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Variability in Urban Soils Influences the
Health and Growth of Native Tree Seedlings

Clara C. Pregitzer, Nancy E. Sonti and Richard A. Hallett

ABSTRACT

Reforesting degraded urban landscapes is important due to the many benefits urban forests provide. Urban soils are
highly variable, yet little is known about how this variability in urban soils influences tree seedling performance and
survival. We conducted a greenhouse study to assess health, growth, and survival of four native tree species growing
in native glacial till, coal ash, urban fill, and sandy clean fill soils collected from urban forest restoration sites in New
York City. Using a multifactorial design, nine replicates of silver maple (Acer saccharinum), black birch (Betula lenta), red
oak (Quercus rubra), and Canadian serviceberry (Amelanchier canadensis) were planted in four urban soil types and one
greenhouse mix. We hypothesized that: 1) urban soil type would influence growth, health, and survivorship; 2) each tree
species would respond differentially to each soil type; and 3) seedling stress and mortality would be higher for soils with
more anthropogenic disturbance. After one growing season, we found that seedlings were less healthy and grew less in
soils with a history of greater anthropogenic disturbance. Seedling mortality was low (< 3% overall) except for red oak
seedlings in urban fill soil from one location. These results demonstrate that urban soil conditions can impact tree growth
and health while supporting high survivorship. Species x soil type interaction for height growth and stress indicate that
native tree species may not respond to urban soil conditions consistently. Consequently, matching tree species to soil

type could help optimize establishment and growth of urban forest restoration projects.
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Y Restoration Recap \¢

e Restoration of native tree species in urban areas may be
heavily impacted by the variability inherent in urban soils.
Understanding how different species respond to urban
soil types is important for successful restoration outcomes.

e We examined the health and growth responses of seed-
lings of four native tree species to three urban soils com-
pared to native soil. In one growing season we found tree
seedlings grown in a wide range of urban soil types had

hicago, Los Angeles, Philadelphia, Detroit, New York

City and many other cities in the United States and
around the world are engaging in large scale urban green-
ing projects. These planting efforts are motivated by a wide
range of documented economic, ecological, and social
benefits of urban forests including energy savings, urban
heat island mitigation, and restorative benefits for urban
residents (Bolund and Hunhammar 1999, Dwyer et al.
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high survival, however over time increased stress could
lead to increased seedling mortality.

e Short term outcomes show that fast growing pioneer
species, such as silver maple and black birch, grow taller
in less disturbed soil types, while slower growing spe-
cies show no differences in height growth among soil
types. To maximize success in a restoration project it is
important to choose the correct tree species palette for
a given restoration site.

1992, Mcpherson et al. 1997, Brack 2002, Davies et al.
2011, Nowak et al. 2013). In many cities, these efforts
have moved beyond street and yard tree planting to refor-
estation and afforestation projects intended to establish
urban forest stands comprised of native tree species in
urban open space (Oldfield et al. 2013). In New York City
(NYC), the MillionTreesNYC program, which started in
2007 has planted one million trees citywide within a 9-year
timeframe, half of which were planted as part of reforesta-
tion efforts in natural areas. However, there has been little
research on the factors influencing the long-term success
of these efforts (Oldfield et al. 2013).



A large body of knowledge exists for successfully manag-
ing forests for discrete goals such as timber and biomass
in rural areas (Carmean 1978, Burns and Honkala 1990a,
1990b). Over the past two centuries, foresters have cre-
ated prescriptions for maintaining rural forests, including
which species to plant on various soil types and how far
apart to plant seedlings to maximize growth and produc-
tivity (Marquis et al. 1990, Lindenmayer and Franklin
1997). Although urban foresters have some of the same
goals—tree survival, quick establishment of closed canopy
forest—more research is still needed on urban ecosystem
management across multiple scales (Rowntree 1995) and
how aspects of the urban environment could impact and
feedback to influence plant survival and health (Oldfield
etal. 2014).

Along with other environmental factors, soil condition
and nutrient status play an important role in determining
tree species composition, health, and growth in rural for-
ests (Eid and Tuhus 2001, Bailey et al. 2004, Stephenson
and Mantgem 2011). Like soils in rural forests, urban soils
exhibit a high degree of spatial variability, yet they differ
from rural soils in that they are generally composed of a
matrix of remnant natural soils and human-made materi-
als and are transformed directly or indirectly by human
activity. Pouyat et al (2010) point out that urban soils
vary depending on historical disturbance, management
regime, and the effects of the urban environment. Effland
and Pouyat (1997) suggest that urban landscapes contain
a continuum of human altered soil bodies intermixed with
islands of unaltered natural soil bodies. Anthropogenic
impacts on soils include direct alterations such as mixing,
importing and exporting material, and contamination from
industrial or construction activities (Craul 1992), as well
as more indirect consequences from urban pressures such
as changes in the nutrient avaliability (Baxter et al. 2002).
Studies indicate that urban soils can have the nutrient and
physical characteristics that meet necessary requirements
for plant growth, but can also have high concentrations
of heavy metals and other pollutants and the impact of
these contaminants on tree growth and health is uncer-
tain (Pouyat et al. 2010). The influence of the variability
among urban soils on plant growth is relatively unknown
but important to consider in forest restoration projects.
Pavao-Zuckerman (2008) calls for an integrated ecologi-
cal restoration approach depending on site specific soils
knowledge.

The New York City Department of Parks & Recreation
(NYC Parks) owns and manages over 30,000 acres of park-
land, including almost 5,500 acres of natural forest (NYC
Parks 2015). However, most of NYC’s present day forests
have complex land use histories, involving many of the
anthropogenic impacts described above, resulting in a
range of forest conditions and opportunities for forest
restoration and management. Many of the sites that are
targeted for urban reforestation projects often have highly
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disturbed soils and are dominated by aggressive, exotic
invasive plants. Initial establishment and survival of young
planted trees in these variable environments is a critical
first step in the success of a reforestation project. In cases
where soils are not deemed suitable for plant growth,
efforts to improve degraded soils in support of urban
afforestation projects include removal of damaging debris
and soil, adding clean soil (NYC Parks 2014) and/or soil
amendments to better support infiltration, decomposition,
mineralization, and nutrient retention (Oldfield et al. 2014)
and plant growth. However, the relationships between
urban soils, the range of amendments, and tree seedling
health and survival have not been well characterized.

To ensure that these newly planted forests persist over
time and provide the expected benefits to urban environ-
ments, we must gain a better understanding of how urban
soils affect the growth, health, and survival of the newly
planted native trees. This study was designed to investigate
the interaction between urban soils representing a range
of anthropogenic influence, and several native tree species
that are commonly planted in forest restoration projects
in NYC. In a controlled greenhouse study, we examined
survival and performance of native tree seedlings planted
in four NYC urban soil types based on land use history
(described below). The soils were collected from the field in
areas with existing reforestation projects or the potential for
reforestation/afforestation projects, and represent a range
of soil nutrient quality and anthropogenic disturbance.

In this greenhouse study, we hypothesized that: 1) Urban
soil type would influence growth, health, and survivor-
ship of native tree species currently used in NYC Parks’
reforestation projects; 2) Seedlings of different species
would exhibit different relative growth, health, and sur-
vivorship characteristics in and across soil types; and
3) More degraded and disturbed soil types would negatively
influence tree survival and health.

Methods

Soil Collection and Analysis

To test the variability of urban soils on tree seedling sur-
vival and health we collected soils from 12 sites within
NYC parks (Figure 1) with either existing or planned
reforestation projects, and used one greenhouse soil as a
control. Sites were selected to ensure a range of urban soil
conditions, following common types of soils found in NYC
Parks (NYC Parks 2014). Three sites were selected for soil
collection within the following four general soil categories:

1. Native Glacial Till: This category is representative of
the native forest soil in the northeastern United States.
It is typically an acidic well-drained sandy loam or
loam. Pockets of mature native forest exist on glacial
till soil in New York City parks, and are dominated
by native trees, shrubs, and understory. This soil type
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Figure 1. Location of soil collection sites in New York City, NY, USA. NYC is represented in light grey; NYC Parks
Department properties are represented in dark grey. Soil collection sites are labeled.

is generally classified as being suitable for vegetative 3. Clean Fill: This soil originates from excavation proj-
growth and commonly supports native species. Sites ects, and is placed over degraded urban fill at affor-
were selected based on park manager knowledge and estation sites. Clean fill is thought to be sandy soil
field observations. without an invasive seed bank that is free of contami-
2. Coal Ash: During the 19th and 20th centuries, coal nation and low in plant available nutrients. Observa-
ash from heating homes was dumped into regulated tions from past restoration projects in NYC suggest
and unregulated locations throughout New York City. increased tree mortality and stunted growth on this
Many of NYC Parks’ current reforestation sites fall on soil type. Sites were selected based on park manager
old coal ash dumps that became city parkland. His- knowledge and field observations.
toric maps were used to identify these sites (City of 4. Urban Fill: NYC Parks owns over 1,000 acres of filled
New York 1936). land. The urban fill soil on these sites is usually native

Table 1. Methods for soil analysis used in this study.

Analysis Method Description Citation

Texture — Hydrometer Ashworth et al. 2001
pH 4Cla2al 1:1 soil to DDI Rebecca 2004
Soluble Salt 4F1a 1:2 soil to DDI Rebecca 2004
%SOM 4H2 LOI @550 C Rebecca 2004

CEC 5A1 NHOAC extract @pH 7 Rebecca 2004

Plant Available Elements Modified Morgan NHOAC extract @pH 4.8 Rebecca 2004
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soil mixed with anthropogenic waste, such as con-
struction and demolition debris, and/or household
trash from regulated or unregulated dumping. Urban
fill soil is known to be highly variable, often has a
high pH, and is thought to be the most degraded of
these soil categories. Sites were selected based on park
manager knowledge and field observations.

5. Greenhouse Soil Mixture: This is a moderately acidic
greenhouse soil mix containing top soil (50%), sterile
peat (35%), and perlite (15%). The NYC Parks Green-
belt Native Plant Center uses this mix as the soil for
native seed propagation. The tree seedlings used in
this experiment were also propagated in this mixture.

To identify locations where these soil types may exist in
the field, we interviewed park managers with first-hand
knowledge on the soil history and site conditions across
NYC parks, and referenced historic maps of parks when
they existed. However, detailed historic maps of distur-
bance (historic dumping) were not always available. Visual
assessment during field visits confirmed that each soil
collection site fell into the intended category.

In June 2012, approximately 115 L of topsoil (from the
top 25 cm) was collected from within a 200 m” area con-
sidered representative for each site. Vegetation was present
at each site, indicating it was suitable for plant growth. At
each site, the soil was placed in a large container, homog-
enized and not sterilized or given any further treatment
after collection. One sample of homogenized soil per site
was analyzed for physical and chemical properties. See
Table 1 for a full list of soil analysis methods used in this
study.

Tree Species

We selected four native tree species that are commonly
used in reforestation projects within New York City: silver
maple (Acer saccharinum), black birch (Betula lenta), red
oak (Quercus rubra), and Canadian serviceberry (Ama-
lanchier canadensis). Seedlings of each species were propa-
gated and grown by the NYC Parks Greenbelt Native Plant
Center. For this study, all individuals were grown from seed
collected in NYC, with the exception of the Canadian ser-
viceberry, which was collected in Cheesequake State Park,
NJ. All seedlings were grown from seed in a greenhouse
potting soil mix in containers for 2 years (2-0 planting
stock). In June 2012 we randomly chose 117 seedlings of
each species, transplanting nine replicates of each species
into one-gallon pots containing each of the thirteen soils (n
= 468). During the transplant, effort was made to remove
the existing soil around each seedlings root by massaging
the root ball and brushing off loose soil to allow for direct
contact with the new field soil. Once transplanted, all
seedlings were placed in a greenhouse and grown under
natural light and watered to field capacity twice weekly. Air
temperature in the greenhouse was generally kept close to

ambient conditions, and averaged 7°C in the winter and
25°C in the summer months.

Growth and Stress Measurements

Within 48 hours of transplanting, the total height and stem
caliper (taken just above the root collar) of each seedling
was recorded. At the end of the growing season (October
2012), the number of surviving seedlings was recorded
and the same measurements were made, as well as leaf
discoloration and chlorophyll fluorescence.

Physiologically, one of the most pronounced effects of
incipient stress is a reduction in net photosynthesis. This
response is observed following a variety of stressors includ-
ing dehydration, flooding, freezing, ozone, herbicides,
competition, disease, insects, and deficiencies in ecto-
mycorrhizal development and N fertilization (Carter and
Knapp 2001). To assess whether any of the soils being tested
were having an adverse impact on the health of the trees,
we measured chlorophyll fluorescence using a portable
fluorescence spectrometer (Handy PEA (Plant Efficiency
Analyzer), Hansatech Instruments Ltd., England, United
Kingdom). Chlorophyll fluorescence measurements taken
on dark-adapted leaves can be used to estimate overall
photosynthetic capacity and photosynthetic efficiency.
We used a 30-minute dark adaptation time on three leaves
from each seedling, after which samples were illuminated
using a 3000 pmol photons m™ s™ LED to fully reduce
electron acceptors in photosystem II (Mohammed et al.,
1995). Leaves were fully expanded and selected from three
different sides of the seedling canopy whenever possible.
Leaves were measured while still attached to the tree. We
used the Handy PEA software to calculate Performance
Index (PI) and Fv/Fm values following the O-J-I-P test
described in Strasser et al. (1995). We then incorporated
the average PI and Fv/Fm value from each seedling into
the final health calculations described below.

Leaf discoloration is a symptom of abiotic stress such
as winter desiccation, drought, or nutrient deficiencies
and imbalances (Zoettl et al. 1989, McQuattie and Schier
2000, Randolph 2013). In this study, leaf discoloration was
assessed by making an ocular estimate by the same person
of the percent total leaf tissue with color change using
the following classes: Class 1 = 0% discoloration; Class 2
= 1-25% discoloration; Class 3 = 26-50% discoloration;
Class 4 = 51-75% discoloration; and Class 5 = 76-100%
discoloration.

Statistical Analysis

To compare seedling health across all soils and species, we
created a single tree stress rating variable using z-scores.
This method allows for a comprehensive and detailed
assessment of seedling condition (Pontius and Hallett
2014). All measured physiological variables (diameter
growth, height growth, discoloration, PI, and Fv/Fm) were
standardized using the entire range of observed values to
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create z-scores (Green 1979). Standardized scores for each
variable are then inverted if necessary so that they all scale
from healthy (low z-score) to stressed (high z-score), and
then averaged to capture overall condition in one continu-
ous stress index variable for each seedling. This final stress
variable represents a synthesis value of all measured physi-
ological variables. Seedling height growth was calculated
by taking the last height measurement and subtracting the
initial height measurement.

Our seedlings were planted in a multifactorial design
with tree species and soil type as the main effects. There
were four tree species and five soil types included in the
analyses. To analyze the effects of soil, species, and soil x
species interactions on seedling height growth and stress
z-score, we use generalized linear mixed models with repli-
cate included as a random effect. Tukey-Kramer groupings
for least squares means were used to determine significance
among individual soil and species combinations. One-way
ANOVAs were conducted to compare the effect of soil
type on tree growth and seedling stress by species. Linear
regressions were used to test for relationships between
individual soil characteristics and seedling height growth
or seedling stress. Differences with p < 0.05 were accepted
as statistically significant. All data were analyzed in JMP
11.0.0 (SAS Institute Inc. Cary, NC, USA, 2011).

Results

Soil Characteristics

After the soils were collected, we compared each site loca-
tion to the USDA Natural Resources Conservation Service
soil survey maps published after the completion of our
study (Table 2; USDA 2014). All soils were characterized
either as Sandy Loam or Loamy Sand. We found that
soil series were consistent in all native till and coal ash
soils, and while the urban fill and clean fill soils contained
several soil series, they were all described as contain-
ing human transported materials. All coal ash soils were
classified as Mosholu sandy loam (MuA, Sandy, mixed,
mesic Aquic Udorthents), containing a mixture of coal
combustion bottom ash and unburned coal on anthro-
pogenic landscapes. The native till soils were all classi-
fied within the Charlton series (ChB, ChAs, ChBs, loamy,
mixed, active, mesic Typic Dystrudepts), described as well
drained loamy soils. The three urban fill soils were classi-
fied as different series: Secaucus artificial fine sandy loam
(SeA, Loamy-skeletal, mixed, superactive, nonacid, mesic
Oxyaquic Udorthents); Gravessand and Oldmill coarse
sand (GOB, Sandy-skeletal, mixed, hyperthermic Typic
Udorthents); and LaGuardia artificial coarse sandy loam
(LaBs, Loamy-skeletal, mixed, superactive, nonacid, mesic
Typic Udorthents). All three soil series were described as
containing human transported material including house-
hold garbage, construction debris, and other discarded

materials and occurring on anthropogenic landscapes.
Clean fill soils were classified as two series: Big Apple series
(BiA, BiAn, Mixed, mesic Typic Udipsamments), described
as forming in a thick mantle of anthropotransported soil
material from dredging activities in coastal waterways
and rivers; and Breeze series (BzA, Mixed, mesic Typic
Udipsamments), also described as forming in a thick mantle
of sandy anthropotransported soil materials intermingled
with demolished construction debris. In the case of soil
series BzA at Marine Park North, the USDA soil survey
field work could have been conducted prior to the clean
fill being deposited at the site during spring 2012. These
USDA soil series classifications confirm that the categories
described by park managers are relatively consistent for
native till and coal ash soils, and become more variable
for urban fill and clean fill soil types.

Results from laboratory testing of each composite soil
sample show a large range in soil properties across the 12
urban soils, but soil categories were not significantly dif-
ferent from each other in nutrient and elemental analysis.
However, we are limited by a small sample number for soil
analysis (n = 13). Soil pH ranged from 5.3 to 8.0 (Table 2),
with clean fill soil being most alkaline on average (mean
pH = 7.6) and native till soils being the most acidic (mean
pH = 6.2). However, variation in soil pH within soil type
was sometimes as great as between soil types. For example,
there was as much variation in physical and chemical prop-
erties of coal ash soils as there was between coal ash and any
other soil type. Disturbed urban soils can be more alkaline
than native soils due to the weathering of concrete in con-
struction debris, but this is highly site specific depending
on land use history (Pavao-Zuckerman 2008). Soil organic
matter (SOM) did not differ significantly between the soil
types. On average, SOM was the highest in the greenhouse
mix (13.2%), followed by coal ash soils (11.7%) and lowest
in clean fill soils (3.5%), with native till and urban fill
intermediate (Table 2). Plant available micronutrient and
heavy metal concentrations were not significantly differ-
ent between soil types. Heavy metal toxicity in the soil can
have direct impacts on leaf discoloration, photosynthesis,
and plant growth, however the bioavailability of heavy
metals is a complex reaction between CEC, pH, plant root
tissue, and species specific reactions (Reichman 2002) vary
making it hard to draw direct links between our soil results
and tree seedling growth and stress. However, we did find
several of our urban soil sites to have higher levels of lead
(Meadow Lake-Coal Ash) and zinc (Gateway Retail-Clean
Fill) (Table 2).

Seedling Survival and Growth

Overall seedling survival after one growing season was
high, with 100% survival for all tree seedlings grown in
native till, greenhouse mix, and coal ash soils, 97% survival
in clean fill, and 90% survival in urban fill. Across all soil
types, silver maple had the highest survival rate at 100%,
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Figure 2. Mean height growth (+SE) after one growing season of four tree species grown in four different urban
soil types and a greenhouse soil mix. Panel A shows significant differences in mean height between species (df = 3,
F=110.09, p < 0.0001). Panel B shows significant differences in tree seedling growth between the different urban
soil types (df =4, F = 7.3, p < 0.0001). Within each figure, values not connected by the same letter are significantly
different. In Figure 2A, symbols represent mean height growth of each soil type within a species. Silver maple
grew the tallest among all species, and had the greatest growth in the greenhouse mix, native till and coal ash soil
and significantly less growth in urban fill and clean fill. Black birch grew the tallest in native till, coal ash and the
greenhouse mix and significantly worse in urban fill and coal ash. Red Oak and Serviceberry had the least amount
of growth and had no significant differences in growth between soil type (but did among soil collection location).

followed by 98% of serviceberry, 96% survival of black
birch and 95% survival of red oak. However, some specific
species x soil site combinations had lower survival rates
in clean fill and urban fill soils. Idlewild urban fill had the
poorest survival rates overall, with 44% of the red oak, 66%
of the black birch and 88% of the serviceberry surviving.
Serviceberry survival in Marine Park South urban fill was
88%. Among the clean fill soils, Marine Park North soil
had 88% survival of red oak, and Gateway Retail soil had
77% survival of black birch.

Overall, tree seedling height growth varied significantly
between species and across soil types (Figure 2A, Table 3),
with trees growing significantly taller in native till, green-
house, and coal ash soils than clean fill and urban fill soils
(Figure 2B). Silver maple seedlings had significantly more
height growth than all other species, with a mean increase
of 12.42 cm. Black birch had significantly greater height
growth than red oak and serviceberry with a mean increase
0f 4.96 cm, while red oak averaged 2.44 cm height growth
and serviceberry averaged 1.57 cm (Figure 2A). It is not
surprising that silver maple and black birch had greater
height growth overall, as these are faster growing pioneer
species. We also found a significant soil type x species
interaction effect on seedling height growth (Figure 2A,
Table 3,) reflecting that species did not show the same
patterns of growth across the different soil types (Figure
2A). For example, silver maple and black birch showed
significantly greater height growth when grown in native
till soils compared to urban fill and clean fill soils, however
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serviceberry and red oak showed no significant height
differences across all soil types. It may take longer for this
soil type x species interaction to impact height growth in
slower growing species.

By regressing individual soil properties against average
seedling height growth, we found that lower pH was signifi-
cantly correlated to greater height growth (R* =-0.59, p =
0.002). We did not find any other significant relationships
between soil characteristics and seedling performance,
but were limited by a low number of soil measurements.

Plant Stress Z-score

Using our standardized metric for tree seedling stress for
each tree, we found that across all species, seedling stress
was significantly different between soil types. Seedlings
were found to be under greater stress in urban fill and clean
fill soils compared to native till, coal ash, and greenhouse
mix soils (Figure 3). We also found a significant soil type
x species interaction effect for plant stress (Table 3). Black
birch showed the greatest range in seedling stress across
soils, while serviceberry had the smallest range of stress
scores. All species had significantly higher stress in clean
fill compared to native till soils, and all species except for
serviceberry were significantly more stressed in urban fill
compared to native till soils. Red oak and serviceberry are
slower growing species, which did not show significant
differences in height growth across the soil types, but they
did show significant differences in seedling stress across
the soil types. Seedlings grown in the greenhouse mix were



Table 3. Generalized linear mixed model results for
height growth (cm) and seedling stress (z-score) for
four species of trees grown different urban soil types.

Seedling Stress

Height Growth (z-score)
F p-value F p-value
Soil Type 16.24 <0.001  39.2992 <0.0001
Species 127.3368 < 0.001 0.182 0.9086
Species*Soil Type  5.7836 < 0.001 2.3151 0.0072

*Degrees of freedom for the model include (Soil Type = 4, Species = 3,
Species * Soil Type = 12).

generally less stressed than those in urban fill or clean fill
soils, but not always less stressed than seedlings grown in
native till and coal ash soils (Figure 3).

Because we had only one bulk homogenized sample
to characterize each soil, we were limited in our ability
to detect soil mechanisms driving the patterns in seed-
ling health and growth. Soils with the lowest pH values
generally supported high seedling survival and growth.
By regressing individual soil properties against average
seedling health and height growth, we also found that
low soil pH was significantly correlated with increased
height growth (p = 0.002, R*= 0.58), but not significantly
correlated with plant stress.

Discussion

While studies have shown that heterogeneity is common
in urban soils (Pouyat and McDonnell 1991, Effland and
Pouyat 1997, Hope et al. 2005), this variability has not been
studied in the context of the large scale reforestation and
afforestation plantings being implemented within urban
landscapes. Our results show that variation in seedling
survival, growth, and overall stress could be linked to the
disturbance and heterogeneity commonly found in urban
soils. We found that native tree growth and health were
negatively impacted by more disturbed soil types. However,
after one growing season in a greenhouse environment,
seedling mortality was low and seedling growth and health
in some urban soils (native till and coal ash) was greater
than in the greenhouse mix soil. Overall seedling mortality
across all urban soil types was 3%, which is slightly higher
than a recent field study showing only 1% tree mortality in
one reforestation project after one growing season (Oldfield
et al. 2015). However, the trees planted in that study were
much larger than our two-year-old seedlings, which may
impact tree survival. While urban soils are often viewed as
having low fertility (Craul 1999), our results suggest that
even highly altered urban soils (clean fill and urban fill)
may still provide an opportunity for tree seedling survival
and growth. However, variability in urban soil types can
significantly influence seedling performance and stress
outcomes.
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Figure 3. Mean plant stress z-score (+ SE) after one
growing season of four tree species grown in four
different urban soil types and one greenhouse soil
mix. Soil types not connected by the same letter have
significantly different average seedling stress (df = 4,
F =38.6, p < 0.0001). Average seedling stress for each
species in each soil type is represented by a different
symbol.

Most urban landscapes have been altered to some degree,
and characterizing the conditions at the site, including spe-
cific soil properties, should be considered prior to starting
a large forest restoration project. Using our park managers’
suggestions, historical knowledge, and field observations
of the soil conditions, we were relatively successful in cat-
egorizing broad manager soil types into USDA mapped
soil series. Despite the fact that the soil series were similar
within each urban soil type, differences in chemical and
physical characteristics reveal that variation within soil
categories can be as great as variation between soil types.
For example, clean fill soils are assumed to be sandy, and
while Kissena Park clean fill did have the sandiest soil (95%
sand), the other clean fill soils had sand content similar to
soils in other categories. However, variation in seedling
growth and stress was just as great within greenhouse mix
soil replicates as it was within other soil types.

Assumptions about urban soil chemistry were also chal-
lenged; native till soils were generally acidic, but not always
more acidic than other urban soils (e.g., coal ash), sug-
gesting that soil properties can be unique to each urban
site and visual characterizations of the soil and historical
knowledge may now always be correct in estimating tree
seedling outcomes. It is difficult to draw conclusions about
the effects of specific soil properties on seedling perfor-
mance, given our low sample size used to characterize
each soil. More comprehensive characterization of diffuse
and incorporated debris and their impacts on soil quality
are needed to understand exactly why these urban fill and
clean fill soils may have a negative impact on native tree
seedling survival, growth and stress.
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Field observations can help us interpret both soil char-
acteristics and seedling performance results. For example,
during soil collection at Idlewild Park (an urban fill site) we
observed high levels of household garbage, discarded tires,
broken glass, and other waste incorporated into the soil.
Trees planted in this soil experienced the highest mortality
and the surviving trees showed high seedling stress with
patterns of mortality mirroring the stress of each species.
Red oak had the highest mortality and stress, followed by
black birch, serviceberry, and silver maple, indicating high
stress may lead to mortality, and that properties within
that soil are impacting seedling outcomes. At that site, a
visual estimate of the altered soil could have been a good
predictor of tree planting outcomes.

In restoration projects, success is measured in a variety of
ways (SER 2004), including establishment of native vegeta-
tion structure, and continued growth and survival of native
species (Ruiz-Jaen and Aide 2005). In NYC, height growth
of planted trees is used as an indicator of success in both
establishment of a native forest and in reducing the threat
of fast-growing, shade intolerant exotic invasive plant
species. Variation in height across the species in our study
reflects expected growth habits for these native trees, with
silver maple and black birch gaining the most height in one
season, followed by red oak and serviceberry. Silver maple
and black birch are fast growing pioneer species and known
to be easily established from seed or transplants (Geyer
et al. 2010). In addition to having the greatest amount
of height growth, silver maple was the only tree species
with 100% survival across all soil types. The widespread
success of silver maple suggests that it could be successful
even when planted in sites with evidence of anthropogenic
inputs and dumped debris incorporated into the soil. Plant-
ing fast-growing species first on reforestation sites with
clean fill or urban fill could increase shade and provide an
opportunity for slower growing later successional species,
such as red oak, which could be planted later or allowed
to establish naturally. However, the significant interaction
(species x soil type) for stress suggests that other indicators
of plant stress (e.g., leaf discoloration) could be impor-
tant to consider in addition to height when monitoring
individual seedling success at a restoration site. Extended
research and monitoring throughout a number of grow-
ing seasons is needed to determine whether differences
in height growth lead to improved forest structure and
reduction of invasive species, or if trade-offs exist with
belowground growth (Searle et al. 2012) that would impact
the long term success of a forest restoration project.

Although this study was carried out in a greenhouse
over the course of a single growing season, the results
indicate the ability of each species to establish in soils from
reforestation sites. The predictive nature of short-term
greenhouse studies on the future success of field plantings
is highlighted by work in the phytoremediation field where
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a technique called phyto-recurrent selection is used to
identify specific clones that are best suited for planting in
contaminated sites (Zalesny et al. 2007). When restoration
projects are installed in areas with soils that have a history
of intense anthropogenic disturbance, there may be costly
consequences to ignoring species-soil interactions. In fact,
a modified phyto-recurrent selection technique may be a
useful tool for screening species to be planted on sites like
these. However, the greenhouse setting allows for regular
watering, and managers must consider that trees planted
in reforestation projects in the field will not receive the
same level of maintenance and will face competition for
light and nutrients. The native growth conditions and envi-
ronmental tolerances of each species in this study would
likely cause differences in their performance in an urban
reforestation site compared to the greenhouse. For exam-
ple, silver maple generally grows on moist alluvial soils,
and so it may have benefitted from the regular watering
in our greenhouse experiment. On dry upland sites, silver
maple generally cannot compete with other tree species
(Burns and Honkala 1990b). Black birch is the most shade
intolerant species in our study, and it may not be suitable
for reforestation projects near existing tree canopy where
there is not adequate light (Burns and Honkala 1990b).

While research on urban soil properties and processes
has been growing (White and McDonnell 1988, Pouyat and
McDonnell 1991, Goldman et al. 1995, Jim 1998, Zhu and
Carreiro 1999 and 2004, Baxter et al. 2002, Groffman et al.
2006, Oldfield et al., 2014), little attention has been paid to
the physiological response and performance of plants on
urban soils (Cadenasso et al. 2007; but see Falxa-Raymond
etal. 2014, Oldfield et al. 2015). Our study directly connects
variation in urban soils with native tree seedling growth
and stress. Our species X soil type interaction for height and
stress indicate species may not all respond to the urban soil
conditions the same way, and careful matching of species
to soil would be needed if a goal of the forest restoration
project is a quickly established forest canopy. Over time,
we expect the observed relationships between urban soil
and tree seedling growth to continue, and we hypothesize
that the differences in stress after the first growing season
will lead to increasing differences in height growth across
soil types during subsequent years. More long-term experi-
ments are needed to further explore these effects, as some
effects of soil nutrients on plant stress may take multiple
growing seasons to appear. More research is also needed
to describe the mechanisms driving the differences in
native seedling performance across soil types and to see if
the same patterns persist over time in the field. A greater
understanding of urban soils and their ability to support
native forests will help natural resource managers initiate
more successful restoration projects and make informed
management decisions to help overcome challenges faced
in urban afforestation and restoration.
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