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Abstract: Recent research has demonstrated that endophytes, or non-pathogenic fungi found in plant
biomes, can dramatically alter the expression of host plants. Our natural ecology is burdened by an
increasing amount of chemicals owing to the rapid modernization of agricultural sector. This study
examined the use of natural pesticides in place of chemical pesticides to eradicate pathogenic fungi
that destroy cabbage crops every year. Agrochemicals-, or pesticides-, are used in agricultural land
and crops to protect plants from various diseases. The cabbage crop was treated using the appropriate
methodology. In an effort to identify endophytic fungi that can stop the growth of pathogenic fungi,
samples are gathered from markets and farms to find solutions at the source of the issue. The outcome
revealed a number of fungal endophytes that have the ability to suppress fungal infections and act
as a defense against crops. Because plants have endophytic fungi, which act as a barrier to protect
plants, in addition to harmful fungi, fungi play a critical role in the discussion of natural pesticides.
These findings also indicate that market samples were more contaminated with microorganisms.
These endophytes can be the main source of materials for producing natural insecticides for crops;-,
thus, further research on them can be conducted. Furthermore, farmers may be able to overcome
obstacles and find a potential solution with the use of numerous more potent strategies in the field
of microorganism development.
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1. Introduction
1.1. Fungal Endophytes

All plant species investigated to date have endophytes;-, however, the majority of the
connections between endophytes and plants are still poorly understood. Certain endophytes can
improve a plant's capacity to withstand abiotic stressors, such as drought, and reduce biotic stressors,
such as insects and disease resistance. They can also boost the host growth and nutrient uptake [1].
In nature, endophytes play a vital role in protecting plants from diseases, herbivores, and heat stress
by inhibiting the growth of grasses and other plants. They can act as biocontrol agents and encourage
plant growth and productivity. The primary function of endophytic organisms in the advancement
of plant development is their capacity to inhibit plant tissues, and their close proximity to one another
within plant tissues promotes the exchange of nutrients and enzyme activity [2-3]. Fungi are
inhibited, prevented, and destroyed, and their proliferation is limited by their antifungal activity.

It is a pharmaceutical, fungistatic, or antifungal drug used to treat and prevent major systemic
infections, athlete's foot, ringworm, candidiasis (thrush), and other mycoses [4]. Because many of the
metabolic processes that plants engage in are induced or indirectly regulated by microbes, the
relationships that exist between plants and microorganisms in the rhizosphere or within the plant
itself are crucial. We are currently investigating whether endophytes can help manage harmful fungi
through such interactions.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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1.2. Fungal Endophytes

As a staple in the human diet, cabbage is a rich source of phytochemicals that provide
chemoprotection. Overall, six major cabbage diseases were identified: wire stem, watery delicate
decay (white form), fleece build-up, club roots, dark spots (dim spots), and dark ruins. Seed-borne
diseases can cause dark rot and dark spots. The pathogens responsible for club roots, watery delicate
waste, and wire stems are soil-borne; the life form of club root is extraordinarily difficult to eradicate
from infected soils. The main obstacle preventing lucrative commercial cabbage farming in India is
the cabbage diseases. Important management strategies include treating the seeds with high-
temperature water or applying fungicides. Black leg, black-rot, and cabbage yellows were the most
damaging symptoms. Anybody might destroy more, A crop can be destroyed by anyone in larger
quantities [11-12], respectively:

1.3. Pathogenic fungi

Approximately 100,000 fungi have been identified to date, many of which receive nutrition by
coexisting closely with other organisms.-, Pathogenic fungi cause a wide range of diseases in humans
and other living organisms, and there are several types of fungi that are harmful to humans and can
cause major economic losses due to disease outbreaks in animals or contaminated crops.

Approximately 300 fungi have been identified to be harmful to human [3]. The environment is
affected by pathogenic fungi, both directly and indirectly. The form and character of vegetation in
plant networks and biological ecosystems might be greatly impacted by fungal infections, for
instance, by decreasing the rate of development and increasing the vulnerability to other pests.
Infecting fruits, seeds, and inflorescences, many have an impact on plant capacity to reproduce. Their
ability to fend off illness affects the genetic diversity of their hosts [13].

1.4. Antifungal Activity

Antifungal activity inhibits, prevents, and destroys fungi, and limits their growth. It is an
antifungal medication, pharmaceutical fungicide, or static fungus used to treat and prevent mycosis,
such as athlete's foot, ringworm, candidiasis (thrush), and serious systemic infections [4].

2. Materials and Methods

The cabbage plant samples were collected from farms and market [2-2]. The samples were
purchased in the laboratory in separate sterilized polythene bags. Potato dextrose media(PDA) and
yeast malt agar (YMA) were used. Isolate pathogens. The layers of the cabbage leaves were cut into
very small pieces using sterilized blade. The mixture was washed with distilled water. The pieces
were then placed directly in-to the medium using forceps. The cells were incubated at 28°C for at
least 2 weeks. Endophyte isolation, The leaf layers s were cut into small pieces using sterilized blade.
The mixture was washed thrice with distilled water. The samples were dipped in 70% ethanol for 1
min. The leaf pieces were washed thrice with sodium hypocrite. The samples were washed again
with distilled water. They were cut into very small pieces. Small pieces of leaves were placed in media
containing plates. The samples were incubated at 28°C for at least 2 weeks. To obtain a pure culture
after 10 d of incubation, visible growth was observed on the plates. The mixed colonies were then
separated into new plates. The plates were then incubated at 28°C for growth. Isolation of genomic
DNA by the Edward Method [5]. Sequencing of the purified Polyethylene Glycol product was
performed using a sequencer. Sanger sequencing was used for sequencing. The assays were
performed in 96 well plates [2].Pathogenicity tests were performed using the dual culture method; in
fresh PDA media plates, both the pathogenic fungi and fungal endophytes were kept opposite to one
another, and the identity was marked with the marker. The culture plate at 28°C for 1 week. The plate
was checked’ every day-, as the pathogens showed faster growth [3].
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3. Results

3.1. Identification, Collection of Endophytes & Pathogenic Fungi

Samples collected from market areas showed more fungal contamination after isolation than
agricultural field (farm) samples. Fungal growth was observed in pure culture plates after 11-12 days
of incubation at 28° C incubator. Out of 60 isolated fungi, 52 fungi were identified, of which most
fungi’s showed the morphology of Aspergillus species (Figure 2) and Fusarium species(Figure 1). In
addition, four pathogenic fungi from these two species were identified based on their morphological
structure (Figures 1 and 2).

Figure 2. Shows morphology of Aspergillus niger.

3.2. Antifungal Activity

By carrying out this proces of antifungal testing, by dual plate method positive results wew
observed (Figures 3 and 4). Pathigenic fungi Aspergillus niger, Aspergillus fumigatus, Fusarium
graminearum, Fusarium oxysporum. The fungal endophytes Fusarium luffae, Curvularia aeria,
Collectitrichum aciculare, Trichoderma longibrachiatum, and Trichoderma eukandiense were
maintained in a media plate, showing that endophytes inhibit the pathogens.

Figure 3. Curvularia aeria.
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Figure 4. Tricoderma eukadiense.

Curvularia aeria and Tricoderma eukendience showed greater inhibition than the other three fungus
(Figure 5).

Inhibition of Pathogenic fungus by Endophytes
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Figure 5. - Graphical representation of Antifungal Activity.

4. Discussion

This study provides an overview of the effects of endophytic fungi on pathogenic fungi isolated
from cabbage. The four samples collected from two different types of areas, that is., agricultural fields
and marketplaces, were isolated and provided us with different results, showing different types of
various varieties of pathogenic fungi and endophytes. The results showed that the sample collected
from the market area had more fungal growth than the agricultural field.

After isolating the pure culture of different fungi from a mixed culture of four different areas, 55
plates showed sporulation and five plates showed spore formation. The morphological identification
of these plates predominantly showed the presence of four pathogenic fungi that could be identified
microscopically: Aspergillus niger (Figure 2), Aspergillus fumigators, Fusarium oxysporum, and Fusarium
graminearum.(Figure 1)

Molecular identification was performed by DNA isolation, followed by agarose gel
electrophoresis. The positive results of the polymerase chain reaction (PCR) products, which show
the presence of three DNA fragments, displayed results in the polyethylene glycol (PEG) procedure.
The five samples showing the presence of DNA bands were analyzed by Sanger Sequencing. The
results of sequencing decoded by BLAST software identified endophytes, such as F. luffae, Curvularia
aeria, Colletotrichum aciculare, Trichoderma longbrachium, and Trichoderma eukadiense. (Figure 6)
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AACCCCTGTGACATACCTATACGTTGCCTCGGCGGATCAGCCCGCGCCCCGTAAAACGGGACGGCCCGEC

ACAGTTTCATCAAGCCTGTTCTATACCCCTGGG GTTGGCACAGATTTCTTCTCTATTGTTATCCA

TTTCGAGTTACACTCCCAACCCCAATGTGAACGTTACCAATCTGTTGCCTCGGCGGGATTCTCTTGCCCC

CCCTTTGTGACATACCTTAACTGTTGCTTCGGCGGGTAGGCGTCCCCTAAAAAGGACGTCTCCCGGCCCT

CTGCGGTTGGATCATTACCAAATAAAAATAAGAAGGCTTCGGCTGGATTA GTCACCCTTTC

- CAACAGGGATTGCCTCAGTAACGGCGAGTGTAGCGGCAAGAGCTCACATTTGAAAGCTGGCCCCTTCGGE

[ GTAGGTGAACCTGCGGAAGGATCATTACCGAGTGCGGGTCCTTTGGGCCCAACCTCCCATCCGTGTCTAT

GCCCTTGATTGTACCCCGCCGGGCGGTGGCAGCTCAACAACAATGCATGATAGCTCGCAGCTTGATCAGT
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Figure 6. Phylogenetic analysis of Endophytes and pathogenic fungi by neighbour-joining method.

The pathogenicity test usim[nh the dual-plate method-, depicts the antifungal activity of the
endophytic fungi on pathogenic fungi. The effectiveness of the endophytes against pathogenic fungi
was rated according to the size of the zone of inhibition. The zone of inhibition represents the
effectiveness of endophytes on pathogenic fungi by restraining their growth through metabolic
processes. All five endophytes inhibited the growth of pathogenic fungi.

As shows in Table 1, the effectiveness of different endophytes displayed varying results on all
the identified pathogenic fungi. The effect of endophytes on Aspergillus niger indicates the
maximum rating, that is, 5 is Curvularia aeria, followed by Trichoderma eukadiense, which shows a
rating of 4, Indicating that these two endophytes have the maximum effect on Aspergillus niger, while
the rest show minimal inhibition.

Table 1. Effectiveness of endophytes over pathogenic fungi.

Sr.n  Pathogen

0 ic fungi Fusariu  Curvulari Colletotricu Tricoderma Tricoderm Refs
m luffae  a aeria m aciculare  longibrachiatu a
m eukadienc
e
1
Aspergillus 1 5 1 2 4 [4]
niger
2 Aspergillus 2 5 1 1 5 [4]

fumigates
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3 Fusarium 1 4 2 3 5 [9]
graminearum

4 Fusarium 1 5 2 2 4 [9]
oxysporum

The effect of endophytes on Aspergillus fumigatus indicates that Trichoderma longibrachiatum and
Colletotrichum aciculare showed the minimal rating of inhibition, that is, 1 for both. The highest
inhibition was observed for Curvularia aeria by Trichoderma eukadiense, which had a rating of 5.(Figure
5

The effect on Fusarium graminearum by endophytes indicates that all the endophytes have some
effects on the pathogenic fungi, which shows the variations in ratings that is Trichoderma eukadiense
shows the maximum rating of 5, followed by Curvularia aeria with rating of 4, Trichoderma
longibrachiatum 3, Colletotrichum longibrachiatum 2, and Fusarium Luffae with 1.(Figure 5)remained to
edit

The effect on Fusarium oxysporum by endophytes indicates the maximum inhibition is shown
by Curvularia aeria and Trichoderma eukadiense with rating of 5 and 4 followed by Colletotrichum
aciculare and Trichoderma longibrachiatum with rating of 2. (Figure 5)

Observations shows that Curvularia aeria, Trichoderma eukadiense and Trichoderma longibrachiatum
shows the maximum zone of inhibition in all four pathogenic fungi whereas Fusarium luffae and
Colletotrichum aciculare shows minimal inhibition. (Figure 3&4)

The second major problems faced by farmers is fungal diseases vastly affecting vegetables and
there are no such pesticides known for treating fungal diseases. Farmers are suffering from high
losses in the agricultural field because of this fungal infection especially in the cultivation of cabbage.
The solution to this problem is natural pesticides which does not has any adverse effect to the
environment.

This project highlights the endophytes which can act as an antifungal agent against pathogenic
fungi which were isolated from cabbage can further play a significant role in the composition of bio
or organic pesticides. Also the two probable novel endophytes that is Curvularia aeria and
Trichoderma eukadiense (Figure 3&4) found during this study.
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