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Abstract
Microbial communities in the soil were collected from 
20 samples of an iron mining area (Ait Ammar, Oued 
Zem, Morocco), and unaffected samples were analysed 
to identify the effects of metal concentrations on func-
tional diversity (Biolog® EcoPlates), and structural di-
versity (polymerase chain reaction–denaturing gradi-
ent gel electrophoresis of 16S rDNA). Aliivibrio fischeri 
is mainly used for evaluating polluted soil. The func-
tional diversity was assessed by using such indices as 
area under substrate utilisation curve, richness, Shan-
non–Weaver and evenness indices. The analysis of sim-
ilarities and the non-metric multidimensional scaling 
analyses of DGGE profiles showed that metals in the soil 
do not have a significant influence on bacteria. Principal 
component analysis of Biolog data revealed the similar-
ity in the metabolic profiles of mining samples. These 
results suggest that the direction and the distance from 
the iron mine tailings do not have significant effects on 
the metabolic and structural diversity of the soil bacte-
rial population. The toxicity of metals in soils heavily 
contaminated with Fe and P did not affect the quanti-
ties of microbial populations and did not significantly 
change the microbial diversity of contaminated soils.

Key words: Biolog® EcoPlates; PCR-DGGE; Microtox®; 
microbial communities; iron mine

Izvleček
Mikrobne združbe smo vzorčili v dvajsetih vzorcih 
tal z območja rudnika železa Ait Ammar, Oued Zem. 
V  neporušenih vzorcih smo ugotavljali vplive vsebno-
sti kovin na funkcionalno pestrost mikrobnih združb 
z Biolog® EcoPlates in strukturno pestrost z PCR-DGGE 
(16  S  rDNA). Bakterijo Aliivibrio fischeri pogosto upo-
rabljajo kot bioindikator onesnaženosti tal. Funkcio-
nalno pestrost smo ocenili z uporabo indikatorjev kot 
so območje pod krivuljo izraženosti barve substrata, 
Richness, Shannnon-Weaver in Evenness indeks. Anali-
ze mere podobnosti in nemetrično večrazsežnostno le-
stvičenje DGGE profilov so pokazale, da kovine v tleh ni-
majo značilnih vplivov na bakterijo. Statistična analiza 
glavnih komponent podatkov Biolog je razkrila podob-
nost metabolnih profilov v orudenih vzorcih. Rezultati 
navajajo, da smer in oddaljenost lokacije vzorčenja od 
jalovišč rudnika železove rude nima značilnega vpliva 
na metabolno in strukturno pestrost bakterij v tleh. To-
ksičnost kovin v tleh močno onesnaženih z Fe in P ni 
vplivala na številčnost mikrobnih združb in ni značilno 
spremenila mikrobiološke pestrosti v onesnaženih tleh.

Ključne besede: Biolog® EcoPlates; PCR-DGGE; Micro-
tox®; mikrobiološke združbe, rudnik železa
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Introduction

The properties of microbial populations have 
been drawing international consideration, par-
ticularly in relation to the environmental as-
pects. Various studies have focussed on micro-
bial community behaviour both under different 
types of land use and in contaminated mining 
areas [1].
In what concerns metal contamination, bacte-
ria of soil can avoid toxicity to themselves by 
changing metals into nontoxic forms [2], im-
mobilising metals on the cell surface [3] or in 
intracellular polymers, developing metal efflux 
pumps, volatilising metals by enzymatic reac-
tions, forming extracellular capsules that hold 
the metal [4], siderophore–metal interaction 
and precipitation, or biomethylation [5].
Previous approaches of analysing bacterial en-
vironments were principally concentrated on 
determining biomass, estimating respiration or 
analysing cultivable and/or uncultivable bacte-
ria [6]. These methods are not appropriate for 
the examination of microbial population but 
provide information concerning isolation pro-
cedures or estimation of amounts of microor-
ganisms. Furthermore, most of these methods 
necessitate the usage of growth medium on 
which just 1.0–10% of soil microbes can devel-
op [7].
Biotechnological methods have been currently 
used to replicate the topsoil environment and 
these have supported the investigation of bac-
terial diversity [8]. Knowledge of microbial di-
versity has increased with the ability to survey 
genes directly in environmental samples. The 
16S ribosomal RNA (rRNA) gene has been the 
target of the majority of such ecological mo-
lecular surveys because of its usefulness as a 
prokaryotic phylogenetic marker [9]. The 16S 
rDNA is suitable for these analyses because this 
gene exists in all prokaryotic microorganisms 
and is hence useful in bacterial identification.
Denaturing gradient gel electrophoresis (DGGE) 
of polymerase chain reaction (PCR)-amplified 
16S rDNA amplicons obtained from total DNA, 
which was described by Muyzer et al. (1993) 
[10], as a new culture-independent genetic fin-
gerprinting technique, is a faster method for 
describing microbial community structure and 
diversity in ecological samples [11]. The most 

important benefit of this method is that it per-
mits the precise resolution of microbial diversi-
ty, making it superior to cloning and subsequent 
sequencing. However, this does not exclude the 
use of the latter techniques for identifying the 
key microorganisms [12].
In this study, 20 soil samples, gathered from an 
abandoned iron mine located in the suburbs of 
Oued Zem City in the centre of Morocco, as well 
as reference samples, were collected [13], to 
study the soil bacterial populations in the sam-
ples. The microbial communities were charac-
terised using the Biolog® system and the DGGE 
of the 16s rDNA gene parts that were amplified 
from the total bacterial DNA extracted from the 
soil. The major objectives of this work were to 
obtain information about the microbial diver-
sity and the potential toxicity of the soils that 
were polluted by mixture of metals and phos-
phorus from the iron mine.

Materials and methods

Sample collection and total community DNA 
isolation
Soil samples were collected from a heavy met-
al-contaminated site and a non-polluted control 
soil as described by Nouri et al. [13]. The con-
tamination reflects 78 years of exposure history 
[14]. Samples from the polluted and reference 
areas were taken from the top 20 cm. Samples 
were congealed at –20°C until analysis. DNA 
was obtained directly from soils and purified 
with the Ultra Clean™ Soil DNA Isolation Kit® 
(MoBio Laboratories, Inc., Carlsbad, CA, USA) as 
per the manufacturer guidelines. The quality of 
extracted DNA was checked on 1% agarose gels 
stained with RedSafe™ DNA Nucleic Acid Stain-
ing Solution (20000×). The extracted DNA was 
stored at –20°C for future applications.

PCR amplification of 16S rRNA gene
In this study, a nested PCR method was utilised 
[15]. The primers used in this study are record-
ed in Table 1. Total bacterial DNA extracted from 
soil was amplified in the initial PCR. The univer-
sal primers F27 [16] and R1512 [17] were uti-
lised to amplify 1450 bp of the 16S rRNA gene 
fragment following the protocol established by 
Nogueira et al. [18], with a C1000™ Thermal Cy-
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cler (Bio-Rad, Hercules, CA, USA). The amplified 
products were separated on 1% (g/ml) agarose 
gels containing RedSafe™ DNA Nucleic Acid 
Staining Solution (20000x) and visualised un-
der ultraviolet light. Negative and positive con-
trols were incorporated in all PCR experiments.
The PCR products obtained from the primer 
pair F27-R1512 were used for a double PCR 
with the universal primer pair F984-GC and 
R1378 for amplification of bacterial 16S rDNA 
portions (473 bp) [19], according to Nogueira 
et al. (2012) [18]. The amplified bands were vi-
sualised in the same manner as the first PCR.

Denaturing gradient gel electrophoresis
The DGGE of the amplified bacterial amplicons 
was conducted utilising the D-code apparatus 
(Universal Mutation Detection System, Bio-
Rad, Hercules, CA, USA). Amplified bacterial 
16S rDNA portions were separated in an 8% 
polyacrylamide gel with a denaturing gradient 
of 32%–72%. The electrophoresis was run in 
1× TAE (Tris–acetate–EDTA) buffer at 60°C at 
a voltage of 75  V for 16  h and was conducted 
after a pre-run at 220 V for 10 min. The DGGE 
gels were silver-stained according to Heuer et 
al. (1997) [19]. After staining, the DGGE gels 
were digitalised and analysed. The gel was pho-
tographed with Molecular Imager FX apparatus 
(Bio-Rad, Hercules, CA, USA).

Community catabolic profiles
Microbial functional diversity was evaluated by 
using the Biolog® EcoPlate system (Biolog Inc., 
Hayward, CA, USA). Approximately 2  g was 
weighed into two test tubes, which were de-
veloped in the dark at 20–28°C for one week. 
Later, 20 ml of a 0.2% pyrophosphate solution 
was added to each tube. After mixing, 1  ml of 
the sample was transferred into a new tube, 
and 18 ml pyrophosphate solution was added. 

Then, 140 ml aliquots of this solution were put 
in EcoPlate wells. The plates were developed 
in the dark at 20–28°C for 15 days, and the ab-
sorbance of the plates was recorded to times a 
day with a microplate reader at 590 nm, ending 
when the wells no longer changed colour.
Absorbance values found with EcoPlates were 
corrected with the colour intensity at time  0; 
each substrate value was then corrected to 
double that of the control well. By utilising the 
values, the average well colour development 
(AWCD) was determined. All negative values 
were set to zero. AWCD was calculated as the 
mean of the corrected absorbance values for 
all wells, which were utilised to determine the 
area under the absorbance curve (AUC). For 
each observation, the values of the corrected 
optical density at 590 nm (OD590) were utilised 
to calculate the metabolic diversity of soil mi-
crobial populations by determining the num-
ber of substrates utilised (OD590 > 0.15) by the 
community (richness) [20]. To evaluate the ef-
fect of contamination, substrate use data were 
divided into six substrate classes indicating 
various substrate groups (amines, amino acids, 
carbohydrates, carboxylic acids, polymers and 
miscellaneous) and the average absorbance in 
each class was tested.

Microtox® test
The Microtox® test, based on the reduction of 
the bioluminescence of the Aliivibrio fischeri, is 
utilised as a sign of contamination in the sam-
ple. Calculating the half-maximal effective con-
centration (EC50) revealed information about 
the soil toxicity. The Microtox® was implement-
ed on solid phase, according to the procedures 
for the basic solid phase test (BSPT), as per 
the guideline process [21]. Light emission was 
recorded after 30  min of contact and the pro-
duction data were studied with MicrotoxOmni 

Table 1 Primers used in first and nested PCR

PCR Primer Sequence (5′-3′)

First 
PCR

F27 AGAGTTTGATC(A/C)TGGCTCAG
R1512 ACGGTTACCTTGTTACGACTT

Nested 
PCR

F984 AACGCGAAGAACCTTAC
R1378 CGGTGTGTACAAGGCCCGGGAACG

GC-clamp CGCCCGGGGCGCGCCCCGGGCGGGGCGGGGGCACGGGGGG 5′ attached to F984GC
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software Version 1.18. Concentration necessi-
tated the provocation of toxic effect on 50% of 
the community (EC50) (percentage dry weight/
volume), which was revealed for each soil sam-
ple. Furthermore, toxicity data were classified 
utilising a French classification founded on 
the EC50 values [22]. After assessment of the 
quality of soils, four toxicity scores (0–3) were 
determined: insignificant (EC50 >10, score 0), 
low (0.5< EC50 <10, score 1), moderate (0.2< 
EC50 <0.5, score 2) and high (EC50 <0.2, score 3).

Data analysis
The DGGE gels were analysed as described 
by Nogueira et al. (2012) [18]. For communi-
ty-level physiological profiling (CLPP), each 
Ecoplate™ was provided in triplicates, which 
were utilised to determine the AWCD. Kinet-
ics of microbial activity was evaluated through 
the AUC vs. time profile. The AUC values were 
determined from plate readings after 15  days 
of incubation and used for advanced analyses. 
PCA was utilised for the analysis of CLPP. Rich-
ness (S), Shannon–Wiener (H) and Evenness 
(EH) indices were determined according to the 
following equations:

𝐻𝐻 = −∑ 𝑃𝑃𝑃𝑃(𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙)
𝑁𝑁

𝑖𝑖=1
 			   (1)

𝐸𝐸𝐸𝐸 = 𝐻𝐻/𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = 𝐻𝐻/𝑙𝑙𝑙𝑙𝑙𝑙 		  (2)

where Pi is the ratio of the activity on a special 
substrate relative to the sum of activities on all 
substrates and S is the substrate richness [23]. 
The AUC values and the diversity indices of 
the contaminated soil samples were compared 
with those of the control soil. Significantly 
higher responses between contaminated and 
non-contaminated samples were determined 
by the Student’s t-test.
Multifactor analysis of variance (2-way ANOVA) 
was used to test the differences between each 
mine site and the reference for each substrate 
class. The Tukey’s honestly significant differ-
ences (HSD) test for multiple comparisons was 
run if significant dissimilarities were obtained 
(p < 0.05). The PCA was used to analyse the Bi-
olog® data.
The similarities between samples were found 
by non-metric multidimensional scaling (MDS). 

Consequently, an analysis of similarities (ANO-
SIM) was calculated to define the significant dis-
similarities, both between samplings (AUC) or 
between samples’ toxicity (substrate groups). 
Similarity percentage (SIMPER) analysis was 
used to check the substrates that contributed 
most towards the differences between the dif-
ferent sites. The similarity matrix was found 
with Bray–Curtis similarity of the AUC values 
converted as log(x+1). The 2-Way ANOVA and 
Student’s t-test analyses were performed with 
SPSS software (version 17.0); the MDS, PCA and 
the ANOSIM were evaluated with PRIMER  5 
software.

Results

PCR-DGGE for bacterial community 
structure
The physicochemical parameters and the con-
tents of metals and phosphorus present in 
the studied soil taken from the mining area 
have been previously reported by Nouri et al. 
(2014) [13]. PCR-DGGE was utilised to investi-
gate the variations in the structure of the bac-
terial community in 20 samples at different 
distances from the abandoned iron mine. DGGE 
profiles obtained from the worldwide bacterial 
primers (F984 and R1378) show the structural 
profiles of soil samples (Figure 1).
ANOSIM results revealed that no significant 
difference existed between transects (global 

Figure 1: DGGE profiles of the PCR products found from the 
16S rDNA separated from total DNA soil obtained from 4 
transects (T.1–T.4) with 5 points each (1–5) and the reference 
soil. M corresponds to the bacterial marker.



Diversity of Soil Microbial Communities from an Iron Mining Area (Oued Zem, Morocco)

25

R  =  0.162, p = 0.049) and that there are no 
significant differences among the samples ob-
tained from different directions. The results 
show again that no significant difference (glob-
al R = –0.027, p = 0.625) was found between 
samples from different rounds, so the distance 
of the mine does not significantly influence the 
bacteria in the soil. Consequently, the total met-
al contamination of the soil has no significant 
influence on the microbial population.
Non-metric MDS analyses corroborate the 
ANOSIM results, indicating that samples from 
the mine area are clearly segregated (Figure 2). 
The plot of the MDS analysis of the DGGE fin-
gerprints does not reveal a clear correlation 
between the soil samples (Figure 2a, b). The 
stress level applied in this study for MDS eval-
uation was 0.19 (Figure 2), indicating that the 
two-dimensional representation is valid. In fact, 
our results suggest that the distance (round 2b) 
and direction (transect 2a) had less effect on 
the microbial community in Ait Ammar aban-
doned iron mine.
Shannon-Wiener index (H′) was used to esti-
mate the diversity of bacterial populations in 
each sample. Table 2 shows that the diversity 
is high.

Biolog® analysis
The data revealed were examined in two ways. 
First, the rate of change of colour intensity on 
the plates over time was revealed by evaluating 
the AUC for each substrate, and then the pro-
files for different places were compared by PCA.

Comparison of the average AUC for the AWCD 
and for each substrate of the sampling sites in 
the mine area and the reference soil is shown in 
Table 3. Results shows that the responses were 
lower for all substrates in mine soils compared 
to the reference soil, except �-cyclodextrin. Di-
versity of substrate utilisation determined by 
the substrate richness (S), Shannon–Wiener’s 
index (H′) and Evenness index (EH) for different 
soil samples was also not significantly different 
between mine soils and reference ones. So no 
significant differences were found between ref-
erence and soils of the iron mines (Table 3). Ta-
ble 3 shows that the functional groups (amines, 

Table 2: Shannon-Wiener index (H') of bacteria in each 
sample.

Samples H′
T.11 4,310
T.12 3,8434,319T.13
T.14 3,525
T.15 4,178
T.21 4,420
T.22 4,228
T.23 3,835
T.24 4,317
T.25 4,557
T.31 4,445
T.32 4,191
T.33 4,566
T.34 4,247
T.35 4,339
T.41 4,439
T.42 3,975
T.43 4,477
T.44 4,398
T.45 4,196
Réf. 4,317

	
Figure 2: Non metric multidimensional scaling analysis of the DGGE profiles obtained from total community DNA of soil samples 
collected along 4 transects (T.1–T.4) with 5 points each (1–5) and a reference soil. Analysis was made a) by transect and b) by round.
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Table 3: Diversity indices of substrate use and analysis of soil samples in Ecoplate substrates after 266 h of incubation.

Substrates t-test 2-way ANOVA
Amines

-
- APhenylethylamine 

Putrescine
Amino acids

-
-
-
-
-
-

*
(T.11-3), (T.15),
(T.23-5), (T.31),

(T.34-5), (T.43-4).

Glycyl-L-glutamic Acid 
L-Arginine 

L-Asparagine 
L-Phenylalanine 

L-Serine 
L-Threonine 

Carbohydrates
�-Methyl-D-glucoside -

-
-
-
-
-
-

*
(T.15).

D-Xylose
i-Erythritol
D- Mannitol

N-Acetyl-D-glucosamine
D-Cellobiose
�-D-Lactose

Carboxylic Acids
D- Galactonic acid γ-lactone -

-
-
-
-
-
-
-
-

*
(T.11-3), (T.15),

(T.23-5), (T.31-5),
(T.43).

D-Galacturonic acid
2-Hydroxy benzoic acid
4-Hydroxy benzoic acid
γ-Hydroxybutyric acid
D-Glucosaminic acid

Itaconic acid
�-Ketobutyric acid

D-Malic acid
Miscellaneous

Pyruvic acid methyl ester -
-
-

AGlucose-1-phosphate
D,L-�-Glycerol phosphate

Polymers
Tween 40 -

-
+
-

A

Tween 80
�-Cyclodextrin

Glycogen
AWCD - nd

H ns nd
S ns nd

EH ns nd
AUC values and diversity indices of soil samples were compared to those of the reference soil. Differences were found by the 
Student’s t-test (+, sample value greater than reference; −, sample value lower than reference).

*The mean difference is significant at the 0.05 level, except the sites indicated between parentheses.
aThe mean difference is not significant at the 0.05 level. ns, the difference is not significant; nd, not determined.
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miscellaneous and polymers) did not differ be-
tween the mining and the reference samples. 
For the amino acids and carboxylic acids, eight 
mining site samples were significantly differ-
ent from the reference, but twelve site samples 
were not different (site samples between pa-
rentheses). However, for carbohydrates, all site 
samples were different from the reference, ex-
cept T.1.5, which was not different.
MDS analysis performed on 31 carbon sources 
of EcoPlates showed that total metal contam-
ination did not noticeably affect the microbial 
community profiles, considering potential car-
bon utilisation (Figure 3). The same result was 
determined using ANOSIM analysis: global R = 
0.022, p = 0.334 between transects and refer-
ence; and global R = –0.036, p = 0.644 between 
rounds and reference. The low SIMPER dissim-
ilarity illustrated the meaning of these results 

by displaying the group dissimilarity and the 
most contributive substrate. The greatest aver-
age dissimilarity between reference and rounds 
was 25.25 (REF, R1) and between reference 
and transects was 25.15 (REF, T4). The most 
contributive substrate for the first and second 
dissimilarities was itaconic acid (7.15%, 5.69% 
respectively). For further determination of mi-
crobial communities in different places, Biolog 
data after 266.5 h were subjected to PCA (data 
not shown); results showed that there was 
only one component accounting for 97.02% 
of the variation, included all soil samples and 
is strongly correlated, indicating no changes in 
the functional activities of soil microbial popu-
lations inhabiting the soil with distance at the 
Ait Ammar abandoned iron mine.
PCA using all 31 substrates did not reveal a par-
tition of the samples of mining soil, presenting 

	

Figure 3: Non-metric multidimensional scaling analysis of average AUC for eco-substrates obtained from 4 transects (T.1–T.4) 
with 5 points each (1–5) and a reference soil. Analysis made a) by transect; b) by round.

	

Figure 4: Plot of principal component analysis (PCA) of substrate utilisation by soil microbial communities a) by transect; b) by 
round.
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similar patterns of potential carbon use and 
comparable microbial communities. The PCA 
graphs (Figure 4) revealed similarity in the 
metabolic profiles of contaminated samples.
The MDS executed at the substrate group level, 
on the samples from different mine distances 
(Figure 5) and mine directions (Figure 6), re-
vealed that the group use pattern varies essen-
tially for amines. A difference was detected in 
the carbohydrates used by the different bacte-
rial communities between the mine and no ref-
erence sites.

Microtox® toxicity assay
Ecotoxicity assessment can provide refined in-
formation on the changes of soil quality. In this 
study, Microtox® assay was performed to study 
toxicity levels of the soil, and the results are 
shown in Table 4. Toxicity results are expressed 
as EC50. The EC50 is a commonly used endpoint 
for the comparative assessment of the toxicity 
results. The determination of the EC50 thresh-
old constitutes one of the most commonly used 
values for ecotoxicity tests. Based on the EC50 
values, the toxicity level was insignificant or not 
toxic for all soil samples, except sample T.4.3, 
which showed low toxicity level.

Discussion

The goal of this present work was to study the 
effects of total metal concentrations on micro-
bial genetic and functional diversity and on the 

bioluminescence of the bacterium A. fischeri 
in abandoned iron mine soil, using 16S rDNA 
gene profiles produced by PCR-DGGE, function-
al analyses conducted with the Biolog EcoPlate 
and toxicity tests generated by Microtox. The 
soil samples contained heavy metals, iron, and 
phosphorus [13]. Therefore, the soil environ-
ment presented conditions that appear unde-
sirable to microbial populations and needed to 
be examined.
The bioluminescence test has been used in this 
study because it is favoured over several bacte-
rial testing methods; and it is among the most 
appropriate tests for soil and sediment toxicity 
evaluation [24]. BSPT Microtox® test has been 
utilised to assess the toxicity of polluted soils or 
sediments [25]. The Microtox test showed that, 
in most cases, the reduction of the luminescence 
was not significant (Table 4). De Castro-Català 
et al. (2016) [26] reported high ecotoxicity due 
to bioavailability of metals. The metal bioavail-
ability in the Ait Ammar research area was very 
low [13]. Thus, the smaller toxic effects of the 
soil samples could partly be explained by the 
lesser metal bioavailability.
The grouping of the PCR-DGGE and Biolog ap-
proaches was found to be beneficial in system-
atically understanding microbial populations 
in mining soil. The reasons for using a com-
bined approach were that soil functionality was 
thought to be dependent on not only the mi-
crobial species present but also on the poten-
tial metabolic activity of the microorganisms 
in this soil. So, for better comprehension of the 

Figure 5: Non-metric multidimensional scaling of substrate 
group utilisation by microbial samples obtained from different 
mine distances.

Figure 6: Non-metric multidimensional scaling of group 
utilisation in samples from different mine directions.
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effect of total metal contamination on micro-
bial populations in iron mine soil, we applied 
the PCR-DGGE and Biolog methods to evaluate 
the metabolic activity and structural diversity. 
These two methods were used by many re-
searchers [27–29].
The microbial metabolic activity in soil samples 
was described by AUC of the substrates set up 
on the Biolog EcoPlate. ANOSIM, PCA and MDS 
analyses of Biolog results revealed that the 
CLPP from mining and control samples are not 
significantly different. Moreover, the microbial 
diversity index and multivariate comparisons 
indicated that no significant differences were 
found between mining and reference soils. So, 
total metal contamination did not considerably 
affect the microbial communities inhabiting Ait 
Ammar iron mine soil. These findings could be 
explained with the very low metal bioavailabil-
ity and soil properties. Girvan et al. (2003) [30] 
concluded that the soil parameters had a signif-
icant impact on soil microbial populations, of 
which soil pH was supposed to exert the major 

influence on the constitution of soil bacterial 
populations [31]. Ma et al. (2016) [32] report-
ed that metal accessibility is low when the pH 
is about 6.5–7. Among the soil samples tested 
herein, 85% were neutral and 10% were slight-
ly acidic [13]. On the other hand, no significant 
difference in the soil pH between mining and 
reference samples was revealed. In addition, 
iron and phosphorus reduce the available frac-
tion of metals in soil and thus minimise the 
risks associated with their mobility (e.g., eco-
toxicity) [33–36].
In addition, we obtained a negative correlation 
between bioavailable Cd, Cu, Zn and Fe concen-
trations and all measures of species richness, 
Shannon’s diversity as well as evenness indi-
ces (data not shown). Moreover, we obtained 
a significant negative correlation between bio-
available Cd concentration and evenness index. 
Remarkably, Berg et al. (2012) [37] discovered 
that long-term contact with Cu affects the bac-
terial population structure, but not its diversi-
ty and species richness, arguing that various 
metals influence the populations differently. 
Similar observations were made by Chodak et 
al. (2013) [38]. Other metals and phosphorus 
did not correlate with the diversity variables, 
which could have been produced by the low 
available concentrations (Cr and Pb) or the low 
toxicity (P) [13].
For entirely understanding the soil bacterial 
population structure, additional investigation 
approaches should be necessitated. DGGE is a 
useful method for examining genetic modifi-
cation in soil microbial structure. In this study, 
consistent with Biolog results, the MDS and 
ANOSIM results suggest that the distance and 
direction had less effect on the microbial com-
munity. So, total metal contamination of soil 
had no significant influence on the microbial 
population. Furthermore, the diversity of bac-
terial populations in each soil sample was high, 
but this diversity was not significantly different 
between mining soils compared with reference 
ones (Table 2). However, our results were in 
contrast with previous studies conducted by 
Bååth (1989) [39], Hu et al. (2007) [40] and 
Zhu et al. (2013) [41], which showed that heavy 
metal pollution reduced the biomass and diver-
sity of the soil bacterial community. Moreover, 
our results were consistent with those found by 

Table 4: Changes in soil microbial community Microtox® 
toxicity influenced by contaminated and uncontaminated 
soils.

Soil EC50 (%) Toxicity 
score

Toxicity 
level

T.11 6.99 0 inb

T.12 nta - -
T.13 2.13 0 in
T.14 nt - -
T.15 nt - -
T.21 713.90 0 in
T.22 18.21 0 in
T.23 nt - -
T.24 nt - -
T.25 20.37 0 in
T.31 nt - -
T.32 1.14 0 in
T.33 9.65 0 in
T.34 nt - -
T.35 nt - -
T.41 nt - -
T.42 nt - -
T.43 0.66 1 Low
T.44 nt - -
T.45 128.80 0 in
REF nt - -

 a nt: not toxic
b in: insignificant
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Fritze et al. (2000) [42]. These authors conclud-
ed that no reduction of the microbial biomass is 
revealed in the presence of heavy metals. More-
over, recent studies have revealed that after a 
century of exposure to acid drainage, the bacte-
rial community tends to stabilise and increase 
its diversity, resulting in an environment with 
a microbial diversity similar to that of non-im-
pacted areas [43, 44]. The Ait Ammar mine was 
in operation for 27 years and was abandoned 
for 51 years, and soil contamination is consid-
ered to be relatively ancient. Furthermore, it 
has been suggested that while acute exposure 
has a negative influence on bacterial diversity, 
in chronically contaminated environments, the 
proliferation of resistant bacteria can increase 
diversity [45, 46]. This case is common in mines 
such as the Ait Ammar iron mine.
In this study, no change in structural diversity 
was discovered. Comparable results were ob-
tained utilising the Biolog and Microtox tests. 
This, however, may not be surprising because 
over the past years, Fe oxides were obtained 
from the Center for the Progress of New Reme-
diation Technologies due to their sorptive and 
reactive nature [47] and utilised for the elimi-
nation of Cr, Pb, Cu, Cr and Cd [47].
Mamindy-Pajany et al. (2013) [22] concluded 
that hematite and zero-valent iron permitted 
decreasing the leakage of metals by 50% and 
reduced the toxicity of contaminated marine 
sediments. Those “assisted natural remedia-
tion” treatments diminish heavy metal concen-
trations in soil and decrease microbial toxicity 
[48]. Furthermore, He et al. (2011) [49] re-
ported that the addition of iron oxide magnetic 
nanoparticles can potentially encourage some 
bacterial development and modification of the 
soil bacterial community structure, but bacte-
rial abundance is not modified. Therefore, nu-
merous Fe-based remediation technologies are 
still at an experimental stage and require proof 
of their effective application in the large-scale 
field [48]. As well as iron-based reduction of 
metal solubility, phosphate amendments are 
also effective in reducing availability of heavy 
metals [33, 34]. Consequently, the normal func-
tioning of a microbial community in the soils 
near the Ait Ammar abandoned iron mine 
might have not been weakened.

In addition, it is probable to acquire heavy met-
al tolerance in the ecosystem because the genes 
in several microorganisms directing metal re-
sistance are located in plasmids. Moreover, in 
areas contaminated with heavy metals, it has 
been noted that the abundance of tolerant bac-
teria increases, while that of the more sensitive 
ones diminishes [50]. Therefore, the greater 
levels of total metals such as Cu, Cr, Zn and Fe in 
the soil samples can have functioned to select 
the resistant bacteria that dominated this eco-
system (underway results). Certain research-
ers have investigated the bacterial heavy metal 
resistance [51], which is probably due to mech-
anisms of tolerance and detoxification [52] as 
well as by the production of chelating agents 
[53] that attach to metals and decrease their 
toxicity. Furthermore, Moore et al. (2005) [54] 
revealed that many genes influenced by metal 
stress were controlled by metalloregulatory 
proteins. Microorganisms can also produce 
a multiplicity of metal-binding peptides and 
proteins, e.g. metallothioneins and phytochela-
tins, which control metal ion homeostasis and 
influence toxic responses [55]. Koechler et al. 
(2015) [56] reported that the development of 
a solid biofilm that is more resistant has been 
detected at higher concentrations of Fe2+, Al3+, 
Cu2+, Fe3+ and Zn2+. The biofilm may aid the 
microorganisms to develop better tolerance 
to toxic metals. It has been hypothesised that 
these structural changes may affect the met-
al bioavailability, cellular nutrient acquisition 
processes and the metabolic activities [56]. In 
the case of R. alamii YAS34, the biofilm is more 
solid in the presence of sub-inhibitory concen-
trations of cadmium than in the absence of this 
metal [57].
The main findings in this work were that, in the 
presence of high contents of Fe and P and with a 
neutral soil pH, the Ait Ammar soil had no acute 
toxicity; in addition, total metals did not affect 
the quantities of microbial populations and did 
not significantly change the metabolic diversity 
of mining soils. Nevertheless, other biotic and 
abiotic properties, not studied herein, could af-
fect the microbial communities and can provide 
interesting data to help predict their ecology.
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Conclusions

In this study, both functional and structural 
diversities of microbial communities were ex-
amined. Our results showed that the analysed 
soils did not present acute toxicity; Further, 
the MDS, PCA and ANOSIM analyses showed 
that there were no differences between the 
soil samples in terms of the structure and met-
abolic functions of the bacterial communities. 
Furthermore, the microbial diversity index and 
multivariate comparisons revealed that no sig-
nificant differences were found between min-
ing and reference soils. The obtained results 
suggest that Zn, Cr, Cu, Pb and Cd, in presence 
of Fe and P, did not have negative impacts on 
the structural and metabolic diversity of bacte-
rial populations. Moreover, carbohydrate was 
mostly utilised and amines were the less func-
tional groups used in this mining area. Enhanc-
ing our comprehension of this essential area of 
microbiology and exploiting it in treatments 
such as bioremediation and other biotech-
nology processes will remarkably necessitate 
a multidisciplinary method.
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