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Abstract

Mangroves are well known for their adaptability to extreme conditions; thus, mangrove
habitats help to manage coastlines and carbon cycling against anthropogenic stresses. Fungal
endophyte is a type of microorganism that typically has a mutualistic relationship with its plant
hosts. These endophytes can be found in several parts of the plant and play a positive role in the
production of enzymes, nutrients and secondary metabolites, along with other processes such as
toxin assembly and phyto-stimulation. The exploitation of these bioactive substances from
endophytic fungi is beneficial in several fields such as pharmaceuticals and agriculture. The
objective of the current investigation was to isolate and identify fungal endophytes present in ten
mangrove species from Negombo, Sri Lanka: Acanthus ilicifolius, Acrostichum aureum, Avicennia
marina, Bruguiera cylindrica, Bruguiera gymnorrhiza, Excoecaria agallocha, Lumnitzera
racemosa, Rhizophora mucronata, Sonneratia alba and Sonneratia caseolaris. A standard potato
dextrose agar culturing was used to obtain fungal colonies from leaves, roots and twigs, whose
morphological characteristics were used for their identification. Out of the 42 fungal isolates
extracted from the samples, nine endophytic genera such as Aspergillus, Candida, Chaetomium,
Fusarium, Mucor, Penicillium, Phyllosticta, Rhizopus and Trichoderma were found. The highest
number of isolates was obtained from Sonneratia alba. Each mangrove species held varying types
of fungal colonies, with the genus Penicillium being isolated the highest number of times and the
genus Aspergillus being highly diverse. The findings of this study have helped to confirm the
presence of endophytic fungi in all the sample mangroves tested.
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Introduction

Mangroves are shrubs or small trees that are found along the intertidal zones of coastal,
estuarine and riverine areas. They are adapted to unfavourable environmental conditions such as
highly saline, muddy, anaerobic soil and high tidal, temperate and windy atmosphere (Bibi et al.
2019). There are an ample number of adaptations such as viviparity, succulent leaves, prop roots
and buttress root systems that help mangroves to function as a highly productive ecosystem
(Weerasinghe & Wijesinghe 2015). Mangroves provide various advantages, including feeding and
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breeding grounds for organisms, water purification, nutrient cycling and prevention of soil erosion,
which have prioritized them as an ecologically and economically important niche (Wacira et al.
2020). Parts of mangroves are also used for consumption and as fuel (Jayasiri & Haputhantri 2015).
Studies have detected that mangroves synthesize phytochemicals such as terpenoids, flavonoids,
phenolic acids, sterols and tannins that have antimicrobial, anti-carcinogenic, immunosuppressant,
insecticidal and cytotoxic properties (Milon et al. 2012). However, natural disasters and extensive
urbanization have led to the classification of these plants under threatened species (Chaeprasert et
al. 2010). Hence, scientists have discovered an alternative option to explore these noteworthy
properties of mangroves using fungal endophytes (Rossiana et al. 2016).

Fungal endophytes reside in the internal plant tissues and secrete secondary metabolites with
similar properties as their hosts, thus preventing the need to exploit the entire plant (Moron et al.
2018). In addition to the mutualistic association with the host, fungal endophytes maintain the
structure, function, adaptability and health of their host plants (Arnold 2007). Many industries,
including agriculture, textile, paper, enzymes, food biotechnology and pharmacology, have taken
the initiative to use fungal endophytes instead of synthetic agents (Okla et al. 2021). Hence, the
exploration of fungal diversity in plants has become a major topic of research recently.

Being an island in the Indian Ocean, Sri Lanka is enriched with beaches, estuaries, lagoons
and mangrove patches. Of the 84 mangrove species recorded worldwide, Sri Lanka itself harbours
21 true mangroves and 24 mangrove associates covering an area of 160.12 km? of the island
(Jayatilake & Munasinghe 2020). Negombo, located in the Gampaha district, is one of the largest
breeding grounds for mangroves in Sri Lanka. Approximately 350 hectares of the Negombo lagoon,
a part of the Muthurawajawela coastal wetland, is covered with various mangrove species
(Chandrasekara et al. 2016). The mangrove plants chosen for this study are represented in Fig. 1,
which have been traditionally used by the locals for food, timber and fuel. Various parts of these
plants have also been used to treat ulcers, malaria, flatulence, rheumatism, diabetes, leprosy and
paralysis in Asian medicinal practices (Ranawana 2017).

Fig. 1 — Types of mangrove plants chosen for this study. A Acanthus ilicifolius. B Acrostichum
aureum. C Avicennia marina. D Bruguiera cylindrical. E Bruguiera gymnorrhiza. F Excoecaria
agallocha. G Lumnitzera racemose. H Rhizophora mucronata. | Sonneratia alba. J Sonneratia
caseolaris.
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Even though many studies associated with mangrove fungal endophytes, such as
Kuzhalvaymani et al. (2020), Cadamuro et al. (2021), Ananda & Sridhar (2022) and Sandrawati et
al. (2023) have been published recently, mangrove fungal diversity is still underexplored. Hence,
the primary aim of the present study was to reveal the diversity of fungal endophytes colonizing
leaves, roots and twigs of different mangrove plants located in Negombo. This study also discusses
the variability of diversity concerning different plant species and tissue types.

Materials & Methods

Sample collection

Roots, twigs and leaves of ten mangrove plants were collected from two locations in
Negombo, Gampaha district, Sri Lanka, on the 30" of October 2021. Acrostichum aureum,
Avicennia marina, Excoecaria agallocha, Lumnitzera racemosa and Sonneratia alba were
collected from the National Aquatic Resources Research and Development Agency (NARA).
Acanthus ilicifolius, Bruguiera cylindrica, Bruguiera gymnorrhiza, Rhizophora mucronata and
Sonneratia caseolaris were collected from the Negombo Lagoon. The plant species were identified
using the images provided by de Silva & de Silva (2006). The plant samples were initially washed
with running tap water and air-dried, packed separately and deposited in the refrigerator until the
experiment for thirty-six hours.

Isolation of fungal colonies

Each sample was cut into 5 cm long pieces and soaked in 70% ethanol for 30 seconds, 1%
sodium hypochlorite for 2 minutes and 70% ethanol for 30 seconds subsequently (Charria-Girdn et
al. 2021). Following surface sterilization, the samples were rinsed thoroughly using distilled water
and air dried. The samples were cut into smaller segments of 1 cm? blocks and plated on potato
dextrose agar (PDA) medium. The cultured media were incubated at 27.5 °C for five days with
regular monitoring of the fungal growth. Morphologically distinct colonies were subcultured on
fresh PDA medium and incubated at 27.5 °C for seven days.

Identification of fungal colonies

The fungal isolates were identified based on macroscopic and microscopic characteristics,
using the references from Barnett & Hunter (1998) and Annathurai & Konthoujam (2020) due to
the limitation of resources for more accurate molecular identification techniques.

Data analysis
Based on the results, colonization frequency (CF%) was determined using the equation (1);

CF%= Number of isolate x 100 — (1)
Total number of isolates from the particular part

Results & Discussion

Fungal endophytes are a diverse group of microbial communities with unique bioactivities
(Cadamuro et al. 2021). Hence, it is necessary to understand their diversity and distribution for
potential medical, agricultural and industrial applications. A total of 42 fungal isolates of 29
different species were discovered from ten mangrove plants in the present study. The endophytic
fungi identified from each part of the respective plants are tabulated in Table 1. Most (93.1%) of
the isolated genera belong to the phylum Ascomycota (Aspergillus, Candida, Chaetomium,
Fusarium, Penicillium, Phyllosticta and Trichoderma), while 6.9% belong to the phylum
Zygomycota (Mucor and Rhizopus).
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Table 1 Table of fungal endophytes identified in each part of the different mangrove species

Mangrove species Parts
Leaves Roots Twigs
Acanthus ilicifolius  Aspergillus flavus Phyllosticta
Penicillium citrinum neopyrolae
Trichoderma
harzanium
Acrostichum aureum  Penicillium citrinum  Candida dubliensis Aspergillus
ochraceus

Avicennia marina

Aspergillus niger
Penicillium citrinum

Aspergillus
versicolor
Penicillium citrinum

Aspergillus niger

Bruguiera cylindrica

Penicillium notatum

Aspergillus flavus
Fusarium ciliatum

Aspergillus niger
Aspergillus oryzae
Penicillium notatum

Bruguiera Aspergillus niger Penicillium citrinum  Penicillium notatum
gymnorrhiza
Excoecaria Penicillium citrinum
agallocha
Lumnitzera Chaetomium species ~ Mucor mucedo Penicillium citrinum
racemosa
Rhizophora Penicillium citrinum  Aspergillus niger Aspergillus flavus
mucronata Aspergillus

ochraceus

Sonneratia alba

Aspergillus tamarii
Aspergillus terreus
Penicillium citrinum
Rhizopus stolonifer

Aspergillus niger
Penicillium citrinum
Penicillium limosum
Penicillium
brevicompactum

Penicillium citrinum
Penicillium
griseofulvum

Sonneratia
caseolaris

Aspergillus niger
Penicillium

verruculosum
Penicillium notatum

Similar results obtained in previous studies that were conducted in the 90s ignored the
detection of soil fungi from various parts of mangroves, classifying them as intruders from the
terrestrial environment (Chaeprasert et al. 2010). However, the results obtained in this study as well
as recent research indicate that these fungi have been highly adapted to the mangrove habitats
functioning as mangrove fungal endophytes. Typical fungal genera such as Aspergillus,
Penicillium, Trichoderma, Fusarium, Rhizopus, Candida and several species that were rarely
reported in the previous studies such as Chaetomium, Mucor and Phyllosticta were identified. Some
mangrove families such as Rhizophoraceae and Sonneratiaceae were dominated by the presence of
fungal species from the genus Aspergillus and Penicillium, respectively. However, the preference
of fungal species to a specific mangrove family does not apply to the entire fungal genus as several
isolates were common to more than one host. For example, P. citrinum was isolated from the plants
of Rhizophoraceae, Avicenniaceae, Combretaceae, Acanthaceae, Pteridaceae, Euphorbiaceae and
Sonneratiaceae families. Hence, the rate of fungal colonization is independent of the genetic
relationship between hosts.

Figure 2 represents the number of endophytic fungi isolated from each plant in this study. It
also provides the fungal count based on the parts. The highest and the second—highest number of
fungal endophytes were isolated from Sonneratia alba and Bruguiera cylindrica, respectively.
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Sonneratia alba, Sonneratia caseolaris, Rhizophora mucronata and Avicennia marina are located
in the seaward zone with saline soil and water which is subjected to regular tidal changes and
maximum inundation. Hence, higher colonization of the endophytic population enables these plants
to withstand harsh environmental changes (Milon et al. 2012). According to Gilbert and colleagues,
the reason for the higher fungal isolation rate from A. marina than R. mucronata is due to the
higher accumulation of tannins, an antifungal substance and lesser accumulation of salts in the
Rhizophora species than the Avicennia species (Gilbert et al. 2002). A general lower count was
observed from Acrostichum aureum and Lumnitzera racemosa, which are located towards a
declining salinity gradient. The positioning of leaves closer to the soil in shrubs such as Acanthus
ilicifolius and ferns such as A. aureum captures maximal fungal spores and facilitates their
colonization (Chaeprasert et al. 2010). The lowest number of isolates were obtained from
Excoecaria agallocha, which might have been due to its location within an open canopy with
maximum exposure to sunlight. Increased transpiration rate promotes the accumulation of non-
structural carbohydrates and creates an unsuitable habitat for endophytic colonization (Guerrero et
al. 2018). Since the samples were collected during the rainy season, a higher number of isolates
were obtained in total, as rain brings spores from the fallen leaves and soil to the plants and also
provides a highly humid condition that is suitable for fungal colonization (Miller et al. 2009).
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Fig. 2 — Number of fungal isolates from the mangroves.

Figure 3 represents the abundance of fungal endophytes from leaves, roots and twigs. Almost
half (40.48%) of the identified fungi were from leaves which correlates with the results obtained by
Arnold (2007). The unique anatomical structures of mangrove leaves and their diverse interactions
with the environment make them hotspots for endophytic colonization (Arnold 2007). The lowest
percentage of fungal isolates was obtained from twigs. The difference between the colonization
pattern of leaves and twigs was due to the difference in the availability of substrates (Li et al.
2016). As the tested plants were from various habitats, fungal endophytes isolated from roots are a
combination of terrestrial, saline and freshwater fungi. Fungal endophytes colonize the mangrove
roots to provide protection from saprophytes and to compete with these decomposers for nutrients
(Wacira et al. 2020). It is evident that multiple host factors such as the type of the plant tissue, size
of the plated fragment, leaf age and characteristics of the collection site such as the climate,
properties of the soil and water aid as selection mechanisms for fungal distribution among
mangrove plants (Jayatilake & Munasinghe 2020). Mangroves being a unique niche of plants that
are subjected to unfavourable environmental conditions throughout their growth, may not be
suitable for the breeding of normal endophytic flora that is common in other familiar plants (Jiang
et al. 2018). Hence, only a typical number of endophytic genera have been observed in this study.
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Fig. 3 — Part-wise abundancy of the fungal endophytes

Figure 4 represents the colonization frequency of the fungal endophytes corresponding to the
part from which they were isolated. Fig. 5 represents the diversity of the isolated fungi based on
each genus. An overall highest colonization frequency of leaves (47.06%), roots (42.86%) and
twigs (45.45%) were exhibited by Penicillium. The second most frequently isolated genus was
Aspergillus with a percentage of 35.29%, 35.71% and 45.45% from the leaves, roots and twigs,
respectively. However, the highest fungal diversity was observed among the genus Aspergillus, of
which seven different species were isolated. Of the six Penicillium species, P. citrinum was the
commonest. The second most commonly isolated endophyte was Asp. niger. Other genera such as
Trichoderma, Chaetomium, Mucor, Rhizopus, Fusarium and Phyllosticta were detected only from a
single part and possessed the lowest diversity. These results suggest that some endophytic fungi
show tissue preference.
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Fig. 4 — Colonization frequency of fungal isolates
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Figure 6 represents the colony morphology and the microscopic characteristics of the fungal
endophytes that were isolated in the current study. Despite the definition of endophytes,
Saikkonen et al. (1998) discovered that several endophytes exert their pathogenicity upon
transformation into epiphytes, thus the boundary between mutualism and strict pathogenicity is not
yet clear among the endophyte community. Some genera of known plant pathogens, such as
Candida, Chaetomium, Fusarium, Mucor, Phyllosticta and Rhizopus, were also isolated in this
study. However, the current study is insufficient to categorize the fungal endophytes according to
their association with the host.
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Fig. 6 — Characteristics of the fungal endophytes

67



, .
L) Ny ‘F - A
$ »

<t » y
K. Mucor mucedo L. Penicillium brevicompactum

M. Penicillium citrinum N. Penicillium griseofulvum O. Penicillium limosum

P. Penicillium notatum Q. Penicillium verruculosum R. Phyllosticta neopyrolae

S. Rhizopus stolonifer T. Trichoderma harzanium

Fig. 6 — Continued.

Although satisfactory results were obtained in this study, it requires further verification as it
is culture media—dependent. The synthetic media does not meet the specific requirements to which
the fungi are adapted in host tissues, thus limiting the number of isolates and omitting those that
cannot be grown in culture media (Guerrero et al. 2018). Hence, it can be suggested to use different
types of media and broths to enhance fungal growth (Kiti et al. 2021). Another limitation is that the
fast-growing colonies prevent the development of slow growers by occupying space or by exerting
antagonism (Thorati et al. 2016). In comparison to other multicellular eukaryotes, fungi have
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simple body profiles enabling their identification through microscopy (Lilcking et al. 2020).
However, modern taxonomical advances have made molecular identification a faster, reproducible
and highly specific method to distinguish different fungal species, unlike the morphological and
biochemical tests (Alsohaili & Bani-Hasan 2018). Hence, precise identification of fungi using
molecular tools is essential to understand vital information regarding a species including their
biology, host preferences, distribution and potential risk (Bhunjun et al. 2021). The current study
does not provide molecular identification of fungi, hindering an accurate identification. Further
sampling can be carried out to recover more fungal endophytes. Investigations can be performed to
screen isolated fungi for phytochemicals and their medicinal properties.

Conclusion

Our findings revealed the presence of various endophytic fungi in different tissues of many
mangrove plants collected from Negombo, Sri Lanka. This depicts an uneven distribution of useful
endophytic fungal species within an area. In the present study, 42 endophytic fungi were
discovered, the majority from the leaves, suggesting some degree of tissue-specificity. Penicillium
and Aspergillus species were seen prominently in the mangrove samples. Among all the mangrove
species, Sonneratia alba had the highest number of isolates (10 isolates). The results obtained in the
study confirm that various biotic and abiotic factors govern the distribution of fungal endophytes
among mangrove plants. Identification of highly diverse endophytes in Sri Lankan mangroves
helped to prove their presence and the potential they might have in improving the medical field
through the medicinal properties of bioactive compounds in addition to their regular role in fighting
plant pathogens. This further signifies the need for continued conservation of mangrove plants in
Sri Lanka. Future investigations can be conducted to further test their antibacterial abilities,
typically against antibiotic-resistant bacteria using antibiotic susceptibility testing. However, further
research is required to understand the mechanisms involved in antimicrobial activity and to use
these valuable sources of natural products to achieve environment—friendly biotechnological
development.
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