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Abstract
Agriculture is critical to any economy, particularly those in developing and developing countries. Increased abiotic and biotic

stressors have a negative impact on crop output around the world. Microorganisms that live in the Rhizospheric zone of plant soil are
known to help alleviate these pressures, resulting in increased crop productivity and output. The goal of this study was to study the
antibacterial and antifungal activity of Rhizospheric bacteria, which is isolated from the rhizosphere soil of the Zawar mines area in

Udaipur, Rajasthan, India, and the Pirana landfill site in Ahmedabad, Gujarat, India, and demonstrating the ability to withstand both
abiotic (heavy metal) and biotic stress. Six of the 91 bacterial isolates that showed strong tolerance to heavy metal were chosen for

further investigation. Three from the Zawar mines area and three from the paranal and fill site showed great resistance to heavy metal, and their biotic stress tolerance was explored further. Antifungal activity was tested using Macrophomina phaseolina, Fusarium

oxysporium (Pink), Fusarium oxysporium (White), Aspergillus niger, and Trichoderma spp. Antibacterial activities of the three chosen
bacterial strains were also evaluated against Gram-positive bacteria (Staphylococcus aureus, Bacillus subtilis, and Bacillus pumilus).
SMHMZ4 and SMHMP23 have the most antagonistic activity among the six bacterial strains investigated.
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Introduction
Agriculture production is hampered by a variety of problems

including agricultural land loss, soil contamination, environmental

Furthermore, many of these organisms induced systemic re-

sistance in host plants against a variety of critical agricultural diseases [2,5,10]. Antibiosis, parasitism, predation, competition and

deterioration, and illnesses. Excessive use of synthetic pesticides

scavenging nutrients and elements, particularly iron, hormone

tion has switched to a crop improvement and disease management

or indirectly. Pseudomonas aeruginosa is a free-living bacterium

to combat pests and diseases has also surfaced as a growing source

of worry for current agricultural practises [5]. As a result, attenmethod that is both ecologically friendly and commercially viable.

The use of naturally occurring free-living rhizobacterial strains

known as plant growth-promoting rhizobacteria (PGPR), which

generation, and defence system enhancement are some of the techniques these organisms use to attain these goals, either directly

species among fluorescent Pseudomonas that has been economically utilised as an eco-friendly viable plant growth promoting

rhizobacteria as well as a biocontrol agent in recent years [6]. P.

colonise and multiply along the surface or cortex of the transplant-

aeruginosa and other fluorescent pseudomonas produce a number

ising agents, and their use as PGPR has been described in recent

to produce iron chelating chemicals such as siderophore and a vari-

ed plant’s root, has been found to be a safe and viable alternative.

Pseudomonas and Bacillus species have been identified to be prom-

years.

of metabolites that play an important role in growth promotion
and disease management. P. aeruginosa species have been shown

Citation: Saraf Meenu S., et al. “Exploring the Biotic Stress Tolerance Potential of Heavy Metal Tolerate Rhizobacteria Isolated from Mines Area and
Landfill Site". Acta Scientific Microbiology 5.2 (2022): 31-37.

Exploring the Biotic Stress Tolerance Potential of Heavy Metal Tolerate Rhizobacteria Isolated from Mines Area and Landfill Site

ety of antibiotics with potential applications in crop enhancement

and disease management [3]. The ability to withstand agroclimatic
changes, the capability for persistent colonisation, and the ability
to multiply on the root or root cortex region of imported plants

are all regarded advantages when comparing these organisms to

the rest of the flora. Extraction, purification, and characterization
of bioactive metabolites produced by these organisms could help

researchers better understand the chemical benefits of these organisms, potentially leading to new approaches to control plant

infections. Natural products have consistently been the most successful source of lead compounds that have many applications in
medicine, pharmacy, and agriculture throughout history [15].

The majority of antibiotics now in use for the treatment of vari-

ous infectious diseases come from microbial natural products. Secondary metabolites produced by several terrestrial bacteria have
been shown to suppress microorganisms competing for the same

resources [15]. Bacterial resistance, on the other hand, arises when
or shortly after an antimicrobial agent is released to the market
[5]. As a result, new antimicrobial agents are always needed to
compete with infections. In this regard, microbial secondary me-

tabolites continue to be the most important source of novel and

prospective therapeutic compounds. Plants and bacteria coexist or

compete for survival, and their cooperative interactions are impor-

tant in adjusting to metalliferous conditions, so they can be studied
to improve microbe-assisted phytoremediation. Plant root exudates provide nutrients and energy to soil microbes, with whom
they form complex communication networks.

Beneficial bacteria and fungi that act as plant growth promot-

Material and Methods
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Isolation of rhizobacteria
A total of 51 rhizosphere bacteria were recovered from the

Zawar mines in Udaipur, Rajasthan [13,14], while 40 rhizosphere

bacteria were retrieved from the Pirana waste site in Ahmedabad,
Gujarat. Heavy metal resistance was better in the bacterial colonies
SMHMZ2, SMHMZ4, and SMHMZ46 from the Zawar mines, as well

as SMHMP4, SMHMP23, and SMHMP38 from the Pirana waste site
[14,15].

Fungal pathogens
Macrophomina phaseolina, Fusarium oxysporium (Pink), Fusar-

ium oxysporium (White), Aspergillus niger, and Trichoderma spp.
were the fungal pathogens used in this study.
Bacterial pathogens

Staphylococcus aureus, Bacillus subtilis, and Bacillus pumilus

were the bacterial pathogens used in this study.
Media and chemicals

Nutrient agar compositions such as Peptone, Beef extract, Yeast

extract, Agar powder, and Potato Dextrose Agar were used in this
experiment, and they came from HiMedia Laboratories in Mumbai,
India. Fine Chemicals (P) Ltd. in New Delhi, India, provided the sodium chloride and maltose.

Antagonistic activity of the selected strain
Antibacterial activity
The antibacterial activity of specific bacterial strains was as-

ing microorganisms (PGPMs) may alleviate metal phytotoxicity

sessed using the agar diffusion method. Bacterial strains were

directly through the solubilization of mineral nutrients (nitrogen,

selected isolates was tested using Nutrient Agar (NA) medium Pe-

and stimulate plant growth in two ways: indirectly through the

induction of defence mechanisms against phytopathogens, and/or

phosphate, potassium, iron, etc.), production of plant growth pro-

moting substances (e.g. phytohormones), and secretion of specific

enzymes (e.g., 1-aminocyclopropane1-carboxylate deaminase).
Acidification, precipitation, chelation, complexation, and redox

reactions are among ways that PGPM might alter metal bioavailability in soil [4,9,12,13]. The goal of this study was to look at the

role of a heavy metal tolerant rhizobacteria isolated from mines
and landfills, as well as its antimicrobial activity against five fungus
strains and four bacterial strains.

grown in Nutrient Broth (NB) medium and incubated at 37°C for
24 hours to test their antibacterial activity. Antimicrobial activity of
tri plates. On N-agar plates, cell suspension of 24h activated target

strains (Staphylococcus aureus, Bacillus subtilis, and Bacillus pumilus) were disseminated.

After that, a sterile cork borer was used to make a 5mm diam-

eter well in the NA plates, which was then filled with cell free supernatant from bacterial isolates. At 37°C, these plates were incu-

bated for 24 hours [8]. The data was expressed as mean standard
deviation after three repetitions of each experiment.
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Antifungal properties
Macrophomina phaseolina, Fusarium oxysporium (Pink), Fusar-

ium oxysporium (White), Aspergillus niger, and Trichoderma spp.

were the fungal strains employed in this study. These fungi were
first grown on Potato dextrose agar (PDA) plates and incubated

for 5 days at 28°C. The agar diffusion method was used to test the
antifungal activity of the bacterial broth. For this, a 1 cm2 fungal

plug from previously active fungal cultures was inoculated in the
centre of a PDA plate. Then, using a sterile cork borer, wells of 5mm

diameter were made in the PDA plates, and these wells were filled
with cell free supernatant of bacterial isolates. The plates were
then incubated at 28°C for 72 hours, with antifungal activity being checked every 24 hours and the results recorded [8]. The data

Isolates

SMHMZ2
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Zone of Inhibition (mm)
Bacillus
subtilis

Staphylococcus
aureus

Bacillus
pumilus

-

-

-

SMHMZ4

38

24.5

25.5

SMHMP23

32.5

22

22.5

SMHMZ46

SMHMP4

SMHMP38

-

-

-

-

-

-

-

Table 1: Antimicrobial activity of bacterial isolates against test
organism.

was expressed as mean standard deviation after three repetitions
of each experiment.

Result and Discussion
The Rhizospheric soil sample collected from Zawar mines area,

Udaipur, Rajasthan, India, and Pirana waste site area, Ahmedabad,

Gujarat, India yielded a total of 91 bacterial strains. Six rhizobacte-

rial strains, three from the Zawar mines region (SMHMZ2, SMH-

MZ4, and SMHMZ46), and three from the Pirana dump site area
(SMHMP4, SMHMP23, and SMHMP38), showed great potential

against three heavy metals (Ni2+, Pb2+, and Cd2+) and were inves-

tigated for antifungal activity. Antibacterial activity was examined

on three isolates that showed great potential to survive various
abiotic stressors (heavy metals) and antifungal activity. Three isolates (SMHMZ2, SMHMZ4, and SMHMP23) have antifungal activity

against Aspergillus niger, and four isolates (SMHMZ2, SMHMZ4,
SMHMP4, and SMHMP23) have antifungal activity against Fusari-

(a)

um oxysporium (White), Fusarium oxysporium (Pink), Macrophomina phaseolina, and four isolates (SMHMZ2, SMHMZ4, SMHMZ46,
and SMHMP38) has antifungal activity against Trichoderma spp.
(Figure 2- A-E). Antibacterial activity against all three pathogenic

bacteria, Bacillus subtilis, Staphylococcus aureus, and Bacillus pumilus, is best in the isolates SMHMZ4 and SMHMP23 (Figure 1 (A-D).

Individual strains of plant growth promoting rhizobacteria

(PGPR) are screened for broad-spectrum disease suppression in

vitro and in planta by Liu., et al. [8] In vitro, 28 of 196 strains inhib-

ited eight distinct pathogens in a preliminary screen. In a secondary screen, these 28 strains were found to have broad spectrum an-

(b)
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(c)

(d)

Figure 1: Showing antibacterial activity of selected strains
against (a) Bacillus subtilis (b) S.aureus (c) S.aureus
(d) Bacillus pumilus.

Zone of Inhibition (mm)
Isolates
Z2

A. niger

F. Oxysporum
(Pink)

F. Oxysporum
(White)

M. phaseolina

41

30.6

34.6

15

Z4

57.6

P23

43

Z46
P4

P38

-

-

43.8
10

39.8

44.8
-

50.2

15.6
12

38.9
18

Trichoderma spp.
12

29

22

12.5

28

18.5

12

22.5
-

-

Table 2: Antagonistic activity of bacterial isolates against fungal pathogens.
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Figure 2(a) Aspergillus niger
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Figure 2 (c) F.oxysporium (white)

Figure 2(b) F.oxysporium (Pink)

Figure 2(d) Macrofomina phaseolina
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According to Xu., et al. [17] a total of 60 P. aeruginosa strains

were tested. In all, 35 P. aeruginosa isolates demonstrated a significant inhibitory effect against S. aureus (ATCC 25923), while the

other P. aeruginosa strains had no effect. P. aeruginosa PA06 and
PA46 demonstrated the highest inhibitory zone effects, while PA01
and PA22 had no impact. Additional studies revealed that PA06 and
PA46 had significant inhibitory effects against methicillin-resistant

S. aureus (MRSA, Gram-positive cocci), vancomycin intermediateresistant S. aureus (VISA, Gram-positive cocci), and other Grampositive cocci.

According to Kumar., et al. [7] 18 of the 40 isolates identified as

P. fluorescens produced antifungal metabolites that showed strong

antifungal activity against Fusarium oxysporium and Rhizoctonia
bataticola. Sadfi., et al. [11] discovered that in the presence of B.
cereus X16, the fungus F. roseum was unable to grow.

Conclusion

We were able to isolate rhizobacteria that are resistant to a vari-

ety of heavy metals (abiotic stress) and biotic stresses as a result of
our research. Antifungal and antibacterial activities are present in

these isolates. These isolates can be employed as bio inoculants in
places where abiotic stress is present. These microbial inoculants

can aid in the fight against pathogenic bacteria and fungi-caused
plant diseases. SMHMZ4 and SMHMP23 isolates have good antagonistic activity against pathogenic bacteria and fungi that cause significant crop damage.
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