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Abstract

Urban parks are an important constituent of cities; they harbour microbial diversity which plays a key role in soil ecosystem
functioning. The bacterial diversity of many urban parks around the world has been reported; however, the role of fungi is often
ignored. There are only one or two published reports of fungal community composition analysis from urban parks. In the present
study, we investigated soil fungal diversity in 24 urban parks in Shanghai using Illumina MiSeq sequencing. At the taxonomic
level, 540,657 effective fungal sequences were acquired from the soil from 24 urban parks. Other than some unclassified phyla,
the operational taxonomic units (OTUs) collected from all 24 urban park soils were distributed into five fungal phyla; of these,
Ascomycota was the most dominant phylum, followed by Zygomycota and Basidiomycota. Many fungi identified in the present
study are known to play key roles in the environment, with particularly important roles in maintaining sustainability in the soil
ecosystem. The identified mycorrhizal fungi may play a major role in the biogeochemical cycle, as these fungi obtain carbon from
their host plants and allocate it to the soil ecosystem; they also participate in mineralisation of various inorganic substances,

helping with the growth of plants.
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Introduction

The increasing human population is driving people from rural
to urban areas, leading to fast-paced urbanisation. In order to
live in harmony with nature, governments must ensure that
they provide enough green spaces for their citizens by plan-
ning for and providing urban parks. Urban parks provide
space for entertainment, recreational activities, and health
and well-being, and thus, are attractive places for people of
all ages to spend quality time (Sarah and Zhevelev 2007;
Probstl-Haider 2015).

Urban parks also function as green havens within the urban
area as they provide a variety of ecological niches that main-
tain and preserve biological diversity (Li et al. 2006; Shwartz
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et al. 2008). Urban parks are also great reservoirs for soils that
harbour microbial communities (Roesch et al. 2007) which
play an essential role in all biogeochemical cycles and trans-
formation of nutrients in the soil (Nacke et al. 2011).
Maintenance of microbial diversity and composition can di-
rectly influence the soil ecosystem and nutrient cycle in urban
parks; thus, it is important to study the microbial community
structure and diversity in urban parks.

Urbanisation may have detrimental effects on soil ecosys-
tems through pollution discharge and changes in urban cli-
mate (Civerolo et al. 2007; Ash et al. 2008); this ultimately
impacts on microbial diversity. The vast body of literature
focused on the ecology of urban systems describes general-
ised biodiversity patterns (McKinney 2006). Of the few stud-
ies of microbial diversity, most have focused on bacterial
diversity of urban parks (Xu et al. 2014). Further, the struc-
tures and functions of soil bacterial communities are reported
to be successful indicators of changes in soil properties and
vegetation characteristics in urban reclamations (Zhang et al.
2007). The soil biota plays a key role in the functioning of
terrestrial ecosystems; however, the biodiversity of soils re-
mains largely uncharacterised (Ramirez et al. 2014).
Moreover, there is a worrisome lack of knowledge regarding
fungal diversity in urban parks.
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Fungi are often overlooked in ecological surveys, and stud-
ies of urban fungi are rare (Newbound et al. 2010). In general,
the presence of fungi in urban ecosystems is beneficial to the
soil environment, playing a role in the formation of large sta-
ble soil aggregates (Rillig 2004). Fungi are also an important
food source for many vertebrate and invertebrate animals that
are present in and around urban parks. Urban parks are usually
home to a variety of plants, and fungi can be helpful in pro-
viding mineral nutrients to their symbiotic plant partners. Any
alteration to the composition of floral or faunal habitats due to
urbanisation is likely to affect fungi (Newbound et al. 2010).
Therefore, more studies are needed in this field. Specifically,
future studies should examine the effects of urbanisation on
fungal diversity and investigate whether fungi can be an indi-
cator of urbanisation. However, before we can study the inter-
action between urbanisation and fungal diversity, the fungal
diversity of urban parks must be documented. In the present
study, we performed fungal community composition analysis
of 24 urban parks in Shanghai, China. Given that Shanghai is
one of the most urbanised cities in the world, the findings of
this study will have implications for future studies of fungal
diversity in urban parks. Illumina MiSeq sequencing was
utilised to analyse fungal diversity in this study.

Methods
Sampling sites

Soil was collected from 24 urban parks distributed across nine
districts of Shanghai, China; namely, Putuo, Changning,
Xuhui, Jingan, Huangpu, Hongkou, Yangpu, Minhang and
Songjiang (Fig. 1, Table 1). A soil core was used to collect
100 g of soil from within 10 cm of the soil surface at each site.

Total soil DNA extraction and lllumina MiSeq
sequencing

Total soil DNA was extracted from 0.25 g of soil using the
PowerSoil DNA isolation kit (MoBio, USA), according to the
manufacturer’s instructions. Quantification of DNA was per-
formed with a Qubit 2.0 Fluorometer (Invitrogen). A
GeneAmp PCR System 9700 (Life Technologies) was used
to perform initial PCR amplifications; then, Illumina
Metagenomic Sequencing Library Preparation was carried
out at Sangon Biotech Company, Shanghai.

Amplification via Illumina MiSeq was carried out in
two steps. In the first step, the genomic regions of interest
were amplified. In the second step, the sequencing adap-
tors were added to the samples. The internal transcribed
spacer region was amplified with PCR using the Illumina
ITS3F sequencing primer (GCATCGATGAAGAA
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CGCAGC) and the ITS4 primer (TCCTCCGCTTATTG
ATATGC) (Nikolcheva et al. 2005).

Bioinformatic analysis

To determine differences in the taxonomic community com-
position across all 24 urban parks, QIIME v 1.8.0 was used to
estimate pairwise dissimilarity between soil samples by calcu-
lating weighted UniFrac distances and unweighted UniFrac
distances, and by performing Bray—Curtis analysis. The se-
quences were clustered at 97% identity and were aligned with
PyNAST (Caporaso et al. 2010). Chimeras were detected
using UCHIME v 4.2.40 software, and the high-quality se-
quences were grouped into operational taxonomic units
(OTUs) (Edgar et al. 2011). The coverage across fungi was
evaluated using the UNITE 97% identity ITS species hypoth-
esis data set derived from all fungal ITS sequences in
GenBank (Kdljalg et al. 2013), and was compared with the
universal primers ITS3F and ITS4 using the SILVA LSU da-
tabase (Pruesse et al. 2007). The richness index (Ace and
Chao) and Shannon and Simpson indices for fungal diversity
were determined with Mothur (V 1.30.1) software, as de-
scribed by Schloss et al. (2009).

Data availability Raw sequencing data for ITS 28S rRNA genes
from the soils from 24 urban parks in Shanghai were deposited
in the NCBI Sequence Read Archive (SRA) under submission
ID SUB3120815 and BioProjectlD PRINA414019.

Results

General analysis of sequencing data of soils
from urban parks

The fungal community compositions of collected soils were
analysed by ITS3-ITS4 28S rRNA gene region Illumina
MiSeq sequencing. After removal of chimeras, a total of
540,657 effective fungal sequences, with an average length
of around 340 bp, were obtained from the soil samples; we
identified 15,083 OTUs in the complete data set (Table 1). The
number of sequences varied between 17,625 (sample 6, Hailli
green park, Changning district) and 33,143 (sample 2,
Changshou park, Putuo district).

The OTUs obtained from the soil from each urban park are
shown in rarefaction curves (Fig. 2). The coverage of all sam-
ples from each park was 99%, showing the high richness of
urban park soils. The Shannon index indicated that samples
from Jiangpu park had the lowest fungal diversity. Most of the
urban parks showed high fungal diversity, with Daning Tulip
Park demonstrated the highest fungal diversity (Table 1).
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Fig. 1 Map of sampling points
from 24 urban parks in Shanghai,
China (reprinted with permission
from Wang et al. 2018)
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Composition of fungal communities in urban park
soils

Other than some unclassified phyla, the OTUs collected from
all 24 urban park soils were primarily classified into five fun-
gal phyla. Ascomycota was the most dominant phylum (with
the exception of three urban parks), accounting for more than
50% of the sequences in the samples collected from six dif-
ferent urban parks (Sample ID 2, 4, 10, 16, 17 and 24)

distributed in five districts of Shanghai, and accounting for
25-50% of the sequences in 14 of the urban parks located
across all Shanghai districts studied (Fig. 3). It is noteworthy
that Zygomycota dominated three parks, namely Jiangpu park
(Yangpu district), Wenhua park and Mother park (both in the
Minhang district, located in a sub-urban area of Shanghai)
accounting for 95.9%, 40.9% and 36.3% of total sequences,
respectively. In all other cases, Zygomycota, Basidiomycota,
Chytridiomycota and Glomeromycota were the predominant
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Table 1 Fungal diversity index table showing richness indices of the 24 urban park soils

Sample ID  Name of Park Name of District  Seq No  OTU No  Shannon index ~ACE index Chaol index  Coverage (%)
1 Changfeng Putuo 31181 811 427 867.85 862.51 99.6
2 Changshou 33143 577 2.77 707.89 689.35 99.5
3 Mengging 25914 609 3.97 647.28 636.76 99.7
4 Zhongshan Changning 21797 687 4.64 710.72 702.59 99.7
5 Tianshan 21357 695 431 753.29 743.75 99.5
6 Hailli Green 17625 711 4.98 744.03 736.56 99.5
7 Xujiahui Xuhui 20158 794 4.50 894.75 868.00 99.2
8 Guanggqi 22241 650 4.58 679.25 677.37 99.7
9 Caohejing Development 22581 561 3.92 610.15 626.00 99.6
10 Lingnan Jingan 24281 647 3.58 689.53 678.15 99.6
11 Zhabei 18892 672 5.18 700.73 696.56 99.7
12 Daning Tulip 19435 928 5.32 981.25 975.09 99.4
13 Huangpu Huangpu 21271 520 4.80 552.66 560.67 99.7
14 Gucheng 21197 791 4.50 844.35 828.97 99.5
15 Fuxing 19386 467 433 487.73 494.72 99.7
16 Luxun Hongkou 22855 438 1.75 564.25 539.64 99.4
17 Quyang 21248 710 4.10 786.25 772.00 99.4
18 Heping 21605 556 4.29 589.56 589.01 99.7
19 Yangpu Yangpu 19240 558 442 588.92 586.72 99.7
20 Jiangpu 27761 280 1.59 404.09 377.77 99.6
21 Huangxing 22528 608 3.49 684.78 667.53 99.5
22 Wenhua Minhang 19309 440 322 490.18 475.45 99.6
23 Mother 21794 444 3.10 498.64 497.28 99.6
24 Sheshan Forest Songjiang 23858 929 5.19 981.27 958.84 99.5

phyla, accounting for 0.62-24.28%, 0.06—15.87%, 0.01—
6.66% and 0.01-4.33% of the sequence counts, respectively,
across all 24 urban park soils (Fig. 3). Further, Microsporidia
and Incertae sedis phyla were rare, found only in Fuxing park
(Huangpu district) and Zhongshan park (Changning district),
respectively. It should be noted that a good number of visitors
often use these two parks for regular recreational activities.

The fungal community composition did not differ signifi-
cantly between the 24 urban parks. A suite of diverse taxa
were obtained from all 24 urban park soils, with a total of
462 genera, including unclassified genera. A total of 48 fungal
genera were present in the soil samples from all 24 urban
parks (Fig. 4); their abundances are presented via heatmap
analysis (Fig. 5).

Fig. 2 Rarefaction curve of 24
urban park soils of Shanghai
based on the OTUs at the cutoff of
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Principal component analysis (PCA) revealed phylogenetic
dissimilarity in the soils from several urban parks. Soil samples
from Guangqi park, Luxun park, Jiangpu park and Mother park
were phylogenetically dissimilar compared to other urban parks
(Fig. 6). It should be noted that these parks attract less human or
recreational activities, and have less vegetation compared to
other parks. Overall, the urban park soils exhibited diverse fun-
gal community compositions which could be helpful in
supporting greenery of parks through their involvement in the
growth of plants and ecosystem functioning.

Discussion

Traditional molecular methods such as denaturing gradient gel
electrophoresis (DGGE), restriction fragment length polymor-
phism (RFLP), amplified ribosomal DNA restriction analysis
(ARDRA), and single strand conformation polymorphism
(SSCP) are limited by their resolution when studying microbial
diversity; specifically, it is difficult to detect subtle changes in
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banding patterns or changes in closely related species using
these methods, leading to underestimation of diversity by one
to two orders of magnitude (Lee et al. 2011; Nacke et al. 2011).
High-throughput sequencing has revolutionised the study of
microbial diversity, and has offered deeper insight into fungal
biodiversity (Geml et al. 2008; Jumpponen and Jones 2009;
Taylor et al. 2014; Tedersoo et al. 2014).

Although most of the urban parks studied showed very high
fungal diversity, the patterns in the Shannon index and Chaol
index were different to the patterns in the OTUs; while there
was a correlation between the OTUs and Chaol index, there
was no correlation between the OTUs and Shannon index. Our
findings are completely at odds with other reports on bacterial
diversity of deciduous and evergreen forests in the Taihu Lake
area, China (Wei et al. 2017), indicating that we cannot predict
exact data pattern when studying fungal diversity.

Ascomycota and Basidiomycota, which we were dominant
in our soil samples, have also been reported to be dominant in
various other soil ecosystems; the dominance of these phylum
benefits plants by increasing nutrient availability and
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Fig. 4 Genus-level fungal diversity from soils of 24 urban parks of Shanghai
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Fig. 5 Heatmap of all fungi in

soil sample collected from 24
urban parks of Shanghai. The
color intensity in each box
indicates the relative percentage
of a class in each sample
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contributing to the formation of a well-structured porous soil
(Newbound et al. 2010; Sun et al. 2015; Zheng et al. 2017). It
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Fig. 6 PCA plot of phylogenetic dissimilarity between all 24 urban park
soils of Shanghai. The plot was constructed based on abundance-
weighted UniFrac phylogenetic distance. Larger the distance, more the
phylogenetic dissimilarity. PCA dimensions 1 and 2 show 25% and 20%
of the variances, respectively
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should also be noted that most of the urban parks in the present
study contained aquatic habitats in the form of lakes, an envi-
ronment suitable for providing habitat for most of fungi, in
addition to dry land and grassland; this enables the growth of
fungi of phylum Ascomycota (Table 2). Thus, our results in-
dicate that the observed fungal diversity in Shanghai urban
parks helps to maintain soil fertility and promote plant growth.
Ascomycota was not the dominant phylum in Jiangpu park;
this could be due to the nature of this park, being small with
comparatively less greenery and less plants compared to the
other studied urban parks.

At the class level, a total of 28 fungal classes were iden-
tified in the 24 urban park soils; however, the majority
were unclassified. Sordariomycetes, Pezizomycetes,
Saccharomycetes and Leotiomycetes were dominant clas-
ses in most of the samples, while Ustilaginomycetes,
Wallemiomycetes, Exobasidiomycetes, Taphrinomycetes
and Pucciniomycetes were rarely observed in our samples.

With the exception of Jiangpu park soil, the majority of our
urban park soils contained unclassified fungi (average of
38.7%); these fungi must be identified as they could have an
ecological impact. It is also noteworthy that Jiangpu park is
not highly developed in terms of green landscape; instead, it is
characterised by exposed garden soil. Lots of debris was also
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Table 2 Characteristics of the 24

Characteristics

urban parks examined in the Sample D Name of Park
present study

1 Changfeng

2 Changshou

3 Mengqing

4 Zhongshan

5 Tianshan

6 Hailli Green

7 Xujiahui

8 Guangqi

9 Caohejing Development

10 Lingnan

11 Zhabei

12 Daning Tulip

13 Huangpu

14 Gucheng

15 Fuxing

16 Luxun

17 Quyang

18 Heping

19 Yangpu

20 Jiangpu

21 Huangxing

22 Wenhua

23 Mother

24 Sheshan Forest

Landscape park in the heart of city with a big lake and many plants
and trees

Public park of urban style with more concrete-scape than landscape

First flowing water park in Shanghai for
eco-environmental protection

Park with a large variety of trees and flowers

Small park with limited plants, tress and urban activities
Small park with limited but condensed greenery

Public park with over 50 types of flowers and shrubs
Small park, mainly with trees and grass

Small park, mainly with grass as landscape

Small park, mainly with flowers and a lake

Green landscape with many small plants

Park comprising a tulip field and lake

One of the smallest parks in Shanghai, with little landscape
Park with many bamboo trees compared to other vegetation

Big but typical urban park with space for many
recreational activities

Park with huge green space, including plum garden and lake
Small park with manicured garden and some trees

Park with many trees, a lake and a small zoo

Green landscape with many small flowering plants

Small park, less greenery, exposed soil and some decaying plants
Big suburban park but with few trees compared to its size

Small park with space for recreational activities and exposed soil
Small park with limited landscape and exposed soil

Forest park with many trees

observed in this park (Table 2). Several fungal families be-
longing to the ectomycorrhizal fungi group, such as Pezizales,
were present in all urban park soils; these fungi could play an
important role in the growth of fauna in urban parks. However,
many of these were unclassified. The results also stress the
need to use culture-independent techniques together with
culture-dependent ones (Liu et al. 2005).

Dipodascus, Mortierella, Pichia, Trichosporon,
Kazachstania, Fusarium and Anguillospora were the dominant
genera present in most of the urban park soils, comprising
31.6%, 34.2%, 25.9%, 13.9%, 15.4%, 3.2% and 17.7% of the
sequences, respectively. Staphylotrichum and Scytalidium were
distributed in each urban park soil, except for Jiangpu park, and
Caohejing Development and Fuxing parks; however, they
accounted for only 0.04—1.53% and 0.02-5.74% of the se-
quence counts, respectively. The subtropical maritime monsoon
climate of Shanghai may not be suitable for the growth of
Staphylotrichum which requires a more dominant warmer cli-
mate, while Scytalidium could be associated with specific plants
or fruit trees. Both genera are known to have a pathogenic
nature. Aspergillus was present in all urban park soils, compris-
ing 0.01-1.59% of the total sequence counts; this suggests that

there are no significant adverse environmental impacts associ-
ated with this genus. Several species of Aspergillus have a
pathogenic nature and can induce diseases in plants.
Zygomycota was dominant in Jiangpu park, Wenhua park and
Mother park; this could be because these parks contained more
suitable habitats (exposed soil and decaying plants).

The wide distribution of ectomycorrhizal fungi identified
in all urban park soils highlights their role in various biogeo-
chemical cycles. The carbon, nitrogen, phosphorus and sul-
phur geochemical cycles are important in sustaining ecosys-
tem function, including providing nutrients for plant growth in
urban parks (Xue et al. 2013). The contribution of fungi to
biogeochemical processes has largely been deduced through
their involvement in the carbon and nitrogen cycles in the
terrestrial ecosystem (Sterflinger 2000; Clipson and Gleeson
2012). The presence of many fungi in urban park soils also
mediates solubilisation of rock phosphate and mineralisation
of several metals (Achal et al. 2007; Gadd 2007). These fungi
are also reported to participate in the immobilisation of heavy
metals, and thus, could play an additional role in the remedi-
ation of metals arising in urban park soils due to human activ-
ities (Qian et al. 2017).
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Many Ascobolaceae and Pezizales fungi in urban parks
could be saprophobic and mycrorrhizal in nature, which is
beneficial to the functioning of the soil ecosystem. It is note-
worthy that Leotiomycetes were present in all urban park
soils, except for Yangpu park, and many members of this class
cause serious plant diseases; thus, there is a need to identify
these fungi using culture-dependent techniques in order to
understand their impact. Fusarium, known as phytopathogen-
ic fungi, were also identified in all urban park soils, except for
soil from Zhongshan park. Future studies are needed to inves-
tigate their direct impact on plant growth or human health.

Saprophytic fungi were widely spread among all urban
park soils; these fungi can act as opportunistic pathogens for
humans and animals (Stojanov et al. 2007). Dogs are com-
monly kept as pets in Shanghai, and regularly wander in the
urban parks. Our findings should serve as a warning to dog
owners to take necessary precautions so as to avoid health
implication associated with these fungi. Research has shown
that opportunistic pathogens such as Trichosporon and
Fusarium can be present on the skin of dogs (Stojanov et al.
2007; Greene 2011). Metarhizium and Humicola, entomo-
pathogenic fungi (Cloyd 1999; Ko et al. 2011), were present
in soil from 16 of the studied urban parks. The presence of
such fungi indicates a natural defence system against pests and
various insects, providing biological control of plant diseases
for the promotion of vegetation.

Conclusion

In summary, there is a consensus that urbanisation may have a
negative impact on urban fungal communities. There is no
historical or current data reporting on fungal communities in
cities. Such research must be carried out at regular time inter-
vals in order to identify soil eutrophication or pollution in
urban parks caused by harmful pollutants from anthropogenic
sources; this can be assessed by examining disturbances in
fungal communities (Newbound et al. 2010). It is important
to understand the effects of urbanisation on fungi given that
they are a major constituent of the soil ecosystem; however,
there is limited research on fungi in urban areas. This study
describes the distribution of fungi in all major urban parks in
Shanghai. This is the first such study from China, and one of
few studies worldwide. Given the importance of fungi to
humans and the functioning of the soil ecosystem, the current
study highlights the importance of fungal research in urban
areas in the context of fast-paced urbanisation. Shanghai is
one of the most urbanised and populated cities in the world,
and the current study is unique in its description of the fungal
diversity in such an urbanised area. The results of this study
can provide a benchmark to other researchers for future related
comparative studies.
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