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ABSTRACT 
The oxidative dissolution of metal sulphides generates acid mine drainage (AMD), which is characterized by strong acidity 
and high metal concentrations. Acidophiles are responsible to speed up the process of the generation of acid. Extreme 
environments are home to a variety of microorganisms that survive and thrive. Despite these, we know little about their 
large-scale ecological distribution patterns and controls. Microbial diversity analysis reveals the existence of diverse, yet 
largely consistent communities. Here, we assessed the Rajpardi mine bacterial community composition and diversity 
using a cultivable approach. A total of 187 heterotrophic isolates were successfully cultivated from the collected water and 
sediment samples of the Rajpardi Lignite mine, in Gujarat, India. The isolates were characterized based on cell and colony 
morphology. The highest microbial growth was obtained from sediment samples on the YEA medium. The highest relative 
density and frequency of isolates 2 and 28 indicate their presence in many samples. The sediment sample had the highest 
number of varieties and, thus, had the highest Dice matrix index value of 3.197, indicating a community with many taxa.  
Sample SS3 and WS4 showed the maximum Shannon index indicating a high similarity. This research also explored the 
relationship between the variance in heterotrophic microbial diversity of the studied lignite mine of Gujarat.  
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INTRODUCTION 
With the enormous potential for worldwide expansion, microbes demonstrate nonrandom distribution 
patterns across a variety of habitats at different spatial scales, making microbial ecology a captivating field 
of study [1,2]. The harsh environmental conditions on the earth are home to a wide variety of unique 
microorganisms. Besides increasing knowledge about the ecology and evolution of microbes, the dynamics 
of these microbial communities and their interactions with physicochemical and geochemical factors will 
make it possible to reveal these microbial adaptations and tolerance power in different kinds of extreme 
environments. Using niche models that take environmental and geochemical data into account, the 
composition and diversity of microbial communities can be predicted. Due to environmental variety, 
dispersion limitations, historical contingency, stochastic events, and disruptions, microbial communities 
can also be affected by spatial distance and temporal distance [3,4]. Due to their extreme environments and 
abundance of energy-deriving processes, such as acidic systems, extreme environments might be helpful 
as model systems for the investigation of microbial niches [4]. Acid mine drainage (AMD), a common and 
frequent environmental issue associated with the mining of lignite at lignite mines, is caused by the 
oxidative dissolution of pyrite (FeS2) and other sulfide minerals in an environment consisting of oxygen 
and water. Despite the presence of low levels of metabolically active microbial diversity found in these 
unique environments, such as well-adapted acidophilic microorganisms to a wide range of environmental 
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stresses and are primarily responsible for the generation of sulfuric acid and toxic metals-rich solutions 
[5,6]. More recently used molecular-based investigations have revealed highly reported acidophiles 
isolated from mining ecosystems. Acidithiobacillus ferrooxidans, Leptospirillum ferrooxidans, 
Ferroplasma spp. and Leptospirillum sp. are widely implicated to be the microorganisms that have 
important roles in the pyrite dissolution in situ that control the rate of AMD generation [7]. In this context, 
a comprehensive understanding of the pattern of AMD microbial diversity, how geochemical factors 
influence the composition of microbial communities and whether these environmental key factors differ 
from those that affect the ‘normal’ environment has not yet been clear [8]. The culturing techniques provide 
knowledge of characterizing cultivable microbial communities in large numbers of ecological samples to 
examine broad trends of microbial distribution in AMD environments [9-11]. In acidic environments, 
microbial community diversity and composition have been thoroughly investigated [12,13] perhaps 
because it regulates other geochemical factors. The pH is frequently regarded as the most important 
explanatory variable for regulating microbial distribution across several acid mine drainage (AMD) sites 
[14]. However, in acidic conditions, pH is not the sole factor affecting the composition of the microbial 
population. Moreover, iron content and speciation, dissolved oxygen, temperature, organic carbon, 
sulphate, salinity, conductivity, C:N ratio and other metal concentrations are the geochemical factors 
identified as the major determinants which affect the makeup of the microbial community composition [15-
21]. Microbial community dynamics can also be impacted by hydrodynamic factors such as velocity, 
retention time, turbulence, and precipitation patterns [22,23]. There is still a lot of uncertainty regarding 
the relative significance of these factors in determining microbial communities in natural environments. 
Kuang et al. (2013) and Wang et al. (2020) have attempted to systematically explore microbial geographical 
patterns by simultaneously taking into account spatial distance and contemporary environmental 
variations [3,24]. Rapid technical improvements in bacterial identification procedures have resulted in a 
formidable array of approaches for detecting, identifying, and distinguishing bacteria [25]. AMD systems 
were surveyed for microbial diversity using 16S rRNA genes for the first time in the mid-1990s [26,27]. 
Moreover, molecular diversity inventories of AMD microbes have been carried out in a variety of acidic 
environments in diverse geographic locations, including Svalbard [28], Iron Mountain in California, USA 
[29], Southern Portugal [30], Paryas Mountain, UK [31] and Southwestern Spain [32]. The majority of these 
studies have examined a limited number of samples from a single mining environment, and clone library 
analysis provides relatively limited sequencing depth compared to other approaches. Despite the 
technological advances, culture-based strategies are still necessary to obtain information regarding 
adaptation, the role of microorganism to create an environment, and their application as it grows in 
extreme condition, they can produce valuable enzymes, as well as determine whether the phenotypic 
selection is occurring or not [33]. Detecting intrastrain diversity is therefore often complemented by colony 
morphology characterization [34]. Microorganisms grow and form colonies on nutrient agar medium 
surfaces using routine culturing techniques, and the appearance of these colonies enables scientists to 
distinguish between genera or even species [34,35]. The finding of identical colony patterns among 
different samples by using this technique and likewise the existence of distinct characteristics when 
cultivating one variety under similar conditions are two of its most remarkable properties [36]. The 
identification of colony morphologies presents a significant difficulty for researchers due to the enormous 
number of accountable patterns [37].  In India, Gujarat is the highest lignite-producing state after Tamil 
Nadu. In Gujarat, mineral mines run under the authorities of Gujarat which is Gujarat Mineral Development 
Corporation (GMDC). Encouragement of knowledge regarding bacterial communities in the mining ecosystem 
of south Gujarat is the main objective of this research. To achieve that we have isolated the indigenous 
heterotrophic microbiota from Rajpardi lignite mine sites located in the south part of Gujarat state, India. 
The isolation and characterization of the native microbial flora of the lignite mine ecosystem were done. 
Microbial population diversity in samples was measured by diversity indices such as the Shannon-Weaver 
index and Simpson index. The similarity and dissimilarity of the population within the site were calculated by 
alpha diversity indices using PAST software.   
 
MATERIAL AND METHODS 
Site description and sample collection  
A total of 9 water samples and 3 sediment samples were collected from the Rajpardi lignite mine. The mine 
is a Gujarat government undertaking and is located at 21°43’27.2” N, 73°12’50.0” E at Rajpardi, Gujarat, 
India. Rajpardi mine is an opencast lignite mine (Figure 1) and contains approximately 1% of sulfur content. 
Water samples were collected in sterile plastic containers and brought to the laboratory as soon as possible. 
Similarly, sediment samples were collected at the same sites and transferred into sterile polyethene bottles 
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with a sterile plastic scoop. Both water and sediment samples were kept in the refrigerator at 4 C till 
analyzed. 
Physicochemical analysis  
The physicochemical analysis of samples was conducted in situ and ex-situ including pH, temperature, 
conductivity, redox potential (Eh), salinity and total dissolved solids (TDS), both at the time of sample 
collection and also once brought to the laboratory using respective portable meters (Eutech, Singapore).  
Cultivation of bacterial varieties (morphotypes) and their diversity analysis  
Isolation and enumeration of microbial diversities were obtained by the standard spread plate method. 
Serial dilutions of each sample were made in sterile distilled water as per requirement. For the sediment 
sample, 1 g of wet weight was suspended in 10 mL of sterile distilled water and vigorously mixed, followed 
by serial dilutions. From each dilution, 0.1 mL of the sample was evenly spread on each growth medium 
plate namely Nutrient agar, High plate count agar, Yeast extract agar, Actinomycetes agar and Czapek Dox 
agar medium for obtaining heterotrophic counts. Samples were inoculated on various media with varied 
pH (4 and 7). All the plates were incubated for 72 h at 32±3 °C. The total viable count was calculated in 
terms of CFU/mL and CFU/g from water and sediment samples, respectively. All the media used in the 
study were dehydrated media procured from Hi Media, India.  
Statistical data analysis 
Based on CFU obtained on plates (a total of 5 media of 2 different pH were used), statistical analysis was 
conducted to estimate the variance between the samples and isolates. Following the total count, relative 
density and relative frequency were calculated according to Eq. 1 and 2. 
 
(ܴ݀) ݕݐ݅ݏ݊݁݀ ݁ݒ݅ݐ݈ܴܽ݁  = ே.   ௗ௩ௗ௨   ௦௦ ௧  ௦௧ 

்௧ ௨  ௗ௩ௗ௨௦  ௧ ௦௧
× 100                           (1) 

(݂ܴ) ݕܿ݊݁ݑݍ݁ݎ݂ ݁ݒ݅ݐ݈ܴܽ݁   = ே. ௦௦   ௪ ௦௦ ௦௧ 
்௧ ௨  ௦௦

× 100                   (2) 
 
To analyze the total variance within the sites and samples, other statistical analyses including bacterial 
diversity indices calculations, multivariate data analysis, principal component analysis (PCA) and 
Neighbour-joining analysis were conducted using PAST software version 4.03 [38].  
 
RESULT AND DISCUSSION 
Physicochemical analysis 
There were 9 water samples and 3 sediment samples collected from different locations of the Rajpardi 
lignite mine in Gujarat, India. All samples were freshly collected in 2021 and as shown in Table 1, the 
temperature of samples during collection was in a range between 24.9 to 33.1 °C. The pH values of water 
samples were in ranged between 2.85 to 8.54. The lowest pH value was of sample 4 of Bhuri sump and the 
highest pH value was found for Amod mine site samples 2 and 1 which were more than 8.0. Surface 
weathering of spoils and accumulation of geogenic salts such as sulfates, magnesium, chlorides, and sodium 
chlorides cause salinity in coal mine environments [39]. Electrical conductivity (EC) is the measure of liquid 
capacity to conduct an electric charge and both the values of EC and total dissolved solids (TDS) were 
correlated [40,41]. Upon measurement, its ability depends on the concentration of dissolved ions, ionic 
strength, and temperature. TDS is commonly employed to determine the concentration of dissolved ions 
[42]. The level of TDS reflects the presence of inorganic salts and trace amounts of organic matter in water, 
whereas EC measures the capacity of water to conduct electrical current [43,44]. The sources of material 
in TDS and EC can come from nature, i.e., geological conditions, water resources, and human activities, like 
domestic and industrial waste and also from agriculture [45-47]. The conductivity values of samples were 
in the range of 0.47 to 2.83 mS/cm. TDS and salinity were in the range between 0.34 to 1.91 ppt and 233 to 
1500 mg/L respectively (Table 1).  
Microbial count 
Table 2 depicts the number of isolates obtained on different media namely, Nutrient agar, Yeast extract 
agar, High plate count agar, Actinomycetes agar and Czapek dox agar of respective pH. The different 
microbiological medium was selected depending on the pH of the samples collected from the sites. 
Irrespective of the mine sample and pH, 187 heterotrophic microbial morphotypes were cultivated, 
including 63 isolates from water samples and 124 isolates from sediment samples. The highest microbial 
growth obtained from sediment samples in terms of colonies (72) was obtained from different media 
containing 7 pH followed by pH 4 (52). The result indicates that the sediment sample of the mine site was 
highly supportive of microbial growth. The highest colony count was obtained from sediment samples on 
YEA medium followed by CDA which indicates that mine is also a good habitat for fungi, yeast, 
actinomycetes and bacteria.  
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Morphologically and culturally different 12 fungal isolates were obtained from various agar media. Based 
on their microscopic morphological observation showed that out of 12 fungal isolates most of the isolates 
belong to the Aspergillus, Mucor and Penicillium whereas only one isolate belonged to the Rhizopus genus. 
The cultural characteristics of all the fungal isolates are depicted in Table 3. 
Morphological characterization of isolates 
The morphology of colonies could be a sign of phenotypic variation, a key adaptive strategy used by bacteria 
to deal with environmental stressors. The impact of colony morphology on morphogenesis has rarely been 
investigated in depth using experimental circumstances. Several variables, including sample collection 
time, collection site, pH, type of medium used, and physicochemical factors, are investigated in this study 
to determine their impact on bacterial colony morphology. Isolates of various sample types that had been 
cultured on various media shared traits and revealed both similarities and distinctions. The findings 
showed that all variables that influenced colony morphogenesis were found, with varying sizes, shapes, 
margins, textures, elevations and pigmentations. The variables that had the greatest impact on colony 
differentiation in both water and sediment samples were collection time, site, and medium composition. 
The maximum number of bacterial varieties (morphotypes) were cultivated on YEA irrespective of 
sediment sample and at medium pH 4 and 7 used for cultivation, while the lowest bacterial count was 
obtained in AA medium (Table 4). Several studies confirm that the increase in the relative number of 
microorganisms in sediment samples compared to the water samples pointed to some relation of 
microbiota with nutrients present in the sample [48-50]. On nutrient agar medium bacterial isolates, 77% 
were gram-negative and 23% were gram-positive. Isolates obtained from sediment samples on Czapek Dox 
agar medium were gram-negative, non-motile and non-spore formers. Our findings are in concordance 
with the previous studies [51-54] the majority of the bacterial isolates from the mine site obtained on 
different media were gram-negative, non-motile and non-spore formers. Morphologically different 159 
bacterial isolates were isolated from the collected samples. The colony size and shape of the isolates ranged 
from 0.2 to 8 mm and round to irregular but were different in other traits, such as the margin and elevation. 
While 2 isolates of sediment samples obtained on CDA were star-shaped. Out of 159 bacterial varieties, 
15% of the isolates were able to produce varieties of pigments while the rest of them gave non-pigmented 
colonies. Pigmented colonies showed orange, pink, yellow, brown, reddish pink, white and cream whereas, 
the majority of the colonies were non-pigmented. All isolates obtained on the HPC medium were smooth in 
texture, moist consistency with nil pigmentation. They were ranging in colour from white to yellow 
whereas differences were observed in opacity and pigmentation (translucent to opaque opacity with no 
pigmentation to white (detailed colony morphology data not shown). 
Richness and evenness 
The species diversity of cultivable bacteria of Rajpardi mine samples was measured based on species 
number and individual counts (relative density and relative frequency). Isolates 2 and 28 showed the 
highest relative frequency of 72% because these isolates were found in 6 different samples including WS1, 
WS2, WS4, SS1, SS2 and SS3 while the majority of the isolates were found in just one sample and had the 
lowest relative frequency of 12%. The results of Table 3 correlate with Table 1, isolate number 2 was able 
to survive at lower as well as higher pH while isolate 28 was able to survive at lower pH only because the 
presence of these isolates was found in the samples with lower pH. The majority of the isolates 20 and 105 
had a relative frequency of 48% and showed their presence in four different samples. Similarly, isolates 18, 
31, 36, 60, 68, and 96 had a relative frequency of 36% as their presence in three different samples (Table 
5). The majority of the isolates of the sediment sample have very less relative frequency as most of the 
isolates were present in only singles samples indicating that within the mine ecosystem microbiota 
distribute in diverse patterns. The similarity in terms of Dice Matrix indices, as most of the bacterial 
morphology is similar due to similar pH range, sample SS3 showed the highest of 30% similarity with WS4 
but 100% similarity was not found among any of the samples (Table 6). The sediment samples 2 and 1 was 
having the highest number of varieties (Figure 2) and thus, had the highest Shannon index of 3.197 which 
indicates a community with many taxa. Similar results are also observed in Figure 2. While, water sample 
3, on the other hand, had the lowest Shannon index of 0.54, indicating a population of very fewer taxa (Table 
7). 
PCA analysis and neighbour-joining analysis 
As shown in Figures 3 and 4, the Principal component analysis (PCA) and Neighbour joining graph 
generated through PAST software were used to determine the richness data of isolated replicates from 
water and sediment samples collected from the Rajpardi mining sites. The first Principal component (PC1) 
has a variation of 17.31%, meanwhile, the second Principal component (PC2) has a variance of 14.98%. In 
general, the scattering pattern obtained in PCA showed similarity with the clustering pattern of the 
Neighbour-joining tree. The figure depicts how the water and sediment samples diverged substantially in 
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terms of microbial morphology and sample type of mine. The greater variance between sites in terms of 
replicates morphology is greater than sample type, as shown in the plot, where samples from the same 
location (sump) cluster together. This reveals that the physicochemical composition of the sites drove 
diversity variation. When the PCA of the selected isolates was examined, it was revealed that the first PC 
was able to distinguish the samples of the Rajpardi mine site such as WS1, WS2 and WS3 from samples 
WS5, WS7 and WS8. In accordance, the Rajpardi mine site in terms of morphology similarity shows WS8 
and WS7 maximum distance from the SS1 sample, where SS2 sample replicates show the highest microbial 
growth with varieties on solid media. The similarity in the result found in the Neighbour-joining graph is 
that sediment sample 3 is completely distinct from the rest of the samples in terms of microbial diversity. 
Moreover, the sediment samples of Rajpardi sites were closely placed in one group in PC2, as they showed 
less variation and comparatively more evenness in terms of analogous morphological characteristics than 
the first PC as very few isolates were obtained from these samples. A total of 5 major clusters of 187 isolates 
are formed in the Neighbour-joining plot. A bootstrap value in the Neighbour-joining plot is shown at each 
node (based on 1000 bootstrap resampling). In evolutionary terms, a horizontal line represents the 
evolutionary distance between two nodes, and a branch point along its length represents the divergence 
between samples. According to the PCA plot and Neighbour joining graph, Rajpardi mine water and 
sediment samples revealed a most considerable divergence from one another, encouraging us to conclude 
that the replicates had diversity at different pH levels, as both are present at different clades. 
 

Table 1. Physicochemical characteristics of the collected samples from Rajpardi lignite mine. 
Sample code Mine site Physicochemical parameter 

pH  Conductivity 
(mS) 

TDS 
(ppt) 

Salinity 
(ppm) 

Temperature 
(°C) 

Water sample 
WS1 Amod  8.29 0.47 0.34 233 28.2 
WS2 Amod  8.54 0.57 0.41 286 28.2 
WS3 Bhuri  2.87 1.48 1.05 765 28.2 
WS4 Bhuri  2.85 1.37 0.97 696 28.2 
WS5 Maljipura  7.78 0.91 1.00 725 28.2 
WS6 Amod  3.05 0.61 0.43 302 33.1 
WS7 Amod  3.14 0.56 0.40 280 33.1 
WS8 Amod  2.91 2.83 1.91 1500 33.1 
WS9 Amod  2.9 2.73 1.83 1420 33.1 

Sediment sample 
SS1 Amod  3.11 0.99 0.79 877 33.1 
SS2 Amod  3.47 0.98 0.69 717 33.1 
SS3 Amod  3.07 1.41 0.77 983 33.1 

 
Table 2. Number of microbial varieties obtained on various media from different samples 

 
Sample 

Number of bacterial varieties (morphotypes) 
Medium (pH 7)  Medium (pH 4) 

NA HPCA YEA AA CDA NA HPCA YEA AA CDA 
WS1 1 0 1 0 0 1 0 0 0 2 
WS2 2 0 1 0 0 0 0 1 0 0 
WS3 1 0 0 0 2 0 0 0 0 1 
WS4 1 0 0 0 1 0 0 1 0 3 
WS5 2 2 0 0 1 0 1 0 0 0 
WS6 2 1 1 1 0 0 0 2 1 0 
WS7 2 2 2 0 0 0 3 2 0 0 
WS8 3 0 0 1 0 0 1 1 0 3 
WS9 1 4 0 1 1 0 2 1 0 0 
SS1 7 7 18 6 4 2 0 11 0 6 
SS2 8 0 14 5 2 2 6 13 1 6 
SS3 0 0 1 0 0 0 0 3 1 1 

(NA: Nutrient agar; HPCA: High plate count agar; YEA: Yeast extract agar; AA: Actinomycetes agar and 
CDA: Czapek Dox agar) 
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Table 3. Cultivated fungal isolates from Rajpardi water and sediment samples and their tentative 
identification based on microscopic observation 

Medium Sample Medium 
pH 

Isolate no. Primary identification 
of fungi 

Nutrient agar Water 
  

7 WS21 Aspergillus 
4 WS11 Aspergillus 

Sediment 
  
  

7 
  

SS22 Rhizopus 
SS26 Aspergillus 

4 SS11 Rhizopus 
Yeast extract agar Water 

  
  

4 
  
  

WS61 Penicillium 
WS62 Aspergillus 
WS91 Mucor 

Sediment 
  
  
  
  
  
  
  

7 SS213 Mucor 
4 
  
  
  
  
  
  

SS12 Aspergillus  
SS17 Aspergillus  
SS19 Penicillium 

SS110 Aspergillus 
SS21 Aspergillus 

SS213 Mucor 
SS32 Mucor 

High plate count agar Water  
  
  

7 WS94 Mucor 
4 
  

WS51 Mucor 
WS73 Aspergillus 

Sediment 7 SS17 Mucor 
R2 agar Water 

  
  

7 
  

WS61 Mucor 
WS91 Penicillium 

4 WS61 Penicillium 
Sediment 7 SS22 Penicillium 

Czapek Dox agar Water 
  

7 WS41 Penicillium 
4 WS42 Aspergillus 

Sediment 
  

7 SS22 Aspergillus 
4 SS31 Aspergillus 

 
Table 4. Primary characteristics of the microbial isolates cultivated on different solid media 

Sample Medium 
pH 

Isolates no. Gram 
reaction 

Motility Spore 
formation 

Nutrient 
agar 

 
 

7 WS11, WS51, WS52, WS61, SS13, 
SS25, SS28 

+ Motile + 

WS22, WS31, WS41, WS62, WS71, 
WS72, WS81, WS82, WS83, WS91, 
SS11, SS12, SS15, SS16, SS17, SS21, 

SS23, SS24 

- Non-motile - 

SS14 + Non-motile - 
SS27 - Motile - 

4  SS12 - Motile - 
SS21, SS31 + Non-motile - 

Yeast 
extract 

agar 

7 WS11, WS61, WS71, WS72, SS11, 
SS12 SS13, SS15, SS16, SS18, SS111, 
SS112, SS113, SS114, SS115, SS116, 

SS117, SS118, SS22, SS23, SS24, SS25, 
SS27, SS29, SS211, SS214, SS212 

- Non-motile - 

SS110 + Non-motile - 
WS21, SS17, SS21, SS26, SS28, SS210, 

SS31 
+ Motile + 

SS14,  SS19 - Motile - 
4 WS21, WS41, WS81, SS14 + Non-motile - 
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WS71, WS72, SS15, SS16, SS111, 
SS23, SS24, SS25, SS26, SS27, SS28, 

SS29, SS210, SS211, SS212, SS31, 
SS33 

- Non-motile - 

SS11, SS13, SS18 + Motile + 
SS22 - Motile - 

High plate 
count agar 

7 WS51, WS52, WS72, WS91, WS92, 
WS93, SS12, SS14, SS16 

- Non-motile - 

WS61, WS71, SS11, SS13, SS15 + Motile + 

4 WS71, WS72, WS91, WS92, SS21, 
SS22, SS23, SS24, SS25, SS26 

 
- 

 
Non-motile 

 
- 

WS81 + Motile + 
R2 Agar  7 WS81, SS12, SS13, SS14, 

SS15, SS16, SS21, SS23, SS24 
- Non-motile - 

SS11 + Non-motile - 

SS25 + Motile + 

4 SS21, SS31 + Non-motile - 

Czapek 
Dox Agar 

7 WS31, WS32, WS91, SS11, SS12, SS13, 
SS14, SS21 

- Non-motile - 

WS51 + Motile + 
4 WS11, WS31, WS41 + Non-motile - 

WS12 + motile + 

WS43, WS81, WS82,WS83, SS11, 
SS12, SS13, SS14, SS15, SS16, SS21, 

SS22, SS23, SS24, SS25, SS26 

- 
 

Non-motile - 
 

WS= isolates from water sample; SS= isolates from sediment sample 
 

Table 5. Relative density and relative frequency of cultivable bacteria from Rajpardi mine samples 
Isolate 

no. 
Relative density Relative 

frequency Total microbial count 

Water sample (× 103 CFU/ml) Sediment sample 
(× 103 CFU/g) 

WS1 WS2 WS3 WS4 WS5 WS6 WS7 WS8 WS9 SS1 SS2 SS3 

1 
      

0.32 
     

12 

2 7.1 3.8 
 

7.69 
     

0.28 0.15 1.69 72 

3 
 

85.1 80.5 
         

24 

4 
   

23.1 
        

12 

5 
    

2.8 
       

12 

6 
    

2.8 8.3 
      

12 

7 
     

16.7 
      

12 

8 28.6 
           

12 
9 50 

     
0.32 

     
12 

10 
       

2.7 
    

12 
11 

       
5.5 

    
12 

12 
       

2.7 
    

12 
13 

        
1.54 

   
12 

14 
 

7.4 
          

12 

15 
     

8.3 
      

12 

16 
      

23.9 
     

12 
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17 
      

72.1 
     

12 

18 
    

59.2 
       

36 

19 
    

32.4 
       

12 

20 
     

16.7 
   

0.56 0.29 1.69 48 

21 
      

0.16 10.8 
 

0.56 
  

12 

22 
      

0.48 
     

12 

23 
        

1.54 
   

12 

24 
        

46.1 
   

12 

25 
        

4.62 
   

12 

26 
    

1.41 16.7 
  

1.54 
 

0.29 
 

12 

27 
       

64.8 
    

12 

28 
   

15.4 
 

8.33 
  

1.54 0.28 0.15 15.3 72 

29 
  

0.91 
         

12 

30 
  

18.4 
         

12 

31 7.1 
   

1.4 
     

0.45 
 

36 

32 
        

18.5 
   

12 

33 
         

20.9 
  

12 

34 
         

0.56 
  

12 

35 
         

1.67 
  

12 

36 
         

0.56 0.59 69.5 36 

37 
         

1.39 
  

12 

38 
         

0.28 
  

12 

39 
         

0.28 
  

12 

40 
          

0.15 
 

12 

41 
         

4.19 0.29 
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Table 6. Dice similarity or distance matrix 
 WS1 WS2 WS3 WS4 WS5 WS6 WS7 WS8 WS9 SS1 SS2 SS3 

WS1 1 0.22 0 0.18 0.18 0 0.12 0 0 0.03 0.06 0.17 
WS2 0.22 1 0.25 0.2 0 0 0 0 0 0.03 0.03 0.18 
WS3 0 0.25 1 0 0 0 0 0 0 0 0 0 
WS4 0.18 0.2 0 1 0 0.14 0 0 0.12 0.09 0.08 0.30 
WS5 0.18 0 0 0 1 0.28 0 0 0.12 0 0.05 0 
WS6 0 0 0 0.14 0.28 1 0 0 0.22 0.06 0.08 0.26 
WS7 0.12 0 0 0 0 0 1 0.1 0 0.02 0.05 0 
WS8 0 0 0 0 0 0 0.1 1 0 0.03 0 0 
WS9 0 0 0 0.12 0.12 0.22 0 0 1 0.06 0.11 0.23 
SS1 0.03 0.03 0 0.09 0 0.06 0.02 0.03 0.06 1 0.23 0.22 
SS2 0.06 0.03 0 0.08 0.05 0.08 0.05 0 0.11 0.23 1 0.20 
SS3 0.16 0.18 0 0.30 0 0.26 0 0 0.23 0.22 0.20 1 

 
Table 7. Alpha diversity indices of Rajpardi mine site samples 

Sample  Total no. 
of 

individu
als 

Domina
nce 

Simpso
n index 

(D) 

Shanno
n index 

(H) 

Evennes
s 

Fisher’s 
alpha 

Berger 
Parker 

Chao1 
index 

WS1 1400 0.3469 0.6531 1.27 0.7122 0.6516 0.5 5 
WS2 2700 0.7339 0.2661 0.5735 0.4436 0.4611 0.8519 4 
WS3 43500 0.6813 0.3187 0.5434 0.4305 0.3401 0.8046 4 
WS4 1300 0.2426 0.7574 1.586 0.8138 0.8133 0.3846 6 
WS5 13500 0.2521 0.7479 1.491 0.6343 0.7105 0.3111 7 
WS6 1000 0.16 0.84 1.887 0.9425 1.015 0.2 7 
WS7 62700 0.5772 0.4228 0.7857 0.1994 0.9954 0.7209 11 
WS8 3700 0.4419 0.5581 1.325 0.4179 1.109 0.6486 9 
WS9 6300 0.3096 0.6904 1.447 0.5311 0.904 0.4762 8 
SS1 34800 0.07698 0.923 3.197 0.4367 6.525 0.2155 56 
SS2 67100 0.1965 0.8035 2.476 0.195 6.612 0.3726 61 
SS3 5900 0.5128 0.4872 1.044 0.4059 0.7842 0.6949 7 

 

 
Figure 1. (a) Rajpardi lignite mine site; (b) ETP plant at Rajpardi 
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Figure 2. Number of microbial taxa present in the studied lignite mine samples 

 
Figure 3. PCA plot of variance between samples of the studied lignite mine 
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Figure 4. Neighbour-joining plot showing the grouping of samples based on the cultivable 

microbial morphology data 
 
CONCLUSION 
The microbial communities at this location were diverse groups driven by a plethora of variables. The 
findings of the study suggest that the majority of the bacterial isolates from the mine site obtained on 
different media were gram-negative, non-motile and non-spore formers. Concerning physicochemical 
attributes, the locations of mine sites were diverse from one another. These findings indicate that the 
physicochemical features may have influenced the formation of microbiomes. In water samples, the 
heterotrophic bacterial isolates decrease whereas in sediment samples, the count increases. The sediment 
sample was having the highest number of varieties and thus, had the highest Shannon index of 3.197 which 
indicates a community with many taxa.  The PCA results revealed that the diversity between water and 
sediment samples of the mine site was comparable, and they shared common taxa in terms of morphology. 
Here, the diversity data of those indigenous microorganisms particularly bacteria are shown which are 
cultivable in the laboratory on simple media but, the whole community including identities of non-
cultivable isolates and potential roles need to be elucidated, using a culture-independent approach. 
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