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As a yet thoroughly explored component of biodiversity, endophytic fungi are stimulating a huge
research activity worldwide concerning their occurrence, biocenotic role, and opportunities for
exploitation in biotechnologies. This paper presents the results of an investigation on fungal
endophytes from 28 species of trees and shrubs thriving at the Astroni Nature Reserve near Naples,
Italy. One hundred and eight isolates were recovered, a number of which represent new records of
endophytic occurrence in the corresponding host plants. In a bioassay-driven procedure for the
selection of strains possibly producing antitumor compounds based on their antifungal properties in
vitro, about 35% of the isolates induced fungitoxic effects, and 10% were mycoparasitic, with the
species Biscogniauxia mediterranea, Nemania serpens, Paraconiothyrium brasiliense and Phomopsis
theicola reported for the first time for such an aptitude. Inhibition of mycelial growth was confirmed for
about 60% of the culture extracts prepared from these bioactive strains, and was mostly correlated to
an antiproliferative activity in human tumor cell cultures. Particularly, five strains were selected to be

further investigated for the purification and the characterization of putative cytostatic compounds.
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INTRODUCTION

Fungal endophytes are a functional component of
biodiversity of natural ecosystems. It is assumed that
every plant harbours a community of dozens of endo-
phytic species, many of which result to be unclassified or
novel taxa associated to specific hosts (Arnold et al.,
2000; Mueller and Schmit, 2007). Hence these microor-
ganisms may well exceed in number the over 300,000
known plant species (Porras-Alfaro and Bayman, 2011),
thereby representing a goldmine of undescribed
biodiversity and a fertile ground for drug discovery

(Staniek et al., 2008). In fact, their emerging implications
in plant protection and growth promotion may be
mediated by secondary metabolites (Gimenez et al.,
2007; Wicklow and Poling, 2009), whose bioactivity is
susceptible to be exploited in human medicine (Joseph
and Priya, 2011). In the past 20 years more and more
novel compounds have been characterized for their
antibiotic, cytostatic, pro-apoptotic, or other pharmaceu-
tical effects from endophytes from forest contexts
worldwide, as it is also attested by a notable increase in
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the number of patents referring to this particular field
(Porras-Alfaro and Bayman, 2011).

On the occasion of the International Year of Biodiversity
in 2010, an investigation concerning fungal endophytes of
forest trees aiming at the selection of strains able to
produce cytostatic metabolites was started at the Astroni
Nature Reserve near Naples, Italy, based on the
evaluation of their antifungal properties along the lines of
our previous experiences in the field (Nicoletti et al.,
2008a,b). Astroni Nature Reserve, which is located in an
ancient volcanic crater in the Campi Flegrei area and
currently managed by the World Wide Fund for Nature
(www.wwi it/astroni.nt), represents a unique environment
preserved throughout the ages within a developing urban
context, and an interesting spot to be considered for
investigating the microbial components of biodiversity.

MATERIALS AND METHODS
Isolations

Fungal strains were recovered from 5 cm cuttings taken from
secondary branches of trees and shrubs showing no disease
symptoms or signs. Surface sterilization was carried out by
immersion in 96% ethanol for 1 min, followed by 5% sodium
hypochlorite for 3 min, and washings in sterile distilled water.
Subcortical tissues were then excised and placed on potato
dextrose agar (PDA) amended with 200 ppm streptomycin sulphate
in 9-cm diameter Petri dishes, which were incubated in the dark at
25°C. Emerging fungal colonies were transferred to fresh PDA
dishes for completing the isolation procedure, and for storage of
pure cultures in the mycological collection established at the CAT
Research Unit.

Antifungal properties

Antifungal properties were evaluated against a strain (RT23) of
Rhizoctonia solani AG-2-1/Nt in dual cultures on Czapek-Dox agar
(CDA) in 9 cm Petri dishes, which were kept in the dark at 25°C.
Observation of mycelial growth of the opposed colonies and the
eventual inhibitory effects was carried out throughout two weeks.
When colonies merged, the contact area was cut, mounted on
slides, stained with lactophenol cotton blue, and inspected through
the microscope at 100x to detect hyphal interactions. Contact points
were then observed at higher magnifications (up to 600x).

Isolates inducing inhibitory effects on strain RT23 were cultured in
500 ml Czapek-Dox broth (CDB) in 1 I-Erlenmeyer flasks at 25°C;
after two weeks in the dark, cultures were filtered at 0.45 pm, and
the culture filtrate extracted three times with ethyl acetate. Culture
extracts (CEs) were dried in a rotavapor at 45°C and weighed. After
dissolving in 0.5 ml absolute ethanol, their fungitoxic properties
were evaluated by adding 0.1 ml of the ethanolic solutions to 7.9 ml
melted 2% water agar (WA) in 6 cm diameter Petri dishes, where
strain RT23 was inoculated at the centre. Control plates were
treated with 0.1 ml absolute ethanol only. Assays were performed in
triplicate, and observation of mycelial growth (if any) was continued
throughout 10 days.

Antiproliferative assay on Hela cells

HelLa cells, deriving from human cervix epithelioid carcinoma, were
maintained in Dulbecco’s modified Eagle’s medium (DMEM)

supplemented with 10% fetal bovine serum, 100 U/ml penicillin and
100 pg/ml streptomycin at 37°C, 5% CO,. Effects on cell
proliferation were evaluated in microplates (tissue culture grade, 96
wells, flat bottom) by means of a methyl thiazol tetrazolium (MTT)
assay. To this purpose, 2 x 10° cells were plated in each well
containing 100 ul DMEM, and treated with ethanolic solutions of the
CEs, prepared as above, at the final concentrations of 100 and 150
Mg ml™*, with an amount of ethanol not exceeding 3% viv which is
known not to affect proliferation of HeLa cells (Buommino et al.,
2004). Control cells were treated, or not, with 3 pl absolute ethanol.
In two separate sets, the colorimetric assay was continued for 24
and 48 h respectively, after which 10 pl of the MTT labeling reagent
[3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide; Roche
Diagnostics] were added to each well, followed by 100 ul of a
solubilization solution (10% SDS in 0.01 M HCI) 4 h later. Plates
were incubated overnight. Spectrophotometric absorbance at 560
nm was measured through a microplate reader (BioRad). Each
treatment was performed in triplicate, and effect is expressed as the
mean of the three recorded values of optical density.

Identification of strains

The strains which were active in the biological assays were
taxonomically identified by observations of their morphological and
cultural features when possible, or sent to the Identification Service
of the Fungal Biodiversity Centre (CBS, Utrecht, the Netherlands)
for a classification based on DNA sequence homology.

RESULTS

An overall sample of 108 isolates of endophytic fungi was
recovered from 28 species of trees and shrubs thriving at
the Astroni Nature Reserve. As preliminarily screened for
their antifungal properties in dual cultures on CDA
against R. solani, 37 isolates exhibited some extent of
inhibitory capacities (Figure 1). Considering their quite
variable extent of growth on CDA, the inhibition of
mycelial growth by the endophytic strains was recorded
in terms of yes/no, regardless to the distance at which it
was evident, and without any comparative intent. Except
for a few cases, inhibition of mycelial growth was slowly
overcome within the observation period, with the esta-
blishment of a contact between hyphae from the opposed
colonies. Inspection through the microscope of the mer-
ging area disclosed evidence of mycoparasitic interac-
tions established by 11 isolates, 6 of which had not
previously induced an inhibitory effect (Table 1).

In the next stage of investigation, based on the
evaluation of the antifungal properties of CEs, 15 isolates
were found to be inactive. This may depend on different
reasons, such as the failure by ethyl acetate to extract
the alleged fungitoxic extrolites, their eventual structural
unstableness, or the lack of a continuous production,
which in contrast can be considered to occur in dual
cultures where the strain is actively growing and the
presence of R. solani may somehow stimulate its
antibiotic potential. Consistent inhibitory effects were
evident for the rest of the sample; particularly, CEs of 5
isolates completely inhibited strain RT23 throughout a
week, while 17 isolates induced a retarded growth in



Nicoletti et al.

Figure 1. Inhibition of mycelial growth of strain RT23 in dual cultures with isolates A106A and A1042A.

Table 1. Strains of endophytic fungi which showed antagonistic properties against R. solani RT23.

Isolate  Species Host plant Inhibition by CEs Mycoparasitism
A095A Biscogniauxia mediterranea Carpinus betulus No Yes
A095B B. mediterranea C. betulus No Yes
A1050A B. mediterranea Quercus ilex No Yes
A091D  Botrytis cinerea Q. ilex Yes (+) No
AO091E B. cinerea Q. ilex Yes (+) No
A1036B Cladosporium hillianum Sambucus nigra Yes (++) No
A1035B Colletotrichum sp. Ulmus minor Yes No
A1037A  Embellisia indefessa Fraxinus ornus Yes No
A1021B Fusarium incarnatum-equiseti s.c. Euonymus europaeus Yes (++) No
A1022A  Lecanicillium muscarium Laurus nobilis No Yes
A1026B L. muscarium Myrtus communis No Yes
A1041A Nemania serpens var. serpens Ostrya carpinifolia Yes (+) Yes
A1015D Neofusicoccum australe M. communis Yes (+) No
A1041C Paraconiothyrium brasiliense O. carpinifolia Yes (++) Yes
A1041G Penicillium chrysogenum O. carpinifolia Yes (+) No
A1104A P. chrysogenum Eucalyptus globulus Yes (++) No
A1102B  Penicillium crustosum Quercus robur Yes (+) No
A1018A Penicillium echinulatum C. betulus Yes (++) No
A1017A Phoma sp. Hedera helix Yes (+) No
A1011C Phomopsis sp. Q. ilex Yes No
A1020A Phomopsis theicola Acer campestris Yes (+) Yes
A1103B  Stemphylium sp. Q. ilex Yes (+) No
A1021A Trichoderma harzianum E. europaeus No Yes
A094A  unclassified Sordariomycetes sp.  Quercus rubra Yes (+) Yes
A1016A unclassified Sordariomycetes sp.  A. campestris Yes (+) Yes
A106A  sterile mycelium 1 Q. ilex Yes No
A1041F sterile mycelium 2 O. carpinifolia Yes No
A1042A  sterile mycelium 3 Erica arborea Yes No

++, Suppression of hyphal growth; +, less than 10 mm hyphal growth after one week.
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Figure 2. Proliferation of hyphal branching (left) and cell vacuolisation (right) induced by the culture
extract of isolate A1041A.

comparison to the control. In most cases, this effect was
associated with alterations of the hyphal structure
consisting in the proliferation of hyphal branching and/or
a diffuse vacuolisation of the cells (Figure 2), which were
already documented to be induced by toxin-producing
Penicillium strains on R. solani grown in the same
conditions (Nicoletti et al., 2004). Isolates establishing a
mycoparasitic interaction, and/or whose CEs induced an
inhibitory effect, were taxonomically identified as reported
in Table 1.

Some species are well known disease agents of forest
trees which are reported to commonly colonize plant
tissues endophytically, and to establish a pathogenic
interaction in consequence of environmental stress, such
as severe drought, fires, or insect defoliation. This is the
case of Biscogniauxia mediterranea (De Not.) Kuntze
(Vannini and Scarascia Mugnozza, 1991; Collado et al.,
2001; Anselmi and Mazzaglia, 2005; Capretti and Battisti,
2007), Nemania serpens (Pers.) Gray (Chapela, 1989;
Parfitt et al., 2010), and Neofusicoccum australe
(Slippers, Crous and M.J. Wingf.) Crous, Slippers and
A.J.L. Phillips (teleomorph Botryosphaeria australis
Slippers, Crous and M.J. Wingf.) (Taylor et al., 2009;
Sakalidis et al., 2011). Pathogenic behaviour also
characterizes members in the Fusarium incarnatum-
Fusarium equiseti species complex (FIESC), mostly on
cropped plants; nevertheless our finding is within the
context of a documented occurrence as tree endophytes
of strains currently ascribed to this yet to be sorted
taxonomic entity (Taylor et al., 1999; Li et al., 2008).
Botrytis cinerea Pers. itself is mostly known as a plant
pathogen exerting perthophytism, but its endophytic
occurrence has been occasionally reported in a number
of woody plants (Espinosa-Garcia and Langenheim,
1990; Linaldeddu et al., 2005), including Quercus ilex
(Anselmi and Mazzaglia, 2005). Similar considerations
pertain to three strains mentioned as Colletotrichum sp.,
Stemphylium sp., and Phoma sp., which could not be
reliably identified at the species level; well known in plant
pathology, these genera also include strains of

undetermined species which have been reported for their
endophytic habit (Schulz et al., 1993; Fisher et al., 1994;
Yang et al., 1994; Lu et al., 2000; Hoffman et al., 2008).
The other identified species are mostly reported as
saprophytes from disparate sources, but their more or
less occasional recovery from forest plants seems to be
more strictly referable to an endophytic habit. To this
regard, a checklist of their cited hosts is provided in Table
2, from which it can be inferred that the findings at Astroni
represent the first report of endophytism in the host

plants indicated in Table 1 for the species
Paraconiothyrium  brasiliense  Verkley, Penicillium
chrysogenum Thom, Penicilium crustosum Thom,

Penicillium echinulatum Raper and Thom ex Fassat.,
Phomopsis theicola Curzi and Trichoderma harzianum
Rifai. Also, apart from a previous reference in a study
where a strain was artificially inoculated on cucumber
(Hirano et al., 2008), our findings may be regarded as the
first documented report concerning a natural endophytic
occurrence of Lecanicillium muscarium (Petch) Zare and
W. Gams. However, it must be considered that this
species has been typified since about a decade after its
separation from the old taxon Verticillium lecanii (Zare
and Gams, 2001), whose endophytic aptitude had
already been ascertained (Vega, 2008).

Additional cases to be regarded as first reports of
endophytic occurrence are represented by the findings of
strains belonging to the very recently typified species
Cladosporium hillianum Bensch, Crous and U. Braun
(Bensch et al., 2010), and to Embellisia indefessa E.G.
Simmons, considering that a conforming isolate
previously recovered from within leaves of Thlaspi
caerulescens (Coles et al., 1999) was later ascribed to a
novel species, Embellisia thlaspis (David et al., 2000). As
for N. australe, an endophytic strain of this widespread
species was previously isolated from Myrtus communis at
a Mediterranean magquis spot along the coastline of
Punta Licosa, about 130 km south of Naples (Nicoletti,
unpublished). Coupled with other findings on species in
the Myrtaceae, such as Agonis flexuosa, Syzygium
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Table 2. Checklist of cited hosts of some species of fungal endophytes recovered at Astroni.
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Endophyte

Plant species

Geographic area

Reference

Paraconiothyrium brasiliense

Penicillium chrysogenum

Penicillium crustosum

Aralia elata

Alliaria petiolata

Ginkgo biloba, Pinus
tabulaeformis

Picea glauca

Taxus chinensis

Acer truncatum

Cedrus deodara
Phoradendron perrotetti,
Tapirira guianensis
Pyrus communis

Betula platyphylla, Uimus
macrocarpa
Cinnamomum camphora
Holcoglossum sinicum
Avicennia marina

Catha edulis

unidentified plant species
Eichhornia crassipes
Cassia tora, Hemidesmus
indicus

Cataranthus roseus
Cistanche deserticola
Hyosciamus muticus
Natural vegetation
Austrocedrus chilensis,
Prumnopitys andina
Canavalia cathartica
Oryza sativa

Sesbania bispinosa
Fritillaria thunbergii
Hevea brasiliensis
Paris polyphylla
Adhatoda vasica

Vanda testacea, Bulbophyllum

neilgherrense
Porteresia coarctata
Salvadora oleoides
Cannabis sativa
Coffea arabica

Cyperus malaccensis
Viguiera robusta
Persea americana

South Korea
New Jersey (USA)
China

South Quebec (Canada)
Qinba (China)

Mount Donglin (China)
Zijin mountain (China)
Brazil

South Africa
Mount Donglin (China)

Zijin mountain (China)
Yunnan (China)

Egypt

Yemen

Peru

Damietta province (Egypt)
Malnad, Karnataka (India)

Varanasi, Mirazpur (India)
China

Southern Egypt

Alicante province (Spain)
Las Trancas (Chile)

Nethravathi river (India)
Karnataka (India)
Malaysia

Nethravathi river (India)
China

Madre de Dios (Peru)
Wu-ding, Yunnan (China)
Karaikal (India)

Kaiga forest (India)

Chorao Island (India)
Haryana (India)

Mandi (India)
Cacaohoatan (Mexico)
Guatemala

Guatemala

Chinchina (Colombia)
Nethravathi estuary (India)
Brazil

South Africa

Paul et al., 2007
Damm et al., 2008
Damm et al., 2008

Damm et al., 2008

Liu et al., 2009

Liu et al., 2010a; Sun et al., 2011
Liu et al., 2010b

de Abreu et al., 2010

Cloete et al., 2011
Sun et al., 2012

Han et al., 2012

Tan et al., 2012

El-Morsy, 2000
Mahmoud, 2000

Singh et al., 2003
El-Morsy, 2004
Krishnamurthy et al., 2008

Kharwar et al., 2008

Lin et al., 2008

El-Zayat et al., 2008
Macia-Vicente et al., 2008
Hormazabal and Piontelli, 2009

Anita and Sridhar, 2009

Naik et al., 2009

Zakaria et al., 2010

Anita et al., 2009

Tian et al., 2010

Gazis and Chaverri, 2010
Xuan et al., 2010

Shukla and Mishra, 2012
Sudheep and Sridhar, 2012

Devi et al., 2012
Dhankar et al., 2012
Gautam et al., 2013
Vega et al., 2006;

Vega et al., 2008

Vega et al., 2010
Karamchand et al., 2009
Guimaréaes et al., 2010
Hakizimana et al., 2011
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Table 2. Contd.

Penicillium echinulatum Cyperus malaccensis
Phomopsis theicola Maytenus ilicifolia, Spondias mombin
Cirsium arvense
Trichoderma harzianum  Zea mays
Eucalyptus nitens
Quercus pubescens
Quercus robur
Theobroma galeri
Terminalia arjuna
Coffea arabica, C. robusta
Cyperus malaccensis
Hevea brasiliensis

Nethravathi estuary (India) ~ Karamchand et al., 2009

Parana (Brazil) Rodrigues Gomes, 2008
New Zealand Dodd et al., 2010

Devon (England) Fisher et al., 1992
Canberra (Australia) Fisher et al., 1993
Chianti (Italy) Ragazzi et al., 2003
Fagaré (ltaly) Ragazzi et al., 2003
North-west Ecuador Evans et al., 2003
South India Tejesvi et al., 2005

Sao Paulo state (Brazil) Sette et al., 2006
Nethravathi river (India) Karamchand et al., 2009
Madre de Dios (Peru) Gazis and Chaverri, 2010

Figure 3. Mycoparasitic interactions established against strain
RT23 by isolate AO95A.

cordatum and Eucalyptus spp. (Barber et al., 2005; Pavlic
et al., 2007; Taylor et al., 2009), our observations provide
further evidence for a possible more general occurrence
as an endophyte in plants belonging to this family. The
species P. theicola (teleomorph Diaporthe neotheicola
A.J.L. Phillips and J.M. Santos) was described long ago
based on isolates from leaves and twigs of Camellia
sinensis at the Botanical Gardens of the University of
Pavia, Italy (Curzi, 1927); since then its occurrence has
apparently been neglected until the years 2000s, when
the application of biomolecular techniques for fungal
identification has disclosed a more widespread
distribution as both an endophyte and a pathogen
(Mostert et al., 2001). A few bioactive isolates could not
be ascribed to known taxonomic entities by reason of
lack of sporulation on culture media, confirming that
coming across unidentifiable fungi is a quite ordinary
circumstance in  endophyte assemblage studies
(Promputtha et al., 2005; Wang et al., 2005). For
example, no hit in any available database was obtained
for isolate A1017A (Phoma sp.) as DNA sequencing was

performed of genes coding for LSU, ITS, actin and the
elongation factor 1-alpha (Meijer, pers. commun.). On the
other hand, rDNA-ITS sequencing of isolates A0O94A and
A1016A showed a 100% identity with sequences
deposited in GenBank (GQ153076 and GQ153090)
corresponding to a couple of unclassified endophytic
strains belonging in the Sordariomycetes, recovered in
Arizona respectively from Cupressus arizonica and
Juniperus deppeana (Hoffman and Arnold, 2010;
Hoffman, pers. commun.).

The species Trichoderma harzianum and Lecanicillum
muscarium are known for their active involvement in plant
protection against agents of biotic adversities. While the
former is fundamentally a fungal antagonist (Vinale et al.,
2008), the latter is primarily considered as an
entomopathogen, but also reported for its ability to exert
parasitism against plant pathogenic fungi (Goettel et al.,
2008). The mycoparasitic behaviour of these two species
was confirmed in our dual cultures, where the three
available strains performed hyphal coiling and
penetration by means of haustorium-like structures. More
unexpectedly, the same hyphal reactions were observed
in dual cultures with isolates of P. brasiliense, P. theicola,
the unclassified Sordariomycetes species, N. serpens
and B. mediterranea (Figure 3), introducing their possible
opportunistic mycoparasitic aptitude. While it is already
known in Paraconiothyrium, with the species P. minitans
even employed for the preparation of biopesticides
(Verkley et al., 2004; Whipps et al., 2008), to our
knowledge there are no previous citations of
mycoparasitism within Biscogniauxia, Nemania and
Phomopsis.

CEs of 22 isolates which proved to be fungitoxic against
strain RT23 were then assayed for their cytostatic activity
on Hela cells (Figure 4). Cell proliferation was strongly
reduced by CEs of isolates A1017A, A1020A, A1021B,
A1041C and A1104A at both the concentrations tested,
with the latter inducing the most remarkable inhibition
(73%). Increasing the dose by 50% (150 pg/ml) did not
induce a corresponding decrease of cell proliferation, with
the notable exception of isolate A1041G whose effect
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Figure 4. Antiproliferative activity on HelLa cells of CEs of selected endophytic isolates, as evaluated at the doses of 100 and 150 pg/ml at
24 and 48h. Control (CTR) refers to cells treated with 3 pl absolute ethanol.

was more than doubled at the higher dose. On the other
hand, an extended incubation time (48 h) just slightly
increased the inhibitory effect for all isolates but A1102B,
whose antiproliferative properties were only consistent at
48 h at both concentrations. In the case of isolate
A1041F, and of isolate A1041G at the lower dose, a
stimulatory effect on cell proliferation was evident at the
first remark which reversed to inhibitory at 48 h. Finally, a
weak cytostatic effect as visualized for A1036B was
recorded for the rest of the isolates, with the exception of
A1041A which did not appreciably differ from the control.

DISCUSSION

In recent years, quite fruitful results have been obtained
in prospecting fungal diversity for the bioassay-oriented
search of new antitumor drugs (Cheng et al., 2009;
Suryanarayanan et al., 2009; Kharwar et al., 2011), which
may be based on a correlation with their fungitoxic
activity (Huang et al., 2001; Li et al., 2005). As a whole,
our investigation confirmed that this effect represents a
useful indicator to be considered. In fact, although not
being systematic and based on a methodology eventually
implying the loss of a number of interesting strains which
may not be able to grow on CDB or to produce bioactive
extrolites at effective concentrations in this culture
medium, our preliminary screening has lead to the
selection of a few isolates to be further characterized with

reference to one or more extrolites which could account
for the observed bioactivity. Particularly, our attention will
focus on isolates A1104A (P. chrysogenum), A1021B
(FIESC), A1041C (P. brasiliense), A1020A (P. theicola),
and A1017A (Phoma sp.). While P. chrysogenum and
some species currently included in the FIESC have been
quite widely investigated for their ability to produce
mycotoxins and other bioactive compounds (Logrieco et
al., 2002; Frisvad et al., 2004, Nicoletti et al. 2008c),
there is a paucity of data concerning P. brasiliense and P.
theicola. So far, the latter has only been mentioned for an
inhibitory activity against the agent of citrus black spot
(Guignardia citricarpa) (Rodrigues Gomes, 2008),
although the production of fungitoxic compounds related
to antagonism has been reported from several
Phomopsis spp. (Horn et al., 1994; Corrado and
Rodrigues, 2004; Silva et al., 2005). Some clues of
fungitoxic effects by strains of P. brasiliense can be
inferred from the literature (Paul et al., 2007; Liu et al.,
2010a), and the opportunity to more thoroughly
investigate this species as a source of bioactive
compounds is corroborated by the recent finding of an
endophytic strain from Chinese yew (Taxus chinensis)
producing the renowned antitumor pharmaceutical taxol
(Liu et al., 2009). Finally, a series of fungitoxic and
cytostatic extrolites has been also reported from strains
of Phoma spp. (El-Kady and Eman Mostafa, 1995; Weber
et al., 2004).

At the same time, in our study novel indications have
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been gathered on endophyte diversity, both in terms of
their distribution and hosts, and with reference to their
functions and ecological role. Particularly, the above-
mentioned finding of two unclassified strains disclosing
an identity with other endophytes previously recovered
from botanically unrelated hosts at the very distant
geographical location of Mount Lemmon, Arizona,
represents an evidence of a likely widespread diffusion of
a currently anonymous species.

Likewise, the recovery of the species C. hillianum,
whose recent description is only based on two isolates
from bulrush (Typha orientalis) collected in New Zealand
(Bensch et al., 2010), is destined to modify its current
status as an endemism. Actually, the above
circumstances should be regarded as an encouragement
for a more systematic collection of data and their report in
the literature and/or in accessible online databases, in
order to prevent the loss of novel information on fungal
diversity resulting from either exhaustive investigations or
incidental isolations.

More interestingly, we found 11 isolates to be able to
exert mycoparasitism against R. solani. Although this
fungus is not an epigeous pathogen of forest plants, a
number of its mycoparasites, including the above-
mentioned L. muscarium and T. harzianum, are also
aggressive against other basidiomycetes inciting forest
plant diseases, such as rusts and wood decay (Evans et
al., 2003; Verma et al., 2007; Goettel et al., 2008). More
in general, it is a feature of many mycoparasites to
present a wide host range including taxonomically
diverse plant pathogens (Whipps, 2001; Verma et al.,
2007; Vinale et al., 2008). The occurrence of endophytic
mycoparasites, as well as T. harzianum, has been
reported from Theobroma spp. and proposed to be
exploited for novel strategies in cacao protection (Evans
et al., 2003; Bailey et al., 2008). Considering that about
10% of the isolates in our sample are mycoparasitic, this
aptitude seems to be more than just occasional within
endophyte assemblages; if confirmed in vivo against
more relevant disease agents of forest trees, it could
introduce a novel insight for evaluating the biocenotic
interactions and the outcome on plant health by these
microorganisms.

Within the complex frame of plant microbiomes, the
facultative pathogenic behaviour of species such as B.
mediterranea, N. serpens and P. theicola could find a
counterpart in a possible detrimental effect on the spread
of other more noxious fungi, thereby justifying the
establishment of a compatible interaction with their host,
as in the case of our isolates which were recovered from
asymptomatic branches. Actually, the increasing concern
for the threat of fungal pathogens, not only on plants but
also on animals and humans within a temporal context of
alteration of the natural ecosystems (Fisher et al., 2012),
calls for a more thorough knowledge and the exploitation
of any factor able to maintain an equilibrium even within
such an apparently lesser biocenotic context.
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