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Arbuscularmycorrhizal fungi (AMF) can establish amutualistic associationwithmost terrestrial
plants even in heavy metal contaminated environments. It has been documented that high
concentrations of toxic metals, such as arsenic (As) in soil could adversely affect the diversity
and function of AMF. However, there are still gaps in understanding the community
composition of AMF under long-term As contaminations. In the present study, six sampling
sites with different As concentrations were selected in the Realgar mining area in Hunan
Province of China. The AMF biodiversity in the rhizosphere soils of the dominant plant species
was investigated by sequencing the nuclear small subunit ribosomal RNA (SSU rRNA) gene
fragments using 454-pyrosequencing technique. A total of 11 AMF genera were identified,
namely Rhizophagus, Glomus, Funneliformis, Acaulospora, Diversispora, Claroideoglomus, Scutellopora,
Gigaspora, Ambispora, Praglomus, and Archaeospora, among which Glomus, Rhizophagus, and
Claroideoglomus clarodeumweredetected in all sampling sites, andGlomuswas the dominantAMF
genus in the Realgar mining area. Redundancy analysis indicated that soil pH, total As and Cd
concentrations were the main factors influencing AMF community structure. There was a
negative correlation between theAMF species richness and the total As concentration in the soil,
but no significant correlation between the Shannon–Wiener index of the AMF and plants. Our
study showed that high As concentrations can exert a selective effect on the AMF populations.
© 2015 The Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences.
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Introduction

Arsenic (As) is one of the most hazardous metalloid that can
be released into the environment due to geochemical pro-
cesses, e.g., rock weathering or volcanic eruptions (Fitz and
Wenzel, 2002), or through anthropogenic activities, such as
mining, application of biocides, and fossil fuel combustion,
urban wastes discharging etc. (Mukhopadhyay et al., 2002;
Beesley and Dickinson, 2010). Arsenic contamination could
potentially cause global environmental problems and health
risks (Smith et al., 1998; Meharg and Hartley-Whitaker, 2002).
s.ac.cn (Baodong Chen).
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As a result, As has been included in the list of 20 most
hazardous substances by the Agency for Toxic Substances and
Disease Registry (Dhuldhaj et al., 2013).

There are more than 300 As-bearing minerals, among
which, realgar mine (As4S4) is less common (Hudson-Edwards
and Santini, 2013). The Shimen Realgar Mine of Hunan
Province in southern China, which had been mined for over
1500 years, had the largest source of realgar (As4S4) ore in
Asia. Since 1958, large-scale mining activities, arsenic product
processing with discharge of As-containing drainage, improp-
er storage of tailings, and deposition of metallurgical fume,
s, Chinese Academy of Sciences. Published by Elsevier B.V.
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Fig. 1 – Map of the study area. REF, S1, S2, S3, S4 and S5
represent the six sampling sites.
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gradually led to severe As contamination of the soil-water
systems in the mining area. Arsenic can be taken up by plants
and enter the food chain at excessive levels, thus possessing
significant health risks to local people. Obviously, there is an
urgent need to monitor the ecological impacts of As contami-
nation and take effective measures to restore As-contaminated
environments.

Many studies on As eco-toxicity focus on agricultural ecosys-
tem and crops, but few on soil microbial communities in the
natural ecosystems. As known, soil microorganisms play impor-
tant roles in As biogeochemistry (Zhu et al., 2014; Wang et al.,
2014), while soil contamination with As would greatly influence
the biodiversity and function of soil microbial communities
(Lorenz et al., 2006), and subsequently lead to a decrease of soil
fertility. Arbuscular mycorrhizal fungi (AMF) are ubiquitous soil
fungi in natural and agricultural ecosystems, and can form
symbiotic associations with the majority of higher plants (Smith
andRead, 2008). TheAM (arbuscularmycorrhizal) association can
essentially improve plant mineral nutrition (Willis et al., 2013),
plantwater relations (Li et al., 2013) and enhance plant resistance
to As contaminations (Chen et al., 2007; Zhang et al., 2015). The
ecological significance of AMF in stabilizing ecosystem structure
and function has been widely accepted (van der Heijden et al.,
1998; Rillig, 2004), and there is also a potential role of AMF in
assisting bioremediation of As contaminated environments
(Liu et al., 2005; Dong et al., 2008). Recent studies showed that
AMF naturally occur in As-contaminated sites (Meharg and
Cairney, 1999; Smith et al., 2010a). High As concentrations can
exert a selective effect on the AMF populations, and reduce AMF
species richness (Smith et al., 2010a; Schneider et al., 2012). AMF
species are generally resistant to short-term As toxicity (Smith et
al., 2010b), but may be changed under severe As contaminations.
So far, little information is available about theAMF biodiversity in
natural As-contaminated sites.

In the present study, we collected soil samples from the
mining sites severely polluted by As in the Realgar mining area
to detect the biodiversity of AMF by using 454-pyrosequencing
technique. The study was aimed to test the impacts of As
contamination on the AMF biodiversity, and to explore key
factors influencing AMF community structure. It was expected
that results from present study would deepen our understand-
ing of the ecological impacts of As contamination, and also
unravel the feasibility of isolating and introducing tolerant AMF
in future ecological restoration programs.
1. Materials and methods

1.1. Study area and sampling

Soil samples were collected in October 2012 from Shimen
Realgar Mine (N 29°38′11″–29°38′43″, E111°2′06″–111°2′23″) in
Hunan Province of China. Based on the different pollution
sources, six representative siteswere selectedand coded asREF,
S1, S2, S3, S4, and S5, according to the total As concentration
from low to high (Fig. 1). S1 and S3 located in the riverbank
of Lishui River that was contaminated by the wastewater
discharged from the tailing pool. S2 was situated in the As
product processing factory. S4was a slagheap, and S5 lied in the
tailing pooled with mineral residue sediments. The site REF on
another river bank that was almost parallel with the Lishui
River, was chosen as an uncontaminated reference site.

Plant and soil samples were collected according to the
methods described by Xiang et al. (2014). At each sampling site,
four 1 × 1 m2 quadrats were designated for vegetation survey.
All plant species present in each quadrat were identified. The
total number of individuals per plant species was counted. Ten
soil cores (3 cm in diameter and 15 cm in depth) from each
quadratwere taken, thenmixed and stored in polyethylene bags
at 4°C in a refrigerated box. After being transported to the
laboratory, the composite soil samples were passed through a
2 mmsieve and divided into two subsamples. One subsample
was kept at −80°C for molecular analysis and the other was
air-dried for analysis of soil physicochemical properties. The
mixed roots were manually collected from the soil samples
for measuring mycorrhizal colonization rates.

Soil chemo-physical properties

Soil pH was measured in a 1:2.5 (V/V) soil:water suspension.
Soil available phosphorus (AP) was assayed according to the
method described by Olsen (1954). Bioavailable As in the soil
was extracted by 0.1 mol/L HCl (soil:solution = 1:10, V/W).
Calculation of the soil C/N ratio was based on the total C and
total N contents that were analyzed using Element Analyzer
(Vario EL III, Germany) (Xiang et al., 2014). Soil organic carbon
(SOC) was assayed according to theWalkley-Black dichromate
oxidation procedure (Nelson and Sommers, 1996).

Air dried soil samples were further passed through 0.15 mm
sieve. Approximately 0.2 g sample was soaked in 10 mL
HNO3 + 2 mL HF for 12 hr, then digested by CEMMars 5.0 (CEM
Co. Ltd., USA). The digested samples were analyzed for Mg, Mn,
Ni, Sb, Sn, Ti, Zn, Al, Ba, Cd, Fe, Bi, Co by inductively coupled
plasma optical emission spectrometry (ICP-OES; Optima 2000
DV, Perkin-Elmer, USA) in 3% HNO3, while the As concentration
was measured by inductively coupled plasma mass spectrom-
etry (ICP-MS; Agilent Technologies, 7500, USA) Blanks and
internal standards of soil (GSS-6, China Standard Research
Center) were used to ensure the accuracy of chemical analysis.
All reagents were of analytical grade.

Image of Fig. 1
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Microscopic and molecular identification of AMF

The root samples were carefully cleaned and cut into 1 cm-long
segments and cleared in 10% (W/V) KOH solution at 90°C in a
water bath for 30 min, then acidified with 1% HCl for 3 min.
Finally, the roots were stained with 0.05% (W/V) trypan blue for
30 min (Phillips and Hayman, 1970). Thirty randomly selected
root segments were examined for intensity of mycorrhizal
colonization (M%) and the presence of arbuscules (A%).

DNA was extracted from 500 mg of freeze-dried and milled
soil samples by using Fast DNA® Spin Kit for Soil according to
the manufacturer instructions. Small subunit ribosomal RNA
(SSU rRNA) gene fragments were amplified by nested poly-
merase chain reaction (PCR) with the primer pair of AML1/
AML2 (Lee et al., 2008). The PCR reactions were performed in a
25 μL volume containing 2.5 μL 10 × Ex Taq Buffer, 2 μL
2.5 mmol/L dNTP mix, 1 μL 50 ng/μL DNA template, 0.4 μL
25 μmol/L each of forward and reverse primers, 0.25 U TakaRa
Ex Taq (TaKaRa, Dalian, China) and 18.45 μL of sterilized
deionized water. The first PCR program was as follows: initial
denaturation at 94°C for 5 min, followed by 35 cycles at 94°C
for 40 sec, 58°C for 45 sec, 72°C for 1 min, followed by 72°C for
10 min. The first PCR products were diluted 10 times with
sterilized deionized water. The dilutions were used as template
DNA for the second PCR reactionwith the primer pairsNS31/AM1
(Van Tuinen et al., 1998; Hamady et al., 2008). The second PCR
primer pairs was augmented with the 454 pyrosequencing
adapters and 7-bp-long barcodes for multiplexing, resulting in
the following constructs: 5′-CGTATCGCCTCCCTCGCGCCATCAG
(NNNNNNN)TTGGAGGGCAAGTCTGGTGCC-3′; and
5′-CTATGCGCCTTGCCAGCCCGCTCAGGTTTCCCGTAAGGCGCCG
AA-3′ (A and B adapters are underlined, the barcode is indicated
by Ns in parenthesis and specific primers NS31 and AM1 are
shown in italics).

The second PCR volume was 50 μL, containing 5.0 μL
10 × Ex Taq Buffer, 4.0 μL 2.5 mmol/L dNTP mix, 2.0 μL DNA
template, 0.8 μL 25 μmol/L each of forward and reverse
primers, 0.5 U TakaRa Ex Taq (TaKaRa, Dalian, China) and
36.9 μL sterilized of deionized water. The second PCR program
was same with the first one. The second reaction products
were run on a 1% (W/V) agarose gel, and the size of the
amplicon was confirmed to be 550 bp. The band was extracted
and purified using the kit QIAEX II Gel Extraction Kit (QIAGEN
Sciences, Maryland) according to manufacturer instructions.
Sequencing was performed by the Chinese National Human
Genome Center in Shanghai.

Sequence analysis and designation of OTUs

The data was processed in accordance with the method of
Lekberg et al. (2012) andXiang et al. (2014). Sorting and trimming
of sequences based on size (>450 bp) andquality (>5 sequences)
were performed by using the Mothur software (version 1.32.1,
http://www.mothur.org). Singletons were removed from the
alignments. Each alignment was roughly divided into prelimi-
nary operational taxonomic units (OTUs) using a 97% similarity
criterion. Sequence representatives from these preliminary
OTUs were blasted manually against NCBI GenBank to identify
non-AM fungal sequences that were subsequently removed
from the data sets. Non-AM fungal sequences were defined
either as having their closest match with Basidiomycota, or as
having no known match. Identical sequences were then
counted and removed to create 24 alignmentswith no duplicate
sequences. OTUs were identified as clades with greater than
97% bootstrap support. To confirm OTU identity at the genus
level, the blasted-based OTU identities were further verified by
phylogenetic analysis incorporating reference sequences
from both GenBank and MaarjAM databases (Xiang et al.,
2014). Only sequences with 98%–100% coverage resulting in
E-values close to zero (E-values < 1.0 × 10−5) were reserved
for further analysis (Lekberg et al., 2012).

Statistical analysis

The plant Shannon–Weiner diversity index was calculated by
Microsoft® Excel 2010, using the equation:

H0 ¼ −
X

Pi logePi
� � ð1Þ

Pi ¼ ni=N ð2Þ
where, ni is the number of individuals of species i, and N is the
total number of individuals in all species. The AMF diversity
of chao1 and the Shannon–Wiener index was analyzed by
Mothur software (version 1.32.1). All discriminative statistics
were performed by using the SPSS software 17.0. The effect of
categorical factors, i.e., heavy metal, soil physical and chem-
ical characteristics, plant diversity and AMF diversity index,
were carried out using one-way analysis of variance (ANOVA).
The total and bioavailable As concentrations in combination
with other soil chemical properties, such asCd,Ni, SOC,AP, C/N,
and pH were used as environmental variables in the Redun-
dancy analysis (RDA), whichwas carried out using the CANOCO
4.5 software (Microcomputer Power, Ithaca, USA).
2. Results

2.1. Chemical attributes of soil samples

The Realgar mining area was polluted by multiple heavy
metals such as Cd, Ni, as well as As (Table 1). The total As
concentration in soils ranged from 315.49 to 21,160.80 mg/kg.
The bioavailable As concentration was from 23.14 to
119.30 mg/kg. The sampling site S5 exhibited the highest
total As, but with the lowest bioavailable As concentration.
According to the national soil quality standard of China
(GB15618-2008), the total As concentration of all six sampling
sites exceeded 11–845 folds of the contamination grade II
(25 mg/kg, pH > 7.5) in dry soil of agricultural land, the Cd
concentration (0.80 mg/kg, pH > 7.5) was 167–892 folds, and
the Ni concentration (100 mg/kg, pH > 7.5) was 1.4–1.6 folds
above the national soil quality standard. The concentrations
of all other heavy metal elements were well below contam-
ination level in all the sampling sites. Soil organic carbon
(SOC) and pH were all higher in site REF than other five sites,
while the opposite was recorded for C/N ratio. There was no
obvious distribution pattern of soil AP concentrations among
the sampling sites and the highest concentration was in site
S5 while the lowest in S1.
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2.2. Overall pyrosequencing information

The rarefaction analysis indicated that our sampling intensity
was sufficient to identify the great majority of AM fungal OTUs
in all the samples (Fig. 2).

A total of 116,334 sequences were conformed to initial
quality assessment. There were 31,045 sequences which
matched with Glomeromycota in GenBank. The remaining
sequences were either of non-Glomeromycotan origin
(predominately Basidiomycetes) or poor quality (fewer than
5 sequences). A total of 106 OTUs were obtained in all
samples (Fig. 3). The obtained AM fungal sequences were
grouped into 27 groups based on phylogenetic analysis and
blast searches. In total, eleven AM fungal genera were identified.
Twelve groups belong to the Glomus, four to Rhizophagus, two to
Paraglomus, two toArcgaeospora and other seven groups belong to
Funneliformis,Ambispora, Diversispora, Claroideoglomus, Scutellopora,
Gigaspora, and Acaulospora respectively. The great majority of
sequences belong to Glomus group F (10 OTUs). Only 8 groups
could be identified to species level, and they were Rhizophagus
intraradices, Funneliformis mosseae, Glomus viscosum, Glomus
indicum, Glomus macrocarpum, Claroideoglomus clarodeum, Gigaspora
margarita and Paraglomus brasilianum.

AMF colonization and community composition

Mycorrhizal colonization rates ranged from 12.27% to 33.28%
(Table 2). The highest colonization was recorded in REF, and
the lowest was found in sample S2. There were no significant
differences among samples except sample REF and sample S2.

Across the sampling sites the universal genera were Glomus,
Rhizophagus and Claroideoglomus (Fig. 4). Glomus was the most
frequent genus in sampling sites REF, S1, S4 and S5. Rhizophagus
was the most frequent genus in sampling site S2 and S3.
F. mosseae occurred in all other sampling sites, except S2 and S5.
Paraglomus appeared in sampling sites S3, S4 and S5. Ambispora
appeared in sampling sites S2 and S5. Scutellopora was only
observed in sampling site S1.
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Fig. 2 – Rarefaction curves depicting the sequence number on
the number of operational taxonomic units (OTUs) identified
from all six sampling sites. REF, S1, S2, S3, S4 and S5 represent
the six sampling sites.
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Fig. 3 – Phylogenetic tree showing the representative sequences of operational taxonomic units (OTUs) of arbuscular
mycorrhizal fungi (AMF).
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2.4. AMF and plant diversity

Except for S4, the estimated AMF diversity (Shannon–Wiener
index) generally decreased with the increased total As concen-
trations (Table 2). The OTU richness index (chao 1) showed the
same trend with diversity. S4 exhibited the highest richness
index, which was significantly different from REF and S5. The
plant community composition among all sampling sites was
largely different. The dominant plant species on site REF were
Table 2 – The mycorrhizal colonization rate of plant roots and t
and plants in different sampling sites. Data are means ± SD (n

Sampling sites Mycorrhizal colonization rate (%) AMF Shannon

REF 33.28 ± 11.09 a 1.73 ±
S1 29.04 ± 16.67 ab 1.61 ±
S2 12.27 ± 9.88 b 1.36 ±
S3 17.38 ± 3.91 ab 1.28 ±
S4 30.05 ± 19.56 ab 2.72 ±
S5 30.52 ± 15.43 ab 0.93 ±

Notes: Means followed with different lowercase letters in the same colum
Digitaria violascens Link, Eclipta prostrata and Veronica didyma
Tenore. On S1, dominant plant species were Digitaria ciliaris
(Retz.) Koel, Herba seu Radix Amaranthi, Eleusine indica (L.) Gaertn
and Solanum nigrum L. Sites S2 and S5 were dominated by
Miscanthus floridulu (Labnll.) Warb. S3 was dominated by Allium
senescens, Clinopodium chinense (Benth.) O.Ktze and Poa annua L.,
while S4was dominated by Paspalum paspaloides (Michx.) Scribn.
The plant Shannon–Wiener diversity index (H′) was highest in
site S1, and lowest in site S2.However, no significant correlation
he biodiversity index of arbuscular mycorrhizal fungi (AMF)
= 4).

–Wiener index Chao 1 Plant Shannon–Wiener index

0.42 b 13.42 ± 6.31 a 1.30 ± 0.43 ac
0.43 bc 16.18 ± 6.77 a 1.71 ± 0.34 a
0.53 bc 14.16 ± 10.99 a 0.73 ± 0.28 b
0.38 bc 9.57 ± 1.77 a 1.22 ± 0.29 c
0.13 a 38.37 ± 5.76 a 0.95 ± 0.24 bc
0.61 c 6.18 ± 0.82 b 1.30 ± 0.04 c

n are significantly different (p < 0.05).

Image of Fig. 3
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was found between the Shannon–Wiener index of AMF and
plants (data not shown).

2.5. Relationships between AMF parameters and soil properties

RDA analysis showed that the total As (T–As), Cd, and pH had
significant effects on the AMF community structure, among
which, pH was the most prominent factor, followed by T–As,
and Cd in the Realgar mining area (Fig. 5). These variables
explained 84% of the variation in the AMF community compo-
sition. Soil pH had the greatest impact, explaining 36% of the
explainedvariation in thedataset. The totalAsandCdexplained
19% and 28% of the variation respectively. Pearson correlation
analysis showed that there was a negative correlation between
theAMFShannon–Wiener indexand the total As concentrations
(r = −0.438*, P < 0.05).
-1.2
1.2-0.6

pH

Cd
T-As

Fig. 5 – Redundancy analysis biplot of the community structure
of arbuscular mycorrhizal fungi (AMF) with soil characteristics.
T-As, total arsenic concentration in soil.
Discussion

In the present study, a total of 11 AM fungal genera were
identified in the Realgar mining area and the number of AMF
genera varies from4 to 8 in each sampling site.More AMF genera
were found in our study than those in Brazil gold mining areas
contaminated by As (Schneider et al., 2012), where totally 6
genera were found by morphological identification. The distinct
AMF community composition could attribute to distinct plant
communities and soil characteristics, and certainly also
different methodologies for identification of AM fungi. The
plant community composition might have direct effects on
the composition of associated AMF communities, because of
distinct plant physiological traits (Eom et al., 2000). The As
concentration in site S4 was as high as 2 271.79 mg/kg, while
the AMF alpha diversity was also the highest among all
the sampling sites. This may be attributed to the specific
dominant plant, Paspalum paspaloides (Michx.). Scribn, on site
S4. P.paspaloides is perennial weed with fibrous roots, which
has a strong ability to adapt to adverse environments. Once
these plants are successfully colonized by AMF, they could
serve as a relatively safe and stable habitat. These traits of the
host plants could potentially sustain a relatively high AMF
diversity.

The morphological identification method had obvious limi-
tations to study AMF biodiversity, as reliable results always
require the proficiency of the identifier, and the sporulation of
AMF may depend on environmental conditions. Under certain
circumstance or during certain seasons of the year, some AMF
may not produce spores at all (Redecker et al., 2003). By contrast,
molecular identification techniques provided a powerful tool to
identify AMF in any given roots or soil sampleswithout the need
for spores. Therefore, the 454-pyrosequencing methodology
employed here was likely to providemore accurate information

Image of Fig. 4
Image of Fig. 5
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of AMF biodiversity than the morphological identification
method.

Phylogenetic analysis indicated that the predominant genus
in the Realgar mining area was Glomus, followed by Rhizophagus
and Claroideoglomus. Compared to other genera,Glomus exhibits a
higher sporulation rate, thus enable themto recovermore rapidly
and could be better adapted to disturbed environments (Daniell
et al., 2001; Whitfield et al., 2004). Besides, the Glomeraceae
colonize via mycelium or mycorrhizal root fragments (Biermann
and Linderman, 1983; Daniell et al., 2001). Once plant roots were
colonized by Glomus species, the plants could benefit from the
symbiotic association and became more competitive, and also
provide favorite habitats for the colonizers (Vallino et al., 2006).
Differently, Schneider et al (2012) found that the predominant
species in the Brazil goldmining areas were Paraglomus, followed
by Acaulospora and Glomus. The possible reason for the different
predominant AMF species between the twomining sites may be
due to the different vegetation systems. Since AMF are obligatory
biotrophic, the host plants can largely affect the AMF structure
and composition (Del Val et al., 1999), and also the occurrence of
infective AMF propagules (Smith et al., 2010a; da Silva et al., 2005;
Hildebrandt et al., 2007; Nogueira et al., 2007). In the mycorrhizal
mutualism, partners that offer the best rate of exchange are
rewarded, and the plant species were clever enough to choose
their own beneficial AMFmycoflora (Wei et al., 2015), so does the
AM fungus. We could suppose that Scutellopora could not well
cooperate with most of the host plants in the realgar mining
areas and therefore was less abundant.

In our study, we found that Acaulospora had been observed
only in site S2 and S4. The dominant AMF genus in site S2
was Rhizophagus and the mycorrhizal colonization rate was the
lowest. Among all sampling sites, the soil pH (pH = 4.85) in site
S2was the lowest, whichwasmost likely due to the discharge of
acidic wastes from a factory nearby. Some research had shown
that soil pH had significant influences on AMF community
composition and spore density from natural ecosystems to crop
production systems (Tchabi et al., 2008; Xiang et al., 2014). It has
been reported that certain AMF genera prefer to acid soils while
some others could tolerate a wider range of pH (Maia and
Trufem, 1990). For example, Glomus prefers neutral or slightly
alkaline pH (ZambolimandSiqueira, 1985; Schenck and Siqueira,
1987), while Gigaspora, Entrophospora, Sclerocystis favor acid soils
(da Silva et al., 2005). Soil pH could affect spore germination
(Green et al., 1976; Hepper, 1984), hyphal growth and formation
(Abbott and Robson, 1985), thus, ultimately influence the
quantity and quality of AMF colonization and alter the commu-
nity composition (Robson and Abbott, 1989; Coughlan et al.,
2000). We suppose that in the Realgar mining area low pH
suppressed the development of local plants, and indirectly
affected the AMF biodiversity, as the plant Shannon–Wiener
richness index in sampling site S2 was lowest (0.73) and was
significantly different from other sites except site S4.

Unsurprisingly, there was a negative correlation between
AMF species richness with T-As. This suggested that high As
concentrations can exert a selective effect on the AMF popula-
tions, and favor more adaptive species. Different AMF species
could exhibit different susceptibility to As contaminations, even
with the same host plant under a given soil condition. For
example, Yu et al. (2010) found that the root colonization rates of
maize plants were significantly different, when inoculated with
three different AMF species in the sameAs contaminated soil. In
their research, Glomus mosseae showed the highest root coloni-
zation rate (17.4%–81.6%), followed by Glomus etunicatum (5.6%–
44.3%) and Glomus constrictum (1.8%–16.8%). Anyway, AMF had a
widely recognized role in helping plant to adapt to As contam-
inated soils, by reducing As(V) influx into excised plant roots
(Gonzalez-Chavez et al., 2002), mitigating oxidative stress of the
plant caused by the As contamination (Yu et al., 2009; Garg and
Singla, 2012), and influencing the distribution and the speciation
of As in plants (Yu et al., 2009; Chen et al., 2012; Zhang et al.,
2015). In the Shimen Realgar mining area, there are potentially
some As tolerant AMF strains after a long-term adaptation to As
contamination, while those AMF strains could be ideal candi-
dates for bioremediation of the contaminated environments.
Future work can focus on isolating AMF strains from the
As contaminated soils, and identifying their potential role in
bioremediation practice.

A variety of environmental factors could influence the AMF
community structure, and among them, heavy metal contami-
nations (Pb, Zn, Cu and Cd) have been found to be important
predictors (Yang et al., 2015). In addition to As, we also found
that the Cd concentrations had a significant effect on the AMF
community structure (Fig. 5). This may be due to the high Cd
concentrations (from 135.02 to 714.09 mg/kg) exerted a harmful
effects on the AMF (Wu et al., 2010). Actually, the soils in the
research area exhibited a typical combined contamination by
heavy metals (Table 1). The observed variation in AMF commu-
nities amongsampling sites ismost likely the results of combined
contamination, but the underlying mechanism is largely unre-
solved and need further investigations.

We observed no significant correlation between the AMF and
plant diversity in the Realgarmining area. Due to the fact that the
mining activities just ceased completely in 2011, the plant
community was still in the early stage of secondary succession,
and the plant diversity was generally low. As reported by Oehl et
al. (2010) andXiang et al. (2014), both biotic and abiotic factors can
influence the relationship between AMF and plant biodiversity,
anda long-termdisturbed ecosystemwith lowplantdiversity can
potentially maintain a reasonably high AMF diversity. Therefore,
it was not surprising to find irrelevant relationships between
plant and AMF populations. All in all, the soil environment in
the mining area is quite complex, systematic studies are
still needed to tease out specific influencing factors and their
relative importance in shaping AMF communities.
4. Conclusions

By using the 454-pyrosequencing technique, a total of 11 AM
fungal genera were identified in the Realgar mining areas.
Glomus, Rhizophagus and C. clarodeum were present in all the
sampling sites, and Glomus was the dominant genus. Soil pH,
total As and Cd concentrations were the key environmental
factors influencing AMF community structure in the research
area. The total As concentration showed a negative impact on
the AMF species richness. High As concentrations can exert a
selective effect on the AMF populations, and favor more
adaptive species, which supported the possibility of screening
tolerant AMF strains for future soil bioremediation practices.
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