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Endophytic fungi from medicinal plants are a potential source of bioactive compounds with various agricultural
and industrial applications. In this study, five different species of endophytic fungi, viz., Aspergillus sp.
Colletotrichum sp., Curvularia sp., Mucor sp., and Penicillium sp. were isolated from the stem segments of
the ethnomedicinal plant Eclipta prostrata and evaluated for their characteristics in plant growth promotion
activities, enzyme production, and antifungal properties. All the isolates producedammonia, lipase, protease,
and cellulase, whileAspergillus sp. and Penicillium sp. were shown to solubilise phosphate. Hydrogen
cyanide was produced by Aspergillus sp., Colletotrichum sp., and Mucor sp. The production of laccase
was noted in Colletotrichum sp., Curvularia sp. and Penicillium sp. The antifungal activity of the isolated
endophytic fungi was assessed using the petriplate dual culture method against economically important
phytopathogens. Mucor sp. has shown the highest inhibition against N. oryzae (93.59%). The findings show
that the endophytic fungi from E. prostrata have biotechnological potential.
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INTRODUCTION

Endophytic fungi are microfungi that inhabit the
internal tissue of living plants without causing any
noticeable disease symptoms. They help protect
their host from pathogenic microorganisms by
competing for habitat and food supplies.
Endophytic fungi can protect their host plants by
producing toxic compounds that make the host
unpalatable to them.A large number of endophytic
fungi with important biological applications are
associated with ethnomedicinal plants (Hashem
etal. 2023).

Eclipta prostrata (L.) L. of the Asteraceae family
has been used in traditional medicinal practices
since ancient times, especially by Ayurveda,
Chinese medicine, Siddha and Unani, to treat a
range of ailments (Timalsina and Devkota, 2021).

*Correspondence: nkistusingh@gmail.com

Numerous investigations have exhibited the ability
of endophytic fungi to synthesise compounds that
promote plant growth and wellness, similar to
those generated by their host plants (Wijesekara
and Xu, 2023). Studies reveal that the production
of phytohormones has been recorded in
endophytic fungi, such as indole-3-acetic acid,
indole-3-acetonitrile, cytokinins and gibberellins
which could stimulate crop growth and ameliorate
the harmful impact of abiotic stress (Younas and
Younas, 2025).

Endophytic fungi have been shown to produce a
wide variety of extracellular enzymes.These fungi
are able to penetrate their hosts with the aid of
hydrolysing enzymes such as amylase,
pectinase, and others. The detoxification and
remediation of industrial and agricultural waste
are gaining steady interest through the
bioremediation process involving the enzymatic
systems of endophytic fungi. They are also
employed in food manufacturing and beverage
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industries extensively to prolong the shelf-life and
preserve them without having an impact on
nutrition (Kaur and Gill, 2019). Besides, they are
also used in leather, paper, textiles, and other
industries (Naik et al. 2019). Fungal enzymes can
also be used as a powerful antimicrobial agent
(Kango et al. 2019). Natural compounds obtained
from endophytic fungi interfere with or destroy a
wide array of harmful microorganisms, including
bacteria, fungi, viruses, and protozoa by disrupting
cellular activities. Due to these characteristics,
they are good candidates for biofungicides,
biopesticides, and antibiotics. In the last few
decades, it has been observed that the global
market of microbial inoculants, which can serve
as biocontrol agents, has expanded.Various
researchers have isolated compounds
possessing effective antifungal properties from
endophytic fungi of different host plants, including
pentaketides, xylarosides, trichothecenes,
cytosporone B and C, cryptocin, and ambuic acid
(Adeleke and Babalola, 2021; Saxena et al. 2024).
In the present study, endophytic fungi were
isolated from E. prostrata stems and evaluated
for their ability to promote plant growth, enzyme
production, and their antifungal properties.

MATERIALS AND METHODS
Collection of Plant Samples

E. prostrata plants were collected from Yairipok,
Imphal East district, Manipur. Sterile polyethylene
bags were employed for the transportation of the
samples to the laboratory. To prevent
contamination the samples were processed
within 12 hours.

Isolation of endophytic fungi

The endophytic fungi were isolated from the stem
parts of E. prostrata using standard protocol
proposed by Chand et al. (2020). Surface-
sterilising agents were ethanol (70%) and sodium
hypochlorite solution (4%), which were allowed
to remain in for 3 minutes and 2 minutes,
respectively. The surface-sterilized leaf segments
(5 mm) were placed on petriplates of potato
dextrose agar (PDA)with the broad-spectrum
antibiotic streptomycin sulfate (200 mg/L) and
were cultured at 28 + 1°C for 57 days. The fungal
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colonies formed around the leaf segments were
then pure cultured.

Identification of endophytic fungi

Conventional identification methods based on
morphological features were used which included
colony colour, shape, texture, sporulating
structures and growth characteristics (Watanabe,
2010). The isolates were deposited at the National
Fungal Culture Collection of India (NFCCI), Pune.

Plant growth promotion activities -
Qualitative

The endophytic fungal isolates were tested for
their phosphate (PO,) solubilization, ammonia
(NH,) production and hydrogen cyanide (HCN)
production ability. Each test was replicated three
times.

Phosphate (PO,) solubilization assay

Inorganic phosphate solubilization was evaluated
by Pikovskaya’s agar medium which was
supplemented with calcium phosphate. The
petriplates were inoculated with the fungal
endophytes and keptat 27 + 1 °C for 7 days. The
observation of clear zone around the fungal
culture suggests PO, solubilization (Ripa et al.
2019).

Ammonia (NH,) production assay

Fungal endophytes were tested for theirammonia
production in peptone water. Freshly grown fungal
cultures were placed in 10mL of peptone water
in each tube and these tubes were incubated at
28 £ 1 °Cfor 72 hours. Then 0.5 mL of Nessler’s
reagent was pipetted into each tube. The
development of a brown to yellow colour indicates
the production of NH, (Khalil et al.2021).

Hydrogen cyanide (HCN) assay

The isolates were transferred to the test tubes
containing the Bennett agar supplemented with
4.4 g/L of glycine. Asample of picric acid (0.5%)
in sodium carbonate (2%) solution was applied
to Whatman filter paper for 1 minute, the length
of which was 4 cm each. The filter paper was
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then inserted into the test tubes and incubated
28 + 1 °C. Production of HCN was detected when
a brown to red colour appeared on the filter paper
after 10 days of incubation (Potshangbam et al.
2017).

Extracellular enzyme production activities -
Qualitative

For the enzyme production assay endophytic
fungi were cultured for 5 days at 28 + 1 °C on
appropriate substrate containing culture media for
protease, lipase, amylase, cellulase, and laccase
(Sunitha et al. 2013; Sopalun and lamtham, 2020).
Each experiment was repeated three times.

Protease Activity

Skim milk was added to the glucose yeast
peptone (GYPA) medium to determine the
production of proteases. The endophytic fungi
were cultured and the formation of a clear zone
around the colony was recorded.

Lipase Activity

The endophytes were inoculated onto Peptone
Agar (PA) medium containing Tween 20. The
presence of a clear zone around the colony
indicated lipase production.

Amylase Activity

The endophytic fungi was placed on the GYPA
medium with 1% soluble starch. After incubation,
the culture plate was flooded with 1% iodine
solution and a clear zone around the colony was
observed.

Cellulase Activity

The isolates were inoculated onto GYPA medium
containing carboxymethyl cellulose (CMC). The
plates were then stained by Congo Red Solution
and de-stained by NaCl (1M) solution for 15
minutes each and then incubated. Secretions of
cellulase was confirmed because of the yellow
colour zone around the endophyte colony.

Laccase Activity
The production of laccase was tested by

inoculating fungal endophytes on GYPA media
with 1-naphthol. The activity of laccase was
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estimated from the colour change of the medium
to blue/purple after the incubation period.

Antifungal Activity

The dual culture method as described by
Nongthombam et al. (2024) was used to test the
antifungal activity. The plant pathogens used were
Fusarium oxysporum (ITCC 4998), Nigrospora
oryzae (ITCC 7884), and Colletotrichum capsici
(ITCC 6078). The culture plugs were prepared
and cultured for 7 days for endophyte and
pathogens separately, then at 6 cm distance
between each other on a petri plate and cultured
at 2811 °C. Antagonistic percentage inhibition (1%)
was determined after 7" and 10" day of
incubation, using the formula 1%=[(R, - R,)] x 100;
where R, is the growth of pathogens in the control
plate and R, is the growth in the dual culture plate.
Each test was repeated three times.

RESULTS AND DISCUSSION
Identification of endophytic fungi

Five endophytic fungi were isolated from the stem
segments of E. prostrata. Morphologically, they
were identified as Aspergillus sp., Colletotrichum
sp., Curvularia sp., Mucor sp., and Penicillium
sp. (Fig.1). These endophyte isolates belong to
the phylum Ascomycota, indicating that the E.
prostrata stem is rich in ascomycetous fungi.

Aspergillus spp. and Penicillium spp. are
common endophytes that are found throughout
a variety of agro-ecosystems and in different parts
of the plant, such as leaves, stems, and petioles
(Chauhan et al. 2019; Majhi et al. 2025). This
prevalence highlights their importance in the
ecology as plant symbionts, where Aspergillus
species make up a significant percentage of
isolated endophytes. Aspergillus spp., and in
particular Aspergillus niger, have also been found
as the dominant species in other studies of
endophytic fungi from plants in dry environments
(Mohamed et al. 2021). Other common genera
are also often found as endophytes, such as
Alternaria, Fusarium, and Phoma. In addition,
Ascomycota is abundant in the endosphere of
plants, accounting for more than 95% of all the
recorded population (Rungjindamai and Jones,
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Fig 1 : Morphological identification of endophytic fungi isolated from E. prostrata (A) Aspergillus sp., (B) Colletotrichumn sp., (C)

Curvularia sp., (D) Mucor sp., and (E) Penicillium sp.

2024; Yao et al. 2026). The ability to produce
resilient ascospores is thought to be the reason
for this dominance, as it enables them to survive
the antagonistic microbial activity in fluctuating
environments. Furthermore, genera like
Colletotrichum, Fusarium, and Cladosporium are
commonly isolated from the different tissues of a
wide range of host plants, indicating their
ubiquitous colonisation of different host tissues,
and supporting the idea that these are highly
adaptable and versatile fungi (Shetty et al. 2016).
In addition to their taxonomic diversity, these
fungal endophytes are becoming a major source
of bioactive secondary metabolites that have
great pharmaceutical potential.

Plant growth promotion activities

The endophytic fungal isolates from E. prostrata
are found to possess potential plant growth-

enhancing properties. All five endophytic fungi
produce ammonia. Phosphate solubilisation was
observed in Aspergillus sp. and Penicillium sp.,
and hydrogen cyanide was produced by
Aspergillus sp., Colletotrichum sp., and Mucor
sp. (Table 1).

The ability to solubilise inorganic phosphate and
ammonia production is important for nutrient
availability and growth of the plant. One of the
ways in which endophytes can release organic
phosphates is by producing organic acids such
as malic, gluconic, and citric acids (Dezam et al.
2017). Moreover, these metabolites enhance the
resilience of plants by inhibiting the cellular
respiration of pathogens and creating an
imbalance in their cytochrome system. These
endophytic fungal isolates not only suppress
pathogens in direct contact but also help in the
vegetative development by mineralising nutrients
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Table 1. Qualitative analysis for extracellular enzyme production and plant growth promotion abilities of endophytic fungi from E.

prostrata.
Endophytic fungi Enzyme production Growth promotion
Protease Lipase Amylase Cellulase Laccase NH,4 PO, HCN
Aspergillus sp. + + + + - + + +
Colletotrichum sp. + + + + + + - +
Curvularia sp. + + + + + + - -
Mucor sp. - + + + - + - +
Penicillium sp. + + + + + + + -
‘+’ indicates presence; ‘-’ indicates absence
Table 2. Antagonistic inhibition percentage (1%) of endophytic fungi from E. prostrata against three phytopathogens.
Endophytic fungi Growth inhibition percentage (1%)
Colletotrichum capsici Fusarium oxysporum Nigrospora oryzae
Day 7 Day 10 Day 7 Day 10 Day 7 Day 10
Asperqillus sp. 39.65+0.23 64.31+0.18 33.52+0.72 59.33+0.32 28.11+0.55 67.42+0.38
Colletotrichum sp. 35.33+0.21 61.54+0.08 31.67+0.09 54.37+0.45 52.08+0.18 81.29+0.21
Curvularia sp. 26.71£0.09 48.45+0.16 23.32+0.45 55.12+0.23 21.85+0.08 49.37+0.32
Mucor sp. 32.37+0.27 65.61+0.45 38.15+0.21 70.15+0.38 60.55+0.72 93.59+0.38
Penicillium sp. 41.2840.38 62.42+0.05 23.90+0.16 56.87+0.46 34.05+0.29 49.62+0.45

Data are means of inhibition percentage (triplicate) + standard deviation (SD)

and solubilising insoluble phosphorus in the
rhizosphere (Huong et al.2022). This metabolic
potential disrupts the cytochrome balance and
inhibits the cellular respiration of the
phytopathogens. This mechanism of action of
hydrogen cyanide may be used as a biological
control agent, which is an eco-friendly alternative
to chemical pesticides for diseases. HCN is a
broad-spectrum antimicrobial substance that
inhibits the growth of many plant pathogens, most
notably Thielaviopsis basicola, Pythium ultimum,
and Fusarium oxysporum(Pereg and McMillan,
2015). It disintegrates cellular structures of
pathogens, leading to lysis of hyphae and
inhibition of spore growth. The synthesis of
hydrogen cyanide by fungal endophytes has been
linked with systemic resistance induction in the

host plant that serves as a multi-pronged defence
against other phytopathogens.

Extracellular enzyme production activities

The endophytic fungi in this study are observed
to be good producers of extracellular
enzymes.The enzymes, lipase, amylase, and
cellulase were produced by all the tested
endophytic fungi; protease was produce by
Aspergillus sp., Curvularia sp., and Penicillium
sp.; laccase was produced by Colletotrichum sp.,
Curvularia sp., and Penicillium sp. (Table 1, Fig.
2).

The variability in enzyme activity suggests
functional diversity among endophytic fungi and
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Fig 2 : Extracellular enzyme production activity of endophytic fungi from E. Prostrata, (A) Aspergillus sp., (B) Colletotrichum sp., (C)
Curvularia sp., (D) Mucor sp., and (E) Penicillium sp.
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indicates different ecological roles and potential
industrial applications.The ability of enzymes to
break down the polysaccharides of the host
enables the endophytes to gain nutrients for their
colonisation. In addition, the excretion of
hydrolytic enzymes is used as a defence against
the pathogen by changing the microenvironment
of the host plant. Apart from their ecological role
in host-symbiont interaction, owing to the stability
and efficacy of these hydrolytic enzymes, they
are also of industrial interest in textile, food, and
other processes (Darwish et al. 2024 ). Moreover,
they produce a variety of enzymes, like amylases,
so they can be used to modify starch and
agricultural wastes. Mishra et al. (2019)
demonstrated that Penicillium spp. and
Colletotrichum spp.synthesise protease, lipase,
amylase, cellulase and laccase simultaneously.
Several studies have identified endophyte genera
capable of secreting proteases, for example,
Alternaria spp., Cladosporium spp., Phoma spp.,
Penicillium spp., and various isolates from Nigella
sativa L. exhibit substantial proteolytic activity
(Gopane et al. 2024). Fusarium sp., Penicillium
sp., Aspergillus sp., Talaromyces sp., and
Pestalotiopsis sp. represent some endophytic
genera that are high-yield producers of lipases, a
crucial property for such applications (Kumar et
al. 2023). The endophytic fungal genera
Penicillium, Aspergillus, Fusarium, Cochliobolus,
Diaporthe, and Phoma sp. have proven to be
effective agents in producing amylase and show
promising amylolytic potential, making them useful
forindustrial starch modification (Patil et al. 2022).
Moreover, other studies have reported the ability
of some endophytic genera to produce laccases
for the breakdown of lignin and other
bioremediation for industrial purposes (Mattooand
Nonzom, 2022). For instance, Cladosporium
tenuissimumand Trichoderma harzianumare
significant laccase producers ( Salem et al.
2024).These laccases are now used in the
treatment of complex industrial wastewater and
the clean-up of toxic phenolic wastes (Unuofin et
al. 2019).

Antifungal activity
All the endophytic fungi have shown moderate to

strong antifungal inhibition against the tested
pathogens. Their inhibition activity increases with

Monica Sanabam and others

459

increasing incubation period. Highest inhibition
was shown by Mucor sp. against N. oryzae
(93.59%) and lowest inhibition by Curvularia sp.
against C. capsici (48.45%) (Table2).

The differential efficacy may be due to the unique
metabolism and diverse bioactive compounds
produced by different endophytic fungal isolates,
affecting the primary cellular metabolism of
pathogens differently. In addition to their
antimicrobial action, these metabolites often
cause morphological anomalies in the fungal
hyphae, such as distorted tips and cytoplasmic
leakage, which help in inhibiting the growth of the
disease-causing agents (Manathunga et al.
2024). Besides, in most cases, antibiosis,
competition for nutrients, and direct parasitism
are mechanisms most often responsible for
effective interactions against latent pathogens.
The production of bioactive substances and the
secretion of extracellular enzymes highlight a
multifaceted strategy for biological control that
would allow their assessment through dual culture
assays measuring the capacity of inhibition. Many
species of Trichoderma and Fusarium are
reported to be effective antagonistic species and
show strong inhibiting power against a wide range
of agricultural pathogens (Toghueo, 2020; Rajani
etal. 2021). Research into the Phoma and Xylaria
genera has similarly reported more potential
biocontrol candidates (Rai et al. 2020; Meshram
and Nischitha, 2025). The dual culture assay is a
foundational method for rapidly and quantitatively
assessing direct antimicrobial activity. It allows
researchers to measure the inhibition of radial
growth in an efficient, high-throughput way while
facilitating the analysis of antagonistic interactions
between endophytes and target pathogens. It has
been established that Mucor lusitanicus has good
biocontrol capacity as it inhibits the Fusarium
oxysporum and Alternaria solani with the
secretion of bioactive compounds (Alejandre-
Castafieda et al. 2023). According to a research,
this antagonism has been related to the
production of the siderophore rhizoferrin
(Dhuldhaj and Pandya, 2021). The benefit of
utilising endophytes is that they are adapted to
their plant environments and can continue to
survive without harming the plant host. They are
therefore potential candidates for developing
bioformulations for plant disease management.
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CONCLUSION

This study reveals that endophytic fungi are
associated with the E. prostrata stem part. The
use of the dual culture method effectively
demonstrated the antagonistic potential of the
isolated endophytic fungi. These findings not only
enhance our understanding of plant- microbe
interactions but also open up new avenues for
the development of eco-friendly biocontrol agents
and therapeutic compounds. Findings from our
study highlight the importance of metabolomic
profiling to identify the specific secondary
metabolites responsible for these antagonistic
activities, which could lead to their development
as sustainable agrochemicals. Future
investigations should focus on the activation of
silent biosynthetic gene clusters that could be
synthesised through co-culture technology to
produce effective antimicrobial compounds. The
endophytic fungal isolates should also be
screened in vivo for their performance under
different environmental conditions in order to
establish their efficacy and safety for field
application on a large scale. The application of
advanced, next-generation sequencing will help
understand the genetic variations and functional
heterogeneity of those communities to enhance
their biocontrol potential. Lastly, the identification
of bioactive compounds produced by these fungi
is necessary for the development of reliable,
sustainable biocontrol measures for global food
security.
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