Open Agriculture. 2019; 4: 684-696

DE GRUYTER

Research Article

Grigory Gladkov, Anastasiia Kimeklis, Alexei Zverevy, Elizaveta Pershina, Ekaterina Ivanova,
Arina Kichko, Evgeny Andronov, Evgeny Abakumov*

Soil microbiome of the postmining areas in polar
ecosystems in surroundings of Nadym, Western

Siberia, Russia

https://doi.org/10.1515/0pag-2019-0070
received May 14, 2019; accepted November 5, 2019

Abstract: Localization of agriculture with the aim of local
food support has become a very urgent topic for Yamal
region. The most fertile soils of this region are sandy tex-
tured anthropogenically affected soils. Microbiomes from
disturbed soils of the Nadym region were studied using
analysis of 16S rRNA metagenomic libraries. It was shown
that plant cover is a driving force of microbiome composi-
tion. Forest soils covered with aeolian transfers from the
quarry retaids a typical forest microbiome with the follow-
ing dominant bacterial phyla: Proteobateria, Acidobacte-
ria, Verrucomicrobia, Planctomycetes and Bacteroidetes.
However, it contains significantly less Planctomycetes,
which indicates greater aridity of the soil. The microbi-
omes of the overgrown quarries were strikingly differ from
the soil microbiome and resemble those of arctic soils
being dominated by Proteobacteria, Chloroflexi, Acido-
bacteria and Cyanobacteria. Absence of dense vegetation
cover and availability of nutrients facilitated the forma-
tion of autotrophic microbial mats. The microbiome of
the lower horizons of the quarry is characterised by Pro-
teobacteria, Actinobacteria and Firmicutes. Presumably,
most of the time these bacteria reside in a dormant state
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with short periods of activity due to nutrient uptake from
the upper horizons.
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1 Introduction

The soil microbiome plays the most important role in the
development of the soil profile and the implementation of
key soil-biochemical processes (Will et al. 2010). The soil
microbial community is one of the key drivers of imple-
mentation of elementary soil processes. This is especially
important for the very initial stages of soil regeneration
after strong anthropogenic impact (Urbanova et al. 2011;
Sprocati et al. 2014). Biogenic-abiogenic interactions are
considered as most intensive in the initial stages of soil
formation, that is why, initial soil formation could be used
as an informative model for parametrization of pedogen-
esis (Hedenec et al. 2019). Mining areas and related soils
represent a very informative subject of primary coloniza-
tion of various parent materials by numerous groups of
microorganisms and this model can be used for devel-
opment of restoration strategies for post-mining areas
(Harantova et al. 2017)

Polar regions usually attracted scientists due to their
contrasting and sometimes extreme life conditions. Nev-
ertheless, the severity of climatic conditions are different
in various sub zones and sectors of the polar biome. The
most popular such polar regions for metagenomic investi-
gations are the moraines of Antarctica (Bottos et al. 2014)
and Arctic permafrost soils (Deng et al. 2015; Wilhelm et
al. 2011). Terrestrial ecosystems of the Arctic are poorly
investigated. Such regions of Russia such as Yamal,
Taymyr, and islands of the Northern Ocean are known as
regions without essential data on soil microbiome quality
(Kirtsideli et al. 2014; 2016, 2017). Generally, these envi-
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ronments represent a unique ecological niche for psychro-
philic microorganisms. Together with their microbial pop-
ulation, these soils regularly undergo freeze-thaw cycling,
resulting in the stratification of the organic matter and its
concentration in the lower soil layers (Jansson and Tas
2014). The most abundant phyla inhabiting these soils
are Proteobacteria, Firmicutes, Chloroflexi, Acidobacteria,
Bacteroidetes and Actinobacteria (particularly, families
Intrasporangiaceae and Rubrobacteriaceae). Thawing
of the permafrost results in changes in the proportion of
these phyla, favoring actinobacteria and slowing down
the growth of proteobacteria and gemmatimonadetes
(Deslippe et al. 2005; Jansson and Tas 2014). The newly
discovered phyla, lacking any cultivable representatives,
especially phylum AD3, were also described during the
analysis of permafrost samples (Frey et al. 2016; Jansson
and Tas 2014). A more detailed description of the micro-
bial diversity of permafrost soils can be found in the mul-
tiple reviews already published.

Nowadays, fewer studies are devoted to the analysis of
soil genesis during the restoration of former mining areas
in the Northern regions. At the same time, it is important
to understand the structure of microbial communities on
the post mine heaps, revealing both the forces driving soil
formation and applications in the optimization of the rec-
lamation procedures.

We have found at least two examples of studies targeting
soil genesis in the Arctic region. The first is the study of
microbiolites and sediments, isolated from an abandoned
and flooded open-pit asbestos mine (Yukon, Canada).
The analysis of the microbiome composition revealed the
dominance of proteobacteria (mainly Alphaproteobacteria
and Gammaproteobacteria), which comprised more than
35% of 16S rRNA sequences both in microbiolites and sedi-
ments (White et al. 2015). Second is the study of the micro-
biome’s functional and structural composition across a
cryo-perturbed polygonal landscape in Alaska. Proteobac-
teria and Actinobacteria were the most abundant phyla
throughout the soil profiles. Actinobacteria comprised
up to 68% of the total microbiome and mainly included
representatives of the orders Actinomycetales and Soli-
rubrobacterales. The total amount of these bacteria was
correlated with C content and increased substantially in
the permafrost layer of soil compared to the active layer.
Permafrost layers also had high relative amounts of Bac-
teroidetes, candidate phylum OP9, and archaea from the
phylum Euryarchaeota (Tas et al. 2018).

Considering the dearth of studies addressing soil
genesis of disturbed arctic soils, here we characterize
young developing soil of the post-mining landscape of
Central Yamal (surroundings of Nadym city) in terms of
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the metagenomic composition of soil microbiome. Soils
of post mining areas in polar environments are known as
possible to be used in agricultural practices after restora-
tion, because they are more drained and more favorable
for growing of agricultural production. Areas of sandy tex-
tured soils are considered to be expanding with time due
to intensive erosion and aeolation (Sizov and Lobotrosova
2016; Zykina et al. 2017). That is why sands, exposed on
the landscape surface are new objects for agricultural
practices in the Nadym region. Two ways of involving of
these substrata in agriculture are possible: reclamation
and further development of local vegetable gardens on the
territories of former quarries and soil amendment and cre-
ation of arable Agrosoils for further plantation of the pota-
toes. The soil fertility and microbiome composition in the
Yamal region is extremely underinvestigated. At the same
time the trend for localization of agricultural practices in
surroundings of the northernmost cities becomes a very
urgent topic of the current research. That is why the aim
of this work was to evaluate the taxonomic composition of
soil microbiomes on the heaps of former mines in the sur-
roundings of Nadym city, Central part of Yamal, western
Siberia, Russia.

The following objectives were formulated in this
context: (1) to investigate the soil restoration process in
cases of abundant and reclamation practices; (2) to char-
acterize the soil microbial community using the a- and
[B-diversity indexes.

2 Materials and Methods

2.1 The study sites

The study sites are located close to the Nadym city, Yama-
lo-Nenets autonomous regions, Western Siberia, Russia,
on the territory with discontinuous permafrost and
covered by natural larch forest. Nadym city and Pangody
settlement are located on sand of quaternary age with fine
texture and these sands are exposed to intensive wind
erosion — aeolation. The coordinates of the main quarry
for sand exploitations are N 65-20-563, E 072-58-135.

2.2 Sampling strategy

Six samples of soils associated with quarries were chosen
for the metagenomics analysis. These were N1_R1, N2_O,
N3_AY, N18_W, N18_C1 and N18_C2. Each sample was ana-
lyzed in five replicates. N1-R samples are represented by
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Figure 1: Location of the study sites

former sandy-gravel quarry, where the natural forest was
degraded due to the covering of soils and vegetation by
aeolian material, which is coming from the quarry. Soil
is presented by initial Podzol, covered by aeolian trans-
ported sand. The profile structure consists of O horizon
of current forest tree stand, sublayered by Aeolian parent
material which covers the buried profile of Podzol in a
larch forest. Sample N2-O is presented by benchmark
soils without aeolian and anthropogenic effect. Sample
N3 is presented by sod horizon of initial soil, situated on
the bottom of the quarry of sandy-gravel quaternary sed-
iments, Therefore, these three samples are parts of one
series of increasing aeolian transportation of sandy-dust
materials from the central part of the quarry to the sur-
roundings. Three other samples were collected from the
quarry of building materials. This quarry is located on the
way from Pangody settlement to Novy Urengoy. Sample
N-18 W is weak developed topsoil of Leptosol. This horizon
is sub-layered by the horizon of parent material. The
sample N18_C2 is sandy textured parent material from the
bottom of the same quarry.
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2.3 Soil routine analyses

Soils for the routine analyses were grounded and sieved
at 2 mm; the mineral samples were dried and sieved at < 2
mm, and the large root debris were picked out manually.
Evaluation of carbon, nitrogen, and hydrogen contents
were made using a CHN analyzer Leco CHN-628. For the
extraction of ammonium nitrogen KCl the EPA method
(350.1., 1993) was used. Mobile phosphorus and potas-
sium content was determined using their extraction by 0.5
mol/L HCl (Kuo 1996). The evaluation of the main agro-
chemical characteristics was performed by the standard
procedures GOST 546502011 and GOST 26489-85. The first
method is based on the extraction of mobile compounds
of phosphorus (P,0,) and potassium (K,0) from the soil
with a solution of hydrochloric acid and the subsequent
quantitative determination of mobile compounds of phos-
phorus and potassium. The second method consists of
extracting exchangeable ammonium NH,* from the soil
with a solution of potassium chloride, and subsequent
photometric measurement of the colored solution). Soil
basal respiration was determined by a closed chamber
experiment under the laboratory conditions.

2.4 DNA isolation

Total DNA was isolated from 0.5-0.9 g of the soil samples
using the NucleoSpin® Soil Kit (Macherey-Nagel GmbH
& Co. KG, Germany) according to the manufacturer’s rec-
ommendations. For our samples a combination of buffers
SL1 and SX was chosen, which is recommended for sandy
soils (Lazarevic 2013). Mechanical disintegration of the
samples was carried out using a Precellys 24 homoge-
nizer (Bertin Nechnologies, France). The quality of iso-
lation was tested by gel electrophoresis on a 1% agarose
gel (Tris-acetate buffer (TAE) 0.5x). DNA concentrations
were measured at 260 nm using SPECTROStar Nano (BMG
LABTECH, Ortenberg, Germany). The final DNA concen-
tration was, around, 50 ng/pL.

2.5 Estimate of microbial quantity with
real-time PCR

Real-time PCR was carried out for eubacteria using
primers EUB338 5’-ACTCCTACGGGAGGCAGCAG-3 (Lane
1991), EUB518 5’-ATTACCGCGGCTGCTGG-3’ (Muyzer et al.
1993), and archaea using primers ARC915f 5-AGGAATTGG-
CGGGGGAGCAC-3’, ARC1059r 5’-GCCATGCACCWCCTCT-3
(Yu et al. 2005). The reaction mixture was made using
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gPCRmix-HS SYBR kit (Evrogen, Russia) with isolated soil
DNA as a template according to the manufacturer’s rec-
ommendations. Series of 10-fold dilutions of E. coli and
H. pilori 16S rDNA fragments were used as quantity stand-
ards. PCR and quantity measurements were carried out
using a CFX96 Real-Time PCR Detection System (Bio-Rad,
Germany) with the following temperature protocol: 95°C -
3 min; 95°C - 20's, 50°C - 20 s, 72°C - 20 s (40 cycles).

2.6 Constructing and sequencing the 16S
rRNA amplicon libraries

Amplicon libraries were prepared using the universal
multiplex primers F515 5-GTGCCAGCMGCCGCGGTAA-3’
and R806 5-GGACTACVSGGGTATCTAAT-3 (Bates et al.
2010), targeting the variable region V4 of bacterial and
archaeal 16S rRNA genes. Each multiplex primer con-
tained the adapter 4-bp key (TCAG), 10-bp barcode and
primer sequences. The reaction mixture was made using
Encyclo high-precision polymerase (Evrogen, Russia) with
purified DNA preparations, which were used as templates
(the temperature profile for PCR was: 95°C - 3 min; 95°C
-30s, 50°C - 30 s, 72°C - 30 s (30 cycles); 72°C, 30 s). The
expected length of the amplification product was 300
bp. Sequencing of the amplicon libraries was carried out
using an Illumina MiSeq (Illumina, Inc, USA) in the Centre
for Genomic Technologies, Proteomics and Cell Biology
(All-Russia Research Institute for Agricultural Microbiol-
ogy, Russia).

2.7 Primary processing of the sequencing
data

Trimming, denoising, merging of paired-end reads, delet-
ing of chimera sequences and taxonomic assignment of
acquired 16S rRNA gene libraries were performed through
“R” and “dada2” packages (Callahan et al. 2016). Phyloge-

Table 1: Basic agrochemical properties of soils

Soil microbiome in postming polar environments —— 687

netic tree was built using the SEPP package (Janssen et
al. 2018) from QIIME2 (Bolyen et al. 2018) on a Silva data-
base (Quast et al. 2013). Analysis of alpha diversity was
conducted by Richness, Fisher, Simpson and Shannon
indexes using the microbiomeSeq package (Ssekagiri
et al. 2017). Beta diversity was assessed by comparison
of microbiomes and constructing similarity matrixes
between them using weighted and unweighted unifrac
(Lozupone et al. 2005) in phyloseq (McMurdie and Holmes
2013), ggplot2 (Wickham 2016), vegan (Oksanen et al.
2017) packages. The significance of differences between
microbiomes was estimated by Permanova (Anderson
2017) from the adonis?2 test in vegan. Beta diversity was
visualized using PCoA in phyloseq. A Mantel test from
vegan was performed to test correlation between similar-
ity matrixes and physical parameters of soils. The signif-
icance of differences between phylotypes in microbiomes
was estimated by model LTR with fdr correction by the
Benjamin-Hochberg procedure in DESeq2 (Love et al.
2014). Heatmaps were drawn using the ampvis2 tool in R
(Albertsen et al. 2015).

3 Results

3.1 Basic chemical characteristics

Data on routine soil analyzes are given in Table 1. These
data indicate that all the soil samples were acidic in reac-
tions from the fine earth. They contain relatively high
amounts of total organic carbon and nitrogen. The high
content of organic carbon resulted from a low decomposi-
tion rate of the topsoil raw materials, accumulated in the
forest and initial gross ecosystems. The increased portion
of nitrogen could be a result of intensive transformation of
the plant remnants in conditions of high aeration of sandy
textured soils. The content of available forms of nutrients
was not high, but, in general increased portions of nutri-

Sample pH T0C, g/kg N, % P,0,, mg/kg K,0 mg/kg N-NH,, mg/kg N-NO,, mg/kg Basal respiration
mgC0./100g*day-1
N1_R1 5,45 1.80 0,30 13 148 15,37 0,37 23
N2_0 5,67 2.50 0,60 17 85 0,67 0,37 22
N3_AY 5,34 2.91 0,40 103 63 9,26 0,28 45
N18_W 5,21 7.80 0,60 197 278 27,52 13,70 56
N18_W 5,23 6.70 0,50 87 38 13,56 4,64 45
N18_C2. 5,27 3.41 0,40 48 49 6,64 0,81 32
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ents were higher in initial soils, formed on the bottom of
quarries, than in benchmark Podzol or in Podzol, partially
transformed by the aeolian effect.

3.2 Metagenomic study

Six samples of soils associated with quarries were chosen
for the metagenomics analysis. These were N1_R1, N2_0O,
N3_AY, N18_W, N18_C1 and N18_C2. Each sample was ana-
lyzed in 5 replicates.

3.3 Realtime

Quantification of bacterial operons in purified DNA
samples showed, that control forest soil was the richest
in bacteria (1,37*10%°+2,63*10°) (Figure 2). Next, in
descending order, were N1_R1 (2,9*10°+2,96*10%), N18_W
(1,01*10°£5,01*107) and N3_AY (3,93*10%+3,2*108). N18_C1
and N18_C2 samples had the lowest bacterial operon
count, close to negative control response (4,77*10°+8,9*10°
and 4,91*10°+1,47*10° respectively). Quantity of archaeal
operons was much smaller than that of bacteria but similar
in distribution across samples. Maximum quantities
were detected for N1_R1 and N2_0O (3,82*107+ 1,11*10” and
3,66*107+2,38*107), medium for N18_W (5,8*10°+6,96*10°)
and N3_AY (2,93*10%+2,75*10°), and minimum for N18_C1
(3,02*10°+1,21*10°) and N18_C2 (2,42*10°+1,47*10°).
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Analysis of alpha diversity showed that richness and
Fisher indexes for samples from lower horizons (N18_C1
and N18_C2) were significantly higher than for upper hori-
zons (N1_R1_N2_O and N3_AY), the same tendency was
observed for Shannon index values (Figure 3). Simson
index did not differ significantly between sites.

Beta diversity revealed significant differences between
different soil samples. Figure 4 presents weighted and
unweighted Unifrac on axis 122 and 13 to show different
dimensions. Microbiomes from upper horizons of forest
soil (N1_R1/N2_0) and microbiomes of lower horizons of
second sandy quarry (N18_C1/N18_C2) form overlapping
pairs. Microbiomes from upper horizons of 2 sandy quar-
ries (N3_AY/N18_W pair), however, distinctly separate
from each other for both weighted and unweighted Unifrac
(overlapping could be seen on axis 12 of unweighted
unifrac, but it is just one of the dimensions).

Mantel test did not reveal any significant correla-
tion between microbiome composition of different soil
samples.

A total of 378904 reads were acquired for 25 libraries
of 16S rRNA genes. They were assigned into 4094 phylo-
types, of which 4086 (99.8%) were identified on the family
level, 2756 (67.4%) on the genus level, 302 (7.4%) on the
species level.

Taxonomical composition of microbiomes from forest
soils, exposed (N1_R1) and not exposed (N2_0) to sand
from the quarry appeared to be very similar. The most
abundant phyla for both of these soils were Proteobateria,

ARC
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Figure 2: Quantity of bacterial (BAC) and archaeal (ARC) operons in studied soil samples, acquired by Real-time PCR
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Figure 5: Top 10 phyla in N1_R1and N2_0 samples. Numbers show percentage content of each phylum in a sample

Acidobacteria, Verrucomicrobia, Planctomycetes, Bacte-
roidetes and Chloroflexi (Figure 5). Significant differences
in phylum content were observed for Planctomycetes
(more in N2_0, padj=0.000029), Proteobacteria (more in
N2_0, padj=0.00019) and Bacteroidetes (more in N1_R1,
padj=0.00008).

Taxonomical composition of microbiomes from upper
horizons from 2 sandy quarries differed from forest micro-
biomes and consisted of Proteobacteria, Chloroflexi,
Acidobacteria, Cyanobacteria, Actinobacteria, Verrucomi-
crobia, Bacteroidetes, Planctomycetes, Gemmatimonade-
tes and Armatimonadetes (Figure 6). Contents of phyla
Cyanobacteria, Actinobacteria and Proteobacteria were
significantly higher in N18_W, while contents of Chlorof-
lexi, Verrucomicrobia, and Gemmatimonadetes were sig-
nificantly higher for N3_AY.

Microbiomes of upper W and lower C horizons of
quarry N18 differed significantly from each other. The
most abundant phyla in the lower horizons were Pro-
teobacteria, Actinobacteria, Firmicutes, Bacteroidetes,
Acidobacteria, Planctomycetes and Verrucomicrobia
(Figure 7). Quantitative composition of C horizons did not
differ significantly between each other.

For each set of sample comparisons heatmaps at
the level of a phylotype (the lowest taxa level) were
built (Figure 8-10). The most prominent differences were
observed on the level of families. Control forest soil N2_O
in comparison to aeolian transfers of N1_R1 had signifi-
cantly larger amounts of phylotypes from Acetobacter-
aceae, Isosphaeraceae, Acidobacteriaceae (Subgroup_1),
Burkholderiaceae, Methylacidiphilaceae and Solirubro-
bacteraceae. N1_R1 soil horizont was more abundant in
Solibacteraceae (Subgroup_3), Xiphinematobacteraceae,
Chitinophagaceae and Sphingobacteriaceae.

Upper horizons of different quarries N3_AY and
N18_W had more prominent distinctions at the family
level. N3_AY contained significantly more Nostocaceae,
Micrococcaceae, Sphingomonadaceae, Leptolyngbyaceae,
Acetobacteraceae, Chitinophagaceae and AKIW781.
N18_W contained more Ktedonobacteraceae, Chthonio-
bacteraceae, Gemmatimonadaceae, WD2101_soil_group,
Xiphinematobacteraceae and Pedosphaeraceae.

Microbiomes of upper W and lower C horizons of
quarry N18 differed from each other even more signifi-
cantly at the level of families than the level of phyla. Com-
position of lower horizons microbiomes, though, were
quite similar.
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Figure 8: Heatmap of the 30 most abundant phylotypes for samples N1_R1and N2_0O

4 Discussion

The dataset consisted of 6 soil samples. It included a
sample of forest soil near quarry N2_0O, which could be
considered as a control for sample N1_R1, which came
from the same forest soil, but was covered with aeolian
transfers from the quarry, and sample N3_AY, which was
taken from the overgrown quarry. Another set of samples
came from a different sandy quarry and represented 3
horizons of the overgrown quarry bottom.

The microbiome of the N2_O sample showed typical
composition of a forest soil. Analysis of N1_R1 sample

showed that aeolian transfers from the quarry acquired
microbiome composition, very similar to the forest soil.
Differences in Planctomycetes content in these samples
could point out that unexposed forest soil is more water-
logged than forest soil, exposed to sand (Dedysh and
Ivanova 2019). The N2_0 soil microbiome was more abun-
dant in Mycobacterium and Pandoraea alpina, which
inhabit rhizosphere. N1_R1 microbiomes consisted of
more copiotrophs (Bryobacter, Candidatus_Xiphinemato-
bacter) and bacteria tolerant to heavy metals (Chitinopha-
gaceae).

The microbiome of the overgrown quarry (N3_AY),
which was the source for aeolian transfers, is distinctly
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Figure 9: Heatmap of the 30 most abundant phylotypes for samples N18_W and N3_AY

different from the forest soil (N2_0). Microbiomes from
two different sandy quarries (N3_AY and N18_W) turned
out to be more similar, than microbiomes from close, but
different environments (N3_AY and N2_0). Composition
of sandy quarry microbiomes was close to arctic soils
(Gilichinsky et al. 2007). Prevalence of Chloroflexi and
Cyanobacteria allow us to suggest that the overgrown
quarry is covered in microbial mats, which consist mostly
of autotrophs. These mats are primary inhabitants of
soils. Both N18_W and N3_AY sites are rich in nutrients,
and supposedly without plant cover, to reduce levels of
available nitrogen, the microbiome was occupied by auto-
trophs. Usually such mats consist of different layers, and

Cyanobacteria, as aerobes, occupy its upper layers, while
Chloroflexi, as anaerobes, occupy its bottom layers. In our
samples one quarry had mostly only Chloroflexi (Ktedon-
obacteraceae) and the other mostly only Cyanobacteria
(Stigonema_SAG_48.90, Mastigocladopsis_PCC-10914,
Mastigocladopsis_PCC-10914, Nostoc_PCC-73102). One
of the reasons could be that the extent of sampling was
insufficient to detect all components of a microbial mat
in each sample. N18_W is richer in nitrogen than N3_W,
so another reason could be that Chloroflexi, being mix-
otrophs, pushed out Cyanobacteria from their niche.

Soil samples from C horizons of N18 quarry had minis-
cule amounts of DNA. It was hard to get PCR products of
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Figure 10: Heatmap of the 30 most abundant phylotypes for 3 horizons of N18 soil sample

16S rRNA gene for these samples and the resulting librar-
ies were very small. However, alpha diversity of these
samples was much higher than of all other samples. It is
possible, that microbiome of deep layers are dependent
on the rare periodical washings of nutrients from upper
layer, which leads to formation of an oligotrophic per-
sisters community from Firmicutes phylum, which can
grow in the periods of nutrients availability and wait in
dormancy during starving conditions.

Physical parameters of all soil plots differed from
each other, but Mantel test did not show significant cor-
relation of them with microbiome composition. Perhaps,
this result comes not from the actual absence of correla-

tion, but from high heterogeneity of microbiomes datasets
(Anderson and Walsh 2013).

5 Conclusions

Soils, associated with former quarries in the polar terres-
trial environments of the Nadym region are considered as
potential agricultural lands. The benchmark Podzols of
this region are very poor in terms of key nutrients content.
In contrast, soils formed of the bottoms of the quarries
of the quaternary sediment are known as more fertile
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due to the absence of nutrients leaching. That is why we
have investigated the soil microbial community in soils
of quarries and natural environments. It was shown that
plant cover is a driving force of microbiome composition.
Natural forest soil covered with aeolian dusts from the
sandy-gravel quarry retains a typical forest microbiome
with the following dominant bacterial phyla: Proteoba-
teria, Acidobacteria, Verrucomicrobia, Planctomycetes
and Bacteroidetes. However, it contains significantly less
Planctomycetes, which indicates greater aridity of the soil.
Microbiome of the abandoned overgrown quarries strik-
ingly differ from soil microbiome and resemble those of
arctic soils with dominant Proteobacteria, Chloroflexi,
Acidobacteria and Cyanobacteria. Absence of dense veg-
etation cover and availability of nutrients facilitated the
formation of autotrophic microbial mats. The microbiome
of lower horizons of the quarry soil is characterized of Pro-
teobacteria, Actinobacteria and Firmicutes. Supposedly,
most of the time these bacteria reside in a dormant state
with short periods of activity due to nutrient uptake from
the upper horizons. Therefore, huge redistribution of the
Aeolian dust from the quarries could essentially change
the natural soil quality both in terms of nutrient state and
microbial communities. In this context, the use of rede-
velopment of agricultural practices which had appeared
recently on the landscapes, formed on sandy textured
parent materials, should take into account data on micro-
bial communities of anthropogenic soils.
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