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Abstract

Endophytic fungi live inside healthy plant tissues and inhabit almost all varieties of plants. Endophytic fungi can secrete
several metabolites, which are useful in the biotechnology industry. In the present study, endophytic fungi were isolated
from the leaf of Saccharum officinarum L, belonging to the family Poaceae. A total of sixty endophytic isolates belonging
to six different fungal species were isolated from 300 leaf segments. Among six fungal species four endophytic fungi were
hyphomycetes and two species belongs to coelomycetes and ascomycetes. Chaetomium globosum was the dominant
endophyte and showed the maximum colonization frequency (CF/6.0) and the least colonization frequency shown by
Humicola sp. (CF/1.0). The isolated endophytic fungi were tested for the production of extracellular enzymes like

amylase, cellulase, pectinase, protease, and IAA.
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Endophytic fungi survive in all parts of the plant body
without damaging or producing any obvious symptoms. They
are located in both intracellular and intercellular spaces and
colonize seeds, leaves, stems, bark, roots, etc. [1]. Endophytic
fungi produce many bioactive compounds that help in the
endophytic mode of life in host plants [2]. Now it has been well
established that endophytic fungi of different plant hosts are a
potential and novel source of bioactive secondary metabolites,
industrially important enzymes, plant growth-promoting
substances, etc. [3-5]. It is considered a microbial factory for
the production of various bioactive compounds [6]. Endophytic
fungi are studied from various terrestrial plants in tropical,
subtropical, and temperate regions of the world. Endophytic
fungi from grasses (Poaceae) of both wild and agricultural
origin were studied [7]. Incidences of entomopathogenic fungi
as endophytes of sugarcane hosts and in the soil of sugarcane
fields were reported [8]. Endophytic bacterial colonization of
Saccharum officinarum by diazotrophs like Shinella sp.
and Enterobacter sp. was studied [9]. Tam and Diep [10]

reported the isolation, identification, and characterization of
endophytic bacteria in Saccharum sp. cultivated on soils in
Dong Nai province, Vietnam. Dark septate endophytic fungi
associated with sugarcane plants cultivated in Brazil [11]. Fungi
from the leaf litter of Saccharum officinarum L were reported
[12]. However, scant attention has been given to the diversity
of endophytic fungi from cash crops in India and their potential
for producing various compounds. The paucity of research on
cash crops, particularly sugarcane, prompted us to study the
diversity of endophytic fungi in Saccharum officinarum L. and
their potential to produce various compounds.

MATERIALS AND METHODS

The host plant is Saccharum officinarum L. (Poaceae),
collected from the Tamil Nadu Agriculture University (TNAU)
Agricultural Farm, Coimbatore. The surface sterilization of leaf
tissue was carried out as described by Dobranic et al. [13].
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Sporulating isolates were identified with the help of the
standard manuals [14-15].

Data analysis
The colonization frequency (CF%) of each endophytic
fungus was calculated by the method of Hata and Futai [16].

CF = x = Ncol / Nt x 100

Where; Ncol and Nt are the number of segments colonized by each
endophytic fungi and the total number of segments examined,
respectively.

Indole acetic acid (IAA) production

The endophytic fungi were grown in liquid CDA
medium for 2 weeks as a shake culture. The endophytic fungal
mycelium was separated, and the culture extracts were acidified
to pH 3.8 with 1 N HCI and washed in a separating funnel with
an equivalent volume of ethyl acetate. The ethyl acetate fraction
was extracted with an equal volume of 5% NaHCOs. The
alkaline solution was carefully acidified to pH 3.4 with 6 N HCI
and then extracted with ethyl ether. The ethyl ether fraction was
concentrated to 1 ml and spotted on the Whatman No. 1 filter
paper. The chromatogram was developed with a solvent system
composed of isopropanol, acetone, and water (10:1:1). The
chromatogram was sprayed with Gordon and Weber’s reagent
(2 ml of 0.5 M FeCls and 50 ml of 35% HCIO). The control
sample of authentic 1AA dissolved in ethyl ether was running
parallel to the crude extract of the sample. The formation of a
bright red spot on the chromatogram showed the presence of
Indole Acetic Acid in the crude extract [17].

Extracellular enzyme production

The enzyme production was tested using Petri plates that
were inoculated with mycelial discs (5 mm diameter) of
different endophytic fungi taken from the growing edge of the
colony of Czapek’s Dox Agar medium and incubated at
25°C+1°C. The enzyme production was determined semi-
quantitatively by adding respective substrates into the medium
or by reagents over a period of growth. The formation of color
or clear zones was recorded in arbitrary units (++/strong
activity, +/good activity, and -/no production).

Amylase enzyme
Czapek’s Dox Agar medium was amended with 0.2%

soluble starch. After 5 days of endophyte fungal growth, it was
flooded with iodine solution. The formation of a yellow zone
around the fungal colony indicated amylase activity.

Cellulase enzyme

Czapek’s Dox Agar medium incorporated with 0.5% Na-
carboxymethy| cellulose (Na CMC). After 5 days of endophytic
fungi growth, add 0.2% aqueous Congo red solution and
destained with 1 M sodium chloride solution. The appearance
of yellowish zones around the colony fungi in the red substrate
showed enzyme cellulase activity.

Pectinase enzyme

Czapek’s Dox Agar medium amended with 0.5% of
pectin (pH 5) was used. After 5 days of endophyte growth, the
colonies were flooded with a 1% aqueous solution of hexadecyl
trimethyl ammonium bromide (C1sH42BrN), which precipitated
pectin in the medium. Thus, the appearance of clear zones
around the fungal colony or the formation of an opaque medium
showed pectinase activity.

Protease enzyme

Czapek’s Dox Agar medium containing 0.4% gelatin
was prepared. After a week of incubation, the degradation of
gelatin was observed as a clear zone around the edge of the
fungal colonies. The Petri plates were then flooded with a
saturated solution of (NH4)SOs ammonium sulfate; thus, a
white precipitate was formed, making the medium opaque and
enhancing the clear zones around the colony [17-19].

RESULTS AND DISCUSSION

Different varieties of plants cultivated in various
ecological conditions have been screened for endophytic fungal
diversity and their biotechnological capability [20]. However,
very few studies have been carried out on endophytic fungal
studies on Saccharum officinarum L worldwide, particularly in
India. Gideon [21] reported the efficacy of endophytic fungi
metabolites on uropathogens isolated from Saccharum
officinarum L. But very little attention has been given to the
study of endophytic fungal communities in food crops [22].
This paucity of research on the endophytic fungal distribution
of crop plants, particularly cash crops, drove us to investigate
endophytic fungi from Saccharum officinarum L.

Table 1 Number of isolates recovered and species identified from leaf tissue of Saccharum officinaram

Total number of Total number of

Fungal groups

isolates species

Ascomycetes

Coelomycetes Hyphomycetes

60 6 1

1 4

Table 2 Mean density of colonization of endophytic fungi
from leaves of Saccharum officinaram
Mean colonization

Endophyte frequency %
Ascomycetes
Chaetomium globosum 6.0
Coelomycetes
Phyllosticta sp. 4.5
Hyphomycetes
Acremonium sp. 3.0
Aspergillus glaucus 15
Bipolris sp. 3.5
Humicola sp. 1.0

To our knowledge, there is no report on the endophytic
fungal diversity study and their potential to produce indole

acetic acid and enzymes. In the current investigation,
Saccharum officinarum L was colonized by a total of six
endophytic fungi (60 isolates) (Table 1) that were present in
three hundred segments of the Saccharum officinarum L leaf.
Hyphomycete was the dominant group, represented by four
endophytic fungi (66.6%): Acremonium sp., Aspergillus
glaucus, Bipolaris sp., and Humicola sp. It is followed by
Chaetomium globosum, an ascomycete, and a coelomycete,
Phyllosticta sp. (Table 2). Among the various groups of
endophytic fungi, Chaetomium globosum showed the highest
colonization frequency (6.0%), followed by Phyllosticta sp.
(4.5%) (Fig 1). In the hyphomycetes group, Bipolaris sp
showed maximum CF (3.5%), Acremonium sp (3.0%), followed
by Aspergillus glaucus (1,5%), and Humicola sp (1%) (Fig 1).
Although six endophytic fungi were present in S. officinarum,
only one, Chaetomium globosum, showed significant CF above
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5%. These results align with Petrini [23] statement that only one
or a few endophytic fungal species dominate a single host plant.
Several endophytic fungi isolated in the present investigation
were already reported as endophytes from other host plants

[24]. Reddy [25] and Suryanarayanan [26] also reported that
Curvularia, Pestalotiopsis, Aspergillus, Chaetomium, and
Phyllosticta existed as endophytes in other hosts, which
indicates these genera show a broad host range.

Fig 1 Endophytic fungus isolated from Saccharum officinarum L. A. Endophytic fungi emerging from leaf tissue, B. Aspergillus glaucus C.
Bipolris sp, D. Chaetomium globosum

Table 3 Indoleacetic acid production by endophytic fungi
isolated from the Saccharum officinaram L.

Endophyte IAA production IAA production
with tryptophan  without tryptophan
C. globosum + n
Phyllosticta sp. + +
Acremonium sp. + +
A. glaucus + +
Bipolris sp. + )
Humicola sp. + }

(+ 1AA produced/ - IAA not produced)

There are many studies on endophytic fungi residing in
the foliar region as reservoirs of novel bioactive compounds,
plant growth-promoting substances, and the production of
industrially important enzymes [27-28]. Endophytic fungi have
been reported to produce plant growth-promoting compounds
like IAA-indole acetic acid and gibberellins [29-32]. Waqgas
[33] isolated two endophytic fungi, Phoma glomerata LWL2

and Penicillium sp. LWL3, that produced gibberellic acid and
indoleacetic acid and significantly promoted shoot growth in
dwarf mutant Waito-C and Dongjin-beyo rice varieties. In the
present study, all six endophytic fungi isolated from S.
officinarum L were tested for IAA production. Since it is a
preliminary study to test whether endophytic fungi of S.
officinarum L can produce IAA or not with and without the
precursor of the amino acid tryptophan. The results were
reported as (present + or absent -). The amino acid tryptophan
was added at a concentration of 1.0 g/l in the medium [34].

In the current research, all six endophytic fungi produced
IAA in cultures amended with tryptophan, among these
Acremonium sp., A. glaucus, C. globosum, and Phyllosticta sp.
produced IAA even without tryptophan in the medium (Table
3). A similar observation was made in vitro about auxin
production by Aspergillus awamori, an endophytic fungus of
Zea mays that produced IAA in culture [35] and Balansia
epichloe, a plant pathogen isolated from Sporobolus poiretii
[36]. It is well established that the IAA phytohormone induces
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cell elongation and cell division in plants. Hence, the
production of IAA by some of the endophytic fungi of S.
officinarum L may help in plant growth and development.
Endophytic fungi can produce different extracellular
enzymes like pectinase, cellulase, etc., which enable the
endophytic fungi to penetrate the host tissue to gain entry into
the host, and those endophytes can be exploited industrially for
important enzyme production [37-38]. In this study, all six
endophytic fungi isolated from S. officinarum L were tested for
extracellular enzyme production like amylase, cellulase,
pectinase, and protease. The results are presented in (Table 4).
The formation of a clear zone or color was recorded in arbitrary
units. C. globosum, Phyllosticta sp., Acremonium sp. and
Bipolaris sp. produced all four enzymes tested. A. glaucus and
Humicola sp. produced amylase, cellulase, and pectinase only
(Table 4). Among the six endophytic fungi, Acremonium sp.

showed potential activity on all four enzymes tested, whereas
Phyllosticta sp. showed highest activity on production of
amylase, cellulase, and pectinase enzymes. A. glaucus,
Humicola sp., and Bipolris sp. showed good activity against all
the enzymes tested (Table 4).

The endophytic fungi produced different enzymes in
vitro that are necessary for entering the host; however, they
differed in their production. A similar trend was observed by
Schulz [39], who found that the enzymes produced by
endophytic fungi differed from isolate to isolate. To conclude,
to our knowledge, the leaf of S. officinarum L. has been studied
for endophytic fungi and for the production of IAA and
enzymes, which are industrially important. In the present study,
it was shown that some of the endophytic fungi of S.
officinarum L were successful in producing indoleacetic acid
and a few enzymes in the culture.

Table 4 Extracellular enzymes production by endophytic fungi isolated from the Saccharum officinaram

Endophyte Amylase Cellulase Pectinase Protease

Ascomycetes

Chaetomium globosum + ++ ++ +
Coelomycetes

Phyllosticta sp ++ ++ ++ +
Hypomycetes

Acremonium sp ++ ++ ++ ++

Aspergillus glaucus + + + .

Bipolris sp + + + +

Humicola sp + + + -

- No production/ + Good activity/ ++ Strong activity

CONCLUSION

Endophytic fungi play a vital role in the diversity of
biological resources. The present study shows that endophytic
fungi from S. officinarum are capable to produce enzymes like
amylase, cellulase, pectinase, protease and plant growth
component indole acetic acid. Hence this study proves that
endophytic fungi and host plants have a symbiotic bond,
because these factors proves that host were protected from

serious environmental conditions and also a growth inducer.
Consequently, further studies are required to explore the
significance and application of endophytic fungi in agricultural
field.
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