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Abstract Urban environments are highly disturbed and
fragmented ecosystems that commonly have lower mycor-
rhizal fungal species richness and diversity compared to
rural or natural ecosystems. In this study, we assessed
whether the mycorrhizal status and colonization of trees are
influenced by the overall environment (rural vs. urban) they
are growing in. Soil cores were collected from the
rhizosphere of trees growing in urban and rural environ-
ments around southern Ontario. Roots were extracted from
the soil cores to determine whether the trees were colonized
by arbuscular mycorrhizal fungi, ectomycorrhizal fungi, or
both, and to quantify the percent colonization of each type
of mycorrhizal fungi. All 26 tree species were colonized by
arbuscular mycorrhizal fungi, and seven tree species were
dually colonized by arbuscular mycorrhizal and ectomycor-
rhizal fungi. Overall, arbuscular mycorrhizal and ectomy-
corrhizal fungal colonization was significantly (p<0.001)
lower in trees growing in urban compared to rural environ-
ments. It is not clear what ‘urban’ factors are responsible
for the reduction in mycorrhizal fungal colonization; more
research is needed to determine whether inoculating urban

trees with mycorrhizal fungi would increase colonization
levels and growth of the trees.
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Introduction

Urban environments account for only 2% of the earth’s land
surface (Grimm et al. 2000), but yet over half the world’s
population live in urban areas, and this number is projected
to increase to two thirds by 2050 (UN-HABITAT 2006). As
a result, urbanization and the associated land transformation
processes are only expected to increase. Urban environ-
ments are characterized as being highly disturbed and
fragmented ecosystems (McDonnell and Pickett 1990),
consisting primarily of buildings and sealed surfaces, and
patches of managed, ruderal, and natural vegetation
(McKinney 2002). These varied and patchy habitats create
a highly heterogeneous environment, which enables espe-
cially high establishment rates of exotic plant species and
reduced number of native species as compared to rural or
forest areas (Kowarik 1995). In addition, the substrates
found in urban environments are commonly much modified
from their original states (Rebele 1994).

Urban expansion can have a strong impact on the physical
and biological components of the soil environment. Urban
soils have a modified structure due to the mixing and
homogenization of soil horizons, reducing the stratification
of the soil (Craul 1992), and leading to high spatial
heterogeneity throughout individual soil layers (DeKimpe
and Morel 2000). Compaction of the soil also occurs due to
the breakdown of structure or aggregation as the mechanical
action involved in the mixing breaks down some of the
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smaller aggregates (Craul 1992). Other common character-
istics of urban soils include lack of aeration, higher pH,
formation of a surface crust on bare soils, high concentration
of various pollutants, and enhanced variability in nutrient
content (Craul 1985).

These physical modifications have a strong influence on
the biota that inhabits these soils. In general, urban soils
compared to rural soils have reduced species diversity, total
biomass, and number of organisms (Harris 1991). For
example, soil fungal species richness (Lawrynowicz 1982)
and abundance (Pouyat et al. 1994) were lower in the urban
core compared to the rural surroundings. There is also
evidence that anthropogenic activities that result in pollution
(Cairney and Meharg 1999), nitrogen deposition (Egerton-
Warburton and Allen 2000), and disturbance (Reeves et al.
1979) can have a strong influence on mycorrhizal fungi.

There are only a limited number of studies that have
assessed the impact of urban environments on mycorrhizal
fungi. Differences in arbuscular mycorrhizal fungal com-
munity structure between urban and rural environments
have been observed in desert ecosystems (Stabler et al.
2001; Cousins et al. 2003), where lower colonization levels
were found in trees growing in urban desert sites compared
to rural desert sites (Stabler et al. 2001). In addition,
Wiseman and Wells (2005) found that Acer rubrum L. trees
in urban sites had significantly lower arbuscular mycorrhi-
zal colonization compared to forested sites. A similar trend
for ectomycorrhizal fungi has been observed with higher
colonization and species richness of ectomycorrhizal fungi
found in rural oak forests (Baxter et al. 1999) and evergreen
broad-leaved forests (Ochimaru and Fukuda 2007) when
compared to urban forest stands.

Based on these limited number of studies, it appears that
urban environments tend to have a lower abundance and
different mycorrhizal community composition compared to
rural or more natural environments. However, very few tree
species have been studied in this regard, and it is thus
difficult to generalize across the wide variety of tree species
that grow in urban environments. The objective of this study
was to compare the mycorrhizal colonization of 26 tree
species that are found in urban environments in southern
Ontario, Canada, to those found in rural environments.

Materials and methods

Tree species

The mycorrhizal colonization of 26 tree species in urban and
rural environments was assessed for the following species,
Acer negundo L., Acer nigrum F. Michx., Acer pensylva-
nicum L., Acer platanoides L., Acer rubrum L., Acer
saccharinum L., Acer saccharum Marshall, Aesculus hippo-

castanum L., Betula alleghaniensis Britton, Betula papy-
rifera Marshall, Cercis canadensis L., Fraxinus americana
L., Fraxinus nigra Marshall, Gleditsia triacanthos L.,
Juglans nigra L., Juniperus virginiana L., Populus
deltoides W. Bartram ex Marshall, Populus grandidentata
Michx., Populus tremuloides Michx., Prunus pensylvanica
L. f., Prunus serotina Ehrh., Prunus virginiana L., Quercus
palustris Munchh., Quercus rubra L., Robinia pseudoaca-
cia L., and Thuja occidentalis L.

Study sites

For each species, five locations were identified in an urban
environment and five locations in a rural environment, each
pair of environments separated by a minimum of 5 km.
Urban environments included city parks, streetscapes, or
private residential property in ten cities located in southern
Ontario, Canada (Brampton, Brantford, Burlington, Cam-
bridge, Guelph, Kitchener, Milton, Mississauga, Oakville,
and Toronto). Trees sampled in urban environments were
likely nursery-produced landscape trees. Rural environ-
ments included forested areas (>20 ha each) throughout
southern Ontario, Canada. A tree core was taken the
previous year from each tree sampled in the study, and
only trees that ranged from 20 to 25 years of age were
included in the analysis.

At each location, a soil core (6×15 cm) was collected
using a bulb planter from beneath three individual trees for
each species. To limit any seasonal variation in mycorrhizal
colonization, all soil cores were collected from May 26 to
June 21. Soils were similar in nature, generally of the
Brunisol and Luvisol soil series, and sandy-loam in texture.
We acknowledge that soils from urban areas may have been
differentially impacted depending upon cultural history in
the area. The soil cores from the three individual trees were
considered subsamples, and data within a location was
pooled. The independent units were the tree species among
locations. Soil cores were stored in plastic bags at 4°C prior
to processing (approx. 2–3 weeks). Roots were extracted by
washing soil cores using a high pressure hose, and cleaned
with tap water. From each soil core, a subsample of healthy,
fine roots was divided in half and stored in 50% ethanol
prior to assessment for arbuscular mycorrhizal and ecto-
mycorrhizal colonization.

Mycorrhizal colonization

Roots were examined for ectomycorrhizal colonization by
placing the roots on a tray and counting the number of root
tips with mycorrhizal structures. Percent ectomycorrhizal
colonization was determined as the proportion of root tips
colonized by ectomycorrhizal fungi. In addition, cross
sections were prepared (cleared with KOH, and then stained
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with Chlorazol Black E) for a subset of ectomycorrhizas to
confirm the presence of a hartig net.

Arbuscular mycorrhizal colonization was assessed by
clearing (with 10% KOH) and staining (with 0.05%
Chlorazol Black E) (Brundrett 1994) a random subset of
roots from each sample and mounting on microscope slides.
Percent arbuscular mycorrhizal colonization was deter-
mined by scoring 150 locations along the root segments
for the presence of mycorrhizal structures (McGonigle et al.
1990). The presence of arbuscules, vesicles, and hyphae
was also recorded.

Statistical analyses

Urban and rural mycorrhizal colonization means were
compared for each tree species individually and for the
tree species pooled together using Student’s t test. The data
were square root transformed prior to data analysis in order
to meet the assumptions of Student’s t test, but the
untransformed values are presented in the figures. A type
I error rate of α=0.05 was used to determine if mycorrhizal
colonization was significantly different between trees
growing in urban and rural environments. All statistical
analyses were performed with SPSS 16.0 (SPSS Inc. 2008).

Results

All 26 tree species were colonized by arbuscular mycor-
rhizal fungi, and seven tree species were dually colonized
by arbuscular mycorrhizal and ectomycorrhizal fungi.
Percent arbuscular mycorrhizal colonization ranged from

2.4 to 53.4% (Fig. 1), and ectomycorrhizal colonization
from 14.4 to 50.8% (Fig. 2). Tree species that formed a
tripartite association with arbuscular mycorrhizal and
ectomycorrhizal fungi (Betula lutea, B. papyrifera, P.
deltoides, P. grandidentata, P. tremuloides, Q. palustris,
Q. rubra) had the lowest levels of arbuscular mycorrhizal
colonization. The mycorrhizal status of all 26 tree species
was not affected by the environment. All 26 tree species,
regardless of their urban–rural location, possessed both
arbuscules and vesicles associated with arbuscular mycor-
rhizal fungi. All tree species that formed a tripartite
association, regardless of their location, were colonized by
ectomycorrhizal fungi.

Overall, trees growing in the urban environments had a
reduced arbuscular mycorrhizal colonization compared to
trees growing in rural environments. Ten of the tree species
growing in urban environments had a significantly lower
arbuscular mycorrhizal colonization than in rural environ-
ments. P. deltoides, which forms a tripartite association,
was the only tree species that had a significantly higher
arbuscular mycorrhizal colonization in urban environments.
When all the tree species were pooled together (Fig. 3),
arbuscular mycorrhizal colonization in urban environments
was significantly lower (37%, p<0.001) compared to rural
environments. In contrast, when the tree species that
formed a tripartite association were pooled together,
arbuscular mycorrhizal colonization was not significantly
different (p>0.05) between the two environments.

Tree species that formed a tripartite association had
lower ectomycorrhizal colonization in urban environments
compared to trees growing in rural environments. Two of
the seven tree species (P. deltoides and P. tremuloides)

Fig. 1 Arbuscular mycorrhizal colonization of trees growing in urban and rural environments. Bars with asterisks above them indicate a
significant difference between the urban and rural environments (p=0.05)
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growing in urban environments had significantly lower
ectomycorrhizal colonization than in rural environments.
When the tree species that formed a tripartite association
were pooled together (Fig. 3), ectomycorrhizal colonization
was significantly lower (33%, p<0.001) in urban environ-
ments compared to rural environments.

Discussion

The results from this study provide a survey of the
mycorrhizal status of 26 tree species growing in urban
and rural environments. The mycorrhizal status (presence or
absence of mycorrhizal structures) of all the tree species

was unaffected by the environment. This provided evidence
that mycorrhizal fungi were present, and in sufficient
abundance in the urban soils to form arbuscular mycorrhi-
zal, ectomycorrhizal, or dual symbioses with the tree
species surveyed in this study.

The reduced arbuscular mycorrhizal and ectomycorrhizal
colonization levels found in trees growing in urban areas
suggest that these environments have a lower mycorrhizal
fungal propagule abundance or infectivity compared to the
less human impacted, rural environments. A similar trend
has been observed in a number of other studies for
arbuscular mycorrhizal (Stabler et al. 2001; Wiseman and
Wells 2005) and ectomycorrhizal fungi (Baxter et al. 1999;
Ochimaru and Fukuda 2007). The lower mycorrhizal
colonization could be due to the highly disturbed and
modified (pH, nutrient content, pollutants, lack of aeration,
etc.) nature of urban soils. For example, Jasper et al. (1991)
found that following the disturbance of forest soil, the
arbuscular mycorrhizal infectivity, or levels of colonization
was reduced by almost 50% compared to undisturbed soil.
Ectomycorrhizal infectivity and diversity have also been
shown to be affected by disturbance. Boerner et al. (1996)
found that ectomycorrhizal colonization and diversity were
inversely related to time since site disturbance. However, other
studies looking at different forms of disturbance such as clear-
cutting, have found that while these types of disturbances had
an adverse effect on species richness and altered species
composition, the ectomycorrhizal infectivity or colonization
was not affected (Byrd et al. 2000; Jones et al. 2003).

The lack of or limited number of mycorrhizal host
species in urban environments may also be a contributing
factor to the reduced mycorrhizal colonization found in this
study. The fragmented and disturbed nature of urban

Fig. 2 Ectomycorrhizal coloni-
zation of trees growing in urban
and rural environments. Bars
with asterisks above them indi-
cate a significant difference be-
tween urban and rural
environments (p=0.05)

Fig. 3 Mycorrhizal colonization of all tree species pooled together
growing in urban and rural environments. Bars with asterisks above
them indicate a significant difference between urban and rural
environments (p=0.05)
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environments limits the number of plant species that
associate with ectomycorrhizal fungi. In addition, disturbed
soils tend to be inhabited by a high proportion of non-
arbuscular mycorrhizal plant species (Reeves et al. 1979),
which may help to exasperate or maintain the low
mycorrhizal infectivity of the soil. Alternatively, the
reduced mycorrhizal colonization of urban trees may be a
function of higher environmental stress compared to trees
growing in rural environments rather than differences in
mycorrhizal abundance or infectivity. Previous studies have
shown that mycorrhizal associations can be negatively
influenced by environmental stresses, regardless of mycor-
rhizal abundance (Gehring and Whitham 1992; Klironomos
and Allen 1995).

Seven of the 26 tree species in this study formed a
tripartite association with arbuscular mycorrhizal and
ectomycorrhizal fungi. Tree species that form this type of
association are predominantly colonized by arbuscular
mycorrhizal fungi during early stages of growth, but
colonization declines as trees mature and become more
heavily colonized by ectomycorrhizal fungi (Bellei et al.
1992; Egerton-Warburton and Allen 2001). All trees
sampled in this study were mature individuals (20–
25 years of age) and as expected were well colonized by
ectomycorrhizal fungi and had low arbuscular mycorrhizal
fungal colonization. Overall, tree species that formed a
tripartite association had reduced ectomycorrhizal coloni-
zation in the urban environments, but arbuscular mycorrhi-
zal colonization was not significantly different between the
environments. Previous studies have shown that abiotic
factors such as soil moisture and elevation can alter
ectomycorrhizal colonization of tripartite forming tree
species (Gehring et al. 2006; Pagano and Scotti 2008;
Querejeta et al. 2009). In addition, Weijtmans et al. (2007)
found that ectomycorrhizal colonization was reduced in
mature Leptospermum scoparium J.R. et G. Forst. trees
growing in grassland ecosystems that lacked ectomycor-
rhizal associating species, compared to trees in adjoining
forests. The physical modifications of urban soils and
reduced number of ectomycorrhizal associating species in
urban environments may play a role in the reduced
ectomycorrhizal fungal colonization of tree species that
form tripartite associations. In turn, these trees may rely
more on arbuscular mycorrhizal fungi in urban environ-
ments than in rural environments.

The lower levels of mycorrhizal colonization found in
urban trees could potentially have an adverse effect on trees
growing in urban areas. Inoculating trees, either established
or newly planted, with mycorrhizal fungi may increase
mycorrhizal colonization levels and possibly the growth
and survival of trees in urban environments. A number of
studies have attempted to assess the impact of inoculating
urban trees with commercial mycorrhizal inoculants with

varying results (Garbaye and Churin 1996; Gilman 2001;
Ferrini and Nicese 2002; Appleton et al. 2003; Rao et al.
2006). Although urban trees had lower levels of coloniza-
tion, all trees were well colonized by mycorrhizal fungi in
both environments. Further research is needed to determine
whether inoculating urban trees with mycorrhizal fungi
would increase colonization levels and subsequently the
overall growth of trees in urban environments.

In conclusion, this study revealed that in general,
arbuscular mycorrhizal and ectomycorrhizal colonization
of trees growing in urban environments is lower compared
to rural environments. It is not clear what factors are
specifically responsible for the reduction in mycorrhizal
fungal colonization, although they are likely related to
changes due to urbanization as previously discussed.
Despite the lower levels of colonization, all tree species
were well colonized by mycorrhizal fungi in the urban
environments indicating that inoculation may not be
necessary, though more research is needed.
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