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ABSTRACT
Three tree species belonging to Moraceae family were screened for the presence of fungal
endophytes. Thirty-two endophytic fungal species were isolated. The Petiole region harbored
twenty two endophytes, twenty one endophytic fungi were present in lamina and fourteen
were present in both petioles lamina. Xylaria sp, chaetomium indicum, chaetomum globosum,
phoma sp., and few hypomycetes were isolated as endophytes. Nigrospora oryzae, Curvularia
species, Fusarium species, Cladosporium species, Aspergillus species, sterile form I, II showed
a wide host range. Petiole region harbored more endophytes than lamina. F. religiosa had
more number of endophytes, than F. infectoria and F. microcarpa.
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Introduction

Fungi are also known to establish themselves
inside healthy plant tissue without causing any
“injury or overt symptom to their host” such an
association is generally termed as endophytic
association. Recently, Bills (1996) defined endophytes
as those forms that establish themselves inside the
healthy plant tissues without causing overt symptoms
or apparent injury to the host. Most of the endophytic
fungi belong to the Ascomycetes and their conidial
states or anomorphic forms, lacking sexual states.
Only a few basidiomycetes members or protoctistal
groups have been recorded as endophytes (Petrini,
1992). Studies on endophytic fungi of trees and
shrubs have been carried out mostly in temperate
region (Carroll et al., 1977). In the following years
investigation have brought to the light that wide
distribution of endophytes in the plant kingdom. It
is now assumed phanerograms are rarely endophyte
free (Petrini et al., 1992). Although fungal endophytes
are reported from grasses and other tree species, only
few tropical trees have been studied for the fungal
endophytes such as Borassus flabiliifer, Azadiracta
indica (Rajagopal, 2003; 1999), some tropical forest
trees of Western Ghats, (Rajagopal and Suryanarayanan,
1999), mangrove trees (Suryanarayanan et al., 1998),
palms from Australia (Rodrigues and Samuels 1990)
Amazon (Rodrigues, 1994) and Bermuda (Southcott
and Johnson 1997).

Materials and Methods

Leave of Ficus religoisa, Ficus microcarpa and
Ficus infectoria were collected from tropical forest of

Western Ghats. Fifty leaves were collected from the
lower part of the crown of each tree. Samples were
transported in closed sterile polytene bags and
processed within 24 hrs of collection. Media and
glassware other than petridishes were sterilized in an
autoclave at a pressure 103 Kpa for 21 min.
Petridishes were sterilized in a hot air oven at
160°C for 3 hrs. Midrib portion of lamina segments
(0.5 sq.cm) cut from the middle portion healthy leaf
(Carbral et al., 1993) and 0.5 cm segments were cut
from the basal part of the petiole were surface
sterilized using a method of Dobranic et al., (1995).
The tissue segments were dipped in 70% ethanol for
5 seconds, immersed in 4% NaCl for 1 min and rinsed
in sterile distilled water of 10 seconds. Two hundred
and fifty segments of lamina and petiole from each
trees species were placed on PDA medium amended
with chloramphenicol (150 mg− 1). Twenty segments
were placed on 20 ml of PDA medium in a petridish
and incubated (Bills and Polishook, 1999). The
incubation temperature for 27°C. The fungi that grow
from the plant tissues were periodically observed
through a microscope and identified. Sterile isolates
that could not be assigned to any taxonomic group
were given code numbers using culture characteristics
such as growth rate, margin shape and hyphal
pigmentation (Bills and Polishook, 1992; Drobranic et
al., 1995). The method Hata and Fugal (1995) was
used to calculated the colonization frequency (CF) of
sign endophyte species in plant tissues.

CF = Ncol/Nt. × 100

Where Ncol and Nt. are the number of
segments colonized by each endophyte and the total
number segments examined respectively.Postgraduate Department of Biotechnology,
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Table: 1 Endophytic fungi Isolated from leaf of Ficus sp

Ficus religiosa Ficus infectoria Ficus microcarpa
Ascomycetes

Chaetomium indicum + − −
Sporomilella minima + − −
Chaetomium sp − − +
Chaetomium globosum − − +
Coelomycetes

Phoma sp − + +
Hyphomycetes

Dichotomophthora sp + − +
Culvularia sp + + +
Xylaria sp + + −
Cladosporium sp + − +
Alternaria sp + − +
Nigrospora oryzae + + +
Humicola sp + + −
Aspergillus sp + + +
Cladosporium herbarium + − −
Alternaria atlernata + − −
Dreshelera sp + +
Curvularia lunata + + −
Fusarium sp + + +
Aspergillus sp II + + +
Cladosporium sp II − + +
Verticillium sp − + −
Botryotrichum sp − + −
Penicillium sp − + −
Botryotrichum sp − + −
Penicillium sp − + −
Spiromyces sp − − +
Botrytis sp − − +
Trichoderma sp − − +
Sterile forms

Sterile I + + +
Sterile II + + +
Sterile III + + +
Sterile IV + + −
Sterile V + − −
Sterile VI − − +
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Results and Discussion 

Fungal endophytes of temperature trees have
engaged the interest of many mycologists. But seare
attention has been recorded to the study of fungal
endophytes of tropics. This has prompted Rodrigues
and Petrini (1997) to describe the tropics as a “black
box” with regard to our knowledge of endophytic
fungi. A total of thirty-two species of endophytes were
isolated (Table-1) from three different species of Ficus
(F.religiosa, F.infectoria and F.microcarpa) of tropical
vegetation. Out of the thirty-two species of fungal
endophytes, four belong to ascomycetes, one
coelomycetes, twenty-two hyphomycetes and five were
sterile forms (Table-1). Occurrence of sterile mycelium
as endophytes is not unusual (Bills, 1996). Such
sterile may be induced to sporulate by treating them
with near UV light or by culturing them on
autoclaved host tissue (Petrini, 1986). These
techniques failed to induce sporulation in any of these
five sterile endophytic fungi. Hence they were
assigned code numbers based on colony morphology,
growth rate, margin shape and hyphal pigmentation
(Dobranic et al., 1995; Bills and Polishook, 1992).

Of the three angiosperms species investigated,
F.religiosa had more number of endophytes (22) while
the F.infectoria and F.microcorpa had 18 and 19
endophytes respectively. In the leaf petiole region had
more endophytes (26) and lamina region of leaf had
21 endophytes. Similar results have been obtained for
Douglas fir (Bernstein and Carroll, 1977), European
white-fir (Sieber-Canavesi and Sieber, 1987), Neem
tree (Rajagopal, 1999). Such variation within leaf of
endophytes is attributed to differential leaf expansion
and leaf chemistry, (Wilson and Carroll, 1994).
During maturation, the petiole region expands lesser
than the lamina portion and hence infections by
endophytes established before leaf expansion may
become “diluted” as the leaf expands (Wilson and
Carroll, 1994) further higher number of endophytes
recovered from petiole may be due to movement of
water and food through the petiole and this is
conductive for fungal growth (Rajagopal, 1999).
Curvularia sp, Fusarium sp, Aspergillus sp. I, II,
Cladosporium II, Nigrospora oryzae, Sterile forms, I,
II and III had a wider host range as they could be
isolated from three host species studied (Table-1).
Curvularia sp, Fusarium sp and Cladosporium sp
occur as endophytes in a wide range of plant species
(Palaez et al., 1998; Rajagopal, 1999; 2003). Normally
these fungi occur as phyllolane fungi but they are
capable of penetrating superficial layers of leaf; when
they do so, they survive the vigorous surface
sterilization steps during isolation and grow out as
endophytic fungi in plates (Verhoeff 1974; Cabral et

al., 1993) suggesting the phylloplane fungi too resort
to an endophytic mode of life to overcome adverse
environmental conditions such as desiccation
(O’Donnell and Dickson, 1980).

Certain fungi have been found to be well
adopted for endophytic mode of life in wide varieties
of plants. This include Phoma sp, Chaetomium sp,
Curvularia sp, Fusarium sp. (Fisher, P.J and Petrini,
1987; Bills, 1996 Rajagopal 1999). In the present
study also it was found that the above said occur as
endophytes in the tissues of F.religiosa, F.infectoria
and F.microcarpa. Such species overlap in endophytic
fungi between unrelated hosts taxa suggest that these
fungi are more successful in occupying the niche as
endophytes.

Petrini (1986) grouped endophytes fungi into
Xylariaceous, Coprophilus, Epiphytic and true
endophytic forms. In the present study
representatives from all these categories were
observed. In addition to above categories
non-sporulating forms accounted for 16% of the
endophytic population were observed. We found that
many of them are host specific Phoma sp, Verticillum
sp, Botryotrichum sp, Penicillium sp, Botrytis sp and
Trichoderma sp were found only in lamina.
Cladosporium herbarium, Alternaria alternata,
Chaetomium indicum, Dreshelera sp, Sporormiella
minima, Curvularia lunata, Fusarium sp, Spiropes
sp, Chaetomium sp, Spiromyces sp and Chaetomium
globosum were present only in petiole region of the
tree. Thus, the differences in species composition of
endophytes indicated that host specificity was
exhibited by certain fungal endophytes (Bills and
Polishook, 1992; Suryanarayanan and Rajagopal,
1998; Rajagopal, 2003). Thus, this study answers
some questions regarding the diversity, and
distribution of fungal endophytes residing in the
leaves (lamina and petiole) of tropical trees
F.religiosa, F.infectoria and F.microcarpa.
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