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ABSTRACT
Endophytes are organisms which may be a fungi or bacteria, present inside a plant. The
Parthenium hysterophorus one of the Asteraceae plant is probed for its presence of endophytic
fungi which grows as a weed on wastelands and roadsides, was explored for its presence of
fungal endophytes. The plant from different locations like Choolaimedu, Porur, Madipakkam
and Kovalam in Chennai and Neyveli were collected and studied for their presence of
endophytic fungi. Altogether 200 segments were screened from the Leaf, Petiole, Stem and
Root regions of Parthenium hysterophorus. A total of 15 different species were recorded. Among
them 6 belongs to Deuteromycetes, 4 to Coeomycetes and the remaining sterile forms. Jaccard’s
Similarity Coefficient showed the species composition of the endophytes recovered from any
two tissues did not overlap by more than 0.25%. The Stem of the plant showed maximum
endophytic infection rate followed by Leaf, Root and Petiole. 

Key words: Endophytic fungi, Parthenium hysterophorus, Jaccard’s similarity coefficient,
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Introduction

Parthenium hysterophorus belongs to the
family, Asteraceae and normally grows to a height of
about 1 to 1.5m. The plant starts flowering in about
a month after germination and keeps growing
throughout the year under optimum conditions. The
seeds are easily carried away by wind and are
present in waste lands and crop lands. Parthenium
hysterophorus is a native herbaceous plant from
tropical and subtropical America (Nash and William,
1976). In Australia, India and Madagascar, it has
invaded urban and agriculture zones and has become
as a weed. The plant has been completely neglected
as a weed. Many reports showed that in a
plant-microbe relationship, endophytes contribute
substances that possess various types of bioactivity,
such as antibacterial and antifungal. Hence, we made
an investigation whether the weed plant, i.e.
Parthenium hysterophorus may harbour fungal
organisms. The current study aims to explore the
species composition and diversity of such endophytic
fungi from different tissues of Parthenium
hysterophorus Linn. 

Endophytes are microorganisms that invade
the healthy tissues of living plants without causing
disease symptoms (Wilson 1995). Biologically and
ecologically, they represent diverse nutritional
requirements ranging from biotrophic parasites to
facultative saprotrophs. They can also represent a
large reservoir of unexplored genetic diversity. The
practical applications of these endophytes are
manifold; as potential biocontrol agents, sources of
novel secondary metabolites for therapeutics and
other industrial applications and as model systems
for studying the host – microbe interactions in
natural ecosystem. Endophytes can have many effects
on their host such as enhancement of stress, insect
and disease (Elzik 1985; Bush et al., 1997; Clay and
Holah 1999). The colonization and propagation of
endophytes and their secondary metabolites inside
the plants may be critical for these effects. These
effects indicate that endophytes can be potential
biological control agents and will play an important
role in ecological agriculture. 

Materials and Methods

Sample Collection

Parthenium hysterophorus which were screened
for their endophytic assemblages were collected from
four different areas in and around Chennai
(Choolaimedu, Porur, Madipakkam and Kovalam) and
Neyveli. To acquire endophytes, healthy Parthenium
hysterophorus plants were collected using separate,
sterile polythene bags from their natural habitat. The
samples were brought to the laboratory and processed
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within 24 hours according to Fisher and Petrini,
(1987). The plants collected from different places were
mixed together to have random isolation.

Isolation of Endophytes

The collected samples were first washed
thoroughly in running tap water. From the
Parthenium plant, 50 segments of different tissues
each (leaf, petiole, stem, and root) were screened for
the presence of fungal endophytes. Leaf and Petiole
segments (approx 1cm) were surface sterilized
following a method of Dobranic et al., (1995). The
segments were dipped in 70% Ethanol for 5 seconds,
immersed in 4% Sodium hypochloride (NaOCl) for 90
seconds and rinsed in sterile water for 10 seconds.
Stem and Root tissues were cut into 1cm segments
and the segments were surface sterilized following
the method of Fisher et al., (1993). The Stem and
Root segments were dipped in 75% Ethanol for 60
seconds, immersed in 4% Sodium hypochlorite for 180
seconds and dipped in 75% Ethanol for 30 seconds.
Ten segments of each plant part were placed on 20ml
PDA medium amended with Streptopenicillin (150mg)
in Petri dishes (9cm dia) and were sealed using Para
film. 

The Petri dishes were incubated in a light
chamber for a period of four weeks (Bills and
Polishook, 1992). The light chamber had a bank of
three four feet Philips day light fluorescent lamps.
The segments received 2200 Lux of light through the
Petri dishes lid as measured by a Lutron (Germany)
1 × -101 Lux meter. The incubation temperature was
26 ± 1°C. The Petri dishes were observed periodically
and the fungi which grew out from the tissues were
transferred to fresh PDA slants. To prevent the
rapidly growing fungi from inhibiting the slow
growing species, the former were removed following
isolation (Bills, 1996).

Sporulating isolates were identified down to
species level with the help of standard manuals
(Guba, 1961; Ellis, 1971; Sutton, 1980 and Nag Raj,
1993). The sterile isolates which could not be
assigned to any taxonomic group were sorted into
morphospecies on the basis of colony surface texture,
hyphal pigmentation, exudates, and growth rates, as
described by Frolich et al., (2000). Such sterile forms
were included as ‘sterile form’ for the analysis of the
results.

Statistical Analysis

The density of colonization (rD %) of single
endophytes species were calculated by the method of
Fisher and Petrini (1987) and was equal to the

number of colonized segments divided by the total
number of segments divided by the total number of
segments observed × 100. Relative Percentage
Occurrence (RPO) of each group (viz., Hyphomycetes,
Coelomycetes and Sterile forms) of fungal species in
each plant species was calculated by dividing the
number of segments colonized by a group of fungi by
the total number of segments colonized by all groups
of fungi. Endophytic infection rates (EIR %) were
calculated by the number of infected segments
divided by the total number of segments screened
(Petrini and Carroll, 1981). Jaccard’s Similarity
Coefficients were calculated for all possible pairs of
host tissues to compare the endophytic assemblages
according to the formula: Similarity Coefficient = C/
(A+B-C) where, A and B are the total number of
fungal species isolated from any two tissue type and
C the number of fungal species found in common.

Results

Altogether two hundred segments were
screened from the Leaf, Petiole, Stem and Root parts
of a weed plant, Parthenium hysterophorus Linn. A
total of 191 isolates were obtained. Among them 41
isolates were sterile morphospecies. The remaining
isolates were classified into 10 species of endophytic
fungi which belonged to 8 genera. Among them 6
species in 6 genera belonged to Hyphomycetes; 4
species in 2 genera belonged to Coelomycetes.
Maximum number of isolates were recorded from
Petiole (53) followed by Stem (52), Leaf (46) and Root
(40). The species richness was maximum in Petiole
(8) followed by Leaf (7), Stem (2) and Root (2). The
Percent Contribution of Hyphomycetes (44%) was
maximum to the endophytic assemblages followed by
Coelomycetes (35%) and sterile forms (21%) (Table 1).

The endophytic infection rates (EIR %)
revealed that EIR were high in Stem tissues (52%)
followed by Leaf (46%), Root (40%) and Petiole (34%)
(Table 2). Further the Jaccard’s Similarity Coefficient
showed the species composition of the endophytes
recovered from any two tissues did not overlap by
more than 0.25% (Table 3).

The following endophytic fungi, i.e.,
Acremonium strictum was specific to leaf region;
Lasiodiplodia theobromae, Fusarium oxysporum,
Aspergillus flavus were specific to petiole region;
Chrysosporium pannorum was specific to stem region;
Paecilomyces variotii was specific to root region.
Cladosporium cladosporioides was specific to Leaf
and Petiole regions; Phoma sp. was specific to Leaf,
Petiole and Root regions.
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Discussion

Most of the species recorded in this study from
Parthenium hysterophorus also grow and sporulate as
saprophytic and facultative parasites on leaf tissues.

It may be that certain endophytes become pathogenic
when the host plant is stressed. Evidence suggests
that endophytes have evolved directly from plant
pathogenic fungi (Isaac, 1992). Endophytes were

Table 1. Colonization frequency of endophytic fungi recorded from Parthenium hysterophorus
Linn.

S.No. Species Leaves
(In %)

Petiole 
(In %)

Stem
(In %)

Root
(In %) 

%
Contribution

HYPHOMYCETES

1 Acremonium strictum 4 - - -

44 %

2 Aspergillus flavus - 8 - -

3 Chrysoporium pannorum - - 40 -

4 Cladosporium cladosporioides 2 2 - -

5 Fusarium oxysporum - 8 - -

6 Paecilomyces variotii - - - 20

COELOMYCETES

7 Lasiodiplodia theobromae - 20 - -

35 %
8 Phoma sp.1 8 2 - 20

9 Phoma sp.2 6 6 - -

10 Phoma sp.3 4 - - -

STERILE FORMS

11 Sterile form 1 4 - - -

21 %
12 Sterile form 2 18 - - -

13 Sterile form 3 - 6 - -

14 Sterile form 4 - 1 - -

15 Sterile form 5 - - 12 -

Total no. of segments screened 50 50 50 50

Total no. of isolates 46 53 52 40

Total no. of species 7 8 2 2

Table 2: Endophytic Infection Rates (EIR %) of endophytic fungi isolated from Parthenium
hysterophorus Linn.

S.No Tissue Type Total Number of
Segments Screened

Total Number of
Segments Infected by

Endophytic Fungi

Endophytic Infection Rates
(EIR %)

01 Leaf 50 23 46

02 Petiole 50 17 34

03 Stem 50 26 52

04 Root 50 20 40
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considered to have common attributes, i.e., (a) they
are internal, at least subticular and have contact with
and derive nutrition from the living host tissue; (b)
they establish at least a transitory biotrophic
nutritional relationship with their host; (c) infected
host tissues remain symptomless (Stone et al., 1994).

Isolation of sterile forms of upto 21% from
Parthenium hysterophorus was also reported
previously from Mexico (Romero et al., 2001). In this
study, isolation of fungal species are found to differ
according to the plant parts. The plant-associated
habitat is a dynamic environment in which many
factors affect the structure and species composition
of the microbial communities that colonize roots,
stems, branches and leaves. It has previously been
shown that endophytic communities vary spatially in
the plant (Fisher et al., 1992) or may be dependent
on the interaction with other endophytic or
pathogenic microorganisms (Arouja et al., 2002). In
terrestrial plants, environmental differences might
contribute to differences between organs in endophyte
flora (Fisher, et al., 1991). These endophytic
microorganisms are ubiquitous and may increase the
plant fitness by improving tolerance to heavy metals
and drought, reducing the herbivory or
phytopathogen settling. The capability of colonizing
internal host tissues has made endophytes valuable
for agriculture as a tool to improve crop performance,
(Azevado, et al., 2000). Thus, it may also be the role
of endophytic organism making Parthenium
hysterophorus to tolerate wide range of parameters to
successfully occupy their own niche. 

Endophytes also constitutes valuable source of
secondary metabolites for the discovery of new
potential therapeutic drugs (Miller, 1995). Endophytic
fungal investigations in the tropics have recently
gained importance, although they have occurred in a
wide variety of plants in temporate parts of the world
(Petrini 1991; Wilson and Carroll, 1994). Endophytes
isolated from plants have been screened for their
potential to produce unique metabolites of

pharmaceutical and agricultural importance (Petrini
et al., 1992). Endophytic fungi are reported to produce
certain secondary metabolites, which are of great
medicinal value. For instance, Taxol an anticancer
drug is synthesized by an endophytic fungus
Pestalotiopsis microspora (Strobel, 1998). The
functional metabolites produced by the endophytes
are recently reviewed by Tan and Zou (2001). 

An understanding of endophytes present in the
target weed should prove to be valuable in biological
control. This may increase the possibility of success
of the agent selected. If endophytic relationships of
potential biocontrol agents are recognized within host
plants, or if the establishment of biocontrol agents is
affected by endophytes inside leaf tissues, some
pathogenic fungi may have to be discarded as
potential biocontrol agent. Romero et al., (2001)
suggested that isolated endophytes from Parthenium
hysterophorus can also be used as a biocontrol agent
in controlling Parthenium hysterophorus. 
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