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ABSTRACT

Soil has generally been utilized to track down new anti-infection makers, at present a significant number of the
‘old" anti-toxins are currently being controlled in the lab and synthetic changed to frame new variants of more
established anti-microbials.In this study, soil samples were collected from a variety of locations, including
agricultural and forest areas, and they were analyzed for antibiotic production. After the primary screening, the
bacterial isolates were characterized, their antimicrobial activity against E. coli, Staphylococcus aureus,
Pseudomonas aeruginosa, Klebsiella pneumonia, and Pseudomonas aeruginosa was checked, and their
biochemical tests were done, and Bacillus sp. was found to be the bacterial isolate. Proteins known as soil
enzymes are responsible for catalyzing specific substrate-dependent biochemical reactions in the soil that are
essential for microbial life. The activity of amylolysis and proteolysis was examined. Different plants with
particular growth patterns were found to have an activity that promoted plant growth. According to the findings
of this study, the pharmaceutical industry may be able to harness antibiotic-producing bacteria strains for
therapeutic purposes. This work may be used to further control microbial strains and provide potential
information on the production of antibiotics. In addition, the ingredient that encourages plant growth can be
identified and utilized extensively in agricultural industries.

Keywords: Soil sample; antibiotic producing bacteria; antimicrobial activity; enzymatic activity; plant growth
promotion.

1. INTRODUCTION

Soil is a mixture of organic matter, minerals, and
living organisms Forest oil is one of the most
important soils which is considered not too cold and
covers about 40% of the country. Agricultural soil is
the soil that is fertile and rich widely and used for

agricultural purposes Between 1945 and 1978, the
genus greatest was the source of over 55% of the
antibiotics found, totaling over 5,000 compounds.
Microorganisms from the genera Penicillium,
Streptomyces, Cephalosporium, Micomonospora, and
Bacillus comprise the relatively small group of those
currently in use [1].
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The ability of bacteria to produce various secondary
metabolites—Dbasically known as antibiotics—allows
them to survive off of other microbes. Human
diseases have been treated with antibiotics for ages

2.

Forthebreakdownoforganicmatterandtherecyclingofol

dplantmaterial, soil microorganisms (bacteria and
fungi) are crucial. In order for the soil to continue to
sustain both agricultural production and the supply of
other ecosystem services, certain soil bacteria and
fungus create relationships with plant roots that reflect
the soil's ability to respond to agricultural intervention

[3].

Aside from infections, microscopic organisms and
Achaea are the littlest animals tracked down in the
soil. They are the t common microorganisms in the
dirt and have different basic capabilities, including
fixing nitrogen. Some bacteria are capable of forming
colonies of soil minerals, which can have an impact
on how these minerals age and degrade. The general
composition of the soil can have an impact on the
number of bacteria that grow there. The presence of
more minerals in a region may result in a larger
number of bacteria. Additionally, these bacteria will
produce aggregates, which will improve the overall
health of the soil [4].

This study is evaluated the Antimicrobial and
enzymatic activity of soil bacteria and its growth-
promoting properties for plants.

2. MATERIALS AND METHODS FOR
SAMPLE COLLECTION

The Nilgiris Western Ghats forest in Tamil Nadu
served as the location for the collection of the soil
sample. The field of soil that was collected from the
Erode district in Tamil Nadu is located at
Lat11.433936°N and Long77.327768°E.

The sites were digged into 5-15 cm and approximately
5g of soil was collected in sterile containers and
transported into the laboratory [5].

2.1 Collection of Test Strains

On nutrient broth medium, four bacterial strains
Staphylococcus aureus, Klebsiella  pneumonia,
Escherichia coli, and Pseudomonas aeruginosa were
isolated, and biochemical tests were carried out to
confirm these strains' identities. These bacteria were
selected because these are the bacteria usually
considered to be potential opportunistic pathogens
commonly associated with diseases [6].
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2.2 Crowded Plate Technique

Each soil was weighed in 10 milliliters of sterile
distilled water to obtain a 1:10 dilution and
thoroughly mixed with vigorous shaking after being
sieved to remove fine soil particles. The supernatant
was used in subsequent dilutions after the sediment
had been allowed to settle. A 1:10 dilution of 1 ml of
stock culture was transferred into 9 ml of sterile
distilled water in another test tube to create 1:100
dilutions. Until 1:100,000 dilutions were achieved,
this transfer process from the previous tube continued.
Each dilution's soil inoculums were inoculated
separately into petri dishes using 0.1 milliliters of
nutrient agar media with a pH of 7 to 7.2. The dishes
were inverted for two days at room temperature. The
colonies that produced the zone of clearance were sub
cultured in nutrient agar, and the pure cultures of
those colonies were kept at 4°C until they were used
again [7].

The secondary screening was used to check the
isolated cultures' ability to kill the test strains of
bacteria. After being grown overnight in nutrient
broth, the colonies were further screened for their
ability to inhibit pathogenic bacteria like E. coli, P.
aeruginosa, S. aureus, and K. pneumonia [8]. An
antimicrobial assay was carried out on Mueller Hinton
agar by autoclaving 3.8 grams of the powdered
medium in 1000 milliliters of distilled water. The
spread plate method was used to inoculate each of
these plates with 0.1 milliliters of the pathogenic
culture. The colonies that were isolated were cultured
overnight in a centrifuge, and the supernatant was
absorbed onto the discs. After being plated on these
plates, these discs were incubated for an entire night.
Biochemical tests were used to identify the antibiotic
producers from the isolates that produced the best
inhibition zones [9].

2.3 Microscopic Examination

Gram staining: One loop of culture was spread on a
clean glass slide, the smear was heat-fixed, the smear
was flooded with crystal violet, and the smear was
flooded with Grams of iodine. After waiting one
minute, the smear was washed, and decolorizing
agents (90 percent alcohol) were added and washed.

After that, the counter-stain safranin was added and
washed for twenty seconds. Under a microscope, the
slide was examined, and the results were recorded
[10].

Endospore staining: A single loop containing culture
was spread on a clean glass slide, allowed to air dry,
and then heat fixed. Covered in absorbent paper, the
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smear is placed in a water bath, sprayed with
malachite green, and allowed to steam for five
minutes. Add safranin for one minute after the slide
has been rinsed with water. Again, this water was air-
dried and examined under a 100x microscope [11].

2.4 Biochemical Test

2.4.1 Indole, methyl red, voges proskauer, citrate
utilisation, catalase and oxidase test

A starch hydrolysis test was carried out in order to
assess the bacterial isolates’ capacity for amylase.
Starch hydrolysis agar, the selective medium, was
made and sterilized for 15 minutes at 121°C and 15 Ib
pressure. The media was carefully poured in Petri
plates in a laminar flow after being sterilized. In
laminar flow, the media was allowed to solidify at
room temperature. The bacterial disengages were
moved Petri plates with the assistance of a cleaned
vaccination circle. For 24 hours, the petri plates were
kept at 37°C. The bacterial colonies were directly
coated with an iodine solution. In the presence of a
dark blue background, it is possible to observe
hydrolysis zones [12].

2.4.2 Amylolytic activity

A starch hydrolysis test was carried out in order to
assess the bacterial isolates' capacity for amylase.
Starch hydrolysis agar, the selective medium, was
made and sterilized for 15 minutes at 121°C and 15 Ib
pressure. The Petri was carefully poured into Petri
plates in a laminar flow following sterilization. In
laminar flow, the media was allowed to solidify at
room temperature. Using a sterilization loop, the
bacteria Perlites were transferred to Petri plates. For
24 hours, the Petri plates were kept at 37°C. The
bacterial colonies were directly coated with the iodide
solution. In the presence of a dark blue background, it
is possible to observe hydrolysis zones [13].

2.4.3 Proteolytic activity

The capacity for proteolysis of isolated bacteria was
tested qualitatively on skim milk media, indicating
that the microbes are able to integrate protein which is
shown by clear zones around the colon [14].

2.4.4 Plant growth-promoting activity

The isolated colony which showed the highest zone of
inhibition was taken and their plant growth-promoting
activity was checked by soaking the seeds (Vigna
radiate, Pennisetum glaucum, Macrotylam Uniflorum,
and Amaranthuscruentus) in the culture for about 30
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minutes and planting it in the soil along with control
and is kept for germination for 10 days. The growth of
the plant was noted for each day and sprinkled with
water daily for their germination to take place
[15].

3. RESULTS AND DISCUSSION

3.1 Utilizing the Crowded Plate Method,
Bacteria from the Soil were Isolated

Seclusion of microorganisms from the soil by jam-
packed plate technique Plates was noticed for the
presence of any settlement with a reasonable zone
around it. Plates with subcultures and 400 colonies
were chosen because they showed colonies that were
well-defined but in a crowd. Dilutions of 1:100 and
1:1000 revealed distinct zones of inhibition around
various kinds of colonies [16].

3.2 Sub Culturing the Colonies onto Nutrient
Broth that has a Clear Zone

FAl, FA2, FA3, FA4, FA5, FA6, FB1, FB2, FC1,
FC2, FC3, FC4, FC5, and FD1 were the subcultured
colonies on, nutrient broth. The colonies on
agricultural soil nutrient agar plates were referred to
as Aal, Aa4, Ab2, Ab4, Acl, Ac4, and Ad2 [17].

3.3 Identify Bacterial Strains

Biochemical tests on each microorganism confirmed
the bacterial strains E. coli, P. aeruginosa, S. aureus,
and K. pneumonia that were collected [18].

3.4 Secondary Screening

Zones of inhibition were used to measure the
antibiotics' effectiveness against a variety of gram-
positive and gram-negative microbial strains. By
performing a disc diffusion assay against the test
strains of E. coli, K. pneumonia, S. aureus, and P.
aeruginosa, the antibiotic efficacy of the bacterial
isolates was evaluated. The forest soil's inhibition
zone was measured. Against E. coli, K. pneumoniae,
S. aureus, and P. aeruginosa, the isolates FA5, FB1,
FC3, and FC4 demonstrated a significant zone of
inhibition. Antimicrobial activity against E. coli, K.
pneumonia, S. aureus, and P. aeruginosa was lowest
in the isolates FA2, FA3, FA6, FB1, FC1, FC2, and
FC5. Separates FAL, FA4 and FD1 showed no zone
of a hindrance. Isolates FA5 produced effective
antimicrobials among the isolated colonies, and the
agricultural soil's inhibition zone was measured.
When tested against K. pneumonia, S. aureus, and P.
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aeruginosa, isolates Aal and Ac4 demonstrated a  Ac4. In order to confirm the identity of this strain,
significant zone of inhibition. A prominent zone of additional biochemical tests were carried out in
inhibition against E. coli was observed with Aa4 and  colonies colony [19].

Table 1. Biochemical tests to confirm the bacterial strains' identities

Biochemical tests E. coli K. pneumonia P. aeruginosa S. aureus
Gram staining - - - +
Indole Test + - - -
Methyl red Test + - - +
Voges-Proskauer Test - + - +
Citrate utilization Test - + + -

Table 2. Antimicrobial activity of soil-dwelling microbes from agriculture and forests against the
pathogenic test strains (an mm-wide inhibition zone was observed)

Baterial isolated Escherichia  Klebsiella Pseudomonas Staphylococcus
(forest soil) coli pneumonia aeruginosa. aureus
FAl - - - -

FA2 15mm - - -

FA3 - 18mm 17mm 12mm
FA4 - - - -

FA5 22mm 15mm 18mm -

FAG - 8mm - -

FB1 20mm - 8mm 17mm
FB2 - 14mm - -

FC1 15mm - - -

FC2 - - 15mm -

FC3 10mm 14mm - 17mm
FC4 18mm - 16mm -

FC5 13mm - - -

FD1 - - - -
Control - - - -

Fig. 1. Isolated bacteria against test strain E. coil

Fig. 2. Isolated bacteria against test strain S. aureus
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Fig. 4. Isolated bacteria against test strain K. pneumoniae

Table 3. Biochemical tests for colony-producing effective antimicrobial activity

Bacterialisolates Escherichia Klebsiella pneumonia  Staphylocous Pseudomonas
(agricultural soil) coli aureus aeruginosa.

Aal - 15mm 8mm 9mm
Aad 12mm - - -

Ab2 - - - -

Ab4 - - - -

Acl - - - -

Ac4d 14mm 11mm 10mm 12mm
Adl - - - -

Ad?2 - - - -

Fig. 6. Isolated bacteria against test strain S. aureus
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Fig. 7. Isolated bacteria against test strain P. aeruginosa

Fig. 8. Isolated bacteria against test strain K. pneumoniae

Chart 1. Bacterial isolates

Tests/colony FA5 Acd
Gram staining + +
Endospore staining + +
Motility Test + +
Indole Test - -
Methyl red Test + +
Voges Proskauer Test - -
Citrate utilization Test + +
Catalase test + +
Oxidase test + +

\ % AC4 NEGATIVE

_

FAS
NEGATIVE

Fig. 9. Amylolytic activity

181



George et al.; AJOAIR, 17(4): 176-185, 2022

Fig. 10. Proteolytic activity

Table 4. Plant growth promoting activity (Shoot and root measured in cm)

Seed Withculture Without culture
Vignaradiate SHOOT 20cm 17cm

ROOT 12cm 6cm
Pennisetumglacum SHOOT 26¢cm 15cm

ROOT 1llcm 5cm
Macrotylama SHOOT 1l4cm 13cm
Uniflorum ROOT 5cm 4cm
Amaranthus SHOOT 5.7cm 2.5cm
cruentus ROOT lcm 0.5cm

Withculture  withoutculture

Kicnaradiate

Fig. 11. Culture of Vigna radiate

With culture without culture

Fig. 12. Culture of Pennisetum glacum
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Fig. 14. Culture of Amaranthus cruentus

3.5 Characterization of Microbial Isolates

The bacterial isolates (FA5 and Ac4) with the
greatest antimicrobial activity were selected, and their
identities were determined by a variety of
morphological and biochemical tests. Isolate colonies
on nutrient agar were creamy, raised, and opaque.
Both of the colonies belonged to the genus Bacillus
sp., according to biochemical tests [20].

3.6 Amylolytic Activity

The isolates FA5 and Ac4 showed prominent growth
on starch hydrolyzing agar but no zone of inhibition
was observed after the addition of iodine [21].

3.7 Proteolytic Activity

The isolate FA5 and Ac4 showed prominent growth
on skim milk agar by the formation of zone of
clearance after incubation [22].

3.8 Effect
Activity

on Plant Growth Promoting

There was prominent growth observed in which the
seeds were soaked in bacterial culture broth (FA5 and

Ac4) than the one which was soaked in water and
planted [23].

4. CONCLUSION

The purpose of this investigation was to assess the
antimicrobial, amylolytic, and proteolytic capabilities
of soil bacteria as well as their impact on the activity
that promotes plant growth. The soil sample was
collected from the forest of The Nilgiris which was
sieved to extract fine soil particles were serially
diluted to see the antibiotic-producing bacteria on
nutrient agar which was subculture in nutrient broth
then, their antimicrobial activity was checked on
MHA by well diffusion method which was being
tested against the test strains Escherichia coli,
Klebsiella pneumonia, Staphylococcus aureus, and
Pseudomonas aeruginosa.

The most prominent zone forming isolate FA5 was
collected and sub cultured onto nutrient agar.
Microscopic examinations like gram staining and
endospore staining was done and was observed to be
gram positive and spore forming bacteria.

Biochemical tests were conducted it was observed to
be indole negative, MR positive, VP negative and
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citrate negative. Further amylolytic and proteolytic
activity was noted in which starch was not hydrolyzed
and protein were formed. As per the results the
bacterial isolates showed similarity with Bacillus sp.
[24].

The bacterial isolate was further used to
check for their effect on the plant growth promoting
activity. Both the plants showed prominent
growth in which the seed were soaked in culture broth
[25].

Several distinct bacterial isolates, including those
from Escherichia coli, Klebsiella pneumonia,
Staphylococcus aureus, and Pseudomonas
aeruginosa, were found to produce a distinct zone of
inhibition. The findings clearly revealed antibiotic-
producing microorganisms in soil samples and call for
additional research into their characterization and
molecular methods of identification.

It is hereby noted that more antibiotic bacteria can be
isolated which can be used against most of the
opportunistic pathogens and can be used as bio
fertilizers that promote plant growth by providing
them sufficient nutrients which will be useful for
farmers in the near future [26,27].

COMPETING INTERESTS

Authors have declared that no competing interests
exist.

REFERENCES

1. Bentley R, Mega Nathan R. Vitamin
(menaquinone) in bacteria. Microbiological
Reviews. 1982;46(3) 241-80.
DOI:10.1128/MMBR.46.3.241-
280.1982.PM(C281544.PMID612760

2. Errillo M, Salzano M, Savy D, DiMeo V,
Valentini M, Cozzolino V, Piccolo A.
Antibacterialand antioxidant pro antibacterial
and substances from composted agricultural
biomasses Chemical and Biological
Technologies in Agriculture; 2002.

3. Fleming A. A comparison of the activities of
antiseptics on bacteria and on leucocytes.
Proceedings of the Royal Society of London,
Series B. 1924;96:171-80.

4. Hudault S, Guignot J, Servin AL. Escherichia
coli strains colonizing the gastrointestinal tract
protect germ-free mice against Salmonella
typhimurium infection. Gut. 2001;49(1):4755.
DOI:10.1136/gut.49.1.47.PMC
1728375.PMID11413110.

184

10.

11.

12.

13.

14.

George et al.; AJOAIR, 17(4): 176-185, 2022

Huck TA, Porter N, Bushell ME. Positive
selection of antibiotic antibiotic-producing. J
GenMicro. 1991;137:2321-2329.

Kathie San, Manivannan K, S.200 6.a-Amylase
production by Penicillium fell utanum isolated
from mangrove rhizosphere soil. Afr. J.
Biotechno. 5:829-832.

Li J, Mara P, Schubotz F, Sylvan JB, Burgaud
G, Klein F, Beaudoin D, Wee SY, Dick HJB,
Lott S, Cox R, Meyer LAE, Quémener M,
Blackman DK, Edgcomb VP. Recycling and
metabolic flexibility dictate life in the lower
oceanic crust. Nature. 2020;579:250-255.
Peterson RC, Graham RC, Ervin JO, Kozin IS,
Sickman JO, Bozhilov KN, Reid JW. Sveite
from the Northeastern San Joaquin Valley,
California Canadian Mineralogist. | nc. New
York), 1996. Soil science: Methods &
applications D. L. Rowell, Longman Scientific
& Technical, Longman Group UK Ltd,
Harlow, Essex, UK (co-published in the USA
with John Wiley & Sons. 2011;59.

Abdul kadir Musliu, Sulaimon Adebisi, Samira
Arzika, Fasiku Oluwafemi. Abdul kadir
Musliuetal [24] Elsheikh HM, Hassan SO.
Elsheikh, H.M. and Hassan, S.O. Drug
Resistance in Mycobacterium tuberculosis
Isolates from Northeastern Sudan; 2012.
Al-Abri SS, Beeching NJ, Nye FJ. Traveller's
diarrhoea. The diarrhea infectious Diseases.
2005;5(6):349-60.
DOI:10.1016/S1473-3099
PMID15919621.

Asgher M, Asad MJ, Rahman SU, Legge RL.
A thermostable a-amylasefrom a amylase from
thermophilic Bacillus subtilis strain for starch
processing. J Food Process Eng. 2007;79:950-
955.

Vranova, Valerie, Klement Rejsek, Pavel
Formanek. Proteolytic activity in soil: A
review. Applied Soil Ecology. 2013;70:23-32.

Sethi, Sonia, Ravi Kumar, Saksham Gupta.
Antibiotic production by microbes Isolated
from  soil.  International  Journal  of
Pharmaceutical Sciences and Research. 2013;
4(8):2967.

Tyc O, van den Berg M, Gerards S, van Veen
JA, Raaijmakers JM, de Boer W, Garbeva P.

(05)70139-0.

Impact of interspecific interactions on
antimicrobial activity among soil Bacteria.
Front Microbiol. 2014;5:567.

DOI:  10.3389/fmich.2014.00567.  PMID:

25389421; PMCID: PMC4211544.

Becker JO, Cook JR. Role of side rophores in
suppression of Pythium species and production
of increased-growth the response of wheat by



16.

17.

18.

19.

20.

21,

fluorescent  pseudo-monads.Phytopathology.
1988;78:778-782.

Pannapa  Powthong.  Antmicrobial and
enzymatic activity produced by bacillus sp.,
Isolated from Soil. 2017;9(3).

Pan I. Exploration for Thermostable f-Amylase
of a Bacillus sp. isolated from compost soil to
degrade bacterial biofilm. Microbiol Spectr.
2021;9(2):e0064721.

DOI: 10.1128/Spectrum.00647-21. Epub 2021
Oct 6. PMID: 34612670; PMCID:
PM(C8510184.

Muangpat P, Suwannaroj M, Yimthin T,
Fukruksa C, Sitthisak S, Chantratita N, Vitta A,
Thanwisai A. Antibacterial activity of
xenorhabdus and photorhabdus isolated from
entomopathogenic nematodes against
antibiotic-resistant bacteria. PLoS One. 2020;
15(6):e023412.

DOI: 10.1371/journal.pone.0234129. PMID:
32502188; PMCID: PMC7274414

Elamary R, Salem WM. Optimizing and
purifying extracellular amylase from soil
bacteria to inhibit clinical biofilm-forming
bacteria. Peer J. 2020;8:€10288.

DOI: 10.7717/peerj.10288. PMID: 33194439;
PMCID: PMC7643558.

Brock T, Madigan MT (Ed.). “Biology of
Microorganisms, 6th ed. Prentice Hall,
Englewood Cliffs, NJ; 1991.

Cui H, Yang X, Lu D, Jin H, Yan Z, Chen J, Li
X, Qin B. lIsolation and characterization of
bacteria from the rhizosphere and bulk soil of
Stellera chamaejasme L. Can J Microbiol.
2015;61(3):171-81.

DOI: 10.1139/cjm-2014-0543. Epub 2014 Nov
25. PMID: 25654446.

23.

24.

25.

26.

27.

George et al.; AJOAIR, 17(4): 176-185, 2022

Olenska E, Matek W, Wojcik M, Swiecicka I,
Thijs S, Vangronsveld J. Beneficial features of
plant growth-promoting rhizobacteria for
improving plant growth and Health in
challenging conditions: A methodical review.
Sci Total Environ. 2020;743:140682.

DOI: 10.1016/j.scitotenv.2020.140682. Epub
2020 Jul 7. PMID: 32758827.

Sethi, Sonia, Ravi Kumar, Saksham Gupta.
Antibiotic production by microbes isolated

from soil. International Journal of
Pharmaceutical Sciences and Research. 2013;
4(8):2967.

Raffaelli S, Abreo E, Altier N, Vazquez A,
Alborés S. Bioprospecting the antibiofilm and
antimicrobial activity of soil and insect gut
bacteria. Molecules. 2022;27(6):200.

DOI:  10.3390/molecules27062002.
35335364; PMCID: PMC8951591.

Rodriguez-Serrano  GM, Garcia-Garibay M,
Cruz-Guerrero AE, Gémez-Ruiz L, Avyala-
Nifio A, Castafieda-Ovando A, Gonzélez-
Olivares LG. Proteolytic  System  of
Streptococcus  thermophilus. J  Microbiol
Biotechnol. 2018; 28(10):1581-1588.

DOLl: 10.4014/jmb.1807.07017.
30196594,

Zhou L, Song C, Li Z, Kuipers OP.
Antimicrobial activity screening of rhizosphere
soil bacteria from tomato and genome-based
analysis of their antimicrobial biosynthetic
potential. BMC Genomics. 2021; 22(1):29.
DOIl: 10.1186/s12864-020-07346-8. PMID:
33413100; PMCID: PMC7789753.

Hayat, Rifat, et al. Soil beneficial bacteria and

their role in plant growth promotion: A review.
Annals of microbiology. 2010;60(4):579-598.

PMID:

PMID:

© Copyright MB International Media and Publishing House. All rights reserved.

185



