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ABSTRACT

Utilization of plant-associated beneficial microorganisms, particularly endophytes, is growing, as they
occupy a relatively privileged niche within various plant tissues, where they face less competition for food
and shelter than in the rhizo-sphere. The plant and these beneficent endophytes form a harmonious
interaction that has profound effects on the host plant’s physiological and developmental process in its
native habitat. The purpose of this study aims to emphasize the endophytic fungi found on flourishing rice
seedlings as well as to investigate the preordained factors affecting the growth of the plant. 56 endophytic
fungi were isolated from various  rice plant tissues and their percent of dominance was determined. The
fungal strains were assessed for in-vitro mechanisms that boost plant growth-promoting activities studies.Out
of 14 isolates, 92.85% were able to produce Gibberellic acid, 7.14% ammonia production, 71.42% for phosphate
solubilization activity, 92.85% for zinc solubilization activity, 21.42% for potassium solubilization activity,
7.14% for HCN production and 64.28% for siderophore development, indicated the potency to promote
crop growth enhancement. Therefore, endophytic fungi isolated from rice plants have the potential to be a
fortuitous bio-stimulant; further research into this area is required to aid in bridging the void in agricultural
and biotechnological prospects.
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Introduction

There is an inherent connection between plants and
the various kinds of microbes that thrive in their
phyllosphere (epiphytic bacteria), rhizosphere
(rhizobacteria), and plant tissue (endophytes) Qin et
al. (2011). An endophytic fungus establishes itself
within and between plant cells without causing in-
fection (Abedinzadeh et al., 2019). The variety and
structure of plant communities are influenced by
myco-endophytes, which are decisive and percep-

tible components of fungal life and ecology in
plants. Forestalling to their host plants from both
predators and pathogens, endophytes perform a
very imperative character in ecosystems (Scannerini
et al., 2001). Pretty fascinating crop traits mostly in
agricultural production, this unique critter has an
array of mechanisms for encouraging crop produc-
tion, including phyto-stimulation, bio-fertilization,
and persuading plants to withstand simultaneously
biotic and abiotic challenges (Hassan et al., 2017);
Plant growth-promoting fungi (PGPF), for example,
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precisely foster growth of the plant by producing
phyto-hormones such as indole-3-acetic acid (IAA)
and gibberellic acid (GA) Hashim et al. (2020). Fun-
gal GA reacts synergistically with endogenous plant
GA, stimulating plant growth through cell expan-
sion. Furthermore, PGPF stimulates plant develop-
ment by producing ammonia (Fouda et al., 2015)
and multiple enzymes (including amylase, cellulase,
and protease) Hassan et al. (2017) in synchrony with
fixing nitrogen and solubilizing phosphate (Zamin
et al., 2020).

One important contribution of fungal endophytes
to agriculture is their role as a biological control
agent towards several pests and diseases carried by
insects, nematodes, and other microbial pathogens
(Murali et al., 2017).

Conjointly, enhancing the host’s defense, every
endophytic microbe contributes through an as-yet-
unknown mechanism, and there are several unre-
solved queries in endophytic research. As a conse-
quence, the purpose of our research is to utilize
morphological techniques to assess the growth-pro-
moting activities of fungal endophytic strains cog-
nate with various tissue portions of wholesome, rice
crops.

Materials and Methods

Sampling, Isolation and Identification of
Endophytes

Sample Assemblage and Surface Sterilization

Sample processing was done during seedling stage
of rice plant. Rice seedlings of four different kinds
(Oryza sativa L. var. Khandagiri/ Gitanjali/
Hiranyamayee/ Lalat) were collected from the
OUAT field in Bhubaneswar, Odisha, India (Lat. 200
16’N, Long. 85047’E, Elevation 25.9 m). Immediately
after collection, sterile containers were employed to
transport the materials to the lab for processing
within 24-48 hours.

Samples were carefully sliced and placed on Po-
tato Dextrose Agar (PDA), Sabouraud Dextrose
Agar (SDA), Malt Extract Agar (MEA), Water Agar
WA and Czapek Dox Agar (CDA). Moreover, the
plates were maintained in an incubator at 28°C± 2°C
for 2 weeks unless fungal growth was perceived
(Schulz et al., 1998). Triplicate media plates spread
out with 50 µl aliquots of the last rinse water demon-
strated the cogency of the surface sterilization pro-
cess because no microbial growth cropped up.

Both the frequency of isolation (IF) and the perva-
siveness of the most abundant fungus was deter-
mined following the methods described elsewhere
(Fisher and Petrini, 1991; Goveas et al., 2011):

IF= (Total number of isolates yielded in a given
trial/ Total number of sample segments in the same
trial) × 100

% Dominance = (Number of isolates collected
from the samples/ Total number of leaf/stem
samples) × 100

Comparative Morphological Analysis of a Variety
of Culture Media

Different media were utilized to determine the
mycelium type, colony color, and fungal growth
rate. The isolates described in this manuscript were
stained with lacto-phenol cotton blue (via scotch
tape method) and identified using the standard
identification manuals based upon colonial mor-
phology and microscopic observation (Gilman,
1971).

Investigation of Plant Growth-Promoting Traits

Screening for Gibberellic Acid (GA) Production

The Follin-Wu technique was used to demonstrate
the qualitative and quantitative production of GA3

by the isolates (Henderson and Grahm 1961,
Tripathy et al., 2020). The concentration of GA3 was
measured by comparing it to a standard curve cre-
ated with GA3 obtained from Sigma-Aldrich, Pvt.
Ltd.

Ammonia Production

According to Nessler’s reagent method, all of the
fungal isolates were checked for their potential to
produce ammonia. The non-inoculated peptone wa-
ter medium serves as the control (Marques et al.,
2010).

Phosphate Solubilization

According to Jasim et al. (2013), the ability of fungal
isolates to dissolve inorganic phosphate using tri-
calcium phosphate contained in the medium was
tested in vitro. On Pikovskaya’s medium plates, the
fungus plugs were inoculated and maintained for 5-
7 days at 28 oC ± 2 oC. The phosphate solubilizing ca-
pacity was qualitatively assessed by measuring the
diameter (mm) of the clear halo zones formed encir-
cling the colony. The formula for determining the
Phosphate Solubilization Index (PSI) has been pro-
vided below:
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PSI= Total diameter of the halo/Diameter of the colony

Zinc Solubilization

Isolates’ abilities to solubilize zinc were tested in
plates comprising insoluble ZnO or ZnS (0.1%) in a
Basal media by using the halo zone formation proce-
dure (Venkatakrishnan et al. 2003). The solubiliza-
tion index was calculated according to the estab-
lished formula as presented below:
ZSI = Total diameter of the halo/Diameter of the colony

Solubilization of Potassium

Aleksandrov agar medium, which contains 0.2% of
the insoluble potassium-containing material like
mica, was used to test the isolates for potassium
solubilizing activity (Hu et al., 2006). Incubating the
plates at 28°C ± 2°C for 5 days yielded positive re-
sults for potassium solubilization activity, as indi-
cated by the presence of clear halo zones around the
colonies. The following formula was used to get the
index of potassium solubilization as shown below:
KSI = Total diameter of the halo/Diameter of the colony

Disease Suppressive Mechanisms

Siderophore Evaluation

Isolates were screened for their capacity to produce
siderophores by using the modified technique of
(Schwyn and Neilands, 1987). The fungal isolates
were inoculated onto Chromazurol S (CAS) agar
media plate and incubated at 28 °C ± 2 °C for 7 days.
Siderophores were thought to be produced by colo-
nies that turned yellow-orange/ pink, on growth
color change from blue to yellow-orange, pink,
purple, or deep purple-red was used to determine
the kinetics of CAS.

Test for HCN Production

Miller and Higgins (1970) modified protocol was
used for hydrogen cyanide formation studies. A so-
lution of 0.3% picric acid and 1.5% sodium carbon-
ate was combined to produce HCN medium. The
solution was applied to a sterile strip of Whatman

No.1 filter paper (China) and dried under sterile
conditions. After inoculating a PDA plate with fun-
gus cultures, the processed filter paper sheets were
laid on top of the plate and the plate was wrapped
with Parafilm to prevent contamination. The dura-
tion of incubation was spanning from 7 days to 10
days. Filter paper strips were monitored for their
color shift from yellow to brown or reddish brown
as a measure of HCN production rate. The levels of
intensity were categorized as mild (yellow to light
red), moderate (brown), and intense (reddish
brown).

Statistical analysis

SPSS (Version 22.0) was used to perform Analysis of
Variance (one-way ANOVA) on the data to deter-
mine standard deviation and error. The means were
compared using Duncan’s multiple range test
(DMRT) to find significant differences at the P0.05
levels. To further examine the differences between
means, a t-test was also employed.

Results

Isolation and identification of endophytic fungi

In toto 56 endophytic fungi were isolated by
culturable methods from 290 sterile stem and leaf
fragments of four rice plant varieties (Gitanjali,
Hiranyamayee, Khandagiri, and Lalat), and 14 iso-
lates were selected for further characterization based
on morphological and functional characteristics.
Endophytic fungi were isolated from leaf segments
more frequently than stem segments (Table 1). Us-
ing lactophenol cotton blue and sticky tape tech-
niques, these endophytic fungi were identified mor-
phologically.

All fungal endophytes were kept at 4 °C in PDA
slants and -80 °C in glycerol stock as future use. As-
pergillus, Talaromyces, Fusarium, and Sterile mycelia
were isolated from at least two distinct plant parts
and exhibited ubiquitous colonization, with As-
pergillus being the most dominant endophytic fun-

Table 1. Frequency of isolation (%) of endophytic fungi of four different Rice plant (Gitanjali-V1, Hiranyamayee-V2,
Khandagiri-V3, Lalat-V4)

Characters studied Variety -1 Variety-2 Variety-3 Variety-4
Plant parts usesd Leaf Stem Leaf Stem Leaf Stem Leaf Stem

Total no. of samples 42 32 40 32 40 32 40 32
Number  of isolated endophytic fungi 11 7 7 5 6 3 12 5
% frequency of isolation 26.18 21.72 17.31 15.44 15.08 9.37 30.08 15.59
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gus (Table 2). The presence of Aspergillus,
Talaromyces, Fusarium, and Sterile mycelia in both tis-
sue sections of four distinct rice plants indicates the
obtained endophytic isolates had no preference for
any particular tissue.

phate on Pikovskaya’s agar (PVKA) medium, pro-
ducing a clear zone around the fungal colony, vali-
dating the possible phosphate solubilizing activity.
The phosphate solubilizing index (2.94 ± 0.005) for
isolate LL14 was the highest of all the tested isolates,
indicating that it exhibited the most phosphatase ac-
tivity, whereas LL11 had the lowest phosphate solu-
bilizing activity (1.13 ± 0.003) reported in Table 3.

Zinc Solubilization

When all of the isolates were subjected to the zinc
solubilization test, thirteen isolates (92.8%) were
found to be positive for zinc solubilization. LS13 had
the highest zinc solubilizing index (2.65 ± 0.005),
while GS03 had the lowest zinc solubilizing index
(1.01 ± 0.008, Table 3).

Potassium Solubilization

All of the isolates were subjected to a test for
postassium solubilization. Three isolates (21.42%)
(GS01, GL02, and HS06) were determined to be
positive for the potassium solubilization test. The
isolate HS06 had the highest solubilizing index (1.41
± 0.003), while the isolate GL02 observed to have
lowest solubilizing index (1.17 ± 0.003, Table 3).

Siderophore Production

After 72 hours of incubation on CAS agar, the re-
sults of inoculation with all fungal isolates were ob-
served. Nine (GS01, GL02, GS03, GS04, HS08, KL09,
KL10, LL14, and LS13) isolates (64.28%) observed to
have positive siderophore production ability. The
color changed from blue to orange/pink, indicating
siderophore production, suggesting that these iso-
lates have the capability to generate siderophore,
which chelates iron from the medium. Isolate LS13
exhibited the highest siderophore producing index
(SI) (2.96 ± 0.005), whereas, isolate GS03 exhibited
the lowest (SI) (1.28 ± 0.008, Table 3).

Production of HCN

Only one of fourteen isolates, KL10, was positive for
HCN production (Table 3). All fourteen endophytic
fungal isolates were evaluated for their ability to
produce HCNas illustrated by the yellow-to-reddish
brown transformation of filter paper.

Discussion

With the advancement of technology, the world has
risen, but it is disheartening to consider food pro-

Table 2. Dominanat Endophytic fungi % and their colo-
nized plant part of four different Rice plant
(Gitanjali-V1, Hiranyamayee-V2, Khandagiri-V3,
Lalat-V4)

Isolates Plant parts %
colonized Dominance
(Stem/Leaf)

Aspergillus sp. 1 Stem, Leaf 6.89
Aspergillus sp.2 Stem, Leaf 3.44
Talaromyces sp. Leaf, Stem 2.06
Colletotrichum sp. Leaf 1.72
Penicillium sp.1 Stem 1.37
Fusarium sp. Stem, Leaf 1.03
Aspergillus niger Leaf 0.68
Sterile mycelia (SM) 2 Leaf, Stem 0.68
Unidentified genus 1 Leaf 0.34
Sterile mycelia (SM) 1 Stem 0.34
Rhizopus sp. Stem 0.34
Unidentified genus 2 Stem 0.34
Aspergillus sp.3 Leaf 0.34
Penicillium sp.2 Leaf 0.34

Growth Promotion and Disease Suppression

GA Production

The potency of selected fungal endophytes for pro-
moting plant growth, biochemical enzyme activity,
and mineral solubilization was evaluated. Using
qualitative and quantitative GA production assays,
GA-producing isolates were screened and quanti-
fied. The ability to produce GA was identified in 13
(92%) of the isolates, most notably in the
Ascomycota group. The isolate with the highest re-
ported GA production was LS13 (67.78 ± 0.082 g/
ml), followed by LL12 (65.92±0.082 g/ml) and the
lowest production was reported in isolate HL07
(38.75±0.082 g/ml) (Table 3).

Ammonia Production

Test results pertaining to ammonia production are
depicted in the Table 3. According to the findings of
the present study, only one endophytic fungus,
KL09, produced ammonia.

Phosphate Solubilization

Nine isolates (64%) utilized the incorporated phos-
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ductivity in light of rising demand and the re-
currence of food crises around the globe. In
crop production, environmental pollution is-
sues caused directly or indirectly by the use
of chemical fertilizers, pesticides, herbicides,
insecticides, etc. are a major concern. Recent
climate change has huge adverse effects on
survival and yields of crops as well as quality
of derived products for food requirements. In
the present past more research is being con-
ducted on novel microorganisms as a means
of improving plant health and crop yield, be-
sides their uses as bio-fertilizers, bio-pesti-
cides and bio-insecticide. Therefore, research-
ers are focused to seek an alternative route
based on natural origins for the sustainable
growth of plants in agriculture. Myco-endo-
phytes are less studied but of great interest,
since they possess numerous traits that pro-
tect plants from biotic and abiotic challenges
and phyto-pathogens, allowing them to
thrive and flourish.

Consequently, during this investigation 56
endophytic fungi belonging to various genera
were isolated from 290 leaf and stem frag-
ments of four varieties of healthy rice. Based
on in-vitro plant growth-promoting assays
and bio-control activity results, 56 isolates
were narrowed down for further research.
The present research indicated that the endo-
phytes belonging to Ascomycota genera were
substantially more predominant than other
categories, as they are members of frequently
detected genera of soil fungi, such as
Fusarium, Penicillium, Aspergillus,
Colletotrichum and Talaromyces, with
Mucoromycota being the least dominant, con-
sistent with the findings of (Atugala and
Deshappriya, 2015).

Unidentified fungi and form groups were
distributed uniformly throughout the rice
plants. Aspergillus, Penicillium, Fusarium, and
Talaromyces were identified as stem and leaf
endophytes from rice tissue sections. Species
of Colletotrichum and Rhizopus were restricted
to the leaf and stem, respectively. Fusarium,
Aspergillus and Penicillium were among the
most prevalent endophytes isolated from
healthy paddy plants in China, according to a
study on fungal endophytes (Tian et al., 2004).
Intriguingly, a new species of the fungusT
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Talaromyces was isolated from the leaves of rice
plants, corroborating to (Miyake et al., 2012) findings
that Talaromyces sp. KNB422, isolated from a rice
seedling, was highly effective against several rice
seedling diseases in Japan. According to our knowl-
edge, this is the first report from this region on the
bio-prospecting of rice endophytic fungi for agricul-
tural applications.

Through the production of phytohormones such
as GA3, nitrogen fixation, siderophore formation,
and phosphate solubilization, endophyte-induced
direct promotion contributes to plant growth and
development. It has also been demonstrated endo-
phytes can boost crop development through the pro-
duction of phytohormones such as GA, which not
only improve stem elongation but also stimulate
seed germination. In this investigation, 13 isolates
observed to have the potential to produce gibberel-
lic acid (GA). Our findings that numerous spp. of
Aspergillus and other fungi can produce GA3 are cor-
roborated by the findings of Waqas et al., (2014),
who found that Aspergillus fumigatus and other fungi
isolated from roots of (Glycine max L.) produced di-
verse subtypes of phytohormones (GA1, GA3, GA4,
GA7, and GA9).

In addition, 7.14% of the isolates in the present
investigation synthesized ammonia by hydrolyzing
urea. By hydrolyzing urea into ammonia and carbon
dioxide, microorganisms produce ammonia as a sec-
ondary metabolite, which meets the nitrogen re-
quirements of the host plant and reduces pathogen
colonization (Mbai et al., 2013). Another aspect of
PGPF that influences plant growth is the formation
of ammonia (Ngoma et al., 2014). Our results show-
ing that Aspergillus sp. isolate KL09 produced am-
monia are  in consistent with those of an earlier
study (Chadha et al., 2015) showing that the fungus
Aspergillus sp. can produce ammonia.

Generation of organic acids and protons is the
primary process for mineral solubilization, includ-
ing phosphate and other insoluble mineral salts, as
this lowers the pH of the medium (Nath et al., 2015).
Phosphorus is a vital macronutrient for plant devel-
opment. According to Mengel and Kirkby (1978),
most (95–99%) of the phosphorus in soil is present as
insoluble organic and inorganic phosphates that
slowly leach out of the surface soils and are not
readily accessible to plants. In phosphorus-deficient
conditions, plant development is hindered. Plant
productivity can be enhanced by improving phos-
phate allocation and assimilation through fungi by

solubilizing phosphates. Compared to bacteria,
phosphate solubilization by fungi appears to be
more promising.

Results showed that when cultured on
Pikovskaya agar medium supplemented with tri-
calcium phosphate, 10 fungal isolates (71.42%) ex-
hibited phosphate solubilization activity, as indi-
cated by the existence of a clear zone all around the
fungal colony; 92.85% of fungal isolates were able to
solubilize zinc; 21.42% of isolates were positive for
potassium (Table 3).

According to reports, Penicillum sp. and Aspergil-
lus sp. are the most prominent genera employed for
phosphate solubilization (Seshadri et al., 2004;
Wakelin et al., 2004). Aspergillus niger, Penicillium
simplicissimum, Penicillium expansum, and
Scopulariopsis brevicaulis have been documented to
dissolve undissolved potassium salts, which includ-
ing potassium aluminosilicates (Sterflinger, 2000).
Several species of fungus, notably ericoid mycor-
rhizal fungi (Woollsia pungens mycorrhizal endo-
phytes; Epacridaceae; Hymenos cyphus ericae;
Oidiodendron maius), have been observed effectively
dissolve hydroxyapatite, Zn oxide, and other related
minerals (Martino et al., 2003). These outcomes align
with the conclusions of the existing investigation
(Table 3).

Significant studies, such as the production of pro-
tease, siderophore, and HCN in enhancing plant
defense and survival have been recorded by (Dellagi
et al., 2009). HCN has a crucial role in disease pre-
vention. Here, in this study, only 7.14 % of samples
tested positive for HCN. There is very little known
about fungi that produce HCN. Therefore, these
PGP-exhibiting isolated strains are incredibly inter-
esting.

Siderophore synthesis is an additional trait that
stimulates plant growth by attaching to the acces-
sible iron form (Fe3+) in the rhizosphere, rendering
iron unavailable to the phyto-pathogen.
Siderophores exhibit a high degree of structural
polymorphism and iron affinity, which determines
a microbe’s growth under competitive situations
when iron supply is the limiting factor (Cao et al.,
2005). Tan et al. (2006) proposed that the formation
of siderophore is a key component for phyto-patho-
gen antagonism and plant development. In our in-
vestigation, siderophore synthesis was identified in
64.2% of isolates (Table 3). Aspergillus sp. is well-
known for producing siderophores, which restrict
phyto-pathogen growth by competing for iron in
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rhizosphere soils (Haas, 2014).
It was seen that the maximum intensity of

siderophore production was shown by C. globosum,
A. vericolor, and T. peudokoningii, followed by F.
oxysporum, Mucor sp, A. niger, and M. hiemalis. How-
ever, F. semitectum, F. solani, F. fusarioides, and F.
moniliforme showed siderophore production
(Chadha et al., 2015). The results of the current inves-
tigation are aligned with the aforementioned find-
ings, which could be attributable to plant growth-
boosting activities.

Conclusion

The results of this study imply that endophytic fungi
might be used not only as an efficient antifungal
agent in the management of diverse crop diseases,
but also as valuable agricultural assets in the search
for effective antifungal metabolites. The production
of phyto-hormones (GA3), solubilization of inor-
ganic phosphorous, zinc, and potassium, production
of siderophores, hydrogen cyanide, ammonia, and
protection of plants from phyto-pathogens are just
some of the ways in which these species promote
plant growth. The findings of the current research
encourage to do empirical investigation on the pre-
ferred fungal endophytes in order to formulate a
persuasive bio-stimulant with wide-ranging appli-
cability to multiple fields, which would ultimately
pave the way to organic food crops and help bring
in a brighter tomorrow by eliminating our reliance
on harmful synthetic chemicals.
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