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Abstract

Research on endophytic fungi has gained significant interest due to their
potential to enhance plant growth directly by producing phytohormones,
solubilizing macronutrients, fixing nitrogen, or indirectly inhibiting phyto-
pathogens growth by producing ammonia, siderophore, hydrogen cyanide,
or extracellular enzymes, thereby acting as biocontrol agents. The present
study aimed to isolate fungal endophytes from Alternanthera philoxeroides
and evaluate their plant growth promotion and antimicrobial activity. In
total, nine fungal endophytic strains were isolated from different parts of
A. philoxeroides such as leaves, roots, and stems. The results demonstrate
that the strains MEFAphS1 and MEFAphR3 exhibited positive plant growth
promotion properties, including phosphate solubilization, and IAA
(Indoleacetic acid) production, and ammonia production. The IAA
production was highest for MEFAphS1, with a concentration of
46.635+1.04 pg/mL, while MEFAphR3 displayed the highest ammonia
production (0.903+0.01 pg/mL). The phosphate solubilization index (PSI) is
the maximum for MEFAphS1 (1.5+0.10). MEFAphS1 also exhibited antibacte-
rial activity against Vibrio vulnificus, Streptococcus pneumoniae, and V.
parahaemolyticus, with the most substantial inhibition zone observed
against V. vulnificus (28+1 mm). In contrast, MEFAphR3 showed an inhibition
zone of 8+1.53 mm against V. parahaemolyticus. Molecular identification
revealed the identity of the isolates MEFAphS1 and MEFAphR3 as Fusarium
solani and F. annulatum. These results thus confirm the possible applica-
tions of the fungal endophytes as plant biofertilizers and bio-enhancers to
increase crop productivity.
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Introduction

The world’s population is expected to reach 9.687 billion by 2050, increasing
demand for essential resources such as food and water (1). To meet the
demand of the growing population, food production will need to rise by
70% by 2050 and potentially double or triple by 2100. At the same time,
measures should be taken to reduce the environmental footprints of food
production (2). Therefore, there is an urgent need to improve agricultural
productivity sustainably to feed the rapidly growing population. The use of
endophytesprovides an environment-friendly approach to enhance agricul-
tural productivity sustainably.
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Endophytes are microbes, such as fungi or bacteria
that reside within the tissues of healthy plants without
causing disease symptoms (3). Endophytes provide vari-
ous benefits to plants including improved stress resilience,
enhanced growth, nutrient absorption, and defence
against diseases. The study of endophytes primarily focus-
es on two key areas: the exploration of valuable bioactive
compounds produced by endophytes and their potential
role as biocontrol agents (4, 5). Endophytic fungi have
been observed to have a positive influence on plant
growth and agricultural output. Various bioactive com-
pounds have been synthesised by fungal endophytes,
which play an essential role in plant-microbe interactions.
Several of these metabolites exhibit pesticidal properties,
making them potentially effective as biocontrol agents
against a wide range of agricultural pathogens (6, 7). For
example, endophytic fungi Penicillium spp. isolated from
Teucrium polium, have demonstrated good antimicrobial
activities and growth promotion traits like IAA production,
ammonia production, and phosphate solubilisation (8).
Endophytic fungi isolated from Phaseolus vulgaris demon-
strated beneficial plant growth-promoting traits like 1AA
production, ammonia production, solubilizing phosphate,
and fixing nitrogen and extracellular enzyme activities (9).
The fungal endophyte Fusarium solani, isolated from an
orchid, was reported to assist in plant growth and function
as a biocontrol agent (10).

Alternanthera philoxeroides commonly known as
Alligator weed, is a herbaceous amphibious weed belong-
ing to the Amaranthaceae family, originating in South
America. They are usually found in stagnant and slowly
flowing water bodies, as well as in creeks, channels,
riverbanks, and related areas that experience intermittent
flooding (11). A. philoxeroides is one of the luxuriantly
growing plants in Madiwala Lake, Bengaluru, which at-
tracted our study of isolation and screening for potential
endophytes. The degradation of these lakes primarily
results from anthropogenic activities, including the release
of treated or untreated municipal sewage, domestic efflu-
ents, and other harmful pollutants from industrial sources
(12). The abundance of A. philoxeroides in the polluted
Madiwala Lake indicates that these plants can thrive in
harsh environments, likely due to the secretion of certain
metabolites by their endophytes. Therefore, exploring
their diverse functions could open up many doorways to
their potential applications. A recent study reported the
isolation of endophytic fungi from A. philoxeroides from
Hulimavu Lake, Bangalore (13). This study aimed to inves-
tigate the isolation of potential fungal endophytes from
different parts of A. philoxeroides with a focus on their abil-
ities to promote plant growth and act as biocontrol agents.

Materials and Methods
Chemicals and Reagents

Potato dextrose broth (PDB), nutrient broth (NB), sucrose,
potassium iodide, mercuric chloride, tryptophan, indole
acetic acid, bromocresol green, yeast extract, peptone,
Salkowski's reagent, and Nessler’s reagent were pur-

chased from HiMedia (India). All reagents and chemicals
used in this study were of analytical grade.

Collection of Plant Sample

The Alternanthera philoxeroides sample was collected from
Madiwala Lake, Bengaluru, India (Lat N 12° 54’ 3.492” Long
E 77° 37’ 4.0044”), in clean plastic bags and processed
within 24 h of collection (Fig. 1).

Isolation of Fungal Endophytes
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Fig. 1.(A) Geographical location showing the site for sample collection (B)
Plant Alternanthera philoxeroides used for the study.

The plant sample was washed carefully to remove dirt
particles by rinsing it repeatedly with tap water. For
surface sterilisation, a modified method was used. Differ-
ent parts of the plant (leaves, stem and root) were separat-
ed and immersed in 70% ethanol for a minute, followed by
several rinses with sterile distilled water. For sterility
check, 0.1 mL of the last rinse water was spread plated
onto potato dextrose agar (PDA) medium. The sterilized
plant parts were dried by blotting with sterile filter paper,
cut into small 6 mm segments, and placed upside down
into a PDA medium. The PDA medium was supplemented
with 50 mg of chloramphenicol to inhibit the growth of
bacteria. Once a single isolate was observed from the plant
parts, it was transferred to PDA slants and stored at 4°C in
a refrigerator for future use (14).
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Molecular Identification of EndophyticFungi

Fungal genomic DNA was extracted and used as a polymer-
ase chain reaction (PCR) template with ITS1 and ITS4
primers. The quality of the PCR product was assessed on a
1.0% agarose gel, which showed a single band of approxi-
mately 600 bp. The PCR product was purified to eliminate
any impurities. The forward and reverse DNA sequencing
reactions of the PCR product were performed using ITS1
and ITS4 primers and the BDT v3.1 Cycle sequencing kit on
an ABI 3730x| Genetic Analyzer. By combining forward and
reverse sequence data, a consensus sequence of the PCR
product was generated using aligner software. The ITS
region sequence was compared to the NCBI Genbank data-
base using BLAST, and the top ten sequences with the
highest identity scores were selected and aligned using
ClustalW. A distance matrix and phylogenetic tree were
then constructed using MEGA 10 (15, 16).

Plant Growth Promoting Traits
IAA Production

The endophytic fungal strains were screened for produc-
tion by inoculating the isolates in Czapek-dox broth with
the composition of sucrose 30 g/L, K;HPO4 1 g/L, MgS04.7H,0
0.5 g/L, sodium nitrate 3 g/L, FeS04.7H,O 0.010 g/L,
KCL 0.5 g/L (pH 7.3) supplemented with 0.1% (w/v) trypto-
phan and incubated at 25+2°C and 120 rpm in shaking in-
cubator for 5 d. The supernatant was obtained by centri-
fuging the broth culture at 10,000 rpm for 10 min. Then, to
1 mL of supernatant, 2 mL of Salkowski reagent was added
and incubated at room temperature for 30 min under dark
conditions. The appearance of a pinkish-red color indi-
cates IAA production. IAA production was measured quan-
titatively using a UV spectrophotometer at 530 nm. I1AA
standard was prepared at a 0-100 pug/mL concentration. All
experiments were performed in triplicates (17, 18).

Ammonia Production

The isolated strains were evaluated for their ability to pro-
duce ammonia using peptone water media consisting of
sodium chloride 5 g/L, peptone 10 g/L (pH 7.2 + 0.2) and
incubated at 25 +2°C for 5 d. The broth cultures were cen-
trifuged at 10000 rpm for 10 min to obtain the culture
supernatant. Then, 1 mL of Nessler’s reagent was added to
1 mL of the supernatant. The development of deep yellow-
to-brown color was considered a positive indication of
ammonia production, which was quantitatively measured
using a UV spectrophotometer (8, 18).

Phosphate Solubilization

The phosphate solubilizing ability of the fungal isolates
was examined qualitatively using a modified method. The
isolates were inoculated onto Pikovskaya’s agar medium
and incubated at 25 + 2°C for 7 d under dark conditions
(19, 20). The development of a yellow halo zone around
the colony indicates the phosphate solubilizing efficiency
of the isolated fungal endophytes. Phosphate solubiliza-
tion index (PSI) was also measured using the following
equation (21).

Phosphate Solubilization Index = (colony diameter +
halo zone diameter)/colony diameter

Preparation of Crude Fungal Extract

To prepare crude fungal extracts, 4-5 discs of freshly grown
fungal endophytes were dipped into the potato dextrose
broth (PDB) and incubated for 10 d at 25 + 2°C at 120 rpm
in a shaking incubator. The fungal mycelia were filtered
using Whatman filter paper after incubation. The filtrate
was then used for antibacterial studies.

Tested Organisms Used for Antimicrobial Activity

Five pathogenic bacterial strains, such as gram-positive:
Bacillus cereus, Streptococcus pneumoniae, and gram-
negative: Escherichia coli, Vibrio parahaemolyticus, and V.
vulnificus were used for determining the antibacterial ac-
tivity of the isolated fungal endophytes. The stock cultures
were maintained at 4°C and inoculated on nutrient broth
followed by incubation at 37°C for 24 h under shaking con-
ditions.

Antimicrobial Assay

Agar well diffusion assay was used to determine the anti-
bacterial activity of the isolated fungal endophytes. Under
sterile conditions, the freshly prepared bacterial inoculum
(0.1 mL) was used for spread plating over the nutrient agar
plates. Wells of 6 mm diameter were created on the plates
using a sterile borer. The crude extract (50 uL) from each
isolated fungal strain was poured into the wells using
micropipette. Plates were then incubated at 37°C for 24 to
48 h. The presence of a zone of hydrolysis was an indicator
of antibacterial activity (22).

Statistical Analysis

Microsoft Excel 2016 was used for data processing. One-
way analysis of variance (ANOVA) was used to examine the
significance of differences (p<0.05) in the results using IBM
SPSS statistics 21. All the tests were performed in tripli-
cates (n=3) and expressed as mean + standard deviation
(SD).

Results and discussion
Isolation and Molecular Characterization

In our present study, nine endophytic fungi were isolated
from different parts (stem, roots and leaf) of Alternanthera
philoxeroides from Madiwala Lake, Bangalore. After sterili-
ty check, the absence of fungal growth on control plates
has confirmed that the isolated microbes were indeed en-
dophytes. Among all the isolates, MEFAphR3 and
MEFAphS1 isolated from root and stem respectively were
selected based on their screening for plant growth promo-
tion and antimicrobial activity. The obtained endophytic
fungal strains were cultured in sabouraud dextrose agar
(SDA) plates and subcultured in SDA slants for further stud-
ies. The colony characteristics of the two fungal strains
were white cottony mycelium with purple pigmentation
for MEFAphR3 and red pigmentation for MEFAphS1. The
initial identification of the endophytic fungus was carried
out by examining its primary features. Subsequent identifi-
cation of the isolates was conducted through staining with
lactophenol cotton blue (as shown in Fig. 2) and molecular
identification using ITS sequence analysis (as illustrated in
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Fig. 3). The species MEFAphR1 was determined to be
Fusarium annulatum, and MEFAphS1 was identified as
F. solani. The sequence of MEFAphR1 was submitted to
NCBI under accession number OM866184. It's worth noting
that the isolate F. solani had been previously submitted
and reported in one of our research works (unpublished
data). To the best of our knowledge, this marks the first
report of endophytic fungi belonging to the Fusarium
genus from A. philoxeroides, showcasing both plant growth
potential and antimicrobial activity.

of I1AA, and ammonia production, and phosphate solubili-
zation (Table 1). For IAA production, a change in color to
pink upon the addition of Salkowski's reagent to the cul-
ture supernatant confirmed the presence of IAA (Fig. 4A).
The IAA content in the isolates MEFAphS1 and MEFAphR3
was found to be 46.635+1.04 ug/mL and 4.925+0.46 pug/mL
respectively, at 0.1% (w/v) tryptophan concentration. IAA
serves various role in plant development, including stimu-
lating abscission, promoting cell growth, inhibiting the
growth of lateral shoots, participating in the formation of

Fig. 2. Fungal plate culture grown on SDA media (A, B) front view and rear view of MEFAphS1 (D, E) front view and rear view of MEFAphR3 and (C, F) lactophenol
cotton blue staining depicting fungal spores and mycelium of MEFAphS1 (Fusarium solani) and MEFAphR3 (F. annulatum).
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Fig. 3. (A) The phylogenetic analysis of the isolate Fusarium annulatum MEFAphR3 obtained in the study along with sequences from NCBI using MEGA 5 with
neighbor-joining method (B) species identification of the isolated fungal endophyte F. annulatum MEFAphR3: genomic DNA isolation (left), PCR amplification of

the ITS region (middle) and DNA ladder specifications (right).

Determination of Plant Growth-Promoting Attributes

Qualitative and quantitative tests were performed to
determine the plant growth-promoting traits of the isolat-
ed fungal endophytes. These tests included the evaluation

phloem and xylem tissues, and influences the elongation
and growth of roots. The production of IAA plays a crucial
role in regulating growth-promoting characteristics (23).
Many researchers have previously supported that the

https://plantsciencetoday.online
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Table 1. Plant growth promotion capability of the isolated fungal endophytes from Alternanthera philoxeroides.

Plant growth promoting traits

Fungal endophytes Isolate identified as Ammonia production IAA production Phosphate solubilisation Index
(ng/mL) (ng/mL) (PsI)
MEFAphS1 Fusarium solani 0.743+0.07 46.635+1.04 1.5+0.10
MEFAphR3 Fusarium annulatum 0.903+0.01 4.925+0.46 1.37+0.08

Fig. 4. Screening for plant growth promotion by fungal endophyte isolated from Alternanthera philoxeroides (A) Ammonia production by Fusarium annulatum

MEFAphR3 (Control, treated sample) (B) IAA production by F. solani MEFAphS1 (Control, treated sample) and (C) Phosphate solubilization (in Pikovskaya’s media

supplemented with 500 pL of 0.5% bromocresol green) by F. solani MEFAphS1.

biosynthetic pathway involving tryptophan is more favour-
able for auxin production compared to conditions where
tryptophan is absent (24, 25).

The isolation of the endophytic fungi, Fusarium spp.
and Alternaria spp., was earlier reported from the leaves of
Solanum nigrum. These fungi exhibited IAA production
with the values of 54 and 30 pg/mL respectively (26).
Similarly, 12 endophytic fungi were isolated from various
parts of the wild orchid Vanda cristata, all of which demon-
strated plant growth-promoting abilities. The isolate
F. solani (PVR1) was tested positive for IAA production and
phosphate solubilization and showed a weak intensity of
ammonia production. The concentration of IAA was
recorded as 30 pg/mL, 48 ug/mL, and 87 ug/mL at different
tryptophan concentrations of 1 mg/L, 2 mg/L, and 5 mg/L,
respectively. The phosphate concentration for F. solani
(PVR1) was 0.427 pg/mL (10).

The ammonia production by our isolates was con-
firmed as positive by the addition of Nesslers’s reagent,
resulting in the formation of a deep yellow-to-brown color
(Fig. 4B). The ammonia production by the isolate
MEFAphS1 and MEFAphR3 was found to be 0.743+0.07 ug/
mL and 0.903+0.01 pg/mL, respectively. Ammonia produc-
tion has an indirect effect on the growth of plants. They
fulfil the requirement of nitrogen by the host plant and
also inhibit the growth of phytopathogens, acting as bio-
control agents (27). The endophytic fungus Fusarium spp.
showed medium to week ammonia production while
Agaricus spp. and Mycoleptodiscus spp. showed the maxi-
mum intensity of ammonia production in the medium (10).
Isolates MEFAphS1 and MEFAphR3 were also found to be
positive for phosphate solubilization, as indicated by the
development of a yellow halo zone around the colony,
when grown in Pikovskaya’s media containing bromocre-
sol green indicator (Fig. 4C). The phosphate solubilizing
index (PSI) for MEFAphS1 and MEFAphR3 were found to be

1.5+0.10 and 1.37+0.08, respectively. In another study, 15
endophytic fungi were isolated from the wheat plant out of
which 11 strains solubilized phosphate exhibited PSI rang-
ing from 2.08+0.03 to 5.16+0.36 and also showed visible
halo zones around the colonies on Pikovskaya’s agar me-
dium. They also reported that 34% of their isolated endo-
phytic fungus exhibited ammonia production (28). Another
study showed that the fungal endophyte F. solani isolated
from Lotus tenuis showed the highest phosphate solubili-
zation activity (29). In our current findings, the plant
growth-promoting traits IAA production and phosphate
solubilization directly helps in plant growth. In contrast,
ammonia production indirectly promotes plant growth by
suppressing the proliferation of plant pathogens. The sym-
biotic association between the plant A. philoxeroides and
endophytic fungus is crucial for their survival and growth
under polluted conditions.

Antimicrobial Activity

The selected endophytic fungi, MEFAphS1 and MEFAphR3,
were further studied to investigate there in vitro inhibitory
activity against Escherichia coli, Bacillus cereus, Strep-
tococcus pneumoniae, Vibrio parahaemolyticus, and V. vul-
nificus. The isolate MEFAphS1 showed antibacterial activi-
ty against V. vulnificus, S. pneumoniae, and V. para-
haemolyticus, with the highest zone of inhibition (28+1
mm) against V. vulnificus and the lowest against  S. pneu-
moniae (10+2 mm). The isolate MEFAphR3, on the other
hand, displayed antibacterial activity only against V.
parahaemolyticus, with an inhibition zone of 8+1.53 mm
(Fig. 5). Given that, A. philoxeroides is an invasive plant, the
endophytic fungal population within the plant could prob-
ably confer the host for their ability to tolerate both abiotic
and biotic stresses by producing various secondary metab-
olites. In a similar study, the endophytic fungus isolated
from Opuntia dillenii, an invasive plant growing in the
harsh South-Eastern region of Sri Lanka, showed the pres-
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ence of the most-active fungal endophyte, Fusarium spp.
The antibacterial compound equisetin of the Fusarium
spp. showed antibacterial activity against B. subtilis and
Staphylococcus aureus (30). In another study, 29 endophyt-
ic fungi were isolated from Withania somnifera. Most of
them were Fusarium spp. and showed antagonistic activity
against bacterial pathogens like B. subtilis, E. coli, and S.
aureus (31). The endophytic fungus Fusarium spp. isolated
from meniran leaves (Phyllanthus niruri), has shown anti-
bacterial activity against S. aureus, Streptococcus mutans,
B. subtilis, E. coli, Pseudomonas aeruginosa, and Salmonel-
la typhi (32). Western Ghats, a biodiversity hotspot har-
bours a lot of pigment producing endophytic fungi which
can be utilised in multiple industries (33). Earlier studies
on endophytes in polluted lakes in Bangalore had revealed
the presence of many bacteria and fungi with plant growth
promoting and enzyme production capabilities (34-36).
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Fig. 5. Antibacterial activity of the selected fungal endophytes Fusarium
solani MEFAphS1 and F. annulatum MEFAphR3 against test organisms E. coli,
B. cereus, S. pneumoniae, V. parahaemolyticus, and V. vulnificus.

Conclusion

The current research has highlighted the capacity of fungal
endophytes isolated from Alternanthera philoxeroides to
produce substances that enhance plant growth. Specifical-
ly, the isolates Fusarium solani and F. annulatum demon-
strated growth-promoting activities, including phosphate
solubilisation, and ammonia, and IAA production. Addi-
tionally, Fusarium spp. exhibited significant antibacterial
activity. The plant growth-promoting traits and antimicro-
bial activity exhibited by these Fusarium spp. suggest their
potential use as both plant growth enhancers and biocon-
trol agents. Consequently, incorporating these strains into
the agricultural industry has the potential to reduce reli-
ance on synthetic fertilizers and promote sustainable
farming practices, which warrants further scientific investi-
gation. Subsequent studies, particularly those involving
field experiments, are imperative for validating their
effects on crop plants under natural growth conditions.
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