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ABSTRACT

The growing impact of mining activities on biodiversity has prompted increased attention toward understanding soil
microbial communities in mining regions. This study investigates the culturable bacterial diversity in soil samples
collected from iron ore mines in Chhattisgarh, India. A total of 64 bacterial isolates were obtained and characterized
using morphological, Gram staining, and a range of physiological and biochemical tests. These included assessments for
antibiotic resistance, phosphate solubilization, biofilm formation, and indole production. The isolates demonstrated
varied morphologies and included both Gram-positive and Gram-negative bacteria. Notably, several isolates showed
resistance to multiple antibiotics and positive traits like phosphate solubilizing ability and biofilm production—
attributes significant for agricultural and environmental applications such as bioremediation and plant growth
promotion. While the isolates exhibit promising biological activities, further molecular characterization, including 16S
rRNA gene sequencing, is necessary to confirm their taxonomy and potential functional roles. The findings highlight the
importance of microbial diversity studies in mining environments for sustainable ecosystem management and potential
biotechnological applications.
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INTRODUCTION

The intersection of mining and biodiversity is an increasingly critical area of study as human activities
continue to exert pressure on natural ecosystems [37]. Mining operations, while essential for economic
development, often lead to habitat destruction, pollution, and the loss of species diversity. These impacts
threaten the resilience of ecosystems and undermine conservation efforts globally [24]. Despite growing
recognition of the need to address the environmental consequences of mining, significant gaps remain in
understanding the long-term effects on biodiversity and the effectiveness of mitigation strategies [37].
Mining activities impact biodiversity in a variety of direct and indirect ways, often leading to significant
ecological degradation. The most immediate and obvious impact is habitat destruction, as large-scale
excavation, deforestation, and land clearance for mining operations destroy critical habitats for plants
and animals [2,11,13,27]. This disruption can lead to the fragmentation of ecosystems, isolating species
and reducing genetic diversity. Additionally, mining can result in pollution, with the release of toxic
chemicals such as heavy metals, acid mine drainage, and particulate matter, which contaminate soil,
water, and air, further threatening the health of surrounding ecosystems [25,28]. Soil biodiversity,
particularly the diversity of soil microbes, plays a pivotal role in enhancing both the nutritional quality
and safety of food. Healthy soil microbial communities improve nutrient cycling, increasing the
bioavailability of essential nutrients like iron, zinc, and vitamins, which are critical for human health
[8,26,34]. Additionally, diverse soil microbes help suppress harmful pathogens, reducing the risk of
foodborne diseases [5]. Overall, the cumulative impacts of mining activities can significantly diminish
biodiversity, challenging efforts to conserve and restore ecosystems. Antibiotics, originally developed for
medical use, are now pervasive environmental pollutants due to their widespread use in human
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healthcare, animal husbandry, and agriculture [9]. While antibiotics play a crucial role in combating
infections, their presence in the environment, primarily through wastewater discharge, agricultural
runoff, and livestock waste, has raised significant concerns about their potential ecological effects [7]. The
ecological impacts of antibiotics are complex, as these substances can interfere with the natural balance
of microbial communities that are vital for ecosystem functioning. Antibiotics can alter microbial
diversity, promote the growth of antibiotic-resistant bacteria, and disrupt essential ecological processes
such as nutrient cycling and decomposition [17]. Hence, it is essential to study the microbial diversity of
the soil in order to identify antibiotics, if present, and subsequent mitigation efforts. Metal toxicity is a
significant environmental issue due to the ability of metals to accumulate in living organisms and their
resistance to biodegradation [23]. Heavy metals such as aluminium (Al), lead (Pb), cadmium (Cd), gold
(Au), mercury (Hg), and silver (Ag) are harmful to living organisms [36]. To address the pollution caused
by these toxic metals, bioremediation techniques are used, where microbes [1,31,39] or their enzymes
[32] are employed to transform the metals into less harmful forms. Microorganisms employ various
strategies to survive and interact with inorganic metals in their environment. These strategies include
biotransformation, metal extrusion, enzyme activity, the production of exopolysaccharides (EPS), [12,43]
and the synthesis of metallothioneins [23]. To cope with metal toxicity, microbes have evolved a range of
mechanisms for metal resistance and detoxification [6]. The study of microbial diversity in mining areas
can open new doors for medicinal, industrial, and agricultural applications, including new drug
compound formulation, bio-remediation, as well as help in conservation efforts. In this experiment,
culturable bacteria were studied through isolation and characterisation. The isolation process involved
the collection of microorganisms, preservation, transportation the same and examination through a
microscope. The sample was diluted, and the pour plate method was used, which involved pouring agar
on a petri dish and then spreading the diluted sample on the petri dish for further observation.
Characterisation was done using Gram staining and various morphological and biochemical tests.

MATERIAL AND METHODS

Sample collection and study area

Soil samples were collected from an iron mine, which is located in the Dantewada district of Chhattisgarh,
India. Five samples were collected randomly from each site, both Bacheli and Kirandul. Ten soil samples
were collected into sterile polybags. The samples were stored at 4°C till further use.

Isolation and purification of bacteria

Bacterial isolates were isolated by the standard serial dilution protocol. Briefly, 1gm of soil was dissolved
into a total of 10 ml of 0.9% sterile saline and was properly mixed with the help of a vortex. 1ml of
suspended soil was transferred into the next test tube filled with 9 ml of saline water and made 107"
dilution, and this step was continued till a 107> dilution. 300pl of 10™* to 107° diluted sample was spread
on a large (150 mm) nutrient agar plate, in three sets. These plates were incubated at room temperature
for 24 hours, and the appearance of different colonies was recorded, on the basis of morphology, texture,
etc. Different isolates were selected for further study on the basis of their different physical
characteristics. Pure cultures were prepared, and glycerol stocks were kept for long-term storage.
Gram-staining test

All isolated bacteria were characterized by Gram staining test and microscopic studies. The standard
Gram staining protocol was followed, and then prepared slides were observed under a light microscope
(OPTIKA microscopes, Italy, B-383PHI). Gram-negative bacteria look pink/ red, while Gram-positive
bacteria appear blue/purple. Further test were characterised on selected 33 bacteria only.

Physiological and biochemical tests used for the identification and characterisation of isolates
Growth in different media

MacConkey agar:

This media is used as a selective and differential culture medium for the isolation of Gram-negative and
enteric bacteria. Pure cultures of isolates were streaked onto prepared MacConkey agar (Himedia) plate
and incubated for 48 hours at 37°C. After incubation, isolates grown on MacConkey agar plates were
considered Gram-negative bacteria.

Pikovskaya’s agar:

For the test of phosphate solubilizing activity of isolates, we used Pikovskaya medium. Pure cultures of
selected isolates were streaked on the prepared Pikovskaya’s agar plates and incubated at 37°C for 5
days. The appearances of a clear zone around bacterial growth were considered a positive result for
phosphate solubilization activity [42].
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CAS blue agar:

Selected isolates were grown into CAS blue agar medium plates, which is commonly used for detection of
siderophore production in bacteria. Prepared basal media with pH 6.7 and CAS solution separately and
then mixed it. Autoclaved it by ratio 9:1 and prepared CAS blue agar media. Pure cultures of selected
isolates were streaked on a CAS plate and incubated for 48 hours at 37°C. Then, I observed the plate for
10 days. The appearance of yellow/orange halo zone around the bacterial growth were considered as
positive for siderophore production.

King’s B media:

Selected isolates were grown on King’s B medium plates, which is commonly used for isolation of
Pseudomonas and for studying fluorescence production. Pure cultures of selected isolates were streaked
on prepared King’s B media plate and incubated for one week at 37°C, then fluorescence production was
observed under UV light (360nm) [40].

Congo red agar:

Congo red agar media is used to study the capability to biofilm formation, as described by Freeman et al.
(1989). Fresh culture of isolates was streaked into prepared Congo red plates and incubated for 24-48
hours at 37°C. Black colonies with a dry crystalline consistency were considered a positive result [14].
Disk diffusion assay:

Standardized protocol of Kirby-Bauer disk diffusion susceptibility test was applied to selected isolates.
For this purpose, we used a total of 8 readymade antibiotic disks with known concentration, namely
Azithromycin (30mcg), Vancomycin (30mcg), Rifampicin (5mcg), Ampicillin (10mcg), Levofloxacin
(5mcg), Streptomycin (25mcg), Gentamicin (10mcg), and Penicillin (10 units). Briefly, 300 pL of
overnight-grown culture was spread on prepared nutrient agar plates and incubated for approximately
half an hour. After incubation, Antibiotic disks were placed on plates and further incubated for 18-24
hours for 24hours at 37°C. After incubation, a clear zone around the disk shows sensitivity. The zone
diameter was measured. No such clear zone indicates resistance against antibiotics [21].

Biochemical and other tests:

Biochemical tests of the selected isolates were performed as per the protocols described by Bergey [20].
Important tests, which were performed, are Urease test, Catalase test, Starch-hydrolysis test, Oxidase test,
Glucose fermentation test, and motility test. Indole test was also performed according to the protocol
given by Maria et al. (2008) for the detection of Indole production [30].

RESULTS

Morphological and microscopic studies

On the basis of morphological studies, we isolated a total of 64 bacteria from the iron-mine soil. Named as
BB (Bailadila Bacheli) and BK (Bailadila Kirandul). As per the microscopic studies among 64 isolates, 40
bacteria were characterised as Gram-negative and 24 bacteria were characterised as Gram-positive.
Bacteria were shaped, varying from Cocci to Bacilli, while their size and shape of the isolates are shown in
Table 1. Representative pictures of Gram-negative and Gram-positive bacteria are also shown in Figure 1.
Growth in different media

Selected isolates were grown in specific media to study their growth behaviour. Some strains showed
good growth on all the plates. i.e,, MacConkey agar, Pikovskaya’s agar, Congo red agar, CAS blue agar, and
King’s B agar plates. When King’s B culture plates were checked for fluorescence under UV light, all of
them were negative. 20 bacteria were growing properly on the MacConkey agar plate, and 13 bacteria
were not growing properly. so, probably 20 bacteria were Gram-negative and 13 were Gram-positive. 25
bacteria were showing a zone on the Pikovskaya agar plate, and the remaining 8 were not showing a zone
around the bacteria. So, 25 bacteria have phosphate solubilizing activity. 27 bacteria showed a yellow or
orange halo zone around the bacteria. So, 27 bacteria were capable of siderophore production. Only 12
bacteria produce black pigment on the CRA (Congo-red agar) plate. So, they were capable of biofilm
formation. Representative pictures of Agar media assay were shown in Table 2 and Figure 2 and 3.
Antibiotic disk diffusion assay

Antibiotic resistance profiling of the strains was also done by disk diffusion assay. Results of the disk
diffusion assay with different concentrations of antibiotics used against all selected samples, Figure 5. BB
1.11, BB 2.1, BB 2.2, BB 2.3, BB 2.4, BB 3.5, and BK 1.5 showed that these organisms were resistant to
Ampicillin. Likewise, BB 1.6, BB 1.7, BB 1.10, BB 1.11, BB 2.1, BB 2.2, BB 2.3, BB 2.4, BB 3.6, were resistant
to Penicillin, whereas BB 1.10 and BK 1.3 were resistant to Rifampicin and Streptomycin, respectively.
The rest of them are sensitive to other antibiotics shown in Figure 5. Among 8 antibiotics for which the
strains are sensitive, Azithromycin had highest impact as shown by largest zone of inhibition and
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Rifampicin had lowest impact as was evident from lowest impact as was evident from lowest size of zone
inhibition (figure 4).

Biochemical test:

Selected isolates were further characterised by various biochemical tests are presented in Table 4 and
figure 6. All 33 selected isolates showed positive results for the catalase test. 24 bacteria were motile and
9 were non-motile. All 33 selected isolates were negative results for indole test. 20 bacteria were found
positive for oxidase test and 13 were negative. The urease test, indicated that, BB 2.1, BB 2.3, BB 2.5, BB
3.2, and BB 3.8 were changed its colour from yellow to pink i.e. positive and rest were negative remain
yellow colour. 15 bacteria were found positive for starch-hydrolysis test and 18 were negative. Based on
the carbohydrate fermentation reaction, bacteria are classified as: fermenters with acid production only,
fermenters with both acid and gas production and non-fermenting bacteria. Glucose fermentation test
indicated that BB 1.1, BB 1.2, BB 1.5, BB 1.7, BB 1.12, BB 2.8, BB 2.9, BB 2.10, BB3.1, BB 3.2, BB 3.5, BB 3.6,
BB 3.8 were fermenter with acid production only, while BB 1.10 and BB 2.7 were classified as fermenter
with both acid and gas production. Additionally, it is observed that some bacteria showed different
colour, which may be a result of some kind of pigment production (Reiner, 2012).

B A

Figure no. 1: Representative pictures of microscopic observation. a. Gram-positive bacteria (BK
1.2); b. Gram-negative bacteria (BK 1.4)

A B C D E

Figure 2: Representative pictures of different Agar media assays. a. Congo-red agar, b. MacConkey
agar, c. Pikovskaya’s agar, d. King’s B agar under UV light, e. CAS blue agar
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Biofilm Test CAS blue agar

M positive M negative M Positive  Negative

Pikovsakaya agar MacConkey agar

M Positive M Negative . .
M Positive d Negative

Figure 3: Graphical representation of Agar Assay Result

Figure 4: Representative pictures of the Antibiotic disk diffusion assay.
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Figure 5: Summary and results of the Antibiotic disk diffusion assay

Figure 6: biochemical and other tests a. catalase test; b. SIM assay i. motile and ii. Non-motile; c.
starch hydrolysis test (BB 1.2 showing positive); d. indole test (E.coli showing positive as control);
e. oxidase test (streaked as plus sign); f. urease test (BB 2.1 showing positive); g. fermentation test

(i. positive with gas production, ii. negative)
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Table no. 1: Microscopic observation

S.No. | Sample Gram Shape and S.No. | Sample Gram Shape and
No. stain size of No. stain size of
Bacteria Bacteria
1 BB 1.1 Negative | Bacillus 33 | BB3.8 Negative | Streptobacillus
2 BB 1.2 Negative | Bacillus 34 | BB3.9 Positive | Streptobacillus
3 BB 1.3 Negative | Coccus 35 | BB3.10 | Positive | Bacillus, small
4 BB 1.4 Positive | Coccus 36 | Bk1.1 Positive | Streptobacillus
5 BB 1.5 Positive | Streptobacillus 37 | Bk1.2 positive | Bacillus, small
6 BB 1.6 Negative | Streptobacillus 38 | Bk1.3 Negative | Coccus, small
7 BB 1.7 Negative | Bacillus 39 | Bk1.4 Negative | Bacillus
8 BB 1.8 Negative | Bacillus 40 | Bk1.5 Positive | Streptobacillus
9 BB 1.9 Negative | Bacillus 41 | Bk1.6 Negative | Bacillus
10 BB 1.10 | Positive | Bacillus 42 | Bk 2.1 Negative | Bacillus, small
11 BB 1.11 | Negative | Bacillus 43 | Bk2.2 Negative | Bacillus, small
12 BB 1.12 | Negative | Bacillus 44 | Bk2.3 Negative | Bacillus, small
13 BB 1.13 | Negative | Streptobacillus 45 | Bk2.4 Positive | Bacillus
14 BB 1.14 | Positive | Bacillus 46 | Bk 2.5 Positive | Bacillus
15 BB 1.15 | Positive | Streptobacillus 47 | Bk 2.6 Positive | Bacillus
16 BB 2.1 Negative | Bacillus 48 | Bk 2.7 Negative | Bacillus
17 BB 2.2 Negative | Bacillus 49 | Bk 2.8 Positive | Streptobacillus
18 BB 2.3 Negative | Bacillus 50 | Bk3.1 Negative | Streptobacillus
19 BB 2.4 Positive | Bacillus 51 | Bk3.2 Negative | Bacillus
20 BB 2.5 Negative | Streptobacillus 52 | Bk3.3 Negative | Bacillus
21 BB 2.6 Negative | Bacillus 53 | Bk3.4 Positive | Bacillus
22 BB 2.7 Negative | Bacillus 54 | Bk3.5 Negative | coccus
23 BB 2.8 Negative | Bacillus 55 | Bk3.6 Positive | Bacillus
24 BB 2.9 Negative | Bacillus 56 | Bk3.7 Positive | Bacillus
25 BB 2.10 | Positive | Bacillus 57 | Bk3.8 Negative | Bacillus
26 BB 3.1 Negative | Streptobacillus 58 | Bk3.9 Positive | Bacillus
27 BB 3.2 Negative | Streptobacillus 59 | Bk3.10 | Negative | Bacillus
28 BB 3.3 Positive | Bacillus 60 | Bk4.1 Positive | Bacillus
29 BB 3.4 | Negative | Streptobacillus 61 Bk 4.2 | Negative Bacillus
30 BB 3.5 Positive | Coccus, small 62 | Bk4.3 Negative | Bacillus
31 BB 3.6 Negative | Bacillus, small 63 | Bk4.4 Positive | Bacillus
32 BB 3.7 Negative | Bacillus, small 64 | Bk4.5 Negative | Bacillus
Table 2: Summary and results of selected isolates in different media
Sample | siderophore | biofilm Mac- Pikovsakaya
No. production | formation | conkey
BB1.1 positive - ++ +
BB1.2 positive + + +
BB1.3 positive - + -
BB1.4 negative - + -
BB1.5 negative - +++ ++
BB1.6 positive - ++ ++
BB1.7 negative - ++ +
BB1.8 positive - +++ +++
BB1.9 positive - ++ +
BB1.10 positive + ++++ ++++
BB1.11 negative - ++ ++
BB1.12 positive + + -
BB1.14 positive - - +
BB1.15 negative - - -
BB2.1 positive - + -
BB2.2 positive + - ++
BB2.3 positive - - +++
BB2.4 positive + - +++
BB2.5 negative + ++ ++
BB2.6 positive - + -
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BB2.7 positive + ++ +++
BB2.8 positive + + -

BB2.9 positive - + ++
BB2.10 positive + - -

BB3.1 positive + - +++
BB3.2 positive + + +++
BB3.3 positive - - ++
BB3.4 positive - - +++
BB3.5 positive - - +++
BB3.6 positive - - +++
BB3.8 positive + - +++
BB3.9 positive - - +++
BB3.10 positive - ++ ++

Table 3: Summary of results of biochemical test
Bacteria Urease starch oxidase | glucose fermentation (+) | indole | catalase | motility
name hydrolysis with gas (++)
BB1.1 - - - + - ¥ +

BB1.2 - + + + -

BB1.3 - - - - -
BB1.4 - - - - -
BB1.5 - + +
BB1.6 - - -
BB1.7 - - + - -
BB1.8 - - - - -
BB1.9 - + + - -
BB1.10 - - - ++ -
BB1.11 - - - - -
BB1.12 - - - + -
BB1.14 - - - - -
BB1.15 -
BB2.1 +
BB2.2 -
BB2.3 +
BB2.4 +
BB2.5 +
BB2.6 - -
BB2.7 - -
BB2.8 - +
BB2.9 - -
BB2.10 - -
BB3.1 -
BB3.2 -
BB3.3 - -
BB3.4 - -
BB3.5 - +
BB3.6 - +
BB3.8 + +
BB3.9 - - + - -
BB3.10 - - - - -
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DISCUSSION AND CONCLUSION

This study represents one of the first efforts to explore culturable bacterial diversity in the iron-ore
mining regions of Chhattisgarh, India an area undergoing intensive anthropogenic activity. The isolation
of 64 distinct bacterial strains from mine-affected soils reveals that microbial life remains active and
potentially adaptive, even under high-stress environmental conditions caused by metal contamination,
habitat disruption, and pollution [19]. Among these 64 isolates, 40 isolates were identified as Gram-
negative bacteria and 24 were identified as Gram-positive bacteria. The presence of both Gram-positive
and Gram-negative bacteria, as identified through Gram staining and morphological analysis, indicates a
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diverse microbial community structure. Several isolates exhibited key plant growth-promoting
rhizobacteria (PGPR) traits such as phosphate solubilization, indole production, and biofilm formation
[18,35]. These characteristics are ecologically significant in nutrient-deficient or contaminated soils and
suggest that some native bacteria could be harnessed for biofertilizer development or ecological
restoration efforts [16]. Biochemical profiling—including catalase, oxidase, and glucose fermentation
tests—further highlighted the metabolic diversity among the isolates. Some strains also exhibited gas or
pigment production, indicating unique metabolic pathways or secondary metabolite production with
potential pharmaceutical or industrial applications. This study was primarily focused on the identification
and initial characterization of culturable bacterial isolates. These bacteria were shown to possess
biologically important traits such as antibiotic resistance, biofilm formation, phosphate solubilization, and
indole production. Investigating bacterial diversity in iron-ore mine soils is crucial for understanding
microbial interactions within disturbed ecosystems and assessing their environmental impact [44]. Our
selected isolates showed resistance against 8 different antibiotics. Interestingly, antibiotic resistance was
observed in several isolates against a range of antibiotics, including Ampicillin, Penicillin, Levofloxacin
and Streptomycin, as well as they are positive for biofilm production, indole formation and phosphate
solubilization. Biofilm ensure competitive colonization on the rhizoplane and thereby improve plant
growth and health [4]. However, the relationship was not studied. There were two possible locations for
antibiotic resistance genes, it may present on Chromosomal DNA or plasmid DNA. Plasmids are
facultatively presents in bacteria, so we first perform plasmid isolation, and find out many of the bacteria
contains plasmid. Plasmids are appliance for horizontal gene transfer. If Antibiotic Resistance Genes
present on plasmid, it can move more frequently to another bacteria (i.e. conjugative plasmid). This
resistance may stem from long-term environmental exposure to antibiotic pollutants or horizontal gene
transfer among soil microbes [10,29]. While concerning from a public health standpoint, such resistance
underscores the evolutionary adaptability of microbial life in disturbed environments. We speculate that
regulation of these characteristics may be connected with Horizontal Gene Transfer based on evidences
available in literature. Bacterial identification needs to be confirmed by 16S rRNA sequencing. One
notable limitation is the reliance on culturable methods, which may overlook a significant proportion of
microbial diversity, particularly those adapted to extreme or specific microenvironments. Many microbes
remain unculturable using standard techniques, and molecular approaches such as 16S rRNA gene
sequencing are necessary for more accurate taxonomic identification and understanding of phylogenetic
relationships and functional genes [3,22]. Despite these limitations, the study provides essential baseline
data on the microbial ecology of mining-impacted soils. It opens avenues for biotechnological
applications, including the use of native microbes in heavy metal bioremediation and enhancement of soil
fertility in degraded lands [15]. These findings underscore the importance of conserving microbial
biodiversity as a key component of broader ecological and environmental conservation strategies [41].

ACKNOWLEDGMENT

Swati Sonali Jena gratefully acknowledges the facilities rendered by Guru Ghasidas University,
Chhattisgarh. Support provided under the DST-FIST program to the Department of Botany is gratefully
acknowledged.

REFERENCES

1. Akcil, A, Erust, C., Ozdemiroglu, S., Fonti, V., & Beolchini, F. (2015). A Review of Approaches and Techniques Used
in Aquatic Contaminated Sediments: Metal Removal and Stabilization by Chemical and Biotechnological
Processes. Journal of Cleaner Production, 86, 24-36. https://doi.org/10.1016/j.jclepro.2014.08.009

2. Alamgir, M., Campbell, M. ],, Sloan, S., Goosem, M., Clements, G. R.,, Mahmoud, M. I, & Laurance, W. F. (2017).
Economic, Socio-Political and Environmental Risks of Road Development in the Tropics. Current Biology, 27(20),
R1130-R1140. https://doi.org/https://doi.org/10.1016/j.cub.2017.08.067

3. Amann, R. I, Ludwig, W., & Schleifer, K.-H. (1995). Phylogenetic identification and in situ detection of individual
microbial cells without cultivation. Microbiological reviews, 59(1), 143-169.

4. Balasundararajan, V., & Dananjeyan, B. (2019). Occurrence of diversified N-acyl homoserine lactone mediated
biofilm-forming bacteria in rice rhizoplane. Journal of basic microbiology, 59(10), 1031-1039.

5. Bender, S. F., Wagg, C., & van der Heijden, M. G. A. (2016). An Underground Revolution: Biodiversity and Soil
Ecological Engineering for Agricultural Sustainability. Trends in Ecology & Evolution, 31(6), 440-452.
https://doi.org/https://doi.org/10.1016/j.tree.2016.02.016

6. Bhattacharya, A, & Gupta, A. (2013). Evaluation of Acinetobacter sp. B9 for Cr (VI) resistance and detoxification
with potential application in bioremediation of heavy-metals-rich industrial wastewater. Environ Sci Pollut Res
Int, 20(9), 6628-6637. https://doi.org/10.1007/s11356-013-1728-4

ABR Vol 16 [4] July 2025 285|Page © 2025 Author


https://doi.org/10.1016/j.jclepro.2014.08.009
https://doi.org/https://doi.org/10.1016/j.cub.2017.08.067
https://doi.org/https://doi.org/10.1016/j.tree.2016.02.016
https://doi.org/10.1007/s11356-013-1728-4

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25

26.

27.

28.

29.

30.

31

32.

33.

Brandt, K. K, Amézquita, A., Backhaus, T., Boxall, A, Coors, A, Heberer, T,, . .. Topp, E. (2015). Ecotoxicological
assessment of antibiotics: A call for improved consideration of microorganisms. Environ Int, 85, 189-205.
https://doi.org/10.1016/j.envint.2015.09.013

Brevik, E. C,, & Sauer, T. . (2015). The past, present, and future of soils and human health studies. SOIL, 1(1), 35-
46. https://doi.org/10.5194/s0il-1-35-2015

Carvalho, I. T., & Santos, L. (2016). Antibiotics in the aquatic environments: A review of the European scenario.
Environment International, 94, 736-757. https://doi.org/10.1016/j.envint.2016.06.025

D’Costa, V. M,, King, C. E., Kalan, L., Morar, M., Sung, W. W.,, Schwarz, C, . .. Debruyne, R. (2011). Antibiotic
resistance is ancient. Nature, 477(7365), 457-461.

Deikumah, J., McAlpine, C., & Maron, M. (2014). Mining matrix effects on West African rainforest birds. Biological
Conservation, 169, 334-343. https://doi.org/10.1016/j.biocon.2013.11.030

Dixit, R., Wasiullah, Malaviya, D., Pandiyan, K, Singh, U. B,, Sahu, A, . .. Paul, D. (2015). Bioremediation of Heavy
Metals from Soil and Aquatic Environment: An Overview of Principles and Criteria of Fundamental Processes.
Sustainability, 7(2), 2189-2212. https://www.mdpi.com/2071-1050/7 /2 /2189

Fischedick, M., Roy, ]J., Abdel-Aziz, A., Acquaye, A., Allwood, ]., Ceron, J.-P., . . . Tanaka, K. (2014). Industry. In:
Climate Change 2014: Mitigation of Climate Change. Contribution of Working Group III to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change.

Freeman, D. ], Falkiner, F. R., & Keane, C. T. (1989). New method for detecting slime production by coagulase
negative staphylococci. J Clin Pathol, 42(8), 872-874. https://doi.org/10.1136/jcp.42.8.872

Ghosh, M., & Singh, S. (2005). A review on phytoremediation of heavy metals and utilization of it’s by products.
Asian ] Energy Environ, 6(4), 18.

Glick, B. R. (2012). Plant growth-promoting bacteria: mechanisms and applications. Scientifica (Cairo), 2012,
963401. https://doi.org/10.6064/2012/963401

Grenni, P., Ancona, V., & Barra Caracciolo, A. (2018). Ecological effects of antibiotics on natural ecosystems: A
review. Microchemical journal, 136, 25-39. https://doi.org/10.1016/j.microc.2017.02.006

Haque, M. M,, Mosharaf, M. K., Khatun, M., Haque, M. A, Biswas, M. S., Islam, M. S,, ... Molla, A. H. (2020). Biofilm
producing rhizobacteria with multiple plant growth-promoting traits promote growth of tomato under water-
deficit stress. Frontiers in Microbiology, 11, 542053.

Hemmat-Jou, M. H., Safari-Sinegani, A. A., Mirzaie-Asl, A, & Tahmourespour, A. (2018). Analysis of microbial
communities in heavy metals-contaminated soils using the metagenomic approach. Ecotoxicology, 27(9), 1281-
1291. https://doi.org/10.1007/s10646-018-1981-x

Holt, J. G, Krieg, N. R, Sneath, P. H,, Staley, ]. T., & Williams, S. T. (1994). Bergey's Manual of determinate
bacteriology.

Hudzicki, J. (2009). Kirby-Bauer disk diffusion susceptibility test protocol. American society for microbiology,
15(1),1-23.

Hugenholtz, P., Goebel, B. M., & Pace, N. R. (1998). Impact of culture-independent studies on the emerging
phylogenetic view of bacterial diversity. Journal of bacteriology, 180(18), 4765-4774.

Igiri, B. E.,, Okoduwa, S. L. R, Idoko, G. 0., Akabuogu, E. P., Adeyi, A. 0., & Ejiogu, I. K. (2018). Toxicity and
Bioremediation of Heavy Metals Contaminated Ecosystem from Tannery Wastewater: A Review.Journal of
Toxicology, 2018(1), 2568038. https://doi.org/https://doi.org/10.1155/2018/2568038

Jacobi, C. M., do Carmo, F. F., Vincent, R. C., & Stehmann, J. R. (2007). Plant communities on ironstone outcrops: a
diverse and endangered Brazilian ecosystem. Biodiversity and Conservation, 16(7), 2185-2200.
https://doi.org/10.1007/s10531-007-9156-8

.Johnson, D. B, & Hallberg, K. B. (2005). Acid mine drainage remediation options: a review. Science of The Total

Environment, 338(1), 3-14. https://doi.org/https://doi.org/10.1016/j.scitotenv.2004.09.002

Lal, R. (2009). Soil degradation as a reason for inadequate human nutrition. The Science, Sociology and Economics
of Food Production and Access to Food, 1, 45-57. https://doi.org/10.1007 /s12571-009-0009-z

Lechner, A. M,, Chan, F. K. S.,, & Campos-Arceiz, A. (2018). Biodiversity conservation should be a core value of
China’s Belt and Road Initiative. Nature Ecology & Evolution, 2(3), 408-409. https://doi.org/10.1038/s41559-017-
0452-8

Malm, 0. (1998). Gold Mining as a Source of Mercury Exposure in the Brazilian Amazon. Environmental Research,
77(2), 73-78. https://doi.org/https://doi.org/10.1006 /enrs.1998.3828

Martinez, J. L. (2008). Antibiotics and antibiotic resistance genes in natural environments. Science, 321(5887),
365-367.

McWilliam Leitch, E. C., Cabrerizo, M., Cardosa, ., Harvala, H., Ivanova, O. E,, Koike, S., ... Simmonds, P. (2012). The
association of recombination events in the founding and emergence of subgenogroup evolutionary lineages of
human enterovirus 71. ] Virol, 86(5), 2676-2685. https://doi.org/10.1128/jvi.06065-11

Ndeddy Aka, R. ], & Babalola, 0. 0. (2016). Effect of bacterial inoculation of strains of Pseudomonas aeruginosa,
Alcaligenes feacalis and Bacillus subtilis on germination, growth and heavy metal (Cd, Cr, and Ni) uptake of
Brassica juncea. Int ] Phytoremediation, 18(2), 200-209. https://doi.org/10.1080/15226514.2015.1073671
Okoduwa, S. I. R,, Igiri, B, Udeh, C. B., Edenta, C., & Gauje, B. (2017). Tannery Effluent Treatment by Yeast Species
Isolates from Watermelon. Toxics, 5(1). https://doi.org/10.3390/toxics5010006

Reiner, K. (2012). Carbohydrate fermentation protocol. energy, 11, 12.

ABR Vol 16 [4] July 2025 286|Page © 2025 Author


https://doi.org/10.1016/j.envint.2015.09.013
https://doi.org/10.5194/soil-1-35-2015
https://doi.org/10.1016/j.envint.2016.06.025
https://doi.org/10.1016/j.biocon.2013.11.030
https://www.mdpi.com/2071-1050/7/2/2189
https://doi.org/10.1136/jcp.42.8.872
https://doi.org/10.6064/2012/963401
https://doi.org/10.1016/j.microc.2017.02.006
https://doi.org/10.1007/s10646-018-1981-x
https://doi.org/https://doi.org/10.1155/2018/2568038
https://doi.org/10.1007/s10531-007-9156-8
https://doi.org/https://doi.org/10.1016/j.scitotenv.2004.09.002
https://doi.org/10.1007/s12571-009-0009-z
https://doi.org/10.1038/s41559-017-
https://doi.org/https://doi.org/10.1006/enrs.1998.3828
https://doi.org/10.1128/jvi.06065-11
https://doi.org/10.1080/15226514.2015.1073671
https://doi.org/10.3390/toxics5010006

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Rojas, R. V., Achouri, M., Maroulis, ]., & Caon, L. (2016). Healthy soils: a prerequisite for sustainable food security.
Environmental Earth Sciences, 75(3), 180. https://doi.org/10.1007 /s12665-015-5099-7

Sharma, R., Walia, A., Chauhan, A., & Shirkot, C. (2015). Multi-trait plant growth promoting bacteria from tomato
rhizosphere and evaluation of their potential as bioinoculants. Applied Biological Research, 17(2), 113-124.
Siddiquee, S., Kobun, R, Azad, S., & Saallah, S. (2015). Heavy Metal Contaminants Removal from Wastewater Using
the Potential Filamentous Fungi Biomass: A Review. journal of Microbial & Biochemical Technology, 07.
https://doi.org/10.4172/1948-5948.1000243

Sonter, L. ], Alj, S. H,, & Watson, J. E. M. (2018). Mining and biodiversity: key issues and research needs in
conservation science. Proceedings of the Royal Society B: Biological Sciences, 285(1892), 20181926.
https://doi.org/doi:10.1098/rspb.2018.1926

Sonter, L. ], Herrera, D., Barrett, D. ], Galford, G. L., Moran, C. J., & Soares-Filho, B. S. (2017). Mining drives
extensive deforestation in the Brazilian Amazon. Nat Commun, 8(1), 1013. https://doi.org/10.1038/s41467-017-
00557-w

Sulaymon, A. (2014). Biosorption of Heavy Metals: A Review. Journal of Chemical Science and Technology, 3, 74-
102.

Sutra, L., Riséde, ]. M., & Gardan, L. (2000). Isolation of fluorescent pseudomonads from the rhizosphere of banana
plants antagonistic towards root necrosing fungi. Letters in Applied Microbiology, 31(4), 289-293.
https://doi.org/https://doi.org/10.1046/j.1472-765x.2000.00816.x

Torsvik, V., & @vreds, L. (2002). Microbial diversity and function in soil: from genes to ecosystems. Current opinion
in microbiology, 5(3), 240-245.

Tsegaye, Z., Yimam, M., Bekele, D., Chaniyalew, S., & Assefa, F. (2019). Characterization and Identification of native
plant growth-promoting bacteria colonizing tef (Eragrostis Tef) rhizosphere during the flowering stage for a
production of bio inoculants. Biomedical Journal of Scientific & Technical Research, 22(2), 16444-16456.

Whu, G., Kang, H., Zhang, X., Shao, H., Chu, L., & Ruan, C. (2010). A critical review on the bio-removal of hazardous
heavy metals from contaminated soils: issues, progress, eco-environmental concerns and opportunities. /] Hazard
Mater, 174(1-3), 1-8. https://doi.org/10.1016/j.jhazmat.2009.09.113

Zhou, ], Liu, W,, Deng, Y., Jiang, Y.-H., Xue, K, He, Z,, . . . Wang, A. (2013). Stochastic assembly leads to alternative
communities with distinct functions in a bioreactor microbial community. mbio, 4(2), 10.1128/mbio. 00584-
00512.

Copyright: © 2025 Author. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

ABR Vol 16 [4] July 2025 287 |Page © 2025 Author



https://doi.org/10.1007/s12665-015-5099-7
https://doi.org/10.4172/1948-5948.1000243
https://doi.org/doi:10.1098/rspb.2018.1926
https://doi.org/10.1038/s41467-017-
https://doi.org/https://doi.org/10.1046/j.1472-765x.2000.00816.x
https://doi.org/10.1016/j.jhazmat.2009.09.113

