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Distribution, Diversity and Biochemical Analysis of
Endophytic Fungi Associated with Chromolaena
odorata

ABSTRACT

Chromolaena odorata is a medicinal plant that possesses several properties, including antibacterial,
antifungal, anti-inflammatory, anticancer, antioxidant, etc., and has been used in traditional medicine
in various parts of the world. Medicinal plants are associated with endophytic fungi that have potential
biological activities as well as protect the plant from biotic and abiotic agents. In this study, endophytic
fungi were isolated from the leaves, stems, roots, and inflorescence of C. odorata and identified
morphologically. Nineteen sporulating endophytic fungi belonging to 9 genera, 8 families and 4
classes, and three sterile forms were obtained. The isolation data recorded were used to calculate
Isolation rate, Colonization frequency, Infection rate and Relative occurrence of different groups of
fungi. The highest Isolation rate was found in the stem part (34.75%); the highest overall Colonization
frequency (%) was shown by Chaetomium globosum (8.51%); the maximum Infection rate was found
in root segments (77.86%); and the maximum isolate belongs to Sordariomycetes, showing 43.50%.
Simpson’s dominance index, Simpson’s diversity index, Species richness, Shannon-Wiener index and
Evenness (E) index were calculated to reveal diversity indices. The maximum diversity was recorded
in the leaf part (0.99), and the maximum number of endophytic fungal species was observed in stem
segments. The production of biochemicals was analyzed qualitatively, and it was observed that all the
isolates produce flavonoids and phenols. This indicates that endophytic fungi are a storehouse of
natural compounds and can be applied in agriculture, medicine, and pharmaceutical industries.
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INTRODUCTION

Natural products are the major sources of bioactive compounds with vast applications in medicine,
pharmaceuticals, agriculture, food industry, textile industry, and cosmetic industry [1]. From time
immemorial, medicinal plants have been used to treat many ailments in traditional medicine practice,
including allopathy, homoeopathy and Ayurveda [2]. Plants grown in wild or natural habitats and
having ethnobotanical importance are given higher priority to exploit and obtain the active ingredients
for treating different diseases. In India, there are about 45,000 plant species, out of which only 700

species are generally used in making phytomedicines [3]. Overharvesting medicinal plants for drugs



causes biodiversity loss, ecosystem imbalance, and limited plant resources because of things like
small fields, plants' ability to thrive in certain environments, seasonal differences, slow growth rates,
and the presence of endemic and endangered species. This makes it even more important to find
new, more reliable, long-lasting, and cost-effective sources, and endophytic fungi play a big role in
this.

The term ‘endophytic fungi’ may be defined as “those groups of fungi that live within photosynthetic
plant tissue by forming symbiotic relationships with the host and have no harmful effect on the host
plant” [4]. The extraction of bioactive compounds, the detoxification of xenobiotic pollutants, and the
utilization of endophytes as biocontrol agents are the current areas of interest in the field of
endophytic research [5]. [6] estimated that there may be more than a million undiscovered species of
endophytic fungi. [7] also estimated that there are approximately 300,000 plant species on our planet,
with each plant serving as a habitat for one or more endophytes. Endophytic fungi are mostly
ascomycetous and anamorphic fungi. They are a polyphyletic group of very different fungal species
[8]. India is extremely rich in biodiversity with varied natural vegetation and offers great scope for
fungal endophytes. Some endophytic fungi may have a broad range of host plant species, and some
may have different relative frequencies in every host, while others are specific to a particular host
plant [9]. The life cycle of endophytic fungal species exhibits a combination of symbiotic, saprophytic,
and latent pathogenic characteristics that are dependent upon the presence or absence of host tissue

or organs [10].

Endophytic fungi have been found to synthesize a diverse array of bioactive compounds through
secondary metabolism. Anthones, enniatines, depsipeptides, furandiones, isocumarines, peptides,
polyketones, phenols, quinols, terpenoids, tetralones, and xanthones are some of the compounds that
belong to this group [11, 12]. These compounds have been reported to show antibacterial, antifungal,
antiviral, anticancer, antioxidant, antimalarial, insecticidal, anti-inflammatory, and anti-astherosclerotic
activities to a large extent, providing a valuable therapeutic agent [13]. Chromolaena odorata(L.)
R.M.King&H.Rob.is a perennial herb and has been used in traditional medicine to treat wounds,
burns, skin infections, and dyspepsia [14, 15]. Additionally, it has been reported to have
antispasmodic, antiprotozoal, antitrypanosomal, antibacterial, antifungal, antihypertensive, anti-
inflammatory, anticancer, antioxidant, astringent, diuretic, and anti-hepatotoxic properties [16, 17]. In
search of therapeutic and eco-friendly agricultural practices, endophytic fungi might occupy an

important place as an alternative to medicinal plants.

2. MATERIALS AND METHOD
2.1 Collection of Plant Samples

The plant samples were collected from Heingang Hill in the Imphal East district (latitude 24° 52'
42.0672" N; longitude 93° 57' 1.6236" E; altitude 621 m a.s.l.) during the month of February. The

mean monthly rainfall was about 0.2 mm, the mean minimum temperature was found to be 9.8 °C, the



mean maximum temperature was 24.6 °C, the average relative humidity (%) was recorded to be 57%,
and the soil pH was recorded to be 5.68. The collected plants were processed for isolation within 24

hours of collection.
2.2Isolation and Identification of Endophytic Fungi

Inflorescences, leaves, stems, and roots were used for the isolation of endophytic fungi by following
the isolation protocol given by [18] with minor modifications. The plant parts were surface sterilized by
passing through 70% ethanol (3 minutes), followed by a 4% sodium hypochlorite (NaOCI) solution (3
minutes), and finally 70% ethanol for 60 seconds. The plant parts were cut to a size of 0.5 cm and
aseptically transferred to Petriplates containing PDA media supplemented with streptomycin sulphate
(500 mg/L). A total of 560 segments, with 140 segments for each plant part, were used. Each
Petriplate contains 7 plant segments and 20 replicates were used for each plant part, accounting for a
total of 80 replicates. The Petriplates were sealed with parafilm and incubated at 28+1 °C for 5 to 7
days, and they were regularly checked for the emergence of fungal hyphae around the plant
segments. Those emerged hyphae were aseptically transferred into fresh Petriplates containing PDA
medium without antibiotics for obtaining pure culture and incubated for another 7—10 days at 28+1 °C.
The isolates were identified based on morphological characteristics such as colony colour on both
sides, texture, margin, growth rate, pigmentation, fungal spores, and spore-bearing structures by
consulting fungal identification books [19, 20]. The endophytic fungal isolates were deposited, and
accession numbers were obtained from the National Fungal Culture Collection of India (NFCCI),

Agharkar Institute, Pune, India.
2.3Distribution of Endophytic Fungi

The data obtained were used to calculate the Percentages of Isolation Rate (IsR%) [21], Colonizing
Frequency (CF%), Endophytic Infection Rate (I{R%) [22] and Relative Occurrence (RO%) of different
groups of endophytic fungi [23].

Isolation Rate (IsR %):

Total number of isolates recovered from each plant part
IR % = e P %100

Overall total number of isolates obtained

Colonization Frequency (CF %):

Number of segments colonized by a single fungus

CF% = x 100

Total number of segments observed

Infection Rate (IR %):

Number of infected segments

R % = x 1

f 0 Total number of segments observed 00
Relative Occurrence (RO %):

RO % = Density of colonization of one group x 100

Total density of colonization



2.4Diversity of Endophytic Fungi

The diversity of the endophytic fungal isolates between different parts of the plant was estimated by
using the diversity indices: Simpson’s dominance index (D), Simpson’s diversity index (1-D), Species
richness (S), Shannon-Wiener index (H), and Evenness (E) index [24, 25, 26]. The diversity indices

were calculated using the statistical software PAST.

Simpson’s dominance index (D) = in((Nn__ll))

Where, n= total number of organisms of a particular species

N= total number of organisms of all species

_ Yn(n-1)
N(N-1)

Simpson’s diversity index (1 —D) =1
Where, n= total number of organisms of a particular species
N= total number of organisms of all species
Species richness index (S) = Y:n
Where, n = Number of fungal species
Shannon-Wiener index (H) = -3 (pi logpi)
Where, pi = Number of individuals of species i/ Total number of individuals of all species

Evenness index (E) = H/Hax

Where, H= Shannon-Wiener index; Hnya= In (N), N= Number of species

2.5Secondary Metabolite Production

The mycelial plug (0.5 cm diameter) of the endophytic fungi was cut off from a 7 days old culture and
inoculated on 500 mL Potato Dextrose Broth (PDB) for 15 days. After filtering, the filtrate was
extracted three times with equal amounts of ethyl acetate. The mixture was then dried at 40 °C to get

rid of the ethyl acetate, leaving behind the dried crude extract [27].
2.6Biochemical Analysis of Endophytic Fungi

All the endophytic fungal isolates were analyzed for qualitative production of production of alkaloids,

flavonoids, terpenoids, tannins, saponins, steroids and phenols [28, 29].

2.6.1 Test for Alkaloids



The crude extract of each endophytic fungal isolate was dissolved in a solution of 2N hydrochloric
acid (HCI). The mixture was treated with a small quantity of Mayer's reagent, which consisted of a
solution of 3 mL of potassium iodide (KI) combined with 2 mL of mercuric chloride (HgCl,). The
formation of a cream-coloured precipitate can be considered an indication of the presence of

alkaloids.
2.6.2 Test for Flavonoids

In the test tubes, 1 mL of each fungal crude extract solution was supplemented with a small quantity
of a 20%sodium hydroxide (NaOH) solution. A change in color from yellow to colorless upon the

addition of dilute hydrochloric acid (6N) illustrates the presence of flavonoids.
2.6.3 Test for Phenols

Few drops of a neutral 5% ferric chloride (FeCls) solution had been added to the 5 mL of each
fungal crude extract solution. The observation of a dark green colour indicates the presence of

phenolic compounds.
2.6.4 Test for Tannins

The fungal crude extract solution of each endophyte was treated with an alcoholic FeCl; reagent. The
appearance of a bluish-black colour, which disappears with the addition of dilute H,SO, followed by

the formation of a yellowish-brown precipitate indicates the presence of tannins.

2.6.5 Test for Terpenoids

The 1 mL of each fungal extract solution in the test tube was mixed with 2 mL of chloroform.
Then, 3 mL of concentrated sulfuric acid (H.SO,) was added to the mixture to form a layer.
The formation of a reddish-brown precipitate at the interface indicated the presence of

terpenoids.
2.6.6 Test for Saponins

The dried crude extract of each endophyte was subjected to a frothing assay with the addition of
water. The formation of intense and persistent foam suggests the presence of saponins.
Subsequently, the foam was combined with a small quantity of olive oil and the generation of an

emulsion confirmed the presence of saponins.
2.6.7 Test for Steroids

To the 0.5 mL of crude extracts of endophytic fungi, 2 ml of acetic anhydride were added with 2 ml of

H,SO,. The colour change from violet to blue or green in samples indicates the presence of steroids.

3. RESULTS AND DISCUSSION

3.1 Isolation and Identification of Endophytic Fungi



This study reveals the first report on the diversity of endophytic fungi isolated from C. odorata
belonging to the family Asteraceae. There were 423 isolates total, with stem (147), root (117), leaf
(92) and inflorescence (67) having the most isolates. From C. odorata, 18 endophytic fungal species
were identified, belonging to 9 genera, 8 families, and 4 classes, along with 3 sterile mycelia
morphotypes (Table 1, Figs. 1-2). Several researchers have claimed that endophytic fungi are a very
diverse and understudied group of organisms [30, 31].

Figure 1: (a) Chromolaena odorata plant, (b) Emergence of endophytic fungi from plant
segments of C. odorata on PDA media.



Table 1: List of endophytic fungi isolated from Chromolaena odorata along with their NFCCI
accession numbers.

Endophytic fungi NFCCI Family Class

Accession No.

Alternaria sp.

Arthrinium sp.

Aspergillus nigerTiegh.

Aspergillus sp. 1
Aspergillus sp. 2
Aspergillus sp. 3
Aspergillus sp. 4
Aspergillus sp. 5

Chaetomium globosumKunze

Cladosporium

cladosporioides

(Fresen.) G.A. de Vries

Fusarium oxysporumSchltdl.

Fusarium sp. 1
Fusarium sp. 2
Fusarium sp. 3
Mucor sp.
Penicillium sp. 1
Penicillium sp. 2

Trichoderma sp.

1

Trichoderma sp. 2

Sterile morphotype 1

Sterile morphotype 2

Sterile morphotype 2

NFCCI 5524
NFCCI 5416
NFCCI 5497
NFCCI 5414
NFCCI 5418
NFCCI 5420
NFCCI 5422
NFCCI 5521
NFCCI 5423
NFCCI 5523

NFCCI 5492
NFCCI 5421
NFCCI 5491
NFCCI 5522
NFCCI 5412
NFCCI 5413
NFCCI 5417
NFCCI 5415
NFCCI 5419

*
*

*

Pleosporaceae
Apiosporaceae
Aspergillaceae
Aspergillaceae
Aspergillaceae
Aspergillaceae
Aspergillaceae
Aspergillaceae

Chaetomiaceae

Cladosporiaceae

Nectriaceae
Nectriaceae
Nectriaceae
Nectriaceae
Mucoraceae
Aspergillaceae
Aspergillaceae
Hypocreaceae

Hypocreaceae

Dothideomycetes
Sordariomycetes
Eurotiomycetes
Eurotiomycetes
Eurotiomycetes
Eurotiomycetes
Eurotiomycetes
Eurotiomycetes
Sordariomycetes

Dothideomycetes

Sordariomycetes
Sordariomycetes
Sordariomycetes
Sordariomycetes
Mucoromycetes
Eurotiomycetes
Eurotiomycetes
Sordariomycetes

Sordariomycetes

* Accession number were not provided to sterile form
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3.2 Distribution of Endophytic Fungi
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Figure 2: Morphology of sporulating endophytic fungi isolated from Chromolaena odorata, (a) Culture plate
morphology, (b) Microscopic images showing spores.



All the parts of C. odorata were found to be associated with endophytic fungi. The isolate
Cladosporium cladosporioides was found only at the leaf and Mucor sp. at the root part. None of the
Penicillium spp., Trichoderma spp., or Mucor sp. were obtained from the inflorescence part. The
isolates of Alternaria sp. and Chaetomium globosum were confined to the stem and root regions only.
The most commonly isolated species was found to be Chaetomium globosum, and the least isolated
species was Aspergillus niger (Table 2). The stem part (34.75%), the root (27.66%), the leaf
(21.75%), and the inflorescence (15.84%) all had the highest isolation rates. The highest overall
colonization frequency (%) was shown by Chaetomium globosum (8.51%) and least by Aspergillus
niger (0.94%). Similar colonization frequency (%) were shown by Arthrinium sp. and Penicillium sp. 1
(3.07%), Aspergillus sp. 1 and Trichoderma sp. 1 (4.73%), Aspergillus sp. 2 and Aspergillus sp. 5
(8.04%), Cladosporium cladosporioides, and Sterile mycelia morphotype 2 (Fig. 3). Fusarium sp. 2
colonized the leaf the most (9.28%), followed by Chaetomium globosum in the stem (10.71%) and
root (15.00%). Fusarium oxysporum and Fusarium sp. 3 colonized the inflorescence the least
(7.12%). The maximum endophyte infection was found in root segments, and the minimum infection
was found in leaf segments (Fig. 4). The isolated endophytic fungi were grouped into five major
groups, viz., Euromycetes, Dothideomycetes, Mucoromycetes, Sordariomycetes, and Sterile mycelia,
and the maximum isolate belongs to Sordariomycetes showing 43.50% (Fig. 5). In a previous study,
[32] reported that certain endophytic fungi are host and tissue specific. In similar endophyte studies
conducted by [33] and [34], most of the fungal isolates belong to Ascomycota. [35] revealed that the
number of endophytic fungi associated with the medicinal plants Hedychium coronarium,
Hedychiumflavescens, Piper longum, Piper nigrum, Tinospora cordifolia, and Zingiber officinale was

higher in the leaves in comparison to other plant parts.

Endophytic fungi No. of endophytic fungi isolated from plant parts Total no. of
endophytic
Leaf Stem Root Inflorescence fungi
Alternaria sp. - 7 11 - 18
Arthrinium sp. - 9 - 5 14
Aspergillus nigerTiegh. - 5 - - 5
Aspergillus sp. 1 9 - 5 22
Aspergillus sp. 2 7 12 10 8 37
Aspergillus sp. 3 - 13 8 5 26
Aspergillus sp. 4 9 5 - 6 20
Aspergillus sp. 5 11 14 11 - 36
Chaetomium - 16 23 - 39
globosumKunze
Cladosporium 6 - - - 6

cladosporioides(Fresen.)
G.A. de Vries



Fusarium - - 8 11 19
oxysporumSchltdl.

Fusarium sp. 1 - - 6 8 14
Fusarium sp. 2 14 - 8 9 31
Fusarium sp. 3 9 - - 10 19
Mucor sp. - - 11 - 11
Penicillium sp. 1 - 7 8 - 15
Penicillium sp. 2 - 14 10 - 24
Trichoderma sp. 1 11 12 - - 23
Trichoderma sp. 2 10 15 - - 25
Sterile mycelia 3 4 - - 7

morphotype 1
Sterile mycelia 4 2 - - 6
morphotype 2
Sterile mycelia - 3 3 - 6
morphotype 2

Total 92 147 117 67 423

Table 2: Distribution of endophytic fungi isolated from Chromolaena odorata.
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77.86

B |
o

70.71
57.43

| I

Leaf Stem Root Inflorescence

D
(=]

Infection rate (%)
= o] (O3] B (8]
o O o o (=]

(=]

Plant parts

Fig 4. Infection rate (%) of different parts of Chromlaena odorata by their associated endophytic fungi.



4.50% 5.67%

/.

43.73%

Dothideomycetes
» Euromycetes
®m Mucoromycetes
m Sordariomycetes

Sterile mycelia

Fig 5. Relative occurrence (%) of endophytic fungal groups isolated from leaf, stem,

root and inflorescence parts of Chromolaena odorata.

3.3 Diversity of Endophytic Fungi

The endophytic fungi isolated from different plant parts of C. odorata have shown Simpson’s
dominance index from 0.08 to 0.12, with the highest dominance recorded from the stem part. An
increase in the Simpson's diversity index value represents a corresponding rise in species diversity,
and the value ranges from 0 to 1. The maximum Simpson's diversity was recorded from the leaf part,
with an index value of 0.99. The maximum number of endophytic fungal species was observed in
stem segments with 16 fungal species. The Shannon-Wiener index has shown the most favourable
habitat of fungal endophyte in C. odorata was the stem part, with an index value of 2.64. On the
contrary, the endophytic fungal species were evenly distributed in the inflorescence as compared to
other plant parts (Table 2).[36] isolated endophytic fungi from Camellia oliefera and observed that the
highest Simpson’s and Shannon’s diversity indices were observed from the leaves, followed by the
barks and fruits. In another study conducted by [37], it was also reported that Simpson’s diversity and

Shannon-Wiener indices of endophytic fungi isolated from Cymbidium aloifolium have shown



maximum values in roots. Studies on endophytic fungi have revealed that diversity varies with the

Table 3: Diversity indices of endophytic fungi associated with leaf, stem, root and inflorescence of
Chromolaena odorata.

host plant and their habitat.

Diversity indices Plant parts

Leaf Stem Root Inflorescence
Simpson’s dominance index (D) 0.10 0.08 0.10 0.12
Simpson’s diversity index (1-D) 0.99 0.92 0.90 0.88
Species richness (S) 11 16 12 9
Shannon-Wiener index (H) 2.32 2.64 2.39 2.15
Evenness index (E) 0.97 0.95 0.96 0.98

3.4 Biochemical Analysis of Endophytic Fungi

The gualitative study of ethyl acetate extracts of the endophytic fungi reveals that all the isolates
produce flavonoids and phenols (Table 3, Fig. 5). [38] observed that biochemicals produced by
endophytic fungi have beneficial properties in the plant and also protect against invading pathogens.
According to [39], alkaloids, flavonoids, phenols, saponins, steroids, tannins, and terpenoids are
major phytochemicals produced by endophytic fungi. An alkaloid, Asperfumoid, extracted from
Aspergillus fumigatus isolated from Cynodondactylon has shown strong antifungal activity against
Candida albicans[40].Flavonoids are an important group of secondary metabolites that have
antioxidant, anti-ageing, anti-cancer, and anti-inflammatory properties with wide applications in the
pharmaceutical and food processing industries [41]. According to [42], the flavonoid that the
endophytic fungus Alternaria tenuissima produces exhibits potent antibacterial and antioxidant
properties. The phenolic compound (2,4,7-trioxa-bicyclo[4.1.0]hep-tan-3-yl) phenol was extracted
from the endophyte Pestalotiopsismangiferae of Mangifera indica and displayed potential
antimicrobial activities against human pathogens [43]. Saponins are a very important group of
compounds owing to their anticancer and anticholesterol activities [44]. The endophytic fungi
Fusarium sp. and Aspergillus sp., isolated from Panax notoginseng, yielded saponins (1.061 and
0.583 mg/mL, respectively) that exhibited broad-spectrum antibacterial activity, with MICs ranging
from 1.6 to 3.2 mg/mL [45]. [46] obtained two steroids, Penicisteroids A and B, from the endophytic
fungus Penicillium chrysogenum associated with marine alga Laurencia sp. and reported that they
have strong antifungal and cytotoxic activity. Tannins are beneficial in providing preventive measures
against the development of chronic diseases [47]. Sharma (2019) highlighted the role of tannins in the
protection of the plant against pathogens, insects, and herbivores. [48] observed that terpenoids are
one of the largest and most structurally varied classes of naturally occurring substances. The
terpenoids microdiplodins C and D obtained from the endophyte Microdiplodia sp. exhibited anti-

inflammatory properties [49].



Table 4: Qualitative analysis of biochemical production by the endophytic fungi isolated from
Chromolaena odorata.

Endophytic fungi Biochemical analysis

Alkaloids Flavonoids Phenols Saponins Steroids Tannins Terpenoids

Alternaria sp. + + + - + - +
Arthrinium sp. - + + - - + -
Aspergillus + + + - + + -
nigerTiegh.

Aspergillus sp. 1 + + + + - + +
Aspergillus sp. 2 + + + - + +

Aspergillus sp. 3 - + + + A . +
Aspergillus sp. 4 + + + - + + +
Aspergillus sp. 5 + + + - -

Chaetomium + + + - - + +
globosumKunze

Cladosporium + + + - - + -
cladosporioides

(Fresen.) G.A. de

Vries

Fusarium + + + + + - +
oxysporumSchltdl.

Fusarium sp. 1 + + + - - + +
Fusarium sp. 2 - + + + - + -
Fusarium sp. 3 + + + + + - _
Mucor sp. + + + + - + +
Penicillium sp. 1 + + + - - + -
Penicillium sp. 2 + + + + - +
Trichoderma sp. 1 + + + - + + -
Trichoderma sp. 2 + + + - + - -

‘+’ indicates positive result; ‘-’ indicates negative result

4. CONCLUSION

This study analyzed the diversity of endophytic fungi in the medicinal plant C. odorata and their

synthesized compound groups. The interaction of endophytic fungi with plants enhances their overall



health and resistance to biotic and abiotic factors. The biochemicals produced by the endophytic fungi

have vast applications in agriculture, medicine, and the pharmaceutical industries. Evaluation of

biological activities and analysis of secondary mebolites using Gas chromatography—-mass

spectrometry, Liquid chromatography—mass spectrometry, Fourier-transform infrared spectroscopy,

and Nuclear magnetic resonance are important fields of future research that will provide the full

potential of endophytic fungi.

REFERENCES

10.

11.

12.

13.

14.

Sinha RP, editor. Natural Bioactive Compounds: Technological Advancements. Academic
Press; 2020 Oct 6.

Shakya AK. Medicinal plants: Future source of new drugs. International journal of herbal
medicine. 2016;4(4):59-64.

Sen S, Chakraborty R, De B. Challenges and opportunities in the advancement of herbal
medicine: India’s position and role in a global context. Journal of Herbal medicine. 2011 Dec
1;1(3-4):67-75. https://doi.org/10.1016/j.hermed.2011.11.001

Amirita A, Sindhu P, Swetha J, Vasanthi NS, Kannan KP. Enumeration of endophytic fungi
from medicinal plants and screening of extracellular enzymes. World J Sci Technol.
2012;2(2):13-9.

Choudhary B, Chauhan OP, Mishra A. Edible seaweeds: a potential novel source of bioactive
metabolites and nutraceuticals with human health benefits. Frontiers in Marine Science. 2021
Oct 5;8:740054. https://doi.org/10.3389/fmars.2021.740054

Petrini O. Fungal endophytes of tree leaves. InMicrobial ecology of leaves 1991 (pp. 179-
197). New York, NY: Springer New York. https://doi.org/10.1007/978-1-4612-3168-4_9
Strobel G, Daisy B. Bioprospecting for microbial endophytes and their natural products.
Microbiology and molecular biology reviews. 2003 Dec;67(4):491-502.
https://doi.org/10.1128/mmbr.67.4.491-502.2003

Rodriguez RJ, White Jr JF, Arnold AE, Redman AR. Fungal endophytes: diversity and
functional roles. New phytologist. 2009 Apr;182(2):314-30. https://doi.org/10.1111/j.1469-
8137.2009.02773.x

Eaton CJ, Cox MP, Scott B. What triggers grass endophytes to switch from mutualism to
pathogenism?. Plant Science. 2011 Feb 1;180(2):190-5.
https://doi.org/10.1016/j.plantsci.2010.10.002

Rashmi M, Kushveer JS, Sarma VV. A worldwide list of endophytic fungi with notes on
ecology and diversity. Mycosphere. 2019 Nov;10(1):798-1079.
https://doi.org/10.5943/mycosphere/10/1/19

Nisa H, Kamili AN, Nawchoo IA, Shafi S, Shameem N, Bandh SA. Fungal endophytes as
prolific source of phytochemicals and other bioactive natural products: a review. Microbial
pathogenesis. 2015 May 1;82:50-9. https://doi.org/10.1016/j.micpath.2015.04.001

Aharwal RP, Kumar S, Sandhu SS. Endophytic mycoflora as a source of biotherapeutic
compounds for disease treatment. Journal of Applied Pharmaceutical Science. 2016 Oct
29;6(10):242-54. https://doi.org/10.7324/JAPS.2016.601034

Manganyi MC, Ateba CN. Untapped potentials of endophytic fungi: A review of novel
bioactive compounds with biological applications. Microorganisms. 2020 Dec 6;8(12):1934.
https://doi.org/10.3390/microorganisms8121934

Phan TT, Wang L, See P, Grayer RJ, Chan SY, Lee ST. Phenolic compounds of
Chromolaena odorata protect cultured skin cells from oxidative damage: implication for
cutaneous wound healing. Biological and Pharmaceutical Bulletin. 2001;24(12):1373-9.
https://doi.org/10.1248/bpb.24.1373



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Sirinthipaporn A, Jiraungkoorskul W. Wound healing property review of siam weed,
Chromolaena odorata. Pharmacognosy reviews. 2017 Jan;11(21):35.
https://doi.org/10.4103/phrev.phrev_53_16

Akinmoladun AC, lbukun EO, Dan-Ologe IA. Phytochemical constituents and antioxidant
properties of extracts from the leaves of Chromolaena odorata. Scientific Research and
Essay. 2007 Jun 1;2(6):191-4.

Onkaramurthy M, Veerapur VP, Thippeswamy BS, Reddy TM, Rayappa H, Badami S. Anti-
diabetic and anti-cataract effects of Chromolaena odorata Linn., in streptozotocin-induced
diabetic  rats. Journal of ethnopharmacology. 2013 Jan  9;145(1):363-72.
https://doi.org/10.1016/j.jep.2012.11.023

Hallmann J, Berg G, Schulz B. Isolation procedures for endophytic microorganisms.
InMicrobial root endophytes 2006 (pp. 299-319). Berlin, Heidelberg: Springer Berlin
Heidelberg. https://doi.org/10.1007/3-540-33526-9

Watanabe T. Pictorial atlas of soil and seed fungi: morphologies of cultured fungi and key to
species. CRC press; 2002 Apr 18. https://doi.org/10.1201/9781420040821

Kidd S, Halliday C, Ellis D. Descriptions of medical fungi. CABI; 2022 Dec 23.

Yu J, Wu Y, He Z, Li M, Zhu K, Gao B. Diversity and antifungal activity of endophytic fungi
associated with  Camellia  oleifera. = Mycobiology. 2018 Apr  3;46(2):85-91.
https://doi.org/10.1080/12298093.2018.1454008

Suryanarayanan TS, Venkatesan G, Murali T. Endophytic fungal communities in leaves of
tropical forest trees: diversity and distribution patterns. Current Science. 2003 Aug 25:489-93.
https://www.jstor.org/stable/24108544

Kumar DS, Hyde KD. Biodiversity and tissue-recurrence of endophytic fungi in Tripterygium
wilfordii. Fungal diversity. 2004.

Verma VC, Gond SK, Kumar A, Kharwar RN, Strobel G. The endophytic mycoflora of bark,
leaf, and stem tissues of Azadirachta indica A. Juss (Neem) from Varanasi (India). Microbial
Ecology. 2007 Jul;54:119-25. https://doi.org/10.1007/s00248-006-9179-9

Jena SK, Tayung K. Endophytic fungal communities associated with two ethno-medicinal
plants of Similipal Biosphere Reserve, India and their antimicrobial prospective. Journal of
Applied Pharmaceutical Science. 2013 May 12;3(4,):S7-12.
https://doi.org/10.7324/JAPS.2013.34.S2

Sharma CM, Mishra AK, Tiwari OP, Krishan R, Rana YS. Regeneration patterns of tree
species along an elevational gradient in the Garhwal Himalaya. Mountain Research and
Development. 2018 Aug;38(3):211-9. https://doi.org/10.1659/MRD-JOURNAL-D-15-00076.1
Sharma D, Pramanik A, Agrawal PK. Evaluation of bioactive secondary metabolites from
endophytic fungus Pestalotiopsisneglecta BAB-5510 isolated from leaves of Cupressus
torulosa D. Don. 3 Biotech. 2016 Dec;6(2):210. https://doi.org/10.1007/s13205-016-0518-3
Devi NN, Prabakaran JJ, Wahab F. Phytochemical analysis and enzyme analysis of
endophytic fungi from Centella asiatica. Asian Pacific Journal of Tropical Biomedicine. 2012
Jan 1;2(3):S1280-4. https://doi.org/10.1016/S2221-1691(12)60400-6

Kumar V, Prasher IB. Phytochemical Analysis and Antioxidant Activity of Endophytic Fungi
Isolated from Dillenia indica Linn. Applied Biochemistry and Biotechnology. 2023 May 2:1-8.
https://doi.org/10.1007/s12010-023-04498-7

Arnold AE. Understanding the diversity of foliar endophytic fungi: progress, challenges, and
frontiers. Fungal biology reviews. 2007 May 1;21(2-3):51-66.
https://doi.org/10.1016/j.fbr.2007.05.003

Uzma F, Mohan CD, Siddaiah CN, Chowdappa S. Endophytic fungi: promising source of
novel bioactive compounds. Advances in endophytic fungal research: present status and
future challenges. 2019:243-65. https://doi.org/10.1007/978-3-030-03589-1_12

Chen X, Luo X, Fan M, Zeng W, Yang C, Wu J, Zhao C, Zhang Y, Zhao P. Endophytic fungi
from the branches of Camellia taliensis (WW Smith) Melchior, a widely distributed wild tea
plant. World Journal of Microbiology and Biotechnology. 2019  Jul;35:1-5.
https://doi.org/10.1007/s11274-019-2686-x

Nguyen MH, Shin KC, Lee JK. Fungal Community Analyses of Endophytic Fungi from Two
Oak Species, Quercus mongolica and Quercus serrata, in Korea. Mycobiology. 2021 Jul
4;49(4):385-95. https://doi.org/10.1080/12298093.2021.1948175



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

Uzma F, Narasimha Murthy K, Srinivas C. Optimization of physiological conditions for L-
asparaginase production by endophytic fungi (Fusarium solani) isolated from Tinospora
cordifolia (Willd.) Hook. F & Thomson. European Journal of Experimental Biology.
2016;6(3):37-45.

Yu J, Wu Y, He Z, Li M, Zhu K, Gao B. Diversity and antifungal activity of endophytic fungi
associated with  Camellia  oleifera. = Mycobiology. 2018  Apr  3;46(2):85-91.
https://doi.org/10.1080/12298093.2018.1454008

Shubha J, Srinivas C. Diversity and extracellular enzymes of endophytic fungi associated with
Cymbidium aloifolium L. African Journal of Biotechnology. 2017 Nov 29;16(48):2248-58.
https://doi.org/10.5897/AJB2017.16261

Nisa H, Kamili AN, Nawchoo IA, Shafi S, Shameem N, Bandh SA. Fungal endophytes as
prolific source of phytochemicals and other bioactive natural products: a review. Microbial
pathogenesis. 2015 May 1;82:50-9. https://doi.org/10.1016/j.micpath.2015.04.001

Ramesha A, Srinivas C. Antimicrobial activity and phytochemical analysis of crude extracts of
endophytic fungi isolated from Plumeria acuminata L. and Plumeria obtusifolia L. Eur J Exp
Biol. 2014,;4(2):35-43.

Liu JY, Song YC, Zhang Z, Wang L, Guo ZJ, Zou WX, Tan RX. Aspergillus fumigatus CY018,
an endophytic fungus in Cynodondactylon as a versatile producer of new and bioactive
metabolites. Journal of biotechnology. 2004 Nov 9;114(3):279-87.
https://doi.org/10.1016/j.jbiotec.2004.07.008

Sheng H, Sun X, Yan Y, Yuan Q, Wang J, Shen X. Metabolic engineering of microorganisms
for the production of flavonoids. Frontiers in bioengineering and biotechnology. 2020 Oct
7;8:589069. https://doi.org/10.3389/fbioe.2020.589069

Zheng Z, Chai S, Chen J, Yang H, Chang J, Yang GE. Isolation and identification of
flavonoid-producing endophytic fungi from Loranthus tanakae Franch. & Sav that exhibit
antioxidant and antibacterial activities. Journal of Applied Microbiology. 2022 Sep
1;133(3):1892-904. https://doi.org/10.1111/jam.15696

Subban K, Johnpaul M. Prevalence and seasonal periodicity of endophytic coelomycetous
fungi in Tamil Nadu, India. International Journal of Biodiversity and Conservation. 2013 Aug
31;5(8):469-77.

Giicli-Ustindag O, Mazza G. Saponins: properties, applications and processing. Critical
reviews in food science and nutrition. 2007 Mar 29;47(3):231-58.
https://doi.org/10.1080/10408390600698197

Jin Z, Gao L, Zhang L, Liu T, Yu F, Zhang Z, Guo Q, Wang B. Antimicrobial activity of
saponins produced by two novel endophytic fungi from Panax notoginseng. Natural Product
Research. 2017 Nov 17;31(22):2700-3. https://doi.org/10.1080/14786419.2017.1292265

Gao SS, Li XM, Li CS, Proksch P, Wang BG. Penicisteroids A and B, antifungal and cytotoxic
polyoxygenated steroids from the marine alga-derived endophytic fungus Penicillium
chrysogenum QEN-24S. Bioorganic & medicinal chemistry letters. 2011 May 15;21(10):2894-
7. https://doi.org/10.1016/j.bmcl.2011.03.076

Serrano J, Puupponen-Pimid R, Dauer A, Aura AM, Saura-Calixto F. Tannins: current
knowledge of food sources, intake, bioavailability and biological effects. Molecular nutrition &
food research. 2009 Sep;53(S2):S310-29. https://doi.org/10.1002/mnfr.200900039

Sharma KP. Tannin degradation by phytopathogen's tannase: A Plant's defense perspective.
Biocatalysis and Agricultural Biotechnology. 2019 Sep 1;21:101342.
https://doi.org/10.1016/j.bcab.2019.101342

Isah MB, Tajuddeen N, Umar MI, Alhafiz ZA, Mohammed A, Ibrahim MA. Terpenoids as
emerging therapeutic agents: Cellular targets and mechanisms of action against protozoan
parasites. Studies in natural products chemistry. 2018 Jan 1;59:227-50.

Bi, Y., Yu, Y., Yao, H., & Yuan, T. (2023). Terpenoids from the endophytic fungus
Microdiplodia sp. and their anti-inflammatory activities. Fitoterapia, 171, 105711.
https://doi.org/10.1016/B978-0-444-64179-3.00007-4



