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Indian gooseberry fruits suffer heavy losses as postharvest products due to blue mold postharvest disease,
resulting in rapid deterioration of fruit quality within no time, making it unfit for consumption. While keeping in
mind the present scenario, the present study is undertaken to properly characterize the causal agent of blue
mold disease of Indian gooseberry fruits, which remains utterly missing in the case of Manipur. The isolated
pathogen from infected gooseberry has been confirmed as Penicillium choerospondiatis showing 99.82%
similarity based on ITS-rDNA region sequencing. The pathogen also secretes amylase, cellulase and laccase
hydrolytic enzymes. Moreover, invitro biocontrol activity while cocultured withtwo endophytic fungi has
displayed class 3 antagonism as preliminary antifungal screening. Further assay revealed inhibitory percentage
(1%) of 22.19% and 22.56% against Fusarium solani and Chaetomium globosum, respectively, which
suggests the possible applicability of antagonistic fungi as biocontrol or disease management agents for the

postharvest phytopathogenic fungi.
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INTRODUCTION

Fruits and vegetable become more susceptible
to microbial contamination as postharvest
products, with gradual progression of the ripening
stage, which ignites more favorable microbial
action (Sapadora and Dorby., 2016). In
postharvest products, various physical damage
occurs during the supply chain handling
processes that can create wounds,serving as the
infection initiation point for various microbes (Etefa
et al. 2022). Approximately 25% of fruits and
vegetables usually perish annually worldwide due
to fungal contamination as harvested products
(Petrasch et al. 2019), providing a necessary
scope for studies related to coping with fungal
contamination of fruits and vegetables.

Indian Gooseberry (Phyllanthus emblical. or
Emblica officinalis)is a vital fruit plant that is
abundantly available and native to the Indian sub-
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continent and belongs to the family Euphorbiaceae
(Koley and Nirala, 2020). Gooseberry is also
profusely grown in North Eastern India, where the
plant is included as an underutilized crop
(Sengupta et al. 2020). In Manipur, Indian
gooseberry fruits are also consumed in various
forms, including fresh and dry fruits (Ayajuddin et
al. 2016), as fruits have been reported for multiple
health-beneficial compounds such as amino
acids, polyphenols, antioxidant compounds, fruits
are also noted for exceptional higher content of
Vitamin C (Koley and Nirala, 2020). Despite the
mentioned importance, fruit faces various
shortcomings due to its highly perishable nature,
as the harvested fruit faces repeat deterioration
due to microbial infection. Bluemold disease is
one of the significant infections that causes rapid
deterioration within a short period and significant
quality loss of the fruits (Koley and Nirala, 2020).

The quick degradation of postharvest crop
productsis majorly contributed by the action of
pathogenic microbes, of which various diverse
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fungal species have roles in fruit spoilage, in which
mold infection is also a contributor that has
caused repeated softening and degradation within
a short period (Ngolong Ngea et al. 2021).
Enzymes are functional proteins that various
microor-ganisms produce (Pratush et al., 2017;
Kumar et al.2015). The microbial enzymes are
either intracellular (Bhatia et al.2017) or
extracellular (Chauhan et al.2015, 2020). These
microbial enzymes have diverse uses in industry
(Singh et al., 2019, 2020) and agriculture (Chettri
etal. 2021). The extracellular hydrolytic enzymes
produced by the pathogenic microbes have a
coordinated effect and aid in promoting the
virulence nature of the pathogen, thereby leading
to a repeated degradation of postharvest products
(Ajayi et al. 2013; Al-Najada et al., 2015). Primarily,
enzymes secreted by pathogenic microbes can
cause the degradation of fruit cell walls and have
a role that enables the utilization of fruit cell wall
materials as substrates causing cell degradation
(Al-Hindi et al. 2011).

The fungal infection mitigating strategies in
harvested products is one of the concerned areas
of study relating to the use of safer management
practices. Theuse of biocontrol agents (BCAs)
is currently an emerging area of study, as these
practices can replace hazardous chemicals
which causes diverse harmful effects (Medeiros
et al. 2012) as one of the BCAs, used of
antagonistic microbes such as bacteria, yeast
and fungi which can restrain the plant pathogenic
microbes from spreading (Sharma et al.2017).
BCA microbes express antagonistic effects
through various mechanisms such as antibiosis
(secretion of substances that are bioactive against
pathogenic microbes),competition for space and
nutrients (in which outcompeting pathogenic
microbes for micro and macronutrient thus
suppressing growth in postharvest products),
induced resistance (in which BCAs such as
application of antagonist induced expression of
defense-related gene and enzymes such as PR
protein)and parasitism (through co-culture in
which active growth of antagonist suppresses
pathogen growth as secretion of a lytic enzyme
indicating contact inhibition) (Di Francescoet al.
2016).The present work focused on the isolation
of the pathogen, characterisation, pathogenicity
assessments, extracellular enzyme production,

and in vitro biocontrol efficacy of the pathogen
utilizing endophytic fungi.

MATERIALS AND METHODS
Survey and fruit sample collection

The survey was conducted at Imphal East,
Manipur, where the Indian gooseberry plant was
located at the specific site (24°48’31.5"N
93°58'51.4"E altitude 786.19 m), the herbarium
was submitted at Manipur University Museum of
Plant (MUMP) for proper authentication. In
January 2024, gooseberry fruits with visible blue
mold symptoms were collected.

Isolation of pathogen

The pathogen was isolated following the method
of Kumari et al. (2021). The fruit sample was
submerged in 70% ethanol for a duration of 1 min,
followed by dipping in 4 % sodium hypochlorite
for 3 min, again retreating in 70% ethanol for 15
s. Then, samples were washed thrice with
sterilized distilled water and blotted dry. After
drying, samples were cut into small pieces of
about 5x5 mm?, directly put into Potato Dextrose
Agar (PDA) media supplemented with
streptomycin to inhibit bacterial contamination,
and incubated at 28+2 °C. The culture Petri plates
were regularly monitored for detecting the
emergence of fungal mycelia till complete
spreading from day 2 to day 11; fungal hyphae
were again transferred into a PDA plate and
incubated for 5-7 days to ensure pure culture.
Finally, emerged conidia weremoved into a PDA
slant and preserved at -20°C.

Morphological and molecular identification of
Pathogen

Morphological identification of pathogen was done
based on (Wang etal. 2017; Barnett and Hunter,
1998). Light microscopy (LM) based determ-
ination of characters such as growth rate, colony
color, the pattern of spore-bearing structure, and
conidia shape were determined using LEICA750,
and Scanning electron microscopy (SEM) of
conidiophore was also taken using QUANTA
250.For molecular identification, DNA was
extracted from fungal mats from freshly grown
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Potato dextrose broth and genomic DNA isolation
was performed based on the method described
by Singh et al. (2024). ITS1, ITS2, and 5.8S rDNA
region were amplified using universal fungal
primer ITS4 (forward) and ITS5 (reverse). The
PCR amplification reaction was performed with
a reaction mixture of a total of 50 yl including a
PCR master mix of 25 ul, DMSO of 2.5 ul, both
forward and reverse primer of 1picomolar, and
DNA sample of 100 ng/ ul. The PCR reaction was
undertaken using a thermal cycler condition set
at initial pre-denaturation at 94 ! for 5 min followed
by denaturation of 30 cycles (1 min) at 94 °C,
annealing reaction for 1 min at 50 °C, extension
step for 1 min at 72°C and final extension was
performed for 7 min at 72°C. The electrophoresis
analysis of PCR product was conducted on 0.8%
agarose gel. The amplified PCR product was
sequenced on ABI-BigDye® Terminatorv3.1
Cycle Sequencing Kit (Applied Biosystems,
Massachusetts, USA). Raw sequences obtained
through SeqStudio Genetic Analyzer (Applied
Biosystems, Massachusetts, USA) were edited
manually for any inconsistency and the sequence
was deposited in the National Center for
Biotechnology Information (NCBI) to acquire
GenBank accession number.

Phylogenetic analysis

Nucleotide sequences were compared with
reference nucleotide sequences existing in the
National Center for Biotechnology Information
(NCBI) GenBank database, in which analysis was
conducted using the Basic Local Alignment
Search Tool (BLAST) to acquire the closest
match. Phylogenetic tree construction is based
on software Mega-X, version 10, utilizing the
Maximum Likelihood method, and the clustered
taxa have bootstrap test values of 1000 replicates
(Saitou and Nei, 1987). The phylogenetic tree was
constructed in which GenBank database
sequences with more than 98% similarity with that
of fungal pathogen sequences were used.

Pathogenicity test

To fulfill Koch’s postulate and for confirmation of
reisolated pathogen as a causal agent, a
pathogenicity test was conducted following the
methodof Gusella et al.(2020). The outer covering
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of fresh Indian gooseberry fruits was sterilized
with 1.2% sodium hypochlorite solution for a time
of 1 min, washed with sterile distilled water thrice,
and blotted dry, after which fruits were wounded
by punching with sterile cork borer in which fungal
conidia from 7 days culture was inoculated and
control fruits were kept without inoculation. All the
inoculated and control fruits were placed in Petri
plates separately, covered with sterilized plastic
bags, and incubated for seven days at 25°C.

Screening of fungal pathogen Penicillium
chorespondiatis (PC01) for qualitative
enzyme assay

The isolated Penicillium chorespondiatis (PC01)
was tested for extracellular qualitative enzyme
production following the method (Singh et al.,
2024); the assays include amylase, cellulase,
lipase, and protease. The clear zone surrounding
the fungal culture indicates the extracellular
enzymatic activity resulting fromthe digestion of
appropriate substrate supplemented in the agar
media.

Amylase activity

Determination of amylase activity was conducted
by inoculating the pathogenic fungus in the GYP
agar media (glucose 1g; yeast extract 0.1g;
peptone 0.5g; agar 16g) dissolved in 1000ml of
distilled water) supplemented soluble starch 2%,
then incubated for 3-5 days. The culture plates
were subsequently flooded with 1% iodine in 2%
potassium iodide solution to attain better clarity
of halo formation. Finally, the appearance of clear
halos around the culture was observed.

Cellulase activity

Determination of cellulase activity was performed
by inoculating pathogenic fungus in a culture
medium having 0.5% Carboxymethyl cellulose,
that was supplemented in the GYP agar media
(glucose 1g; yeast extract 0.1g; peptone 0.5¢;
agar 16gin 1000ml of distilled water). This culture
was incubated at 28°C for a period of 3- 5 days.
The culture plate was flooded with 0.1% Congo
red. The dye was allowed to interact with the
constituents of the petri plate for a period of 15
min. Subsequent destaining with 1M NaCl for 15
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min was undertaken. Lastly, clear zones around
the fungal culture were observed.

Laccase Activity

The capability to exhibit laccase activity was
confirmed by inoculating the pathogenic fungus
in GYP agar media (glucose 1g; yeast extract 0.1
g; peptone 0.5g; agar 16g) dissolving in 1000 ml
distilled water supplemented with 0.005% 1-
naphthol at pH 6 then incubated for 3-5 days. The
observation of color changes of the transparent
medium into blue or purple indicates the laccase
oxidation of 1-naphthol.

Lipase activity

The capability to digest fat was determined by
growing pathogenic fungus in peptone agar media
(peptone 10g; NaCl 5g; CaCl, 2H, O 0.1g; agar
16g) dissolving in 1000 ml distilled water)
supplemented with tween 20 of 1% (v/v), then
incubated for 3-5 days. The culture plate was
finally observed for the appearance of a clear
zone.

Protease activity

Determination of proteolytic activity by inoculating
pathogenic fungus in GYP agar media (glucose
1g; yeast extract 0.1 g; peptone 0.5g; agar 169)
dissolving in 1000 ml distilled water supplemented
with 1% skim milk, then incubated for 3-5 days
and later observation of the culture plate for clear
zone around the culture.

In vitro biocontrol activity using Petriplate
Dual Culture Method

Screening of antagonistic antifungal activity was
tested against Penicillium choerospondiatis
(PCO1) using the endophytic fungi Fusarium
solani (GenBank Accession No. OR357753)
isolated from Dichrocephala integrifolia (Singh et
al. 2024) and Chaetomium globosum (GenBank
Accession No. OR397268) from Chromolaena
odorata (Nongthombam and Mutum, 2023) by
following the method described by Devi et al.
(2022) in which pathogen and endophytic fungi
were coculture in Petri plate containing PDA
media inoculated 6 cm apart from each other and
incubated at about 28+1 °C and recorded results
at 7" and 10" days. The scale class score was
implemented to determine the degree of

antagonism against Penicillium chaerospondiatis
where class 1 indicates complete replacement
by endophytic fungi; class 2 indicates partial
replacement by endophytic fungi covering at least
two-thirds portion; class 3 indicates mutual
inhibition exhibiting non-dominance over another
covering only 50% of culture Petri plate; class 4,
indicates partial replacement by pathogen
covering at least two-third portion showing to
withstand endophytic fungal activity and class 5,
indicating complete replacement by pathogen
exhibiting non-antagonist property. Moreover,
further antifungal inhibition percentage (1%) was
calculated following the methods of (Singh et al.,
2024) in which the formula 1% = [(r1-r2)/ r1] x
100, where r1 is the radial growth diameter of the
pathogen on the control plate, and r2 is the radial
growth of the pathogen in coculture plate.
Pathogen and antagonistic endophytic fungi were
coculture in a Petri plate containing PDA media
inoculated 6 cm apart and incubated at 28°C for
seven days.

RESULTS AND DISCUSSION
Survey and isolation of pathogen

Site survey of Indian gooseberries during the
fruiting season displayed fruits with visible blue
mold infection (Fig. 1 A), where fruits were
covered extensively with blue mold infestation,
giving off blue coloration and earthly smell. Mostly
fruits lying in moist, shaded places have shown
more visible infection symptoms,mainly fruits with
abrasion created due to falling from trees, which
signifies the importance of wounds in blue mold
infection initiation (Janisiewiczet al. 2016). The
correct identity of plant voucher/accession
number 001381 was obtained for Indian
Gooseberry (Phyllanthus emblica L.) after
submission of the herbarium to Manipur University
Museum of Plant (MUMP). The pure culture
isolation of blue mold fungal pathogen in PDA
culture media has shown complete radial growth
at 11 days of incubation.

Morphological and molecular identification

As shown in (Fig. 1 B), the development of the
pathogen in culture has exhibited a morphological
dynamic appearance during the culture period.
After the inoculation of the pathogen in the culture
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Table 1: Qualitative extracellular enzyme activities of Penicillium choerospondiatis in which ‘+’ signifies positive outcome and ‘-

‘signifies negative outcome.

Pathogenic fungus

Hydrolytic enzyme activities

Amylase Cellulase

Penicillium + +
choerospondiatis

Laccase Lipase Protease

+ - -

Table 2: Represents the class of antagonism 7" and 10" day and Inhibition percentage (%) in which inhibitive is the mean data of
triplicate + standard deviation (SD) of endophytic fungi against Penicillium choerospondiatis.

Endophytic fungi Class of Class of antagonism in Inhibition percentage
antagonism in 7" 10" day (1%)
day
Chaetomium globosum Class 3 Class 3 22.56+0.16
Fusarium solani Class 3 Class 3 22.19+0.23

media, the initial growth was observed within 1-3
days,indicated by the spread of fungal mycelia in
a thin white hyphal mat, which continually turned
yellowish and occasionally stained with an orange
color. In the next 4-5 days, the central area of the
culture started displaying a bluish-green color, and
subsequently, the whole fungal culture turned
bluish-green within the next 11 days of incubation
with radial growth pattern, including
micromorphological characteristics of fungal
such as the presence of septate stipes, bi-
verticillate conidiophores, presence of conidia in
chains at phialides tip and ellipsoidal shape
conidia (Fig. 1 C and 1 D). These features match
with the generally identifying characteristic
features of a fungus called Penicillium
choerospondiatis (Wang et al.2017). The pure
culture of the pathogenic fungus was deposited
in a microbial culture depository (National Fungal
Culture Collection of India, Pune)and granted an
NFCCI deposition accession number of NFCCA1
5737. Molecular identification of the fungal
pathogen resulted in a 553 base pair long
nucleotide sequence based on partial ITS-rDNA
region sequencing, in which internal transcribed
spacer (ITS) based region of nuclear ribosomal
RNA (rRNA) operon is mainly accepted as a basic
DNA barcode for a fungus sample and is
subsequently assigned a species identity
(Lucking et al. 2021). The BLAST alignment
search resulted in maximum identity values with
Penicillium choerospondiatis isolate PeGYF02
(OL967002.1) and Penicillium choerospondiatis
isolate PeGYFO01 (OL967001.1), both showing

99.82% similarity. Furthermore, the closeness
with the species has also been confirmed with
the construction of a phylogenetic tree (Fig. 2)
based on the GenBank database sequence in
which the GeneBank accession number of the
isolated pathogen, i.e., Penicillium
choerospondiatis isolate PC01 is PP869143.1.
The isolated pathogen also shows close affinity
with that of species reported from India as
indicated by the phylogenetic tree in which
highlighted isolated pathogens is in the same
clades as that of species reported from India.

Pathogenicity test

Following pathogenicity test, the pathogen-
inoculated fruits appear slightly water-soaked
within 24h confined within the inoculation area
(Fig. 3). As the infection spreads in the plant
tissues, the inoculation area gradually turns bright
yellow within 72 h and finally gives a bluish-green
appearance and starts spreading, forming
yellowish minute spots beyond the area of
inoculation within 96h, in which the developmental
pattern of blue also coincides with that of reported
by (Koley and Nirala, 2020). The confirmed blue
mold development and successful infectivity of
the isolated pathogen followed Koch'’s postulate
principles, also indicating fulfillment of Koch’s
postulate (Gusella et al. 2020).To successfully
establishmold pathogens, the favorable conditions
are the presence of wounded mature fruits, which
are considered more susceptible, and an optimal
temperature of 20-25°C.Green mold conidial
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Fig 1: (A) Blue mold infected Indian gooseberry fruits, (B) Culture morphology of isolated Penicillium choerospondiatis and (C)
Microscopic view of Penicillium choerospondiatis & (D) SEM image of Penicillium choerospondiatis conidiophore with chain of

conidia

Penicillium herquei (JX296570.1 strain LGT201107 China)
Penicillium herquei (JX296569.1 strain WHLR201106 China)
Penicillium herquei (MF663569.1 strain LTL319 Brazil)

Penicillium herquei (MK811098.1 isolate AM02 China)

Penicillium herquei (JX296568.1 strain MYLR201105 China)
Penicillium herquei (PP703020.1 isolate PS10 China)

Penicillium herquei (MH864239.1 strain CBS 126805 Netherlands)

Penicillium herquei (MF537648.1 culture BCCTHA:84301 Thailand)

iatis (MH236176.1 strain DQ23 India)

iatis (OP389129.1 isolate NSZ01 China)

Penicillium choerospondiatis (PP869143.1 isolate PCO1 India)

Penicillium choerospondiatis (OL967002.1 isolate PeGYF02 India)

Penicillium choerospondiatis (OL967001.1 isolate PeGYFO01 India)

flavus (GQ456073.1 strain IC310 USA)

—
0.050

Fig 2 : Phylogenetic tree of Penicillium choerospondiatis
(PP869143.1) with closely related species, constructed based
on maximum likelihood method in which Aspergillus flavus
(GQ456073.1) was taken as outgroup.

Control

Fig 4: (A, C, and E) shows the positive extracellular amylase,
cellulase, and laccase activity by Penicillium choerospondiatis
as indicated by the development of halo region surrounding the
culture, (G and 1) indicates negative lipase and protease activity
due to absence of halo region around the culture and (B, D, F, H
and J) represents the control plates without fungal inoculation.

Fig 3: (A) Penicillium choerospondiatis inoculated fruits showing
positive blue mold development and (B) Fruits without Penicillium
choerospondiatis inoculation results with no evidence of disease
development.

infection of fruits usually occurs at higher
temperatures, while blue mold development is
more rapid at lower temperatures (Papoutsis et
al, 2019).

Fig 5: Represents the antagonistic effects of endophytic fungus
against Penicillium choerospondiatis, in the co-culture plate
phytopathogenic fungus is on the upper side, and endophytic
fungi are on the lower side. (A and C) depicts the Chaetomium

globosum antifungal activity against Penicillium
choerospondiatis at 7" and 10" day of inoculation, (E and G)
describes the Fusarium solani antifungal activity against
Penicillium choerospondiatis within 7 and 10 days of inoculation,
(B and F) represents the Penicillium choerospondiatis growth
in control plate at 7" and (D and H) represents the Penicillium
choerospondiatis growth in control plate at 10" day.
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Penicillium choerospondiatis (PCO01)
qualitative enzyme production assay

The isolated fungal pathogen exhibited positive
amylase, cellulase, and laccase activityby
developing a visible halo zone, as seenin Fig. 4
A, C, and E whereas Fig. 4 B, D, and F represent
the corresponding control plates. The results are
also summarized in Table 1. Conversely, the pure
culture of Penicillium choerospondiatis (PC01) did
not exhibit lipase and protease enzyme activityas
shown in Fig. 4G and I. The same observations
are also represented in Table. 1. In the case of
positive enzyme production activity, Penicillium
choerospondiatis can solubilize supplemented
substrate(1% iodine in 2% potassium iodide) thus
clearly indicating the presence of amylase activity.
Similarly, the development of a yellowish halo
zone after the addition of 0.1% congo red and
destaining with 1N NaCl around the culture
indicates positive cellulase activity, and the
presence of a bluish-purple halo zone around the
culture from white color media after the incubation
indicated a laccase activity due to oxidation of 1-
naphthol). Various studies have reported the
involvement of hydrolytic enzymes inestablishing
pathogenesis in the host plant by fungi. They are
vital for colonizing host plant tissue (Hussein et
al.2020). Phytopathogenic fungi can secrete
enzymes that can digest structural
polysaccharides of host plant tissues, such as
cellulose and amylose, in which cellulase and
amylase are the enzymes that are important in
the successful establishment of pathogenesis.
These enzymes are included in classes of plant
cell wall degrading enzymes(CWDE,) (Kaur et
al. 2012). The enzyme laccase produced by fungi
hasan extensive role in the depolymerization of
lignin, which is one of the complex cell wall
constituents in plant cells. The infectivity of
pathogenic fungi displayed by fruiting body
formation and sporulation isably supported by
laccase production, thus supporting the repeat
proliferation and penetration of pathogenic
fungiwithin the host plant tissue. (Dwivedi et
al.2011). Therefore, it may be deduced that
producing various hydrolytic enzymes by blue
mold fungus Penicillium choerospondiatis makes
it a formidable agent of pathogenesis and the
primary agent of blue mold postharvest disease
of Indian gooseberry fruits. The fungal enzymes
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are the primary agents responsible for the
repeated degradation of fruits within a few days
just after the infection through the wounds,
resulting in heavy losses of the fruits (Dutta et
al., 2023).

Invitro biocontrol using antagonistic
endophytic fungi

Preliminary analysis of antifungal activity using
co-culture for 7-10 days exhibited a class 3
degree of antagonism in which the endophytic
fungi inhibited 50% of Penicillium
choerospondiatis growth (Fig 5), indicating that
the tested endophytic fungi hold an appreciable
antagonistic effect. In addition, analysis of
inhibitive percentage (1%) on the 7t"day in which
Chaetomium globosum and Fusarium solani
shows 22.56+0.16% and 22.19+0.23% inhibitory
percentage (Table. 2).The endophytic fungi have
been thoroughly investigated as bio-potent agents
capable of retarding phytopathogenic fungal
growth (De Silva et al.2019;Armesto et al. 2020).
The endophytic fungi express various suppressive
mechanisms to out-compete phytopathogenic
fungal growth (Adeleke et al. 2022). In the current
study,gooseberry-damaging postharvest
phytopathogenic fungi are limited in the
expression of hydrolytic enzymes. In contrast, the
endophytic fungi used as antagonistic agents are
known to produce a wide array of hydrolytic
enzymes, thus enabling them to successfully
suppress the growth of blue mold fungus
(Sopalunand lamthama, 2022). The extracellular
production of enzymes at elevated levels allows
the endophytes to retard the growth progression
of pathogenic fungi (Adeleke et al., 2022). The
correct identification andcharacterization of
phytopathogenic fungi of horticulturally important
crops is a crucial and inevitable area and thus
indicates their assimilation for the development
of a feasible plant protection management
practice that is green and ecologically compliant.

CONCLUSION

The present study demonstrated that Penicillium
choerospondiatisis the phytopathogenic fungi of
blue mold postharvest disease of Indian
Gooseberry fruits in Manipur. This fungus’s
successful isolation and identification had not
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been reported earlier in Manipur. Adequate
morphological and molecular data support the
identification of pathogenic fungi, and constructing
a phylogenetic tree has indicated its lineage with
known fungal species. Patho-genicity tests have
confirmed the development of disease symptoms.
Further characterization based on the production
of hydrolytic enzymes has resulted in extracellular
secretion of cell wall degrading enzymes
(CWDEs) consisting of amylase, cellulase, and
laccase activities, which can be correlated with
its pathogenesis. In vitro biocontrol utilizing
endophytic fungi indicated potential growth
inhibitive capability of the endophytic fungi,
indicating superiority against pathogenic fungal
growth. The repressive action of endophytes
against the targeted phytopathogen underlines
their utility in the future development of a
successful post-harvest disease management
strategy.
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