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Abstract

Endophytic fungi are the group of microorganisms residing within

the plant tissues without exerting any negative effect and are

considered as important resources of bio-active secondary

metabolites. Despite aiding in the plant growth, nutrient uptake and

protection against pathogens, they also produce bio-active

compounds with antioxidant, antimicrobial, anticancer, anti-

inflammatory and antiviral effects. The state of Rajasthan,

characterized by its diverse agro-climatic zones such as the Thar

Desert, Aravalli hills and fertile plains, offers a unique habitat for

endophytic fungal diversity. This review article encompasses studies

from 2008 to 2026 on the diversity, ecological roles and bioactive

potential of endophytic fungi found in medicinal plants in Rajasthan.

Several fungal genera- including Alternaria, Fusarium, Aspergillus,

Penicillium, Cladosporium and Nigrospora have been identified

from various host plants of Rajasthan. These fungi display plant

growth-promoting traits and produce valuable metabolites like

vincristine, vinblastine, resveratrol derivatives, and antimicrobial

agents. The review underscores Rajasthan's status as a rich source of

endophytic fungi with significant potential in medicine, agriculture,

and biotechnology.
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Introduction
Nature’s vast plant-based resources, long

used in traditional therapies, now form a

crucial foundation for modern drug

innovation, underscoring the importance of

natural products in developing therapeutics,

particularly for chronic diseases and diverse

medical applications (Cragg et al., 2001; Rai

et al., 2021; Atanasov et al., 2021). Plants,

especially perennials, provide ecological

niches for endophytic microorganisms such

as fungi, bacteria (Planas-Marquès et al.,

2020) and actinomycetes (Berendsen et al.,

2018). In 1866, Anton de Bary introduced

the term "endophyte," made from the two

Greek words endon meaning "within”,

and phyton meaning "plant" (de Bary, 1866)

and the term itself means that all the

microorganisms that inhabit interstitial

tissues of plants without causing any harm

to the host plant. More explicitly, the term

cites to fungi and bacteria that colonize

inter- and intra-cellular spaces of plant

tissues for all or part of their life cycle

without causing any harm or disease

(Hardoim et al., 2015). The term

“endophytic fungi” confines to fungal

counterparts that live inside the plant tissues

for all or part of their wheel of life,

signifying a mutually beneficial symbiotic

association with the host plant without

causing any adverse effects or disease

(Hyde et al., 2019; Patchett and Newman,

2021). The existence of endophytic fungi in

innumerable plant species reflects their

diverse modes of dispersion, while their

high environmental adaptability allows them

to thrive in a wide range of settings,

including marshes, forests, grasslands,

deserts and even marine ecosystems (Xu et

al., 2020; Aldinary et al., 2021).

Fig. 1. Functional diversity of secondary metabolites produced by endophytic fungi and

their interaction mechanisms with medicinal plants.
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These endophytes are reported to produce a

diverse array of secondary metabolites that

act as vital cellular protectors by

neutralising harmful free radicals

(Manganyi and Ateba, 2020). These

microorganisms are an important and

widespread microbial resource found in

both terrestrial and aquatic plants

encompassing a range of plant groups,

including algae, bryophytes, pteridophytes,

sponges, gymnosperms, and angiosperms.

These microorganisms are distributed

globally, from tropical to Arctic regions and

inhabit both natural ecosystems and

agricultural environments (Kharwar et al.,

2011). Notably, endophytes also contributes

to the environmental physiology of plants,

enhancing their armour and supporting

survival mechanisms. Moreover, endophytic

fungi also aid in promoting plant growth,

mitigating abiotic and biotic stresses,

including drought, salinity, extreme

temperatures, heavy-metal toxicity,

oxidative stress, and provide protection

against insects and herbivores (Waller et al.,

2005; Khare et al., 2018; Rabiey et al., 2019;

Eid et al., 2019). They promote plant

growth by inducing physiological,

morphological, and biochemical changes in

the host plant (Gundel et al., 2010) through

the production of phytohormones such as

indoleacetic acid (IAA), cytokinins, and

indolebutyric acid (IBA). Additionally,

fungal endophytes facilitate the transfer of

essential nutrients such as potassium (K),

nitrogen (N), and sulphur (S) to the host

plant, while obtaining carbon from it in

return (Hartley & Gange, 2009; Kiers et al.,

2011). Fungal endophytes enters the host

plants via stomata, wounds or roots or by

directly penetrating tissues through the

secretion of hydrolytic enzymes (Esposito

& Azevedo, 2004). They are transmitted

either vertically through seeds or

horizontally via spores (Carroll, 1988).

These endophytes have been widely studied

across various geographical regions and

climatic conditions, and adaptation to

specific habitats has resulted in significant

diversity (Jin et al., 2017; Adnan et al.,

2018). Endophytes can prevent the

emergence of resistance mechanisms by

overcoming pathogen invasion through

secondary metabolites. Secondary

metabolites produced by endophytic fungi

represent a promising resource for

pharmaceutical development due to their

anti-inflammatory, anti-tumor, anticancer,

and antioxidant activities (Wijesekara & Xu,

2023) as well as antibacterial, anti-fungal,

immunosuppressants, antiviral, and

antiparasitic activities (Toghueo, 2020). For

Instance, Taxol, a cancer therapeutic drug,

was first isolated from the bark of the Taxus

brevifolia plant in 1971 and was later

reported from the endophytic fungus

Taxomyces andreanae in 1993 (Stierle et al.,

1993). This discovery sparked signficiant

interest in fungal endophytes as a promising

source for isolating and characterizing
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plant-derived therapeutic molecules

(Hammerschmidt et al., 2015, Pandey et al.,

2016, Fu et al., 2024, Zhang et al.,2024)

which can be structurally classified into

various bioactive metabolite groups such as

alkaloids, benzopyranones, quinones,

peptides, phenols, flavonoids, steroids,

terpenoids, tetralones, xanthones and others

(Fadiji & Babalola 2020).

This review summarizes the results

of studies on endophytic fungi in Rajasthan

from 2008 to 2026. It includes key

physiographic regions such as the Aravalli

hills, the Eastern plains, and the South-

Eastern plateau, while the Thar Desert

occupies the largest portion of the state. The

state of Rajasthan hosts more than 900 wild

plant species, many of which are

medicinally important and act as harbors a

wide range of endophytic fungi. The

extreme environmental conditions,

especially in arid and semi-arid areas,

contribute to the development of stress-

resilient endophytes with specialized

metabolic traits. Numerous studies have

documented the diversity of endophytic

fungi associated with various plant species

in Rajasthan, including Prosopis cineraria

(Gehlot et al., 2008), Pongamia pinnata

(Tiwari, 2013), Catharanthus roseus

(Nagda et al., 2017) and Tinospora

cordifolia (Yadav et al., 2020). These

investigations have revealed a wide

spectrum of fungal genera such as

Alternaria, Fusarium, Aspergillus,

Penicillium and Cladosporium many of

which are known for producing biologically

active compounds. Notably, endophytes like

Piriformospora indica have demonstrated

significant plant growth-promoting effects

and enhanced tolerance to environmental

stresses such as salinity. Endophytic fungi

are gaining attention for producing valuable

bio-active compounds, including

antioxidants, antimicrobials and anticancer

agents like vincristine and vinblastine. It

can be inferred that the study of endophytic

fungi in Rajasthan not only contributes to

understanding of microbial diversity in

extreme environments but also opens new

avenues for their application in agriculture,

medicine and industry.

Occurrence and Diversity of Endophytic

Fungi in Plants of Rajasthan

Rajasthan has a rich floral heterogeneity

with 911 wild species belonging to 780

genera of 154 families. The state spans

about 10.41% of India's land with 342,239

km² area located at the latitude and

longitude of 23◦04-30◦11 N and 69◦29-78◦17

E with largest area covered by Thar Desert

(Arora et al., 2009). Many medicinal plants

inhabiting different geographical locations

of Rajasthan exhibits a huge diversity of

fungal genera. In line to this, a medicinal

plant Prosopis cineraria inhabiting the five

territories of the Indian desert (Jodhpur,

Jaisalmer, Barmer, Bikaner and Churu)

were explored for the isolation and
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identification of fungal endophytes. The

inner bark of the plant were reported to

harbor endophytic fungi belonging to five

phyla including Zygomycetes (13.6%),

Ascomycetes (5.6%), Hyphomycetes

(72.8%), Coelomycetes (4%), and sterile

fungi (4%). Among the endophytic fungi

identified, Rhizopus stolonifer, Mucor

racemosus and Mucor sp. belonging to

Zygomycetes, Chaetomium

globosum belonging to Ascomycetes and

Alternaria sp., Fusarium sp., Penicillium sp.,

Trichoderma sp.,

Torula sp., Rhizoctonia sp., Cladosporium

herbarum, Curvularia lunata,

and Drechslera tetramera belonging to

Hyphomycetes were reported (Gehlot et al.,

2008). Similarly, eight endophytic fungal

genera including Alternaria solani,

Fusarium oxysporum (15.95%),

Colletotrichum gloeosporioides (14.39 %),

Curvularia lunata (9.72%),

Helminthosporium papulosum (9.33%),

Aspergillus flavus (6.61%), Phomopsis

viticola (2.33%), and Cladosporium

cladosporioides (0.77%) were isolated from

the leaves, nodes, and internodes of

Pongamia pinnata plants collected from 12

regions in Sanganer, Rajasthan (Tiwari and

Chittora 2013). In the same year, Tiwari

2013 reported the identification of

endophytic fungi inhabiting the leaves and

stems of Pongamia pinnata collected from

the Sanganer region of Rajasthan. The

fungal endophytes were found to belong to

eight different genera, including Alternaria

alternata, Fusarium sp., Colletotrichum sp.,

Helminthosporium sp., Curvularia sp.,

Aspergillus sp., Cladosporium sp., and

Phomopsis sp., along with five mycelia

sterilia types. Among all the identified

genera, A. alternata displayed the maximum

colony frequency. Subsequently, a total of

448 endophytic fungal isolates were

obtained from the roots and leaves of Rhus

mysorensis plants collected from 10

different regions in Sanganer, Rajasthan.

The morphological identification revealed

isolates to belong to eight genera, including

Fusarium sp., Colletotrichum sp.,

Alternaria sp., Helminthosporium sp.,

Curvularia sp., Aspergillus sp.,

Cladosporium sp., and Phomopsis sp., with

the maximum number of isolates belonging

to the genus Fusarium (Tiwari and Lodha,

2014). In the same line, another study by

Tiwari 2018 reported the isolation and

identification of Alternaria alternata from

the root of Rhus mysorensis with the help of

morphometry. In 2022, the endophytic

fungus Aspergillus niger, isolated from

various parts of the Albizia lebbeck (L.)

Benth. plant collected in Jaipur, Rajasthan,

is a highly potent producer of extracellular

enzymes including amylase, protease, lipase,

laccase, cellulase, and gelatinase and

exhibits highly efficient bio-remediation

activity such as reduction of biochemical

oxidation demand (BOD), blood strain

removal, biodegradability of vegetable, dye
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decolourisation, saccharification of bagasse

and paper, and complete extraction of silver

from the waste x-ray films (Mathur et

al.,2022). In the same year, endophytic

fungi isolated from Cassia senna (L.) plants

sourced from Jodhpur, Rajasthan, such as

Phellinus carbaeoquercicola, Aspergillus

caespitosus, and various Aspergillus and

Fusarium species, have been identified as

viable sources for the extraction of

sennoside drugs (Upasani et al.,2022). More

recently, endophytic fungi isolated from the

cultivated ferns, Marsilea quadrifolia

(Marsileaceae) and Nephrolepis cordifolia

(Nephrolepidaceae), collected from Jaipur,

Rajasthan (26°89'00.8"N, 75°81'77.23"E)

exhibited considerable diversity, including

Aspergillus fumigatus (16.25 %), Bipolaris

sp. 1 (15.62 %), Aspergillus nidulans

(10.62 %), Alternaria sp. (10 %),

Aspergillus niger (9.37 %), Cladosporium

tenuissimum (8.12 %), Aspergillus flavus

(5.62 %), Cladosporium sp. (5.62 %),

Nigrospora oryzae (4.37 %), Chaetomium

globosum (3.12 %), Bipolaris sp. 2 (2.5 %),

Phoma sp. (1.87 %), Curvularia sp.

(1.87 %), Candida sp. (1.25 %),

Blastomyces sp. (1.25 %), and

Aureobasidium sp. (1.25 %) (Yadav et al.,

2024). In 2025, 42 fungal strains isolated

from the petiole, leaves, and stems of Aegle

marmelos (L.) Correa, several exhibited

potent amylolytic, proteolytic, cellulolytic,

and lipolytic activities, demonstrating

robust metabolic capabilities essential for

macromolecule breakdown, host

colonisation, and potential biotechnological

applications (Irra et al.,2025). In more

recent years, Aspergillus niger, A. flavus,

Mucor sp., Mycelia sterilia, Penicillium sp.,

Yeast, Fusarium oxysporum, F.

verticillioides, Alternaria alternata,

Curvularia sp., and Trichothecium sp. fungi

isolated from Foeniculum vulgare seeds

were collected from Rajasthan, New Delhi,

Uttar Pradesh, West Bengal, and

Puducherry, encompassing urban, semi-

urban, and rural areas of India (Mahata et al.,

2026).

Synergistic potential of fungal

endophytes on plant biomass and

thermotolerance

The endophytic fungus, Piriformospora

indica, isolated from Boswellia

serrata Roxb. plant collected from the

Aravalli ranges in Rajasthan was reported to

display bio-priming potential to improve

plant growth in terms of height, chlorophyll

content, number of leaves and root length

(Suthar and Purohit 2012), Furthermore, co-

inoculation of Piriformospora indica with

rice plants demonstrated significant salt

stress tolerance potential by producing

antioxidant enzymes thereby improving the

plant growth and yield under saline

conditions (Bagheri et al., 2013). Another

study on the root endophyte,

Piriformospora indica, the HOG1

homologue (PiHOG1) was shown to be
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essential for osmotic stress tolerance and

plant-fungal interaction. Functional

expression in yeast restored osmotolerance,

while knockdown lines exhibited reduced

activation of salinity-responsive genes,

impaired root colonization in rice under salt

stress, and decreased plant growth and

physiological parameters. Overall, PiHOG1

plays a key role in fungal salinity signaling,

successful root colonization, and

enhancement of host plant salt stress

tolerance (Jogawat et al., 2016). Apart from

salt tolerance, several fungal endophytes

were reported to display thermotolerence

also. A total of 507 fungal endopytes were

recovered from fifteen different plant

samples including Tecomella undulata,

Prosopis juliflora, Prosopis cineraria,

Crotolaria burhia Hamilt., Acacia

jacquemontii Benth., Acacia catechu,

Acacia nilotica, Acacia leucophloea (Roxb.),

Acacia tortilis (Forssk.), Dactyloctenium

scindicum Boiss., Dactyloctenium

aegyptium, Lasiurus scindicus Henrard,

Molinia caerulea, Polygonum glabrum, and

Salvadora persica collected from the Thar

Desert, Rajasthan. Out of 507 fungal

isolates, only six isolates demonstrated

thermotolerance at 40-45°C. These included

Aspergillus flavus from Acacia

jacquemontii, Chaetomium luteum from

Acacia leucophloea, Aspergillus flavus and

Aspergillus niger from Acacia tortilis,

Aspergillus sp. and Chaetomium sp. from

Lasiurus scindicus, and Aspergillus sp.

from Salvadora persica (Sangamesh et al.,

2018).

Endophytic fungi: Nature’s hidden

pharmacopeia

Despite immense potential of fungal

endophytes in exhibiting tolerance to abiotic

and biotic factors, they are considered to be

reservoir of pharmaceutically important

modalities also. A study reported the

identification of five endophytic fungi

including Fusarium incarnatum, Emericella

nidulans (formerly Emericella

nariecolor), Fusarium solani, Aspergillus

tubingensis, and Nigrospora from

Commiphora wightii plant collected from

the Akal Wood Fossil Forest in Jaisalmer,

Rajasthan. Out of the five endophytes,

Nigrospora sp. was found to secrete

bostrycin (1) and deoxybostrycin (2)

which was found to exhibit anticancer

properties (Xia et al., 2011; Bhatia et al

2015). Subsequently, endophytic fungi,

Penicillium sp. and Aspergillus sp., isolated

from leaves, stems, and flowers of

Calotropis procera collected from Udaipur,

Rajasthan exhibited strong antioxidant

activity viz. 81.16 % and 80.97 %

respectively by DPPH assay. Their extracts

were found to comprise 130.50 and 94.91

μg/mg total flavonoids, and 9.16 and 12.13

μg/mg total phenolics respectively (Nagda

et al., 2016). Furthermore, Aspergillus sp.

isolates CRIL-1A and CRIL-1B, recovered

from the roots and leaves of Catharanthus
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roseus inhabiting Udaipur, Rajasthan

exhibited moderate antioxidant activity of

47.74% and 44.28%, respectively. Their

extracts contained 0.298 μg/mg and 0.699

μg/mg total flavonoids along with 0.171

μg/mg and 0.183 μg/mg total phenolic

content. Both of the isolates were further

subjected to the α-amylase inhibitory

activities, of which CRIL-1B displayed dose

dependent α-amylase inhibitory activity

(Nagda et al., 2017). Apart from anti-

oxidant effects, endophytic fungus

Alternaria GFAV15 from Tinospora

cordifolia inhabiting Jaipur region was

reported to produce methyl palmitate

(methyl ester) with strong antimicrobial

activity against Staphylococcus

aureus and Escherichia coli (Yadav et al.,

2020).

In the same year, Gossypium

arboreum L. (Desi cotton) plant collected

from the different regions of Rajasthan and

other states of India, such as Haryana and

Punjab. Twenty-three fungal strains isolated

from the desi cotton plant were evaluated

against common cotton pathogens

Corynespora cassiicola and Fusarium

solani. The isolated fungal strains identified

by the ITS region analysis were dominated

by Curvularia and Nigrospora. Among all,

the isolates of Nigrospora sphaerica (CEL 5,

CEL 19) were the best against C. cassiicola

displaying 49.38 % and 46.30 % growth

inhibition, whereas N. oryzae (CEL 2)

exhibited 43.06 % growth inhibition against

F. solani. Moreover, N. sphaerica (CEL 19)

were observed to produce antibiosis and

GC/MS analysis revealed four antimicrobial

volatile organic compounds (VOCs)

including 1,3-diethyl benzene (4) 1,4-

diethyl benzene (5), m-Ethylacetophenone

(6), and p-cymene-7-ol (7) (Hiremani et al.,

2020).

Fig.2. Bioactive secondary metabolites

isolated from endophytic fungi showing

diverse activities, including anticancer,

antibacterial, and α-amylase inhibitory

effects.

In the same line, t-resveratrol (8)

and α-viniferin (9) were purified from

Aspergillus stellifer, an endophytic fungus

sourced from the leaves, stems, and fruits of

three grapevine species (Vitis vinifera, Vitis

quinquangularis, and Cayratia trifolia)

collected across the various Indian states

including Rajasthan, Gujarat, and

Maharashtra. There was an increase in A.

stellifer growth during cultivation. Similarly,

the maximum value of biomass 1.98 ±
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1.7was obtained on the 7th day with the

highest production of t-resveratrol and α-

viniferin to be 300 μg/L and 324 μg/L,

respectively, which were achieved on the 9th

day of fermentation (Roat and Saraf 2020).

Notably, vincristine (10) and vinblastine

(11), the potent anticancer alkaloids, were

also isolated from Fusarium oxysporum, an

endophytic fungus obtained from the leaves

of Catharanthus roseus.

Fig.3. Bioactive secondary

metabolites isolated from

endophytic fungi showing

diverse activities, including

anticancer and antibacterial

activity.

Morphological identification of the

fungus was performed using lactophenol

cotton blue staining, while molecular

confirmation involved Sanger sequencing of

the internal transcribed spacer (ITS) region.

The isolate was observed to yield 66.5 mg

and 75.5 mg of vincristine and vinblastine

respectively per litre of fermented broth as

determined by MS/MS and ESI-MS

spectrometry (Ashraf et al. 2021). However,

vincristine was also successfully isolated

from the endophytic fungus Nigrospora

zimmermanii, which was obtained from the

leaves of the medicinal plant Catharanthus

roseus. The plant samples were collected in

Rajasthan at geographic coordinates

27.55329° N, 76.63419° E. Molecular

identification of the fungal isolate was

carried out using Internal Transcribed

Spacer (ITS) sequencing, confirming its

taxonomic identity. The study demonstrated

that the maximum yield of vincristine from

the fungal extract was 5.344 µg/ml,

highlighting the potential of endophytic

fungi as an alternative, sustainable source

for producing valuable anticancer

compounds (Birat et al., 2022). In the same

year, the endophytic fungus Chaetomium

LAV15, was isolated from the leaves of

Tinospora cordifolia collected at Khatipura

Garden, Jaipur, Rajasthan (26.917238° N,

75.759450° E), and was accurately

identified through morphological and

microscopic characterization using

lactophenol cotton blue staining,

complemented by molecular identification

based on ITS sequencing. The isolate

demonstrated notable antioxidant activity,

evidenced by a DPPH radical scavenging

value of 60.64 ± 0.112, along with

appreciable total phenolic content (9.307 ±

0.0095) and total flavonoid content (5.43 ±

0.0360), indicating its potential as a

promising natural source of bioactive
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compounds (Yadav et al., 2022). More

recently, the endophytic fungus Xylaria

rohrensis was isolated from Wrightia

tinctoria and identified as a highly potent,

metabolically diverse organism with

significant biological efficacy. Extensive

chemical profiling using FTIR and GC-MS

revealed a rich array of bioactive

metabolites, including terpenoids, fatty

acids, and esters, which contribute to its

exceptionally high phenolic and flavonoid

content and strongly correlate with its

pronounced antioxidant and antibacterial

activities (Yadav et al., 2025). In 2026, nine

endophytic fungi- Alternaria alstroemeriae,

Chaetomium meridiolense, Epicoccum

thailandicum, Xylaria ellisii, Nigrospora

osmanthi, Diaporthe terebinthifolii,

Phomopsis tuberivora, Curvularia buchloës,

and Corynespora torulosa were isolated

from the Sterculia urens plant, collected

from southern Rajasthan, and tested for

antioxidant and antibacterial properties.

Chaetomium meridiolense showed the

strongest activity, with high levels of

phenolics and flavonoids. GC-MS analysis

revealed terpenoid and phenolic metabolites.

Statistical analysis confirmed that phenolic

compounds drive the observed bioactivity

(Yadav et al., 2026).

Conclusion

Endophytic Fungi, the vast and unexplored

mycobiota, hidden inside the plant systems

are known to represent a rich microbial

community that is primarily shaped by

diverse agro-climatic conditions ranging

from the arid Thar Desert to varying

altitudes/areas of the Aravalli hills/down

towards fertile plains. These fungi associate

directly with specific medicinal and native

plants to form mutualisms, that play

significant roles in plant growth, nutrient

acquisition, stress tolerance, and resistance

against pathogens. Various types of

endophytic fungi have been reported all

around the world, with numerous

investigations conducted between 2008 and

2024 from the state of Rajasthan, India that

document genera including Alternaria,

Fusarium, Aspergillus, Penicillium,

Cladosporium, Nigrospora and

Piriformospora, several of which

synthesized rich variety of secondary

metabolites with antioxidant, antimicrobial,

anticancer, immunomodulatory and anti-

inflammatory activity. Endophytic fungi

have strong pharmaceutical potential as

sustainable sources of bioactive metabolites,

as evidenced by the discovery of

therapeutically important compounds. This

also highlights their ecological and

biotechnological importance, with respect to

their adaptability to inhospitable

environmental conditions in Rajasthan.

Nevertheless, high-throughput

molecular/genomic/cultivation measures

remain a necessity to truly harness this

interfacing microbial diversity for usage in

drug development, agricultural and

industrial industries.
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