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Assessment of endolichenic fungal diversity in some forests of

Kumaun Himalaya

The statement by Hammer' that ‘Biodi-
versity studies depend upon biogeogra-
phy and biogeography depends upon
biodiversity’, emphasizes that without
insights into biogeographical patterns we
cannot fully understand the evolution of
species and without some knowledge of
what grows where, our attempts at some-
thing as simple as identification may
prove fruitless. Henceforth, if we accept
Hawksworth’s hypothesis® that there are
1.5 million species of fungi known from
the world of which only 100,000 are
described, then a question arises ‘Where
are all the undescribed fungi?” Hawk-
sworth & Rossman’ identified three
categories where we can find these unde-
scribed species: (1) fungi in tropical for-
ests, (2) fungi in unexplored habitats, and
(3) lost or hidden species. The second
category (fungi in unexplored habitats)
includes hypogeous fungi in Australia,
fungi in the guts of other beetles and
insects, lichenicolous fungi and endo-
phytic fungi.

Endophytes are organisms which live
inside other organisms without produc-
ing any apparent disease symptoms.
They are a polyphyletic group of highly
diverse, primarily ascomycetous fungi
defined functionally by their occurrence
within asymptomatic tissues of plants*®,
mosses and ferns®’, marine algaeg’g, and
seed plants from the Arctic to the tropics,
and from agricultural fields to the most
biotically diverse tropical forests. Their
population depends on host species, loca-
tion and environmental conditions in
which the host is growing'’. Commonly,
a single plant can be a host of numerous

endophyte species, amongst which
at least one species shows host specifi-
city.

Fungal symbionts resembling endo-
phytes have also been reported from
healthy lichen thalli forming persistent
and symptomless infections'''®. Miad-
likowska et al.'’ used the term ‘en-
dolichenic’ fungi for endophytes isolated
from lichens. These endolichenic fungi
represent lineages of Ascomycota that
are distinct from lichen mycobionts (the
primary fungal component of the lichen
thallus), lichenicolous fungi (which fruit
or are otherwise symptomatic on thalli),
and incidental fungi on thallus sur-
faces'"'*!°. They are known from every
lichen species sampled to date at sites
ranging from the Arctic to the tropics'',
but have been characterized in only a few
communities' "1+,

These endolichenic fungi colonize
either inter- or intracellularly and may be
either localized or systemic. Microdis-
section demonstrates that they live in
close association with photobionts and
are relatively rare in the mycobiont-
dominated cortices and medulla''.
Majority of these isolates belong to
ubiquitous genera (e.g. Acremonium, Al-
ternaria, Cladosporium, Coniothyrium,
Epicoccum, Fusarium, Geniculosporium,
Phoma, Pleospora), but some genera are
common in both tropical and temperate
climates (e.g. Fusarium, Phomopsis,
Phoma), while members of the family
Xylariaceace along with Colletotrichum,
Guignardia, Phyllosticta and Pestalo-
tiopsis predominate as endophytes in the
tropics.
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In India, studies on endolichenic fungi
have been initiated recently'®?*?!,
Suryanarayanan er al.'® have isolated
endolichenic fungi from tropical regions
of South India and reported 33 taxa along
with mycelia sterilia. In contrast, Tripa-
thi et al.*™*' worked on endolichenic
fungi of temperate regions of Kumaun
Himalaya and isolated seven taxa,
excluding mycelia sterilia as endophytes
from Physcia dilatata and Heterodermia
flabellata.

This further led authors to work on
endolichenic fungi of some Kumaun
Himalayan macrolichens. For isolating
endolichenic fungi the macrolichens
were collected from different forests of
Kumaun Himalaya and taken in sterile
polythene bags to the laboratory and
processed within 24 h of collection. For
each lichen, 100 segments were randomly
cut from the thallus and surface sterilized
following the modified protocol of Sury-
anarayanan et al.'’. The efficacy of sur-
face sterilization was confirmed by
pressing the sterilized lichen thallus
segments onto the surface of PDA
(potato dextrose agar) medium. The ab-
sence of growth of any fungi on the
medium confirmed that the surface ster-
ilization procedure was effective’”. The
samples were cultured on PDA medium
supplemented with streptomycin sulphate
(150 mg/1), incubated at 25°C and left for
4 weeks for sporulation. Endophytic fun-
gal species were identified on the basis
of cultural characteristics and morpho-
logy of fruiting bodies and spores using
standard texts and keys®> . Cultures that
failed to sporulate were recorded as
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mycelia sterilia. The samples are depos-
ited in the herbarium of Kumaun Univer-
sity (ALM).

Colonization rate (CR) was calculated
as the total number of lichen segments
affected by fungi divided by the total
number of segments incubated x 100.
Relative frequency (RF) was calculated
as the total number of a taxa divided by
the total number of taxa obtained from
lichen thalli incubated. Shannon—Weiner
Biodiversity index (H') was calculated
using the formula

H' =log Ni/N x 3.322 x log Ni/N,

where Ni is the number of individual fun-
gal species and N is the total number of
different fungi species.

A total of 24 isolates of endolichenic
fungi belonging to 20 genera [Acremo-
nium lichenicola W. Gams, Alternaria
alternata (Fr.) Keissl., Aspergillus cfr.
coremiiformis, Aspergillus flavus Link,
Aspergillus niger Tiegh., Bipolaris aus-
traliensis (M.B. Ellis) Tsuda & Ueyama,

Table 1. Endolichenic fungi isolated from macrolichens
Lichens species Family Endolichenic fungus Reference
Bulbothrix meizospora (Nyl.) Hale Parmeliaceae Alternaria alternata, Aspergillus flavus, Cylindrosporium sp., 16
Fusarium solani, Gilmaniella humicola, Mycelia sterilia,
Penicillium sp.
Flavoparmelia caperata (L.) Hale Parmeliaceae Alternaria alternata, Aspergillus cfr. coremiiformis, Aspergillus -
flavus, Fusarium solani, Mycelia sterilia
Heterodermia flabellata (Fée) Physciaceae Alternaria alternata, Aspergillus flavus, Aspergillus niger, 14, 16, 20,
D.D. Awasthi Bipolaris australiensis, Fusarium solani, Pestalotiopsis 21
sp. 1, Pestalotiopsis sp. 2, Spegazzinia tessarthra,
Trichoderma harzianum
Heterodermia hypochraea (Vain.) Physciaceae Alternaria alternata, Aspergillus flavus, Aspergillus niger, 16
Swinscow & Krog Fusarium solani, Papulospora sp.
Leptogium burnetiae Dodge Collemataceae Alternaria alternata, Aspergillus flavus, Fusarium solani, -
Gilmaniella humicola
Parmelaria thomsonii (Stirton) Parmeliaceae Acremonium sp., Alternaria alternata, Aspergillus flavus, 14,16
D.D. Awasthi Aspergillus niger, Fusarium solani, Nigrospora sphaerica,
Pestalotiopsis sp., Trichoderma harzianum
Parmotrema crinitum (Ach.) Choisy Parmeliaceae Alternaria alternata, Aspergillus flavus, Fusarium solani, 14,16
Mycelia sterilia, Trichoderma harzianum
Parmotrema graynum (Hue) Hale Parmeliaceae Alternaria alternata, Aspergillus flavus, Gilamniella humicola, -
Fusarium solani, Trichophyton roseum
Parmotrema nilgherrense (Nyl.) Hale Parmeliaceae Alternaria alternata, Aspergillus flavus, Chaetomella sp., 16
Cladosporium sp., Gilmaniella humicola, Fusarium solani,
Mycelia sterilia
Parmotrema praesorediosum (Nyl.) Hale Parmeliaceae Alternaria alternata, Aspergillus flavus, Cladosporium sp., 16
Fusarium solani
Parmotrema reticulatum (Taylor) Choisy Parmeliaceae Acremonium lichenicola, Alternaria alternata, Aspergillus 16
flavus, Fusarium solani, Nigrospora oryzae, Papulospora sp.,
Penicillium sp., Pestalotiopsis maculans, Sordaria fimicola,
Xylaria hypoxylon
Physcia dilatata Nyl. Physciaceae Alternaria alternata, Aspergillus flavus, Aspergillus niger, 14, 16

Bipolaris australiensis, Cladosporium sp., Fusarium solani,
Trichoderma harzianum

*Bold indicates specialized species.
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Chaetomella sp., Cladosporium sp., Cyl-
indrosporium  sp., Fusarium solani
(Mart.) Sacc., Gilmaniella humicola G.L.
Barron, Mucor racemosus Bull., Nigro-
spora oryzae (Berk. & Broome) Petch,
Nigrospora sphaerica (Sacc.) F.W. Mas-
son, Papulospora sp., Penicillium sp.,
Pestalotiopsis sp. 1 & 2, Pestalotiopsis
maculans (Corda) Nag Raj, Sordaria

fimicola (Robberge ex Desm.) Ces. &
De. Not., Spegazzinia tessarthra (Berk.
& ML.A. Curtis) Sacc., Trichoderma har-
zianum Rifai., Trichophyton roseum E.
Boddin. and Xylaria hypoxylon (L.)
Greb.] were recovered from 1200 lichen
segments incubated from 12 macro-
lichens (Figure 1), and comprised
Hyphomycetes (56.0%), Plectomycetes
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Figure 2.

Table 2.

Percentage of endolichenic fungal classes in the study area.

Colonization rate (CR), relative frequency (RF) and Shannon—Weiner biodiversity

index (H') of endolichenic fungi isolated from macrolichens of Kumaun Himalaya

Endolichenic fungus No. of colonies CR (%) RF H'
Hyphomycetes
Acremonium lichenicola 05 0.41 0.20 0.0317
Alternaria alternata 124 10.33 4.96 0.3322
Bipolaris australiensis 01 0.08 0.04 0.0082
Cladosporium sp. 05 0.41 0.20 0.0317
Cylindrosporium sp. 01 0.08 0.04 0.0082
Fusarium solani 144 12.00 5.76 0.3667
Gilmaniella humicola 50 4.16 2.00 0.1847
Nigrospora oryzae 02 0.16 0.08 0.0148
Nigrospora sphaerica 01 0.08 0.04 0.0082
Papulospora sp. 05 0.41 0.20 0.0317
Spegazzinia tessarthra 01 0.08 0.04 0.0082
Trichoderma harzianum 65 5.41 2.60 0.2260
Trichophyton roseum 09 0.75 0.36 0.0528
Mycelia sterilia 392 32.66 15.68 0.5208
Plectomycetes
Aspergillus flavus 304 25.33 12.16 0.4983
Aspergillus niger 35 2.91 1.40 0.1473
Aspergillus cfr. coremiiformis 01 0.08 0.04 0.0082
Penicillium sp. 40 3.33 1.60 0.1622
Pyrenomycetes
Chaetomella sp. 01 0.08 0.04 0.0082
Sordaria fimicola 01 0.08 0.04 0.0082
Xylaria hypoxylon 02 0.16 0.08 0.0148
Coelomycetes
Pestalotiopsis maculans 01 0.08 0.04 0.0082
Pestalotiopsis sp. 1 04 0.33 0.16 0.0251
Pestalotiopsis sp. 2 01 0.08 0.04 0.0082
Zygomycetes
Mucor racemosus 05 0.41 0.20 0.0317
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(16.0%), Coelomycetes (12.0%), Pyre-
nomycetes (8.0%) and Zygomycetes
(4.0%) (Figure 2). So for the Zygomy-
cetes population is represented by Mucor
racemosus. Earlier studies across the
globe have shown that Hyphomycetes
dominates the endophytic assemblages
and the incidence of Zygomycetes
appears to be low. This is true in the pre-
sent study too, as Zygomycetes popula-
tion is 4.16% and Basidiomycetes was
totally absent. Nine fungal species
(Acremonium lichenicola, B. australien-
sis, N. sphaerica, Papulospora sp.,
Pestalotiopsis maculans, Sordaria fimi-
cola, Spegazzinia tessarthra, Trichophy-
ton roseum, X. hypoxylon) are being
reported across the world as true endo-
lichenic fungi. Generally it has been
noticed that members of Xylariaceae
predominate as endophytes in tropical
regions, but the occurrence of X. hypoxy-
lon in lichen samples of temperate region
extends its geographical distribution.

The occurrence of Aspergillus niger,
Cladosporium sp., N. oryzae, Penicillium
sp. and Pestalotiopsis sp. as endolichenic
fungi in the present study corroborates
with earlier investigations'®.

The frequently isolated fungi such as
Alternaria alternata, Aspergillus flavus
and Fusariun solani are generalist spe-
cies which grow rapidly on culture me-
dium®* . Aspergillus, Penicillium and
Cylindrosporium species isolated in this
study are common soil or airborne fungi,
but they also have the potential to live
endophytically in lichens. Besides this,
some species of endolichenic fungi (viz.
Spegazzinia tessarthra, N. sphaerica, N.
oryzae, Pestalotiopsis maculans and
Sordaria fimicola) are specialized and
reported from a single lichen species
(Table 1). A single taxon of coprophilous
fungi (Sordaria fimicola) was recorded
as endolichenic, while the rest of the
endolichenic fungi isolated in the present
study were previously reported as sapro-
phytes from Kumaun Himalaya.

In the present study mycelia sterilia
has been frequently isolated as endo-
phytes from all the macrolichens and was
found having highest colonization rate
(32.66%), relative frequency (15.68)
and Shannon—Wiener biodiversity index
(0.5208), followed by Aspergillus
flavus > Fusarium  solani > Alternaria
alternata > Trichoderma  harzianum >
Gilmaniella humicola > Penicillium sp. >
Aspergillus niger (Table 2). As reported
carlier’, many sterile fungi do not
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sporulate in culture and due to the exis-
tence of non-culturable endophytes, the
real number of endophytic species can be
underestimated.

Recent studies have successfully used
molecular techniques such as DNA clon-
ing, DGGE and T-RLFP*77 to give
taxonomic placements for mycelia sterilia.
In spite of these techniques, the evalua-
tion of fungal diversity is a major chal-
lenge to mycologists due to the scarcity
of fungal and related eukaryotic
sequences in databases’®. Meanwhile, the
last decade has bought significant
advancements to the understanding and
appreciation of the kingdom Fungi. Now
we have a much clearer picture of how
fungi evolve, assemble and interact.
However, some questions in this new
branch of endolichenic fungi need spe-
cial attention and answer in near future:
(1) What are they doing there and how
do they co-exist? (2) What is their mode
of nutrition? (3) Do these endophytes
have some role in lichenization of a
fungi? (4) Do they play a key role in host
tolerance to stressful conditions? The use
of genomics certainly will resolve this
problem and enable mycology to flourish
in near future.
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