergent lageniform
and can be ampuliform in dense area in shapes.
The terminal phialides were usually more
elongated than another side of phialides
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Fig 1. T1 T2 T3 control
Antagonistic effect of bio control agents Fusarium
oxysporum f.sp. lycopersici

Molecular characterization of 7. asperellum
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The isolated genomic DNA after analyses of ITS
regions in nucleotide PCR amplification at ITS4 and
ITSS region resulted in a band size of 650 bp.
Sequence analyses of 5.8S-ITS region
Pure genomic DNA of Trichoderma isolate was
isolated and used for nucleotide sequencing. The
ITS-rDNA partial gene was successfully amplified
using universal primers ITS 4 and ITS 5 and resulted
in a band size of 650 bp. The sequences obtained
were subjected to BLAST analysis to identify the
new isolate and were submitted to the National
Center for Biotechnology Information (NCBI)
GenBank The tested fungal stain showed 100%
sequence similarity homology with 7. asperellum
and clustered with similar groups. The results of

phylogenetic analysis of 7. asperellum is given in Fig
2.

Fig 2. Phylogenetic analysis
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Antagonistic activity of bio control agents
For in vitro antagonism assay, three bio control
agents were tested against Fusarium. Percentages of
mycelial growth inhibition of bio control agents were
analyzed by analysis of statistical variance, with

significant variation (p<0.001), when paired were
against F. oxysporum f.sp lycopersici, 76.50 to 87.38
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of inhibition. Among the three microbial bio
agents, 7. asperellum was found superior which
showed 87.38 % mycelium inhibition. The second
highest antagonistic activity was observed 84.24%
in B. subtilis followed by P. aeruginosa (76.50%).
T. asperellum showed significant suppression of
mycelium wth of F. oxysporum.

The CFU count was higher after a few days of

B Trichoderma asperllum
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application, while it was decreasing further. This
may have occurred because after the digestion of
organic material, vermin compost was formed,
providing a large quantity of material to decompose
and a large surface area for microbes to adhere to the
substrate. In this study total microbial dynamics of
all three biocontrol agents were estimated and shown
in Figure 3.

Pseudomonas aeruginosa

:
Bl Ll* . ]

14 28

Number of Days

Fig 3. Population dynamics of 7. asperllum, B. subtilis and P. aeruginosa in different days from 0 to 28-days

After fortification of vermicompost with fungal
bioinoculants, 7. asperllum on the first day, CFU
values were recorded (3.24 x 10° cfu/g) and after
14 days, they were recorded 5.82 x 10°fu/g)
Similarly, the microbial population of B. subtilis,
(3.75 x 10°fu/g)was recorded, whereas the P.
aeruginosa population was recorded at 1.96
(1.96x10%fu/g). Vermicompost is rich in organic
matter and beneficial microorganisms, including
bacteria, fungi, and actinomycetes. When vermi
compost is applied to a new environment or
substrate, the initial microbial colonization occurs
rapidly because. Microbes present in the vermi
compost start adapting to the new conditions and
uptake nutrients this abundance of nutrients and
proliferate, resulting in an increase in CFU count.
After the initial colonization and proliferation, a
process known as microbial succession takes
place. Different microbial species compete for
resources, and some species may outcompete
others, leading to a decline in their CFU count. As
the microbial community establishes a dynamic
equilibrium, certain species become dominant and
may suppress the growth of others, resulting in a
decrease in overall CFU count.

A comparative investigation was conducted to
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assess the inhibitory effects of two distinct
concentrations, namely 500 pg/ml and 400 pg/ml, of
fortified vermincompost using the plate zone of
inhibition technique. It was observed that the
concentration of 500 pg/ml exhibited the highest
level of inhibition in terms of mycelial growth of the
pathogenic organism to the new conditions and
uptake nutrients this abundance of nutrients and
proliferate, resulting in an increase in CFU count.
After the initial colonization and proliferation, a
process known as microbial succession takes place.
Different microbial species compete for resources,
and some species may outcompete others, leading to
a decline in their CFU count. As the microbial
community establishes a dynamic equilibrium,
certain species become dominant and may suppress
the growth of others, resulting in a decrease in
overall CFU count. A comparative investigation was
conducted to assess the inhibitory effects of two
distinct concentrations, namely 500 pg/ml and 400
pg/ml, of fortified vermincompost using the plate
zone of inhibition technique. It was observed that the
concentration of 500 pg/ml exhibited the highest
level of inhibition in terms of mycelial growth of the
pathogenic organism.
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Molecular Identification of Trichoderma Isolate
Characterization based on ITS region

Sequence analyses of the ITS region in nucleotide
PCR amplification at the ITS4 and ITS5 regions
produced 650bp size bands. ITS region is a
commonly used target for DNA sequencing and
molecular identification in many organisms,
including fungi. It lies between the highly
conserved rRNA genes (18S, 5.8S, and 28S) and
exhibits considerable sequence variation, making
it suitable for species-level identification and
phylogenetic analyses. The ITS4 and ITSS primers
are well-established and widely used in PCR
amplification of the ITS region. The length of the
amplified product can vary among different
species due to differences in the sequence
composition and size of the ITS region. The ITS
region is known to exhibit size polymorphism,
with variations in the number of repetitive
elements, insertions, and deletions. Therefore,
observing a 650-bp size band suggests that the
target species or organisms being analyzed possess
an ITS region with a length of approximately 650
base pairs. Blast homology revealed that following
T. asperellum MH249249.1:13602,
KF815050.1:74-663, MF114226.1:9-599, KF815,
KF737411.1:45-636, MF1144226:1:9-599,
KP263617.1:5-593, KF737411.1:45-636,
MKZ870603.1:26612, (MN046976.1:9-599,
MH284452.1:26-612,MF114230.1:9-59  showed
100 percent similarity and was confirmed as
Trichoderma asperellum.

DISCUSSION

Biocontrol agents are an alternative to chemical
fungicides needed to control the vascular wilt
pathogen, F. oxysporum f. sp. lycopersici (FOL),
which is a major limiting factor of tomato
production worldwide (Larkin and Fravel, 1998).
In a dual culture test, Trichoderma asperellum
showed antagonistic activity against the tested
pathogen. In this research, the percentage of
inhibition was recorded at 87.38%, which is the
highest among all the tested biocontrol agents. An
important advantage of an antagonist is its ability
to grow rapidly and compete with pathogens for
space and food (Benitez ef al., 2004). These results
are in agreement with numerous previous studies
where 7. asperellum isolates showed high
capabilities for being versatile biocontrol agents
(Cotxarrera et al., 2002; Gromovykh et al., 2002;
de los SantosVillalobos et al., 2013). The similar
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results are in agreement with many other works that
indicate that 7. asperellum is a successful biocontrol
agent against F. oxysporum. f. sp. lycopersici (El
Komy et al., 2015), Rhizoctonia solani, Sclerotium
rolfsii (Hamed et al., 2015), and Gibberellafugikorai
(Watanabe ef al., 2007). Molecular identification and
phylogenetic analysis: Accurate morphological
identification at the species level is of utmost
importance for the safe and effective use of
Trichoderma spp. But overlapping morphological
features among the closely related species have
created difficulty in  precise identification
(Prabhakaran et al, 2015). Few commercial
Trichoderma strains have been reclassified that were
commonly used (Mukherjee et al., 2013; Chaverri et
al., 2015). Many of the strains in the culture
collections and gene sequences in the NCBI database
need to be updated. In the present classification
scheme, in addition to morphological
characterization, molecular confirmation is also
routinely performed to identify and categorise the
species (Atanasova et al., 2013). Fungal taxonomy
has evolved as a result of advances in molecular
biology, particularly in DNA analysis. Using
techniques of molecular identification, (Hermosa et
al., 2013) obtained bands between 560 and 600 bp
when they amplified ITS regions in order to identify
different isolates of Trichoderma spp., among these,
one isolate was confirmed as Trichoderma
asperellum. Similarly, Menezes et al. (2010) also
identified three isolates of Trichoderma spp using the
same techniques and confirmed 7richoderma species.
The results described by these authors are similar to
those found in this work, where primers ITS
amplified sequences of approximately 500 base pairs
for the studied strains of the genus Trichoderma.

In this research, we studied the suitability of
ocompost as a lcarrier medium for microbial
bioagents. Sterilised carrier material (vermicompost)
was estimated to have the effect of compost biology
on biocontrol agents such as 7. sperllum, Bacillus
subtillis and P. aeruginosa. Population dynamics
were quantified for all compost treatments. Here,
Trichoderma and Bacillus spp populations declined
but became stable after 14 days. This indicates that
Trichoderma spp could maintain a secure population
in compost after a certain period, which is a
necessary requirement for compost to be used as a
carrier medium. Similar results were found by
Nandini ef al. (2014) reported that the population of
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microbes was highest on the 14th day in the
enriched vermi in comparison to the population at
zero days of enrichment in vermicompost. The
CFU count was higher after a few days of
application, while it was decreasing further.
Which may have happened because, after the
digestion of organic material, vermin compost
formed; providing a large quantity of material to
decompose and a large surface area for microbes
to adhere to the substrate. In this study, the total
microbial dynamics of the three biocontrol agents
were  estimated.  After  fortification  of
vermicompost with fungal bioinoculants, T.
asperllum on the first day, CFU values were
recorded (3.24 x 106 cfu/g) and after 14 days, they
were recorded 5.82x10%fu/g) Similarly, the
Trichoderma isolate was identified at the species
level based on ITS sequence analysis. The results
obtained suggest that Trichoderma asperellum
promising suppressor of Fusarium growth,
suggesting that they could be valuable biocontrol
agents for the management of diseases in
tomatoes. Additionally, our results demonstrate the
population dynamics of Trichoderma isolates in
compost. Our results suggest that this stain can be
used as a potential biocontrol agent.

ACKNOWLEDGMENT

We would like to thank Trichy Research Institute

of Biotechnology Pvt. Ltd for providing the

facility for conducting the research project.

REFERENCES

Abd-El-Kareem, F., El-Mougy, N. S., EI-Gamal, N.
G., and Fotouh, Y. O. 2006. Use of chitin and
chitosan against tomato root rot disease under
greenhouse. Research journal of Agriculture
and Biological science, 2(4): 147-152.

Abo-Elyousr, K. A., and Mohamed, H. M. 2009.
Note biological control of Fusarium wilt in
tomato by plant growth-promoting yeasts and
rhizobacteria. The Plant Pathology Journal,
25(2):199-204.

Amini J. 2009. Physiological race of Fusarium
oxysporum f. sp. Ilycopersici in Kurdistan
province of Iran and reaction of some tomato
cultivars to race 1 of pathogen. Plant Pathology
Journal (Faisalabad), 8(2): 68-73.

Atanasova, L., Druzhinina, 1. S., & Jaklitsch, W.
M. 2013. Two hundred Trichoderma species
recognized on the basis of molecular

©663

JBiopest 16(1):24-32(2023)
30
phylogeny. In  Trichoderma: biology and
applications Wallingford UK: Cabi

Babalola, O. O., and Glick, B. R. 2012. Indigenous
African agriculture and plant associated microbes:
current practice and future transgenic prospects.
Scientific Research and Essays 7(28): 2431-2439.

Benitez, T., Rincon, A. M., Limoén, M. C., & Codon,
A. C. 2004. Biocontrol mechanisms of
Trichoderma strains. International Microbiology,
7(4): 249-260.

Bissett, J., Gams, W., Jaklitsch, W., and Samuels, G.
J. 2015. Accepted Trichoderma names in the year
2015 . IMA fungus, 6(2): 263-295.

Chaverri, P., Branco-Rocha, F., Jaklitsch, W., Gazis,
R., Degenkolb, T., and Samuels, G. J. 2015.
Systematics of the Trichoderma harzianum
species complex and the re-identification of
commercial biocontrol strains. Mycologia, 107(3):
558-590.

Choi, Y. W., Hyde, K. D., and Ho, W. H. 1999.

Single spore isolation of fungi. Fungal diversity.

Cotxarrera, L., Trillas-Gay, M. 1., Steinberg, C., and
Alabouvette, C. 2002. Use of sewage sludge
compost and Trichoderma asperellum isolates to
suppress Fusarium wilt of tomato. Soil Biology
and Biochemistry, 34(4), 467-476.

de los Santos-Villalobos, S., Guzman-Ortiz, D. A.,
Gémez-Lim, M. A., Délano-Frier, J. P., de-Folter,
S., Sanchez-Garcia, P., and Penia-Cabriales, J. J.
2013. Potential use of Trichoderma asperellum
(Samuels, Liechfeldt et Nirenberg) T8a as a
biological control agent against anthracnose in
mango (Mangifera indica L.). Biological control,
64(1): 37-44.

Druzhinina, I. S., Kopchinskiy, A. G., Komon, M.,
Bissett, J., Szakacs, G., and Kubicek, C. P. 2005.
An oligonucleotide barcode for species
identification in Trichoderma and Hypocrea.
Fungal Genetics and Biology, 42(10): 813-828.

Druzhinina, 1. S., Kubicek, C. P., Komon-
Zelazowska, M., Mulaw, T. B., and Bissett, J.
2010. The Trichoderma harzianum demon:
complex speciation history resulting in
coexistence of hypothetical biological species,
recent agamospecies and numerous relict lineages.
BMC Evolutionary Biology, 10:1-14.

Elad, Y., Chet, I., and Henis, Y. 1982. Degradation



Vipul kumar et al.,

of plant pathogenic fungi by Trichoderma
harzianum. Canadian Journal of Microbiology,
28(7): 719-725.

El-Aswad, A. F., Aly, M. 1., Alsahaty, S. A., and
Basyony, A. B. 2023. Efficacy evaluation of
some fumigants against Fusarium oxysporum
and enhancement of tomato growth as elicitor-
induced defense responses. Scientific Reports,
13(1): 2479.

Ezziyyani, M., Sanchez, C. P., Requena, M. E.,
Rubio, L., and Castillo, M. E. C. 2004.
Biocontrol por Streptomyces rochei—Ziyani, de

Foltz, M. J., Perez, K. E., and Volk, T. J. 2013.
Molecular phylogeny and morphology reveal
three new species of Cantharellus within 20 m
of one another in western Wisconsin, USA.
Mycologia, 105(2): 447-461.

Gromovykh, T. I, Litovka, Y. A., Gromovykh, V.
S., and Makhova, E. G. 2002. Effect of strain
Trichoderma asperellum (MG-97) towards
fusarioses of Larix sibirica seedlings.
Mycology and Phytopathology, 36(4): 70-75.

Harman, G. E. 2011. Multifunctional fungal plant
symbionts: new tools to enhance plant growth
and productivity. New Phytologist, 189(3):647-
649.

Hassan, M. M., Farid, M. A., and Gaber, A. 2019.
Rapid identification of  Trichoderma
koningiopsis and Trichoderma longibrachiatum
using sequence-characterized amplified region
markers. Egyptian Journal of Biological Pest
Control, 29: 1-8.

Hermosa, M. R., Grondona, 1., Iturriaga, E. T.,
Diaz-Minguez, J. M., Castro, C., Monte, E.,
and Garcia-Acha, 1. J. A. E. M. 2000.
Molecular characterization and identification of
biocontrol isolates of Trichoderma spp. Applied
and Environmental Microbiology, 66(5): 1890-
1898.

Hermosa, M. R., Keck, E., Chamorro, 1., Rubio,
B., Sanz, L., Vizcaino, J. A., and Monte, E.
2004.Genetic diversity shown in Trichoderma
biocontrol isolates. Mycological Research,
108(8): 897-906.

Hughes, K. W., Petersen, R. H., Lodge, D. J.,
Bergemann, S. E., Baumgartner, K., Tulloss, R.
E., and Cifuentes, J. 2013. Evolutionary
consequences of putative intra-and interspecific

31
hybridization in agaric fungi. Mycologia, 105(6):
1577-1594.

Islam, M. A., Nain, Z., Alam, M. K., Banu, N. A.,
and Islam, M. R. 2018. In vitro study of biocontrol
potential of rhizospheric Pseudomonas aeruginosa
against Fusarium oxysporum f. sp. cucumerinum.
Egyptian Journal of Biological Pest control, 28 :1-
11.

Jaklitsch, W. M., Samuels, G. J., Ismaiel, A., and
Voglmayr, H. 2013. Disentangling the
Trichoderma viridescens complex. Persoonia-
Molecular Phylogeny and Evolution of Fungi,
31(1): 112-146.

Kumar, R., Singh, S., and Singh, O. V. 2008.
Bioconversion of lignocellulosic  biomass:
biochemical and molecular perspectives. Journal
of Industrial Microbiology and Biotechnology,
35(5): 377-391.

la podredumbre del pimiento (Capsicum annuum L.)
causada por Phytophthora capsici. Anales de
Biologia, 26: 61-68.

Liicking, R., Dal-Forno, M., Sikaroodi, M., Gillevet,
P. M., Bungartz, F., Moncada, B., and Lawrey, J.
D. 2014. A single macrolichen constitutes
hundreds of unrecognized species. Proceedings of
the National Academy of Sciences, 111(30):
11091-11096.

Maitlo, S., Syed, R., Rustamani, M., Khuhro, R., and
Lodhi, A. 2014. Comparative efficacy of different
fungicides against fusarium wilts of chickpea
(Cicer arietinum L.). Pakistan Journal of Botany,
46(6): 2305-2312.

Menezes, J. P., Lupatini, M., Antoniolli, Z. I., Blume,
E., Junges, E., and Manzoni, C. G. 2010.
Variabilidade genética na regido its do rDNA de
isolados de Trichoderma spp. (Biocontrolador) e
Fusarium oxysporum f. sp. chrysanthemi. Ciéncia
e Agrotecnologia, 34: 132-139.

Mukherjee, P. K., Horwitz, B. A., Herrera-Estrella,
A., Schmoll, M., and Kenerley, C. M. 2013.
Trichoderma research in the genome era. Annual
Review of Phytopathology, 51: 105-129.

Mukhopadhyay, R., and Kumar, D. 2020.
Trichoderma: a beneficial antifungal agent and
insights into its mechanism of biocontrol
potential. Egyptian Journal of Biological Pest
Control, 30(1):1-8.



Bio fortified with vermi compost

Nandini, M and Sreenivasa, M. N. 2014. Effect of
microbial enrichment of organic manures on
microbial population and nutrient status of
organic manures. Karnataka Journal of
Agricultural Sciences, 27(2) :156-159.

Olson, A., and Stenlid, J. 2002. Pathogenic fungal
species hybrids infecting plants. Microbes and
Infection, 4(13): 1353-1359.

Pierre Pontarotti. 2010. Evolutionary Biology-
Concepts, Molecular and Morphological
Evolution. Springer Science & Business Media.

Prabhakaran, N., Prameeladevi, T., Sathiyabama,
M., and Kamil, D. 2015. Multiplex PCR for
detection and differentiation of diverse
Trichoderma species. Annals of Microbiology,
65: 1591-1595.

Rivera-Mendez, W., Obregén, M., Moran-Diez,
M. E., Hermosa, R. and Monte, E. 2020.
Trichoderma asperellum biocontrol activity
and induction of systemic defenses against
Sclerotium cepivorum in onion plants under
tropical climate conditions. Biological Control,
141, 104145.

Samuels, G. J., Ismaiel, A., Bon, M. C., De
Respinis, S., and Petrini, O. 2010. Trichoderma
asperellum sensu lato consists of two cryptic
species. Mycologia, 102(4) : 944-966.

Sasi¢ Zori¢, L., JanjusSevi¢, L., Djisalov, M.,
Knezi¢, T., Vunduk, J., Milenkovié, I., and
Gadjanski, 1. 2023. Molecular Approaches for
Detection of Trichoderma Green Mold Disease
in Edible Mushroom Production. Biology,
12(2):299.

Schoch, C. L., Seifert, K. A., Huhndorf, S.,
Robert, V., Spouge, J. L., Levesque, C. A and
White, M. M. 2012. Nuclear ribosomal internal
transcribed spacer (ITS) region as a universal
DNA barcode marker for Fungi. Proceedings of
the national academy of Sciences, 109(16):
6241-6246.

©663

JBiopest 16(1):24-32(2023)
32

Seiboth, B., Herold, S., and Kubicek, C. P. 2012.
Metabolic engineering of inducer formation for
cellulase and hemicellulase gene expression in
Trichoderma reesei. Reprogramming Microbial
Metabolic Pathways, 64: 367-390.

Subashini, S., Chithambaram, G., Alagendran, S.,
and Ponraj, M. 2021. Effect of Trichoderma
fortified Vermicompost managing root rot
diseases in Cowpea. International Journal of
Advanced Research in Biological Sciences 8(8):
126-130.

Susila, E., Maulina, F., and Emilda, D. 2023.
Characterization and identification of Trichoderma
on shallots isolated from three elevation regions in
West Sumatra, Indonesia. Biodiversitas, 24(4):
2064-2071.

Xiao, Z., Zhao, Q., Li, W., Gao, L., and Liu, G. 2023.
Strain improvement of Trichoderma harzianum
for enhanced biocontrol capacity: Strategies and
prospects. Frontiersin Microbiology, 14.

Yassin, M. T., Mostafa, A. A. F., Al-Askar, A. A.,
Sayed, S. R., and Rady, A. M. 2021. Antagonistic
activity of  Trichoderma  harzianum  and
Trichoderma viride strains against some fusarial
pathogens causing stalk rot disease of maize, in

vitro. Journal of King Saud University-Science,
33(3): 101363.

Nikhil Raman, K.,Vipul Kumar*, Prahlad Masurkar
and Angel Jemima

School of Agriculture, Lovely Professional
University, Punjab, India -144411

Trichy Research Institute of Biotechnology Pvt. Ltd,
Tiruchirappalli, Tamil Nadu 620018, India
*Corresponding author
E-mail: vipul.19845@lpu.co.in



