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Fungal endophytes are a rich source of bioactive metabolites profoundly influencing plant
health and ecology. Endofungal diversity depends heavily on the biotic characters of the
host and its abiotic growth conditions. To assess and bioprospect endofungal diversity in
plants, it is essential to understand these factors. In the present study, isolation and
assessment of colonization frequency of endophytic fungi was studied in young and
mature leaves of an important medicinal herb viz., Centella asiatica L. Urban in summer,
rainy and winter seasons. A maximum of 13 isolates were found during rainy season, 10 in
summer and 7 in winter season with colonization frequency of 38.37%, 26.37% and
15.40% respectively. The Shannon-Wiener Diversity Index of endophytic fungi was
highest in rainy season (2.24) and lowest in winter season (1.7). Likewise, the colonization
frequency of endophytic fungi isolated from mature leaf was highest (47.02%) followed by
young leaf (29.72%) in rainy season signifying the probable effects of leaf age on the
diversity and distribution of endophytes. Results indicate that Colletotrichum
gloeosporioides was the dominant species during all the seasons with mean colonization

frequency of 24.56%.

Introduction

Endophytic fungi reside in an asymptomatic
manner in apoplastic spaces and/or within the
living cells of the plants for at least a
significant part of their life cycles (Petrini,
1991). Endophytic fungi produce bioactive
natural compounds, many of which are
potentially useful in medicine, agriculture and
industry (Strobel, 2003). Interestingly, there
are several examples of medicinal plants that
inhabit endophytes capable of producing host
metabolites (Kusari and Spiteller, 2013). The
metabolites from endophytic fungi have an
edge over host metabolites. These can be
acquired at a superior level and can be mass
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multiplicated in bioreactors, and hence, are
more economical to produce. Centella
asiatica (L.) Urban (Apiaceae), also known as
Gotu kola or Indian pennywort, is a small,
annual, slender, creeping entwined herb that
grows near swamps on damp ground. In
Himalayan region, it occurs up to an altitude
of 700 m (Bagchi and Puri, 1988). This
ethnomedicinal species is extensively used for
wound healing, memory enhancement,
immunomodulatory  and  antidepressant
activity (Joshi and Chaturvedi, 2013). The
plant has also been used in folk medicines for
several hundred years. The leaves of C.
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asiatica form economically most important
part of the plant and are known to harbor
endophytes (Nath et al., 2014). To ensure
successful isolation of endophytic fungi from
the host plant, it is important to know the
effect of wvarious intrinsic and extrinsic
factors. Needless to say, ecology of fungal
endophytes is influenced greatly by these
factors (Ruscoe, 1971; Hata et al., 1998;
Breeze and Dix, 1981; Sahashi et al., 1999).
Following effective isolation procedure is
thus, very imperative to get maximum
endofungal diversity. Therefore, in the present
study Centella asiatica, an immensely
valuable medicinal herb was explored for its
endophytic diversity in relation to age of the
leaf and season of isolation.

Materials and Methods
Collection of plant material

The healthy and mature plants of C. asiatica
(Apiaceae) were obtained from Pantnagar
(latitude N 28.9700°, longitude E 79.4100°)
for the investigation of endophytic fungal
communities. The plant samples were
identified, authenticated, and presently
maintained at the respective collection center.
Collection of leaves was done in summer,
rainy and winter seasons. The harvested
samples were young and  mature
photosynthetic leaves randomly chosen from
different parts of the plants of the same age
group present in the same vicinity. The leaves
were ensured to be free from any incision.
Plucked leaves were immediately sealed with
the autoclaved paraffin wax to reduce the risk
of contamination from the cut surface. The
samples were brought to the laboratory in
sterile bags and processed immediately.
of foliar

Sterilization and isolation

endophytic fungi

Sterilization of the plant tissue for endophyte
isolation is the most important step. Lack of
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proper sterilization leads to contamination of
the material which could be mistaken as
endophytic fungi. This eventually reduces the
efficacy of the experiment and will mislead
the results. Therefore, sterilization of the leaf
explants was standardized to eliminate
contamination.  For  effective  surface
sterilization of leaf tissue, various treatments
were analyzed (Table 1). Surface-sterilization
of the explants was done following the
previously established methods with slight
modifications (Lodge et al., 1996, Puri et al.,
2005). Leaf explants of C. asiatica were
washed under running tap water followed by
washing with Tween 20 (3—4 drops), dipped
in 0.1% Bavistin (20 min.) with constant
agitation and then rinsed 4-5 times with
sterile water. It was further surface sterilized
using 70% ethanol for 30 seconds, followed
by dipping in 2% sodium hypochloride for a
minutes. This was again treated with 70 %
ethanol for 30 seconds. and washed with
sterile water 3—4 times (Table 1). Finally, the
sterilized leaf segments were cut with surgical
blade and placed in PDA medium amended
with 50mg/L streptomycin. Petri dishes were
sealed using Parafilm and incubated at 28 +
2°C in an incubator (REMI).

The cultures were monitored every day to
check the growth of endophytic fungal
colonies from the leaf segments. The hyphal
tips, which grew out from leaf segments over
1-2 weeks were then isolated and subcultured
on a PDA medium. The effectiveness of
surface-sterilization is checked by taking
surface prints of the sterilized leaves, non
sterilized leaves and by spreading dist. water
in which sterilized leaf was washed last on the
PDA medium.

Identification of foliar endophytic fungi

The morphological analysis of isolated strains
was done using a compound microscope.
Slides were prepared in lactophenol cotton
blue for observation of spores and other



Int.J.Curr.Microbiol. App.Sci (2017) 6(6): 468-477

characteristics. Identification of the fungi was
made following Barnett and Hunter (1998).

Isolation and colonization frequency (%)

The Isolation frequency (IF) of a single
endophytic fungal species was calculated as
follows (Hata et al., 2002):

Isolation frequency =

Total number of segments from which fungus
was isolated x 100

Total number of segments analyzed

Colonization  frequency or  endophytic
infection rate was calculated as follows
(Suryanarayanan et al., 2003):

Colonization frequency =

Total number of segments colonized by fungi

Total number of segments analyzed

Shannon- Wiener diversity Index (H”)

The Shannon Wiener diversity index (H”) for
colonization of fungal isolates was calculated
by the formula:

H’ =-% [(pix In (p1)]

Where,
pi =Number of individual species i/total
number of samples

The diversity analyses were performed by
using the MS Excel program.

Results and Discussion

Isolation and identification of endophytic
fungi

Out of the different sterilization procedures
used, treatment no. 6 was the best one for
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sterilization of leaf explants (Table 1). A total
of 13 endophytic isolates were isolated from
C. asiatica viz. CaEF1: C. gloeosporioides;
CaEF2: Colletotrichum sp.; CaEF3: Fusarium
sp.; CaEF4: Curvularia sp.; CaEF5:
Nigrospora sp.; CaEF6: Alternaria sp.;
CaEF7: Aspergillus sp.; Fusarium equiseti;
CaEF9; CaEF10; CaEF11; CaEF12; CaEF13
(Figs. 1 and 2). Most of the fungal endophytes
of C. asiatica were morphologically identified
(Courtesy: Dr. AK Tewari, G.P.B.U.A.T,
Pantnagar). All the endophytes belonged to
the division ascomycota in conformity with
the results of Xiong et al., (2013) and Anitha
et al.,, (2013). Ascomycota is the largest
phylum of Fungi (Kirk et al., 2008). The
significant feature of this fungal group is the
ascus, a microscopic sexual structure in which
non motile spores, called ascospores are
formed. However, some species of the
ascomycota are asexual, means that they do
not have a sexual cycle and thus do not form
asci or ascospores. In the present study, five
endophytic fungal isolates viz., CaEF9,
CaEF10, CaEF11, CakEF12, CaEF13 were
found to be sterile mycelia and did not
produce spores and were not identified.
Several workers have reported endophytes
that do not sporulate under cultivation, and
are therefore classified as sterile fungi
(Suryanarayanan et al., 1998; Kumaresan and
Suryanarayanan, 2001; Ananda and Sridhar,
2002). Thus, in the present study, a total of 8
endophytic  fungi  viz.  Colletotrichum
gloeosporioides, Colletotrichum sp.,
Fusarium sp., Curvularia sp., Nigrospora sp.,
Alternaria sp., Aspergillus sp. and F. equiseti
were identified and characterized further, as
these isolates were present during isolation in
all the three seasons.

Colonization and isolation frequency of
endophytic fungi isolated from C. asiatica

Three hundred and seventy segments of
young and mature leaves of C. asiatica were
screened over the three season’s viz. summer,
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rainy and winter, representing a mean
colonization frequency of 26.37 %, 38.37 %
and 15.40 % respectively. The colonization
rate was 16.75+1.9%, 29.72+1.42% and
11.35%1.11% in young leaf and 36.0+1.05%,
47.02+1.12% and 19.45£1.41% in mature leaf
during summer, rainy and winter seasons
respectively (Table 2).

The higher colonization in mature leaf as
compared to young leaf over all the three
seasons suggests that mature leaf provides
more favourable environment for the
establishment of endophytic fungi. The results
of the present study perfectly coincides with
the previous studies (Suryanarayanan and
Thennarasan, 2004; Fernandez et al., 2001,
Hilarino et al., 2011).

Endophytes are known to accumulate as
tissue ages (Arnold and Lutzoni, 2007,
Kumaresan and Suryanarayanan, 2002).
Nascimento et al., (2015) also reported that
the rate of endophyte colonization increased
with the leaf age/development and reported
32.1% colonization rate of endophytic fungi
in leaves of Calotropis procera. Similarly, the
leaves of Coscinium fenestratum of different
maturity  showed  different rates of
colonization (Goveas et al., 2011). Others
have also found that endophytes colonization
varied with season and/or leaf age (Cabral,
1985; Osono and Mori, 2005). The low rate of
colonization in younger leaves could be due
to their chemically different nature from
mature  leaves. These have  higher
concentration of antifungal and anti-herbivore
substances (Coley and Barone, 1996).
Moreover, longer duration of tissue exposure
to the environment could also lead to an
increase in the number of endophytic fungal
isolates (Arnold and Herre, 2003).

In the present study, the colonization
percentage of endophytic fungi was found to
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be maximum in rainy season (38.37%) and
minimum in winter (15.40%). The result is in
conformity with Tejesvi et al., (2005) who
also reported greater endophytic fungal
diversity during monsoon season in twigs and
bark of Terminalia arjuna. Whereas, Naik et
al., (2007) reported that the number of
isolates from leaf segments of 15 medicinal
shrubs, obtained during the winter season
were significantly more than in monsoon and
summer seasons.

The Shannon-Wiener Diversity Index of
endophytic fungi isolated in summer, rainy
and winter season was found to be 2.02, 2.24
and 1.7 respectively demonstrating that rainy
season has a more diverse fungal community
compared to summer and winter seasons.
Contrary to this, Fang et al., (2013) found that
the Shannon-Wiener indices for endophytic
fungi isolated from Camellia sinensis in
spring are higher than in winter and autumn.

The difference in seasonal pattern can be
partly related to the seasonal behavior of
major endophytes. Spring is mostly the active
season of infection. During this period, a large
number of fungal species colonize in plant.
Nevertheless, the activity of secondary
metabolites is different throughout the year,
which is also an important factor affecting
seasonal variation in endophytes. The low
diversity indices of endophytes may also be
associated with the presence of a few
dominant species of endophytic fungi.

The isolation frequency of each endophytic
fungus in summer, rainy and winter seasons is
shown in table 3. The isolation frequency of
C. gloeosporioides was  24.59+1.20,
28.37£0.76 and 19.45+1.62 and that of
Fusarium sp. was 12.16+0.42, 21.89+1.55 and
16.48+1.53 in summer rainy and winter
seasons respectively.
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Table.1 Treatments for effective sterilization of leaf explant

S. No.

Treatment

Contamination level

2% NaOCl + 70% ethanol (1 min.)

High bacterial and
fungal contamination

Tween 20 + 70% ethanol (30 sec) + 2% NaOCI (30 sec)

High bacterial and
fungal contamination

Tween 20 + 70% ethanol (30 sec) + 2% NaOCI (30 sec) + 70%
ethanol (30 sec)

Moderate bacterial and
fungal contamination

Tween 20 + 70% ethanol (30 sec) + 2% NaOCI (30 sec) + 70%
ethanol (30 sec) + Streptomycin (50 mg/L) amended in media

Moderate fungal
contamination

Tween 20 + 0.1% Bavistin (10 min) + 70% ethanol (30 sec)+ 2%
NaOCI (1 min) + 70% ethanol (30 sec) + Streptomycin (50 mg/L)
amended in media

Low fungal
Contamination

Tween 20 + 0.1% Bavistin (20 min) +70% ethanol (1min) + 2%
NaOCI (1 min) + 70% ethanol (30 sec) + Streptomycin (50 mg/L)
amended in media

No Contamination

Table.2 Colonization frequency (%) of endophytic fungi from young and mature leaves of
C. asiatica in different seasons

Seasons
Summer Rainy Winter
Young leaf | Mature leaf | Young leaf | Mature leaf | Young leaf | Mature leaf
Colonization 16.75+1.9 36.0£1.05 | 29.72+1.42 | 47.02+1.12 | 11.35+1.11 | 19.45+1.41
Frequency (CF)
(%) +SE
Mean CF (%) 26.37 38.37 15.40
over three
seasons
CDat 1% CD at 5% SEm
Leaf (L) 3.41 2.43 0.79
Season (S) 418 2.98 0.96
Interaction (LxS) 5.91 4.21 1.36
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Table.3 Isolation frequency of foliar endophytic fungi isolated from

C. asiatica in summer, rainy and winter seasons

S.No. Foliar Endophytic
Fungal Isolates Isolation frequency of endophytic fungi (%0)
Summer Rainy Winter Mean (%)
1 Colletotrichum
gloeosporioides 24.59+1.20 28.37+£0.76 | 19.45+1.62 24.14
2 Colletotrichum sp. 9.7+0.56 11.35+0.94 - 10.54
3 Fusarium sp. 12.16+0.42 21.89+1.55 | 16.48+1.53 16.84
4 Curvularia sp. 15.4+1.12 18.91+1.42 | 12.97+1.36 15.7
5 Nigrospora sp. 3.78+0.56 5.67+1.15 | 2.43+0.61 3.96
6 Alternaria sp. 14.05+1.14 10.27+1.42 | 11.62+1.68 11.98
7 Aspergillus sp. 10.81+1.49 18.64+1.46 | 15.13+1.47 14.86
8 Fusarium equiseti 6.4+0.82 3.2+0.61 4.32+1.09 4.68
9 CaEF9 - 3.51+0.59 - 3.51
10 CaEF10 - 1.89+0.40 - 1.89
11 CaFE1l 1.08+0.10 5.13+0.61 - 3.1
12 CaEF12 - 1.35+0.39 - 1.35
13 CaEF13 0.5+0.57 4.86+0.75 - 2.70
CD at 5% SEm
Season (S) 0.73 0.26
Endophytic Fungi (EF) 1.53 0.54
Interaction (SxEF) 2.65 0.94
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Fig.1 Endophytic fungi emerging from leaf explants of C. asiatica

Fig.2 Morphological characteristics of foliar endophytic fungi from C. asiatica (a) C.
gloeosporioides (b) Colletotrichum sp. (c) Fusarium sp. (d) Curvularia sp. (e) Nigrospora sp. (f)
Alternaria sp. (g) Aspergillus sp. (h) F. equiseti (i) CaEF9 (j) CaEF10
(k) CaEF11 (I) CaEF12 (m) CaEF13

C. gloeosporioides was the most dominant (63.5%) as dominant endophyte in Calotropis
fungus with mean isolation frequency of  procera leaves.

24.14% followed by Fusarium sp. (16.84%). C.

gloeosporioides was also reported to be the The dominance of one or a few species is
predominant endophyte of Jatropha curcas commonly reported in other isolation studies of
(Kumar and Kaushik, 2013). Nascimento et al., endophytic fungi (Suryanarayanan et al., 2003
(2015) reported Phaeoramularia calotropidis Huang et al., 2008). The high frequency of
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isolation of these endophytic fungi compared to
others might be due to spore abundance in the
plant tissue (Verma et al., 2013). The sterile
mycelia CaEF9, CaEF10, CaEF1l, CaEF12,
and CaEF13 were present in rainy season,
CaEF11 and CaEF13 in summer season while
none were present in winter season. The lowest
mean isolation frequency of 1.35% was found
in sterile mycelia isolate CaEF12. Hata et al.,
(2002) reported month wise colonization
frequency of endophytic fungal isolates from
the leaves of Pasania edulis and found 11
fungal isolates which were sterile mycelia. In a
survey of endophytic fungi from fronds of
Livistona chinensis, 16.5% of total isolates did
not sporulate, and were assigned as myecelia
sterilia (Guo et al., 2000). From the study, it is
apparent that the endophytic community of a
plant is dependent on plethora of factors viz.,
the exposure time, size of contact surface,
nutrient composition, environmental factors, the
number of cuts and wounds and/or natural
openings (for e.g. stomata) in the plant tissue or
interaction between endophytes themselves that
may operate individually or synergistically.

In conclusion, endophytic organisms have
received considerable attention only recently
after they were found to protect their host
against insect pests, pathogens and herbivores.
Most of the studies on endophytes are limited to
biodiversity, taxonomy, reproduction, host
ecology and their influence on host. An
upcoming area of study on endophytes is their
ability to produce bioactive metabolites of
endophytic/host origin. To efficiently carry out
such study, it is pertinent to understand the
influence of important factors that govern the
isolation frequency of these organisms. The
results of the present study on foliar endophytic
fungi of C. asiatica revealed season and age
related influence on endophytic fungal
population of the plant. This clearly indicated
that the colonization of endophytic fungi
depends on both environmental conditions and
intrinsic factors i.e. bioactive composition of
host plant which itself is influenced by plant
age. This is definitely an essential information
required for optimizing the effective isolation of
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endophytes as well as efficient production of
the important metabolites. Further research
about the mutual influence of C. asiatica and
the foliar endophytic fungal diversity is
essential in the future study.
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