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ABSTRACT

Soil is a dynamic, living matrix that is an
essential part of the terrestrial ecosystem.
The soil serves as a reservoir for many
microbial communities of plants and herbs
which are producing, CO2 and nitrogen.
Paddy (Oryza sativa L.) is the most
important cereal crop of the world. Paddy
field soil contains rich organic matters like
old stubble, paddy straw, senescent roots
and wastes. It also contains numerous types
of fungi, which support rice production as
well as maintain the fertility of paddy soil.
This study investigates the secondary
metabolites produced by various fungal
species isolated from the Alanganallur
region, aiming to uncover novel bioactive
compounds with potential pharmaceutical
and agricultural applications. Soil samples
were systematically collected and cultured
to isolate diverse fungal strains. The
secondary metabolites were extracted using
solvent extraction methods and
subsequently analyzed using microbial and
spectroscopic techniques, including FT-IR
spectroscopy. The screening revealed a wide
array of secondary metabolite compounds
which exhibited significant antibacterial

activity when subjected to antibacterial
tests. Notably, a subset of these metabolites
demonstrated  potent activity  against
Staphylococcus aureus and E. coli,
highlighting their potential as leads for new
antibacterial  agents.  This  research
underscores the rich biodiversity of soil
fungi in the Alanganallur region and their
capacity to produce bioactive secondary
metabolites. The findings suggest that these
metabolites could serve as a valuable
resource for the development of novel
therapeutic agents and biopesticides.

Keywords: Metabolites, Nitrogen, Soil
fungi, Antibacterial

INTRODUCTION

Soil is a vital resource for agricultural
production, food security, and life
processes.[1] It contains microbial activity,
playing a crucial role in decomposition and
nutrient cycling. Soil microbial diversity is
essential  for  successful microbial
bioinoculants and soil health.[2] These
microorganisms significantly impact soil
ecosystems by decomposing organic matter,
recycling  nutrients, and  controlling
biological processes. Soil is an oligotrophic
medium for fungal growth, as they are
limited and present for short periods.[3]
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Fungi are dormant or slow-metabolizing,
distributing organic matter away from roots.
The concentration of microbes is highest
near the roots and arbuscular mycorrhizal
fungi, where exudates are a significant
source of organic energy. Fungi are more
closely related to animals than plants, with
80 percent or more of the same genes as
humans. [4] Rice, the world's most
important staple food crop, is crucial for
national food security and should be given
special status among cereals. However,
increasing rice cultivation sustainably with
reduced inputs and less exploitation of
natural resources is a challenge for rice-
growing  countries  worldwide.  Rice
production is only exceeded by wheat, and
with the increasing global population, it is
essential to augment cereal production,
mainly wheat, rice, and maize, which
account for half of human caloric intake.[5]
Chemical fertilizers, such as nitrogen and
phosphorous, are used to enhance grain
yield, but their increased use has led to
problems such as water contamination, soil
degradation, and loss of biodiversity,
ultimately  posing health  risks  for
humans.[6] Paddy field soil contains rich
organic matter, such as old stubble, paddy
straw, senescent roots, and wastes. Soil
microorganisms play a vital role in
metabolic reactions, such as mineralization
of soil organic nitrogen and decomposition
of rice straw and compost, which support
rice production and maintain soil fertility.[7]
The  physico-chemical  properties  of
agricultural soil play a crucial role in

agricultural ~ production  and  forest
development.  Soil  quality  analysis
encompasses parameters such as pH,

texture, moisture, electrical conductivity,
and nitrogen content, all of which impact
the soil's ability to operate as part of a
healthy ecosystem.[8] pH levels determine
soil acidity, with ranges below 6 considered

texture. Electrical conductivity measures
soil quality by assessing ion concentration
in the soil solution. Furthermore, nitrogen, a
critical plant nutrient, plays a key role in
plant growth and exists in various forms
within the soil and water systems.[9]
Phosphorus is a crucial element for plant
growth, present in every living cell. It acts
as an energy storage and is essential for
plant development. Additionally, soil
organic matter is valuable for agricultural
practices; its absence can negatively impact
soil quality, while its presence enhances soil
processes [10] Potassium is also important
for wvarious physiological processes in
plants, such as metabolic reactions and
regulation of photosynthesis [11]. Adding
organic matter to the soil in the form of
manures or compost is  beneficial.
Furthermore, the decrease in soil organic
matter content from surface to subsoil is a
concern due to levelling.

MATERIALS & METHODS
i) Study site and location

Alanganallur is  apanchayat townin
Madurai districtin the State of Tamil
Nadu, India. Agriculture is carried out in
large area around this place. Paddy, Sugar
cane, Coconut and Plantain are the major
crops. It is located between latitude of
10°2'52.05"N and longitude of
78°5'21.98"E.

Collection of soil samples

The soil samples were collected from five
different Paddy fields at five different
locations in and around Alanganallur,
Madurai District. The soil samples were
collected from different Paddy fields (up to
15cm depth) into small sterilized polythene
bags brought to laboratory stored at 4°C for
further studies. The collected soil samples

acidic, 6-8.5 as normal, and above 8.5 as  Were from A. Pudhupatti, Mettupatti,
alkaline. Soil texture, influenced by particle ~ Kottaimedu, Alanganallur and Kallanai
size, affects aeration, root penetration, and fields.
nutritional ~ status.  Moisture  content
influences nutrient absorption and soil
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Chemicals and Media

All  Culture media components and
Chemicals used in this study such as
Nutrient Agar, Potato Dextrose Agar,

Actinomycete Isolation Agar (AlA), Muller
Broth,

Hinton Agar, Potato Dextrose

Nutrient Broth, Nalidixic acid, and
Cycloheximide were of analytical grade and
purchased from Hi-media laboratory Pvt.
Ltd, Mumbai, India. The accurate amount
was weighed and autoclaved at 121°C for 30
minutes.

A-Pudhupatti
B-Mettupatti
C-Kottaimedu
D-Alanganallur
E-Kallanai

Map showing the sample collection sites in an around Alanganallur town, Madurai, Tamilnadu, India

Figure. 1 Map showing the sample collection sites in an around Alanganallur town, Madurai, Tamil Nadu,

India.

Physico-Chemical characteristics of soil
samples

The collected soil was characterized for its
physico-chemical properties. The physico-
chemical parameters were measured by
standard methods. Physical and chemical
parameters of soil such as pH, Electrical

Conductivity, Nitrogen, Phosphorus,
Potassium, Iron, Manganese, Zinc, and
Copper were analyzed. The physico-

chemical parameters of the soil samples
were analyzed at Soil Testing Laboratory,
Department of Agriculture, Government of
Tamil Nadu, Madurai.

Isolation of soil fungi

Soil Dilution Plate Method (Waksman,
1922): Soil dilutions were made by
suspending 1g of soil of each sample in
10ml of sterile distilled water. Dilutions of
1073, 10 and 10 were used to isolate fungi
in order to avoid over-crowding of the
fungal colonies. 1ml of the suspension of
each concentration was added to sterile Petri
dishes, in triplicates of each dilution,
containing sterile Potato Dextrose Agar
medium. 1% streptomycin solution was
added to the medium for preventing
bacterial growth, before pouring into Petri
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plates. The plates were then incubated at 26°
C to 28° C for 4-7 days. After 4-7 days of
incubation, the colonies growing on Potato
Dextrose Agar plates, with different
morphology, were counted and purified on
medium separately. Organisms were easily
isolated because they formed surface
colonies that were well dispersed
particularly at higher dilutions.
Identification of soil fungi

The fungi were identified with the help of
literature ~ (Nagamani Kunwar  and
Manoharachary, 2014). Then the identified
colonies were transferred to Petri dishes
containing agar. Identification of the
organism was made with the help of the
relevant literature (Thom & Raper 1941).
Extraction of secondary metabolites from
Isolated Fungi

Extraction of secondary metabolites were
carried out with slight modification from
literature (Sadrati,2013). After fermentation,
culture broth was separated from the
mycelia by filtration. Then the separated
broth was mixed with an equal volume of
ethyl acetate (100%). And the mixture was
vigorously mixed by vortex to extract
extracellular secondary metabolites which is
present in broth. The secondary metabolites
were released inorganic phase of the
mixture. The organic phase was removed
carefully. Then the separated mycelium was
blended using mortar and pestle by adding
small volume of ethyl acetate which is used
to breakdown the cell wall to release
intracellular metabolites, and then the
metabolites were separated by filtration.
Both the organic phase and filtrate were
mixed and kept for rotary evaporation. After
evaporation secondary metabolites were
collected in eppendorf tube and weighed.
Antibiotic sensitivity test

plates using a sterile cotton swab. After 15
minutes, antibiotic disc was placed on the
plates using sterile forceps in such a way
that the distance between two discs were at
least 20mm. The plates were incubated at
37°C for 24 hours. The presence and size of
inhibitory zones were observed.

Anti-fungal activity (Disc diffusion
method)

Antibacterial activity of isolated fungal
extracts was done using Disc diffusion
Method. Freshly prepared 24hrs overnight
culture of isolated fungi were swabbed over
the Muller Hinton Agar (MHA) plate.
Commercially available Fluconazole disc
were placed on respective plates. The plates
were incubated at 37°C for 24hrs. After
incubation zone of inhibition was observed
and measured.

FT — IR Spectrometry (Fourier Transform
— Infra Red spectrum analysis)

The fungal extract samples (10mg) were
mixed with 100mg of dried Potassium
bromide (Kbr) and compressed to prepare as
a salt disc. The disc was then read
spectrometrically. The frequencies of
different components present in active
sample were analyzed. (Devi, et al., 2010).

RESULTS

The wvalues of all physico-chemical
characteristics were plotted in a Graph .1.
Among the selected physico-chemical
parameters, Nitrogen was observed as a
predominant element present in the soils of
the all-study sites. Among study sites,
Mettupatti was recorded for high Nitrogen
and Potassium rich soil condition. Followed
by the results from the graph.2 indicates that
Nitrogen is a predominant element in all
study areas followed by Potassium. During
the study, very low electrical conductivity
was observed in all 5 study sites. In terms of
Microelements, Iron showed the maximum

Muller Hinton agar plates were prepared  level and Zinc observed in minimum
and isolated organisms were swabbed on the ~ quantity.
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Graph .2 Occurrence of N and K (mg/kg) from different study sites (1- A.Pudhupatti, 2- Mettupatti, 3-

Kottaimedu, 4- Alanganallur, 5- Kallanai)

FT-IR spectra showed the presence of
characteristic ~ transmittance  bands  of
hydroxyl groups (-OH), amines (-NH>),
alkyl (-C-C), carbonyl (-CO), carboxylic
acids (-COOH). In Aspergillus flavus
species showed highest peak at 3396.64 cm’
1 which indicates N-H amide group. The
transmittance band at 2970.38 cm™ depicts
C-H stretching. 2881.65 cm™ band shows
O-H stretching, mostly it indicates the
presence of glucose. The C=C, C=N
stretching groups was seen in the band at
2347.37 cm™. The peaks 2306.86 cm™,

1647.21 cm?, 1402.25 cm?, 1078.21 cm™
shows the C=0, C=N or C-OH stretching.
The C-CI alkyl seen in the 671.22 cm
band. The finger print transmittance bands
are difficult to interpret such as 418.55 cm™.
Aspergillus  fumigatus species showed
highest transmittance band at 3008.95 which
indicates =C-H stretching groups. The C-H
stretching was seen in the following bands
at 2926.01 cm, 2854.65 cm™. 2345.44 cmt
transmittance bond indicates either C=C or
N=N stretching.
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The C=N stretching was seen in the 2297.22  cm™. The C-Cl alkyl seen in the 719.45 cm™
cm? and 1710.86 cm™. The CHz bonding  and 617.22 cm™ band. The finger print
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transmittance peaks includes 1462.04 cm™,  such as 420.48 cm™.
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Graph. 3 Results from the antimicrobial activity from secondary metabolites isolated from 2 different
fungi tested against 2 different test organisms. (A-Aspergillus flavus, B-Aspergillus fumigatus)

The antimicrobial activity of secondary  antimicrobial activity using Aspergillus
metabolites was evaluated against microbial ~ fumigatus. The zones of inhibition (in mm)
strains, including Gram-positive bacteria ~ observed for each microbial strain are
(Staphylococcus aureus) and Gram-negative ~ summarized in Graph. 3. The Secondary
bacteria (E. coli). The disc diffusion method metabolites exhibited significant inhibitory
was employed to determine the inhibitory  activity against Staphylococcus aureus and
effect of the test substance. The results from E. coli with the largest zone of inhibition
the antimicrobial activity showed that E. observed against Aspergillus fumigatus.
coli obtained higher zone of inhibition

against  Aspergillus  flavus  (28mm), DISCUSSION

compared to Staphylococcus aureus. Similar From the above results, agriculture soil is a

trend was recorded also from the  dynamic medium in which a large number
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of pathogenic and non-pathogenic bacterial
and fungal flora live in close association.
Microbes in the soil are the key to carbon
and nitrogen recycling. In our present study,
five different agricultural soil samples were
collected and obtained cultures were
purified and screened for fungal population.
Fungal diversity of any soil depends on a
large number of factors of the soil such as
pH, organic content and moisture. The
results of soil pH and soil texture were
determined the fungal population and their
diversity in agricultural field (Wear, 1962).
The soil pH organic content and water are
the main factors affecting the fugal
population and diversity. The organic
carbon, nitrogen, phosphate, potassium are
important for fungi and the obtained results
highly aligned with the results of George
et.al 1995, Dellagi et.al 2020. According to
Haro et.al 2019, soil-dwelling
microorganisms associated with plant roots
may improve K" nutrition in plants via three
different effects, especially when plants
grow in lands affected by K™ deprivation.
Using these levels of K™ soil fungus used to
fertilize the paddy plants from the study
sites. In the present study 2 different species
of fungi show the predominance from the
five different agricultural fields. Aspergillus
flavus, Aspergillus fumigatus was subjected
to antibacterial susceptibility test was done
against commercial antibiotics. Similar to
the findings of Bhardwaj, 2017, the fungus
showed good zone of inhibition. When the
concentration of disc increased the zone of
inhibition also increased. (Table-3). Similar
to the observations of Hateet et.al 2014,
Rodrigues et.al 2000, From the results of
antimicrobial susceptibility tests, in A, there
is a gradual increase in zone of inhibition,
while increasing the concentration of
metabolite. The comparative results of
antimicrobial susceptibility tests showed the

zone of inhibition was maximum from the
metabolites of Aspergillus flavus against
Staphylococcus aureus compared to E. coli.
(Mustapha et.al., 2019, Furtado et.al., 2005).
It is suggested that further purification and
characterization of the  secondary
metabolites from Aspergillus flavus will
have a promising effect against
staphylococcus  aureus and  related
infections. Zone of inhibition (mm) obtained
from E. coli also displayed a moderate
resistance against secondary metabolites
from Aspergillus flavus and Aspergillus
fumigatus.

CONCLUSION

The study reveals a vast array of bioactive
compounds in soil fungi, including
antimicrobial, antifungal, anticancer, and
anti-inflammatory properties. These
compounds have strong activity in
preliminary tests, suggesting potential for
pharmaceutical and agrochemical
development. The study emphasizes the
importance of exploring microbial diversity
in soil ecosystems for discovering new
bioactive compounds. Future research
should focus on optimizing culture
conditions, understanding molecular
mechanisms, and assessing safety and
efficacy in in vivo models.
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