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Urban Parks That Resemble Natural Sites
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Abstract. Background: Cities are hotter and have poor soil compared to surrounding natural areas, necessitating identification of stress-tolerant
species suitable for urban plantings. Species selection based on physiology is highly informative, but also time-consuming, so quick-to-measure
proxies are needed. Further, parks may represent relatively less stressful locations where native trees could be included to increase urban bio-
diversity. Methods: We examined seasonal physiological responses of leaf hydraulic conductance, turgor loss point (‘Wr;p), and gas exchange
for 3 Northeastern Ohio species (Acer rubrum, Acer saccharum, and Nyssa sylvatica), one Southeastern United States (US) species (Liquidam-
bar styraciflua), and one East Asian species (Pyrus calleryana) growing at 2 parks in Northeast Ohio. We compared these with published
growth, leaf dry matter content (LDMC), and carbon:nitrogen ratio (CN) data for the same trees in our study. Results: Lakeview soil was most
similar to surrounding natural areas, but both parks had higher soil bulk density and sand percentage compared to a nearby forest. At both parks,
physiology was related to soil properties. Our seasonal analysis showed that water stress was mitigated via seasonal physiological adjustments
at both parks. Pyrus calleryana was not distinguished from Liquidambar styraciflua and Nyssa sylvatica. Principal component analysis showed
positive correlations of LDMC with growth and Wy 5, and CN with carbon sequestration. Conclusions: Our study demonstrates suitability of
Ohio and Southeastern US species for Northeastern Ohio parks, despite the presence of some compacted soil. In addition, we suggest LDMC

and CN could be useful physiological proxies for broadscale analysis of tree suitability for urban environments.
Keywords. Leaf Hydraulic Conductance; Photosynthetic Efficiency; Species Selection; Turgor Loss Point.

INTRODUCTION
Urban trees may suffer water stress due to urban heat
island effects, and this problem is expected to increase
with climate change (Chapman et al. 2017; Burley et
al. 2019). Urban heat island effects could become
particularly acute when overlain with late-summer
water stress, which may be one factor leading to the
decline in the urban canopy (Nowak and Greenfield
2018). Urban foresters thus face the daunting task of
choosing tree species that can tolerate the stress of
urban environments while maintaining aesthetic
value and presenting limited maintenance issues. The
choice of urban tree species has been subjective, how-
ever, the result of heuristic decision-making, nursery
availability, and neighborhood resident preferences
(Avolio et al. 2018). In the past decade, there has been
growing interest in using plant physiology to define

species suitability for urban plantings. Intensive, com-
parative studies of tree physiology can accurately
quantify stress tolerance, but most previous research
on urban tree physiology focuses on a narrow set of
drought tolerance traits for a few commonly planted
species or cultivars (Gillner et al. 2015; Gillner et al.
2017; Sjoman et al. 2018). In addition, physiology is
difficult and time-consuming to measure, so studies that
relate dynamic physiological responses to quick-to-
measure traits are needed to speed the discovery of
suitable species for use in urban forestry.

Comparing spring versus summer water relations
can provide insight into how trees manage water
stress, because drought stress increases predictably
over summer as temperatures increase. Maximum
leaf hydraulic conductance (K,y), or the rate of leaf
laminar water flow at a given water potential gradient,
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determines the capacity for leaf water loss and thereby
sets limits on stomatal conductance (Sack and Scoffoni
2012; Scoffoni et al. 2016). Similarly, the water
potential at leaf turgor loss point (W p) sets limits on
cellular function and predicts stomatal closure and
wilting (Rodriguez-Dominguez et al. 2016; Maréchaux
et al. 2018). If K,.,sdeclines from spring to summer,
growth limitations arise due to increased resistance in
the leaf hydraulic pathway (Scoffoni et al. 2016),
which reduces the capacity of the leaf'to replace water
lost due to evaporation, leading to stomatal closure
(Brodribb and Holbrook 2003). On the other hand,
when W1 declines from spring to summer, increased
cell solute concentration can allow stomata to remain
open as leaf water potential declines (Maréchaux et
al. 2018). Thus, changes in Wy could mitigate risk of
K.rdecline, allowing photosynthesis to continue even
as drought stress increases over summer.

Potentially exacerbating heat and drought stress in
urban areas, urban soil is prone to compaction due to
human activities such as increased foot traffic and
heavy machinery use, leading to reduced porosity and
water-holding capacity. Urban street trees and those
in planters are likely to experience more intense
drought effects than urban park trees due to small soil
volumes (Kjelgren and Clark 1993). Urban park trees
are an interesting context in which to explore the per-
formance of trees, because even with larger soil vol-
umes compared to street trees, urban park soil can also
be extremely compacted, which should increase the
probability of seasonal water stress. The extent of soil
compaction in urban parks, however, is likely to vary
substantially based on park history (Scharenbroch et
al. 2005). Species also vary in their ability to tolerate
poor quality or compacted soil; for example, tree spe-
cies that have wide geographic distributions, those
which can tolerate flooding, or those which tend to
grow in disturbed soils may have a stronger ability to
acclimate and thereby maintain their performance
across seasons and different soil types (Sheth and
Angert 2014; Puglielli et al. 2023).

Soil is an important component that interacts with
precipitation to determine physiological outcomes.
Trees experiencing lower precipitation and more heav-
ily compacted soil may exhibit the largest K., decline
over the summer, because compact soil prevents water
infiltration and limits root growth (Scharenbroch et
al. 2005). Faster growing species should show the
largest Ky, decline due to their need to maintain
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higher stomatal conductance to support higher photo-
synthetic capacity, unless they can respond to stress-
ful conditions with larger seasonal changes in Wrp
(Bartlett et al. 2012). Pyrus calleryana is commonly
used in urban settings in part because it is viewed as
fast-growing (Rahman et al. 2015), but fast growth is
likely one reason this species has escaped cultivation
and demonstrated potential to be invasive (Culley
and Hardiman 2007). In addition, underlying physio-
logical trade-offs may result in lower mechanical
strength of fast-growing species (Reich 2014), so this
might be one reason why P. calleryana is prone to
breakage (Dirr 1990). Slower-growing species should
allocate more to carbon-rich structural tissues (Wright
et al. 2004), making their leaves and wood more suit-
able to provide ecosystem services like carbon seques-
tration over the long term. While fast growth might
provide an advantage in some urban settings, we lack
information about the extent of stress tolerance required
for long-term survival of urban trees in different types
of growing conditions.

In 2023, the Ohio Department of Natural Resources
banned the planting of Pyrus calleryana, meaning
that now alternatives which can perform under simi-
lar urban conditions are urgently needed. Tree species
selection for urban plantings has long involved debate
over the relative value of native versus non-native
species. Although native species are thought to be
better adapted to regional conditions, this assumption
may not hold in highly modified urban environments
where abiotic stressors can differ substantially from
those in surrounding natural areas (Kendle and Rose
2000). Consequently, trait-based and physiological
assessment may provide a more mechanistic frame-
work for informing site-specific urban forestry deci-
sions. Thus, providing more information on the
suitability of native species for urban plantings is crit-
ical. For instances when locally native species’ suit-
ability is limited, consideration of southern species may
be appropriate. Under climate change models, suit-
able habitats are projected to shift northward, poten-
tially shifting species distributions more northward
(Prasad et al. 2025). Species that are currently distrib-
uted farther south of a particular urban area may
therefore be useful candidates for urban plantings.
This hypothesis is based on the idea that plants occur-
ring at warmer or drier locations within a species range
may have greater heat or drought tolerance; however,
this idea should be evaluated physiologically and at
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the site scale because tree responses to climate change
are strongly trait-dependent (Fei et al. 2017).

To investigate the suitability of deciduous hard-
wood species native to the Northeastern United States
for urban park plantings in Northeast Ohio, we con-
ducted a study of urban park trees growing at Lake-
view Cemetery, located in the heart of Cleveland,
Ohio, and Secrest Arboretum, located in Wooster, Ohio,
a small city situated approximately 40 km away from
the Akron-Canton metropolitan area. For both loca-
tions, Mixed Oak Forest was the native plant commu-
nity prior to urbanization. These are nonirrigated
parks characterized by planted, open-grown trees sur-
rounded by turf grass with some paved utility and
walking paths. We compared 3 tree species native to
Ohio (Acer rubrum, Acer saccharum, and Nyssa syl-
vatica) with a Southeastern United States native spe-
cies, Liquidambar styraciflua, and East Asian Pyrus
calleryana. We measured seasonal changes in Ky,
and W1 p to characterize tree responses to late-summer
water stress, along with photosynthetic capacity
(maximum electron transport rate [J.] and maxi-
mum carboxylation rate [Vc,,.]), and gas exchange
rates (net photosynthesis [A], stomatal conductance
[g,], and instantaneous water use efficiency [WUE]).
We compared these physiological rates across parks
and to previously published data on soil texture and
bulk density of samples collected from each tree
planting location. Lastly, to understand potential growth-
stress trade-offs and identify quick-to-measure phys-
iological proxies, we asked how these dynamic
physiological rates measured in our study compared
to previously published data on relative growth rate
and carbon allocation (aboveground carbon sequestra-
tion, diameter at breast height, specific leaf area, leaf
dry matter content [LDMC], and leaf carbon:nitrogen
ratio [CN]) collected in the same parks on the same
plants examined in our study by Simovic et al. (2024).

Specifically, we asked the following:

1. Do tree physiological rates differ across parks
with different weather patterns or according to
soil properties of the planting location?

2. Do tree species native to Northeast Ohio exhibit
physiological rates consistent with late-summer
water stress, including a larger change in K¢
and a smaller seasonal change in W, com-
pared with the Southeastern US native Liquid-
ambar styraciflua and East Asian Pyrus
calleryana?

3. Are faster physiological rates and greater sea-
sonal change in water relations associated with
quick-to-measure traits reflecting faster relative
growth rates and/or lower carbon allocation to
leaves and wood?

MATERIALS AND METHODS

Experimental Design

We conducted our study in two parks, Lakeview Cem-
etery (41.514, —81.598), located 8 km south of Lake
Erie, and Secrest Arboretum (40.778, —81.918), located
88 km south of Lake Erie. Trees at the two parks are
not irrigated or fertilized. We determined seasonal
changes in K,..; and W as well as late-summer gas
exchange rates (A and g,) and photosynthetic capac-
ity (maximum electron transport rate [J,,,,] and maxi-
mum carboxylation rate [ Vc,,]) calculated from A/Ci
(photosynthetic CO, response) curves to characterize
tree responses to summer growing conditions. We
sampled 3 individuals of each species at each park.
We measured K,.,; and water potential at turgor loss
point (Wrrp) at both parks in early summer (2018 June
82018 July 12) and late summer (2018 August
1-2018 August 31). We investigated how these
dynamic physiological rates differed across 2 parks
and 5 species.

We compared physiological data collected in our
study to data on planting-site soil properties mea-
sured for the same trees examined in this study and
previously published in Simovic et al. (2024). For
soil properties, 3 soil cores were extracted at 40-cm
depth at the bole of each tree and averaged. We also
compared our physiological data to data published in
Simovic et al. (2024) on relative growth rate and car-
bon allocation (aboveground carbon sequestration,
diameter at breast height in 2019, specific leaf area,
leaf dry matter content [LDMC], and leaf carbon:ni-
trogen ratio [CN]) measured for the same individuals
in this study. In this previous publication it was noted
that most trees in the study had at least 90% healthy
crown, and none of the trees examined here had can-
opy dieback or discoloration greater than 25% (Simovic
et al. 2024).

Weather During the Study Period

We obtained data from nearby weather stations for
each park from 2018 May 1-2018 August 31 (i.e.,
one month prior to and during the physiological sam-
pling period). Data for Secrest Arboretum was
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obtained from the Ohio Agricultural Research and
Development Center (OARDC) weather station
located approximately 2 km west of Secrest, and data
for Lakeview Cemetery was obtained from Cleve-
land Hopkins International Airport, located approxi-
mately 24 km southeast of Lakeview. We also
obtained long-term climate means from the National
Oceanic and Atmospheric Administration (NOAA).

Leaf Hydraulic Conductance Measurements
For our measurements of K,.,; we collected branches
approximately 20 cm long the day prior to measure-
ment. We sampled branches from the outer crown on
the south side of the tree at approximately 5 m high.
Shoots were immediately placed in a dark cooler filled
with wet paper towels. The samples were trimmed by
at least 3 nodes under water and allowed to rehydrate
overnight (Sack and Scoffoni 2012). Leaf-hydraulic
and turgor-loss measurements were taken in both early
and late summer. All branches remained in water in a
dark cooler until just prior to taking leaf-hydraulic
measurements.

On the day following branch collection, K., was
measured in the laboratory using the evaporative flux
method (Sack and Scoffoni 2012). Leaves were cut
from the branches under deionized water and attached
to the hydraulic manifold. The flow solution was
deionized water that was partially degassed and fil-
tered to remove particles larger than 0.2 mm. Leaves
were placed under approximately 1,200 pmol PAR
(photosynthetically active radiation). Once leaves
reached a steady state of flow, we averaged the final
10 flow measurements. Leaf and air temperature were
recorded to account for the temperature effect on
water viscosity. Leaves were immediately removed
from the manifold, the petiole was dried, and the leaf
was placed in a plastic bag filled with exhaled air and
allowed to equilibrate for at least 20 minutes. Water
potential was recorded using a pressure chamber
(Model #600, PMS Instruments, Albany, OR, USA).
Kyrwas corrected for the temperature sensitivity of
water viscosity with equation 2 reported in Sack and
Scoffoni (2012). Finally, we measured leaf lamina
area with a leaf area meter (LI-3100, LI-COR, Inc.,
Lincoln, NE, USA) to standardize leaf hydraulic con-
ductance by leaf area. To understand seasonal pro-
gression of Ky, we calculated AK,,, or the difference
in values from early to late summer.
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Gas Exchange Rates

Gas exchange was measured in the late summer.
Because we wanted to measure leaves taken from a
comparable place in the tree canopy as those sampled
for hydraulics, and because it was not possible to
bring our gas exchange system up into the canopy, we
used excised branches. Although branch excision
may initially decrease gas exchange, our protocol
used the same branches collected for summer K¢
and thus included overnight rehydration time. This
allows branches to acclimate to their new environ-
mental conditions, which enables photosynthetic
rates to adequately adjust (Verryckt et al. 2020).
Gas-exchange measurements took place in the lab
from 8:00—13:00. We used a portable photosynthesis
system (LI-6400, LI-COR, Inc., Lincoln, NE, USA)
to measure A/Ci curves. Sample chamber conditions
were set to 25 °C; relative humidity was kept between
40% to 60%; and Photosynthetic Photon Flux Den-
sity = 1,500 umol m2 s™!, with the following progres-
sion of CO, levels: 400, 2,000, 1,500, 1,000, 400, 100
and 50 ppm. Following stabilization at each CO,
level (typically about 15 minutes), we collected 6
measurements over a 1-minute period to calculate
mean gas exchange rates for each plant at each CO,
level. We calculated J,., and V¢, using the equa-
tions of Ethier and Livingston (2004). Lastly, we cal-
culated net assimilation rate (A,,), transpiration rate
(E), and stomatal conductance (g,) from the CO,
response measurements taken at ambient CO, levels
(400 ppm) and we calculated instantaneous water use
efficiency (WUE) at 400 ppm by dividing A, by E.

Estimation of Water Potential at

Turgor Loss Point

We used a protocol described in Bartlett et al. (2012)
to estimate water potential at turgor loss point (Wr;p).
In both early and late summer, a small leaf punch of 8
mm was taken from the center of the leaf lamina of
one leaf on one of the branches collected to measure
Kieap, avoiding the midrib and large veins. Briefly, leaf
discs were wrapped in tin foil and frozen in liquid
nitrogen, then punctured with a needle followed by
placement into a vapor pressure osmometer (Vapro
Model #5600, Wescor, Inc., South Logan, UT, USA)
to obtain osmotic potential at full turgor. We calcu-
lated W+, from osmotic potential at full turgor using
an equation reported by Sjoman et al. (2015). This
equation was developed from the original dataset
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from Bartlett et al. (2012) but specified for only the
species from temperate biomes and is therefore the
most appropriate for the species included in this
study. To better understand the seasonal progression
of Wi p, we calculated AWy, p, or the difference in val-
ues from early to late summer.

Data Analysis

We used ANOVA to investigate variation in weather,
physiological rates, planting-site soil, relative growth
rate, and carbon allocation across parks and species.
We used principal component analysis (PCA) to (1)
create a combined metric of soil properties for analy-
sis, and (2) determine the relationships between tree
physiological rates to relative growth rate and carbon
allocation. Several factors differed across the parks,
including weather, soils, and the mean height and diam-
eter at breast height (DBH), which were both larger
for trees at Secrest compared to Lakeview (Table 1).
For these reasons, and to account for other potential
variation between parks that we did not measure, we
included park as a predictor in our statistical models.

First, we tested for the effect of park on weather
collected at nearby weather stations (daily maximum
temperature, daily minimum temperature, and daily
precipitation) using a linear mixed effects model
using the /me function in the package ‘nlme’. We set
park and date as the predictors, with date as a random
factor, and method = “REML”. Following, we passed
this model to the Anova function in the package ‘car’
to generate test statistics.

Second, we tested the effects of park, species, and
their interaction on tree physiological rates (Kus,
Wop, and gas exchange), planting-site soil properties
(percent sand, silt, and clay and bulk density), relative

growth rate and carbon allocation (carbon sequestra-
tion, DBH, specific leaf area, leaf dry matter content
[LDMC], and leaf carbon:nitrogen ratio [CN]). We
generated linear models using the /m function which
we then passed to the Anova function in the package
‘car’ to generate test statistics. In cases where species
was found to have a significant effect, we generated
pairwise comparisons using the 7ukeyHSD function.

Third, we tested for relationships between plant
physiological rates and soil characteristics of the
planting sites. For soil, due to the colinearity of soil
variables (% clay, % sand, % silt, and bulk density),
we used principle component analysis (PCA) to cre-
ate a combined soil properties metric, represented by
the first 2 principal component scores (PC1 and PC2),
which were subsequently used as the dependent vari-
able. PCA was computed using the prcomp function,
with center and scale = TRUE. For this PCA, we
excluded one Acer rubrum individual from Lakeview
with clay and sand percentages that were more than 2
standard deviations from the mean, and one Acer sac-
charum for which we did not have data on soil prop-
erties. We used a linear mixed effects model with
each physiological rate as the dependent variable, and
the first 2 soil principal components (PC1 and PC2)
as fixed effects, and we accounted for autocorrelation
between samples taken at the same park (i.e., within-
park similarities in soil properties, as well as unmea-
sured factors such as tree diameter, tree age, and
atmospheric composition) by using park as a random
effect in this model. We used the /me function from
the package ‘nlme’ and method = “REML”, followed
by Anova to generate test statistics.

Fourth, we asked whether urban-park trees exhibit
seasonal changes in K,.; and/or Wy, . For this we used

Table 1. Mean and standard deviation of plant height and diameter at breast height (DBH) for the 5 study species (Acer rubrum,
A. saccharum, Liquidambar styraciflua, Nyssa sylvatica, and Pyrus calleryana) growing at two Northeast Ohio parks, Lakeview
and Secrest. These represent a subset of data published in Simovic et al. (2024).

Height (m) DBH (cm)
Species
Lakeview Secrest Lakeview Secrest

Acer rubrum 83+0.5 18.1+£0.92 22.7+£3.8 49.5+£35
Acer saccharum 103+ 1.0 13.8+1.3 272+6.0 364+1.2
Liquidambar styraciflua 109+1.5 17.7+0.6 25.1+£23 439+3.6
Nyssa sylvatica 6.0+0.8 148+12 153+0.7 40.5+45
Pyrus calleryana 11.6 £0.62 124+£04 26.9+0.7 359+1.4

©2026 International Society of Arboriculture




542 Danielson et al: Seasonal Physiological Responses of Urban Park Trees

a linear mixed effects model, setting either K, or
Yop as the dependent variable, with park, season,
species, and all 2-way interactions as the independent
fixed effects. We used individual plant as a random
effect in this model to account for multiple measure-
ments of the same individual at 2 time points. Model
significance was determined in the same way as
described above using the Anova function.

Lastly, to understand coordination of seasonal
changes in Ky, and Wy p with growth and carbon
allocation, and to determine whether Pyrus callery-
ana has a more acquisitive life history strategy com-
pared to Eastern US tree species, we again used the
‘prcomp’ function to conduct PCA. To avoid overspec-
ification of the PCA, we excluded early-summer and
late-summer values of K., and Wy, p, because these
are used to calculate AK ., and AWy p. In addition, we
found strong significant correlations among gas
exchange variables A, E, g, Ve, and J,., (correla-
tion coefficient > 0.85), so we chose to represent this
suite of variables using g, and WUE in our analysis.
Thus, we included the following variables in the
PCA: AK e, AW11p, Jiaxs VCimax, and WUE from our
study, along with specific leaf area (SLA), CN, LDMC,
relative growth rate, DBH, and carbon sequestration
published in Simovic et al. (2024). We extracted PC1
and PC2 scores for all individuals to test for effects of
park, species, and their interaction using the /m func-
tion followed by Anova, as described above. We also
computed pairwise correlation coefficients between
these same variables using the ‘cor’ function and gen-
erated P-values using the ‘rcorr’ function.

All data analyses were conducted in R (version
4.3.1)(R Core Team 2021).

RESULTS

Long-Term Climate Means and Weather
During the Study Period

Long-term average summer minimum temperature
near Lakeview is 18.9 °C, maximum is 26.1 °C, and
precipitation is 25.3 cm (NOAA 2025). Nearby Secrest,
long-term average summer minimum temperature is
14.9 °C, maximum is 27.8 °C, and precipitation is
33.1 cm (NOAA 2025).

During the study period, daily maximum tempera-
tures (MaxTemp) were similar at both parks in early
summer, but during the month of August, MaxTemp
was 1.7 °C = 3.0 °C lower at Secrest compared to
Lakeview (Figure 1a). Using a linear mixed effects
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model, we did not find a significant effect of park
(Chi-square 1.26, P = 0.26), but we did detect signif-
icant effects of date (Chi-square 14.68, P = 0.0001)
and a significant park X date interaction (Chi-square
15.58, P < 0.0001). Daily minimum temperature
(MinTemp) was 2.1 °C = 1.4 °C higher at Lakeview
compared to Secrest, and this difference was consis-
tent throughout the study period (Figure 1b), though
the differences were smaller in early summer and
increased throughout the summer, and we found sig-
nificant effects of park (Chi-square 129.69, P<0.0001),
date (Chi-square 53.10, P < 0.0001), and a significant
park x date interaction (Chi-square 7.99, P <0.0047).
For both parks, precipitation was above the long-term
average for the site, and the total precipitation during
the study period was higher at Lakeview compared to
Secrest (55.3 ¢cm versus 38.5 cm, respectively)(Fig-
ure 1c). We did not detect any significant effects of
park (Chi-square 2.87, P=0.09), date (Chi-square 0.19,
P < 0.6595), or park x date interaction (Chi-square
0.01, P=0.91).

Physiological Rates Across Parks

and Species

Physiological rates varied across parks and species.
All measured physiological rates were higher at Lake-
view compared to Secrest, including higher late-
summer K,.; (Figure 2a), higher (i.e., less negative)
early-summer W, (Figure 2b), a larger change in
Kt (higher AK,..¢)(Figure 2c), higher gas exchange
rates (A [Figure 2d), g, [Figure 2e]), higher instanta-
neous water use efficiency (WUE)(Figure 2f), higher
carboxylation rates (Vcna)(Figure 2g), and higher
electron transport rates (J .., )(Figure 2h). For the most
part, physiological rates that differed across parks did
not differ according to species, and we did not find
any significant park x species interactions (Table 2).
Liquidambar styraciflua had significantly higher K¢
values compared to all other species (Figure 3a). We
also found significant effects of species on early sum-
mer and late-summer Wy p; in this case, Pyrus call-
eryana had lower values compared to all other species
(Figure 3b, 3c).

Seasonal Changes in Physiological Rates
for Different Species at the Two Parks

Using linear mixed effects models, we found signifi-
cant effects of park and species on K,,;, but the differ-
ences among species depended on the park and
season (significant species x park interaction and
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Figure 1. Weather at the two study parks before and during the physiological measurements, including (a) maximum temperature, (b)
minimum temperature, and (c) precipitation. For a and b, dashed horizontal lines represent the mean maximum and minimum temperatures
at each park during the study period, and solid lines represent the long-term mean maximum or minimum temperatures at each park.

season X park)(Table 3). For most species, K,..; was
higher at Lakeview compared to Secrest, and Liquid-
ambar styraciflua had the highest K., values at both
parks in both early and late summer (Figure 3a). The
rank order of Ky, values differed across parks, such
that Acer saccharum had the lowest K, values at
Lakeview, while at Secrest the lowest values were
observed for Pyrus calleryana and A. rubrum. We did

not find a significant effect of season on K, in this
analysis.

For W15, we found significant main effects of sea-
son, park, and species, but no interactions. Early sum-
mer Wi, was higher than late summer, and values
were higher at Lakeview (Figure 3b) compared to
Secrest (Figure 3c¢). Lastly, the 3 Ohio native species
and Southeastern US native L. styraciflua all had
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Table 2. F-values from ANOVA testing for the interactive effects of park and species on tree traits and soil properties in each
tree planting location for the 5 study species (Acer rubrum, A. saccharum, Liquidambar styraciflua, Nyssa sylvatica, and Pyrus
calleryana) growing at two Northeast Ohio parks, Lakeview and Secrest.

Dependent variable Park Species Park x species

Tree physiological rates

Early-summer maximum leaf hydraulic conductance 4.00 9.97%** 1.34
Late-summer maximum leaf hydraulic conductance 11.24%* 2.04 1.47
Early-summer turgor loss point 6.24* 23.44%%* 1.43
Late-summer turgor loss point 1.26 21.46%** 1.14
Change in K, early to late summer 6.13* 2.65 0.50
Change in turgor loss point early to late summer 0.78 1.39 0.25
Net assimilation rate 17.21%%* 0.31 1.57
Stomatal conductance 12.37** 0.76 1.24
Instantaneous water use efficiency 4.61* 0.69 0.47
Maximum carboxylation rate 14.30%* 0.30 2.38
Maximum electron transport rate 20.46%** 0.63 2.29
Soil properties, growth, and carbon allocation
Percent clay 59.57%%* 1.32 1.59
Percent sand 0.04 1.12 1.98
Percent silt 4.97* 1.90 2.09
Bulk density 0.89 0.48 1.69
Relative growth rate 20.027%%* 0.05 0.46
Carbon sequestration 30.57%** 8.89%%* 8.05%%*
Diameter at breast height 96.92 % 2.40 4.18*
Specific leaf area 0.51 0.86 0.51
Leaf dry matter content 1.30 3.57* 0.05
Leaf carbon:nitrogen ratio 10.54%* 10.41%%* 1.68
Principal components

Soil properties PC1 4.42% 1.98 2.84
Soil properties PC2 27.04%** 0.16 1.65
Plant trait PC1 41.07%%* 0.52 1.21
Plant trait PC2 0.00 0.32 0.33

*P<0.05

**P<0.01

##4kP < 0.0001
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Figure 2. Physiological rates for the 5 study species (Acer rubrum, A. saccharum, Liquidambar styraciflua, Nyssa sylvatica, and Pyrus
calleryana) growing at two Northeastern Ohio parks, Lakeview and Secrest, including (a) late-summer maximum leaf hydraulic conduc-
tance (Kleaf_late), (b) early summer turgor loss point (TLP_early), (c) the change in K from early to late summer (delta_Kleaf), (d) net
assimilation rate (A), (e) stomatal conductance (gs), (f) water use efficiency (WUE), (g) maximum carboxylation rate (Vc,,.,), and (h) max-
imum electron transport rate (J...,). Error bars represent standard error.
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Figure 3. Physiological response to seasons for the 5 study species (Acer rubrum, A. saccharum, Liquidambar styraciflua, Nyssa syl-
vatica, and Pyrus calleryana) growing at two Northeastern Ohio parks, Lakeview and Secrest, including (a) maximum leaf hydraulic
conductance (K. across the two parks and water potential at turgor loss point (W;.5) at (b) Lakeview and (c) Secrest. Error bars rep-

resent standard error.

Table 3. F-values for linear mixed effect model testing for
interactive effects of season, species, and park on maxi-
mum leaf hydraulic conductance (K..) and turgor loss
point (W.p) for the 5 study species (Acer rubrum, A. sac-
charum, Liquidambar styraciflua, Nyssa sylvatica, and
Pyrus calleryana) growing at two Northeast Ohio parks,
Lakeview and Secrest.

Independent variable Kiar Ve
Season 0.37 28.18%**
Species 18.44%** 138.31%**
Park 10.81%* 4.79*
Season x Species 11.61* 6.25
Season x Park 6.68%* 0.86
Species x Park 7.32 7.18

*P<0.05

AP <0.0001

significantly higher W, compared to P. calleryana
across both seasons and both sites.

Effects of Planting-Site Soil Properties

on Physiological Rates

Planting-site soils at Lakeview had higher clay per-
centage while those at Secrest had higher silt

©2026 International Society of Arboriculture

percentage (Table 4), and there was a significant
effect of park in our ANOVA model. The sand per-
centage and bulk density were not significantly dif-
ferent between the two parks (Table 2).

The first 2 principal components of the soil PCA
analysis explained 50% and 27% of the variance in
soil properties, respectively, with PC1 being com-
posed primarily by percent sand in opposition with
percent silt, while PC2 was composed primarily by
precent clay and to a lesser extent bulk density (Fig-
ure 4a). ANOVA indicated significant effects of park
on PC1 and PC2 (Table 2). PC1 scores showed that
planting-site soils at Secrest covered the full range of
variation in PC1, from sandy to silty, but Lakeview
soils were more like one another and consistently
sandy for all planting sites. PC2 scores showed
Lakeview had a higher clay percentage and higher
bulk density compared to those at Secrest.

Using mixed effects ANOVA with park as a ran-
dom covariate to account for unmeasured differences
across parks, we found that tree physiological rates
were related to soil PC2 (Table 5). Late-summer K,,¢
(Figure 4b), net photosynthesis (A)(Figure 4c), water
use efficiency (WUE)(Figure 4d), Vc,,. (Figure 4e)
and J ., (Figure 4f) were all higher for plants with
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Table 4. Species mean and standard deviation of planting-soil properties, relative growth rate, and carbon allocation (carbon
sequestration, diameter at breast height in 2019 at the end of the experiment, specific leaf area, leaf dry matter content, and leaf
carbon:nitrogen ratio) for the 5 study species (Acer rubrum, A. saccharum, Liquidambar styraciflua, Nyssa sylvatica, and Pyrus
calleryana) growing at two Northeast Ohio parks, Lakeview and Secrest. Data are for the same plants examined in our study

from a larger dataset published in Simovic et al. (2024).

Soil property or plant trait Lakeview Secrest
Percent clay 32.04 £5.11 21.20+£2.42
Percent sand 47.87+10.58 4790+ 15.36
Percent silt 20.09 +9.03 30.90 £ 15.97
Bulk density (g cm™) 1.40£0.11 1.36 £0.12
Relative growth rate (percent change year™) 391+1.33 2.06+£0.45
Carbon sequestration (kg C year ™) 13.70 + 10.27 30.82+17.56
Diameter at breast height (cm) 23.88+£5.97 42.28+7.01
Specific leaf area (m’kg™") 13.14+3.36 14.27 £3.51
Leaf dry matter content (g g™') 0.38+0.04 0.37+0.05
Leaf carbon:nitrogen ratio (g g™) 24.40+4.40 28.67 £6.63

higher soil PC2. The relationships of late-summer
Ki..rand WUE were weak (R? < 0.15), though moder-
ate correlations were found with A and J,, (R*> =
0.36).

Relationship of Relative Growth Rate and

Carbon Allocation to Physiological Rates

Relative growth rates were almost twice as high for
trees at Lakeview compared to Secrest (Table 4), and
this effect was significant in our linear model (Table
2). All Ohio native species and L. styraciflua had
lower carbon sequestration at Lakeview compared to
Secrest, though A. rubrum trees were much larger
than other species at Secrest. In addition, P. callery-
ana showed the opposite pattern (Figure 5a), and we
found a significant park x species interaction for car-
bon sequestration. Similarly, 4. rubrum, A. saccharum,
N. sylvatica, and L. styraciflua had smaller diameter
at breast height (DBH) at Lakeview compared to
Secrest. Compared to other species, the difference
across parks was much smaller for 4. saccharum and
P, calleryana. These 2 species had the highest DBH at
Lakeview and the lowest DBH at Secrest (Figure 5b),
and we found a significant park x species interaction
for DBH (Table 2). Leaf carbon:nitrogen ratio (CN)
was lower at Lakeview compared to Secrest for A.
saccharum, L. styraciflua, and N. sylvatica, but A.
rubrum and P. calleryana had overall lower values

and were the same at the two parks (Figure 5c¢), and
we found a significant park x species interaction for
this variable. Leaf dry matter content (LDMC) was
significantly different across species (Table 2). Acer
rubrum had the highest value, L. styraciflua had the
lowest value, and A. saccharum, N. sylvatica, and P,
calleryana were intermediate (Figure 5d).

The first 2 principal components of the plant traits
PCA explained 35% and 15% of the variation, respec-
tively. The first component, PC1, was composed of both
physiological rates and carbon allocation traits, with
relative growth rate being positively correlated with
WUE and g, in opposition to DBH (Figure 5Se). SLA,
CN, LDMC, and carbon sequestration contributed
relatively equally to PC1 and PC2. The main compo-
nents of PC2 included the seasonal change in K
from early to late summer (AK,,s) and corresponding
seasonal change in Wr;p (AWrrp). Higher AK, s and
concomitantly smaller AW, were associated with
higher carbon sequestration, lower CN, and higher
LDMC. Lastly, AK,..; and AW were largely orthog-
onal to relative growth rate (RGR), DBH, WUE and
g.. Based on ANOVA, PCI scores were significantly
higher at Secrest compared to Lakeview (Table 2).

Pairwise correlations showed that AK,,; was sig-
nificantly positively correlated with WUE, Vc,,, and
Jax» but negatively correlated with CN (Table 6).
Both Ve, and J,, were significantly positively
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Figure 4. Analysis of soil properties in the planting location versus physiological rates for the 5 study species (Acer rubrum, A. saccha-
rum, Liquidambar styraciflua, Nyssa sylvatica, and Pyrus calleryana) growing at two Northeastern Ohio parks, Lakeview and Secrest,
including (a) principal component analysis for soil properties, as well as relationships of the second principal component (soilPC2) to
(b) late-summer maximum leaf hydraulic conductance (Kleaf_late), (c) net assimilation rate (A), (d) water use efficiency (WUE), (e) max-
imum carboxylation rate (Vc,.,), and (f) maximum electron transport rate (J,..)- Lakeview = circles and Secrest = triangles.
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Table 5. F-values from ANOVA testing for the effects of planting-site soil characteristics (as represented by the first and second
principal components (Soil PC1 and Soil PC2, respectively) on physiological rates for the 5 study species (Acer rubrum, A.
saccharum, Liquidambar styraciflua, Nyssa sylvatica, and Pyrus calleryana) growing at two Northeast Ohio parks, Lakeview

and Secrest.

Tree physiological rate Seil PC1 Seil PC2
Early-summer maximum leaf hydraulic conductance 2.86 0.56
Late-summer maximum leaf hydraulic conductance 2.76 6.24*
Early-summer turgor loss point 3.42 0.22
Late-summer turgor loss point 1.01 0.12
Change in K, early to late summer 0.07 3.81
Change in turgor loss point early to late summer 0.18 0.19
Net assimilation rate 0.14 5.86*
Stomatal conductance 0.00 0.79
Instantaneous water use efficiency 0.41 4.86*
Maximum carboxylation rate 0.24 5.10%
Maximum electron transport rate 1.25 6.80%*

*P<0.05
**P<0.01

correlated with relative growth rate and negatively
correlated with carbon sequestration, while J ., was
significantly negatively correlated with DBH.

DISCUSSION
We measured physiological responses to seasonal
variation for 3 Ohio native tree species (Acer rubrum,
Acer saccharum, and Nyssa sylvatica), along with the
Southeastern US species Liquidambar styraciflua
and East Asian Pyrus calleryana, at two urban parks
in Northeast Ohio. We found that nearly all measured
physiological rates were higher at Lakeview, indicat-
ing faster and more efficient growth, compared to
Secrest. Physiological rates do not account for factors
such as differences in tissue construction costs (Kru-
ger and Volin 2006), which may be one reason why
we did not see correspondingly higher carbon seques-
tration at Lakeview in our study. Trees at Lakeview
did have a net-positive change in maximum leaf spe-
cific hydraulic conductance (AK,,) from early to late
summer, indicating that growth was not hindered by
evaporative demand, which our data suggests did not
exceed the ability of the plant to supply water to the
leaf (Sack and Scoffoni 2012; Scoffoni et al. 2016).
At Secrest, declines in K,,; and W over the season
suggest that trees at this site did experience mild sea-
sonal water stress (Brodribb and Holbrook 2003;

Maréchaux et al. 2018). But overall, we saw physio-
logical adjustments in Ky, and W, from early to late
summer at both parks, which should mitigate drought
stress and contribute to the relatively robust photo-
synthetic rates we observed during late summer.
Compared to P. calleryana, these seasonal adjust-
ments were similar in magnitude for the other study
species, demonstrating their ability to comfortably
manage late-summer water stress in an urban setting.

Secrest was drier than Lakeview during the period
of this study, and long-term climate records indicate
that trees at Secrest experienced lower-than-average
summer temperatures, whereas the summer was hot-
ter than usual at Lakeview. These weather patterns
are influenced by the proximity of Lakeview to Lake
Erie, which results in higher cloud cover, precipita-
tion, and humidity compared to Secrest. In addition,
Lakeview is a larger and more densely planted park
compared to Secrest, which could have large impacts
on micro-scale climate experienced by individual
trees. Our weather data should be viewed as charac-
terizing only the prevailing weather conditions at
each park, but in addition to the larger park size and
higher planting density at Lakeview, the combined
evidence suggests that trees at this park experienced
conditions more similar to surrounding native forest
compared to Secrest.

©2026 International Society of Arboriculture
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Figure 5. Growth and carbon allocation traits and principal component analysis showing relationship of tree physiological rates mea-
sured for the 5 study species (Acer rubrum = ACRU, A. saccharum = ACSA, Liquidambar styraciflua = LIST, Nyssa sylvatica = NYSA,
and Pyrus calleryana = PYCA) growing at two Northeastern Ohio parks, Lakeview and Secrest, compared to growth and carbon invest-
ment measured in Simovic et al. (2024), including (a) carbon sequestration, (b) diameter at breast height, (c) leaf carbon:nitrogen ratio,
(d) leaf dry matter content, and (e) principal component analysis. For panels a, b, c, and e, sites are denoted by different shapes, with
Lakeview = circles and Secrest = triangles. Rel.growth (relative growth rate); Cabon.seq (carbon sequestration); LDMC (leaf dry matter
content); (CN) leaf carbon:nitrogen ratio; DBH.19 (tree diameter at breast height at the end of the study in 2019).

While our climate analysis does not capture cli-
mate variation at the scale of individual trees, our soil
analysis does provide insight into tree-scale variation
across the parks. Planting soils at Lakeview had a
higher proportion of clay and lower silt compared to
those at Secrest, suggesting they could have slower
drainage, although there was substantial variation in
soil texture within parks as well. We found that K,
in late summer as well as the efficiency of gas
exchange (water use efficiency, maximum electron

©2026 International Society of Arboriculture

transport, and carboxylation rates) were all higher
with increasing clay percentage and higher bulk den-
sity. While higher performance at higher bulk density
may seem counterintuitive, the range of bulk densi-
ties at our study sites was on the lighter side for urban
areas, though some planting-site soils approached
what is considered the upper limit for unrestricted
root growth (1.6 g cm™)(Scharenbroch et al. 2005). If
higher bulk density is driven by higher clay contents,
rather than compaction, the higher clay percentage
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Table 6. Pairwise correlation coefficients for traits measured in this study compared to traits measured on the same trees and
published in Simovic et al. (2024) for the 5 study species (Acer rubrum, A. saccharum, Liquidambar styraciflua, Nyssa sylvatica,
and Pyrus calleryana) growing at two Northeast Ohio parks, Lakeview and Secrest. W, (water potential at turgor loss point);
WUE (instantaneous water use efficiency); Vc,.., (maximum carboxylation rate); J,..x (maximum electron transport rate); DBH
(diameter at breast height); CN (carbon:nitrogen ratio); Rel.growth (relative growth rate); Carb.seq (carbon sequestration);

LDMC (leaf dry matter content); SLA (specific leaf area).

AKleaf Yiie WUE Vcemax Jmax
Woirp —0.11
WUE 0.38* 0.05
VCiax 0.52%* 0.17 0.61%*
Jinax 0.50** 0.08 0.46* 0.92*
DBH —0.25 0.00 -0.3 —0.63 —0.63*
CN —0.39* 0.14 0.09 —0.17 —-0.29
Rel.growth 0.05 —0.04 0.15 0.40* 0.40*
Carb.seq 0.00 —-0.10 —0.22 —0.42* —0.40*
LDMC 0.23 —-0.01 —0.08 0.29 0.28
SLA 0.01 —0.28 —0.11 —0.32 —0.28

could improve soil water-holding capacity or cation-
exchange capacity. Interestingly, planting-site soils at
Lakeview and Secrest parks had bulk density values
that were 3% to 4% higher and sand percentages that
were 2% higher compared to soils in a nearby forested
area which includes the Ohio native species we stud-
ied here (personal communication Katie Stuble). The
percentage clay in nearby forested areas was similar
to that measured at Lakeview, but approximately 2x
higher than percentage clay measured at Secrest (per-
sonal communication Katie Stuble). This similarity
between nearby forests and Lakeview soils could
contribute to the higher physiological rates we observed
at Lakeview.

Another potential factor contributing to higher
physiological rates at Lakeview is the fact that the
trees were smaller compared to those at Secrest (Table
4), and water transport and photosynthetic capacity
typically decline with tree size (Bond 2000). In sup-
port of this idea, our pairwise correlations did show
that photosynthetic efficiency was positively correlated
with relative growth rate but negatively correlated
with tree size. Tree size has rarely been considered in
studies of urban tree physiology (but see Simovic et
al. 2024), and our work shows that this could be
important to clarify the sources of physiological vari-
ation within urban spaces. It is also important to note
here that we found variation in both tree size and soil

properties across the two parks we investigated. Our
use of park as a random factor in our soil analysis
does provide confidence that soil does affect physiol-
ogy independent of other factors that differ across
parks, but the full extent to which soil versus size
drives our results cannot be determined based on the
current study. These findings highlight the complex-
ity of the urban environment and the need for physio-
logical proxy measures in urban tree selection, since
the time-consuming nature of the seasonal physiolog-
ical measurements limited the number of parks and
trees we could include in our study.

Within this context, our investigation of seasonal
responses at each site provides valuable insight
because this analysis is independent of tree size. We
hypothesized that the seasonal physiological response
of trees could depend on whether the species is fast-
or slow-growing (Wright et al. 2004), a trait which
foresters may use to select suitable species (Rahman
etal. 2015). We did find some support for this hypoth-
esis, as our pairwise correlations did show a signifi-
cant negative relationship of CN to AK,,.. Plants with
lower CN are expected to have a more acquisitive
physiology (Reich 2014), and our data show that
these plants had a larger change in K, across sea-
sons. In addition, our principal component analysis
showed that the change in water potential at turgor
loss point from early to late summer (AWr;p) was
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positively correlated with relative growth rate and
negatively correlated with carbon sequestration. In
this analysis, LDMC was also positively correlated
with AWy, with a larger change indicating higher
resistance to loss of turgor pressure in late summer.
Pairwise correlations showed no significant correla-
tions between these variables however, suggesting
that other traits moderate the relationship of LDMC
to AWrp. A previous study of the same trees sug-
gested that higher LDMC might alleviate water stress,
if it was correlated with a higher resistance to loss of
turgor pressure and/or xylem conductivity (Simovic
et al. 2024). Our work supports this hypothesis and
further suggests that LDMC and CN, which are both
extremely quick-to-measure traits, should be further
explored as proxies for determining the growth and
stress responses of species. Interestingly, P. calleryana
in our study had the highest growth rate at Lakeview
and the lowest growth rate at Secrest, such that the
mean across the two parks was intermediate, and this
species was not statistically distinguishable from oth-
ers in this analysis.

The two Acer species we examined were highly
similar in their responses, although we observed key
contrasts with relevance for urban plantings. Acer
rubrum is a pioneer, bottomland species which is
commonly found on disturbed soil and can tolerate a
wide range of soil types (Burns et al. 1990). Acer
rubrum has a strong ability to acclimate to stressful
urban conditions (McDermot et al. 2020) such that its
photosynthetic rates can be higher in urban compared
to rural areas (Lahr et al. 2018). Our data show that
this species had a high Wr;p, which did not change
across seasons, leading to the steepest seasonal
decline in K., and the lowest late-summer K,.,; com-
pared to all other species. This is consistent with pre-
vious work showing a decline in gas exchange rates
of A. rubrum from early to late summer (Lahr et al.
2018). Our principal component analysis adds to this
by showing that 4. rubrum trees are more different
from one another than they are compared to trees of
other species (widely dispersed along PC1 and PC2),
perhaps reflecting their strong ability to acclimate to
different growing conditions (McDermot et al. 2020)
or higher intraspecific genetic variation for A. rubrum.
Acclimation ability in particular may explain high
variation in 4. rubrum performance across different
types of conditions (Burns et al. 1990), because accli-
mating to optimize growth under current site conditions
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can compromise future survival if conditions change
(Medeiros 2025).

Our study sites are within the center of the native
range of A. rubrum, but the other Acer species we
examined, 4. saccharum, has a more northerly distri-
bution (Burns et al. 1990). This is a climax species
which is restricted to cool, moist upland habitats, and
it does best on well drained loam soil (Burns et al.
1990), suggesting that A. saccharum should have poor
performance in urban sites. Instead, we found this
species performed very similarly to A. rubrum, includ-
ing having low K, and high W5, which did not
change appreciably across seasons. One reason for
their similar performance may be the ability of A.
saccharum to tolerate compacted soils (Leasia et al.
2012). Acer saccharum was shown to be the second
most commonly planted urban tree in the Midwest
United States, while A. rubrum was the sixth most
common (Schoon 1993). Our study shows that A.
saccharum trees had the lowest spring K,.rat Lake-
view but the highest Wy, at Secrest, and individual
trees exhibited strong similarity to one another in our
principal component analysis. This is consistent with
the idea that this species has lower acclimation ability
and implies that it may reach its turgor loss point ear-
lier and more severely compared to 4. rubrum but
could also reflect lower within-species genetic varia-
tion for A. saccharum.

In terms of carbon allocation, the two Acer species
had similarly high LDMC values compared to other
species, but A. rubrum trees were the largest trees at
both parks in terms of DBH and height. Compared to
trees at Lakeview, all those at Secrest were larger and
they grew more slowly, but 4. rubrum showed the
largest contrast in size across parks, again reflecting
high variation across growing condition for this spe-
cies. Simovic et al. (2024) also showed that trees at
Secrest were older compared to those at Lakeview,
and that younger age explains the smaller sizes at
Lakeview rather than differences in park environ-
mental conditions. Our physiology data provides
additional support for this conclusion by showing that
all measures of physiological performance were higher
at Lakeview compared to Secrest, which is consistent
with data on physiological variation between older
and younger trees (Bond 2000).

We also investigated East Asian Pyrus calleryana
because this species has been considered better suited
to urban conditions compared to other tree species
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(Rahman et al. 2015). Further, the 2023 ban on plant-
ing this species in Northeast Ohio necessitates identi-
fication of other species which can be successful in
sites where P. calleryana is currently planted. In our
study, P. calleryana had a slightly larger AWy » from
early to late summer compared to other species, but
we did not see discrepancies in A¥r;» among species,
seasons, or parks. This may be in part because the
lowest Wrp values we measured were less negative
compared to those measured in previous studies of
forest trees (Table 7), suggesting that trees at our
study parks did not experience water stress outside
what they would experience in their native habitats.
This is perhaps surprising given that urban trees are
often expected to be more drought-stressed compared
to nonurban counterparts (Sjoman et al. 2015; Sjoman
et al. 2018) and it highlights that our assumption of
higher drought stress for urban trees will not be uni-
versally true, especially in urban parks. Carbon allo-
cation of P. calleryana was strikingly different from
all other study species, with lower carbon sequestra-
tion rates in aboveground woody biomass and low
CN at both parks. Low CN indicates faster growth rate
(Wright et al. 2004), which is commonly associated
with low wood strength (Poorter et al. 2010), provid-
ing support for the idea that this species is less struc-
turally sound than native tree species (Dirr 1990).
Interestingly, W1 values for Liquidambar styraci-
flua and Nyssa sylvatica were not significantly differ-
ent from Pyrus calleryana at Lakeview and they were
lower compared to the two Acer species. We also
found that L. styraciflua and N. sylvatica, along with

P calleryana, had the highest values of K, across
both sites and seasons. Liguidambar styraciflua, native
to the Southeastern United States and the southern
part of Ohio, has previously been shown to acclimate
to drought and salt stress (Baraldi et al. 2019) and dif-
ferent types of urban planting conditions (Kjelgren
and Clark 1993). We found that L. styraciflua had car-
bon sequestration that was statistically indistinguish-
able from P. calleryana at Secrest, our more stressful
site, and the DBH of these two species was not statis-
tically distinguishable at either site. Lastly, L. styraci-
flua has the lowest LDMC value of any species, and
combined with the growth patterns, our data suggest
this species would perform similarly to P. calleryana
in Northeastern Ohio park plantings. Yet, L. styraciflua
was ranked 22nd in terms of presence in urban areas
(Schoon 1993), indicating this species is underutilized.

In contrast, virtually nothing was previously known
about the physiology of Nyssa sylvatica in urban set-
tings, which was ranked 97th in terms of commonality
in urban spaces (Schoon 1993). This species prefers
well-drained light-textured soils found in creek bot-
toms, and trees growing on dry upland sites tend to be
smaller (Burns et al. 1990), which may be one reason
why they seem to be passed over in choosing urban
trees. Our study parks are at the northern edge of V.
sylvatica range (Burns et al. 1990), so the shorter
growing season could explain the fact that trees of
this species were the smallest in our study. Nyssa syl-
vatica also has higher growth rates in the presence of
deep, periodic flooding (Keeland and Sharitz 1995),
but our study suggests that they are highly suitable

Table 7. Comparison of W, and AW;,; for the 5 study species (Acer rubrum, A. saccharum, Liquidambar styraciflua, Nyssa
sylvatica, and Pyrus calleryana) growing at two Northeast Ohio parks, Lakeview and Secrest and measured in this study with
values measured in forest trees reported in (a) Sjoman et al. (2015) and (b) Sjoman et al. (2018). W, (water potential at leaf
turgor loss); A%y, (the difference in values from early to late summer).

Lakeview Secrest Previous studies
Yrire AW 1p Woree AY¥1p Wrire AW¥qp Reference
Acer rubrum -1.98 —-0.11 —2.27 —0.16 -3.06 - a
Acer saccharum —2.28 —-0.30 -2.32 —-0.30 -3.12 - a
Liquidambar styraciflua -2.32 -0.10 —2.42 —-0.10 -3.01 —0.96 b
Nyssa sylvatica -2.35 -0.25 -2.53 —0.05 —2.91 —0.65 b
Pyrus calleryana -3.16 -0.33 -3.05 —0.24 -3.66 1.1 b

*P<0.05
**P<0.01
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trees for urban parks in Northeast Ohio, potentially
due to their ability to tolerate swings from drought to
waterlogging that can occur in compacted urban soil
(Scharenbroch et al. 2005).

Given the high heat and water stress reportedly
experienced by urban street trees, it makes sense that
urban foresters have sought to determine drought-
tolerant species suitable for these extreme conditions
(McCarthy et al. 2011; Cregg et al. 2023). Our study
highlights the fact that not all urban environments are
characterized by drought, and parks may be particu-
larly good choices to increase the diversity of urban
tree species. For example, L. styraciflua trees planted
in urban parks experience less water and nutrient
stress compared to those planted in areas with a
greater amount of adjacent impervious surface (Kjel-
gren and Clark 1993). Isolated trees in parks should
have minimal light limitation, potentially increasing
the negative impacts of water limitation (Simovic et
al. 2024), but this may be counteracted by relatively
larger soil volumes and minimal competition, allow-
ing for better root growth and water relations com-
pared to plaza or street trees.

Here, we have presented perhaps the most detailed
seasonal comparison to date of native and non-native
tree physiology in urban parks. By combining leaf
hydraulic conductance, turgor loss point, and photo-
synthetic CO, response curves and harnessing the
interpretive power of 2 seasonal time points, we offer
unique insight into how park trees manage environ-
mental conditions. Importantly, our study shows that
species native to Ohio or the Eastern United States
performed comparably to East Asian P. calleryana
and thus might make good alternatives in Northeast-
ern Ohio parks that previously included P. callery-
ana. The assessment of tree species for Northeastern
Ohio parks is far from complete, however, as the
Ohio Department of Natural Resources includes 99
species native to the state, and each urban area has its
own nearby local populations of native species for
consideration. Thus, our results should be considered
exploratory, opening the door for new hypothesis
testing, rather than an exhaustive assessment of spe-
cies suitability. These findings do provide a foundation
for city planning and future research, particularly in
Northeast Ohio. Specifically, our identification of LDMC
and leaf C:N ratio as potential quick-to-measure
proxies for physiology has practical implications, and
future work should consider these traits for a larger

©2026 International Society of Arboriculture

number of individual plants, for more species, and
across sites with different urban land-use types to bet-
ter assess the suitability of diverse tree species for use
in urban forestry settings.
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Résumé. Contexte: Les villes surchauffent et leurs sols sont de
moindre qualité que ceux des espaces naturels environnants, ce
qui rend nécessaire le recours a des especes résistantes au stress et
adaptées aux plantations urbaines. La sélection des espéces sur la
base de critéres physiologiques est trés instructive, mais elle
requiert également beaucoup de temps; il est donc nécessaire de
disposer d’indicateurs rapides a évaluer. D’autre part, les parcs
peuvent constituer des lieux relativement moins contraignants ou
bon pourrait planter des arbres indigénes afin draccroitre la
biodiversité urbaine. Méthodes: Nous avons examiné les réponses
physiologiques saisonniéres de la conductance hydraulique
foliaire, du point de flétrissement (Wr.p) et des échanges gazeux
chez trois espéces du nord-est de 1’Ohio (Acer rubrum, Acer
saccharum et Nyssa sylvatica), une espéce du sud-est des Etats-
Unis (Liquidambar styraciflua) et une espeéce d’Asie de 1’Est
(Pyrus calleryana) croissant dans deux parcs du nord-est de
I’Ohio. Nous avons comparé ces données a celles publiées
concernant la croissance, la teneur en matiére séche foliaire
(TMSF) et le rapport carbone/azote (C/N) pour les mémes
essences considérés dans notre recherche. Résultats: Le sol de
Lakeview était celui présentant le plus de similitudes avec les
espaces naturels environnants, mais les deux parcs affichaient
une densité apparente du sol et une proportion de sable plus éle-
vées que celles d’une forét voisine. Dans les deux parcs, la phy-
siologie était liée aux propriétés du sol. Notre analyse saisonniére
a démontré que le stress hydrique était atténué grace a des adap-
tations physiologiques saisonniéeres dans les deux parcs. Le Pyrus
calleryana ne s’est pas démarqué du Liquidambar styraciflua et
du Nyssa sylvatica. Ianalyse en composantes principales a mis
en évidence des corrélations positives entre le TMSF et la crois-
sance ainsi que le W p, de méme qu’entre le C/N et la séquestra-
tion du carbone. Conclusions: Notre recherche démontre que les
espéces originaires de 1’Ohio et du sud-est des Etats-Unis sont
adaptées aux parcs du nord-est de 1>Ohio, malgré la présence de
sols en partie compactés. Par ailleurs, nous suggérons que le
TMSF et le C/N pourraient constituer des indicateurs physiolo-
giques utiles pour I’analyse a large échelle de I’aptitude des
arbres a s’adapter aux environnements urbains.
Zusammenfassung. Hintergrund: Stadte sind im Vergleich
zu den umliegenden Naturrdumen wirmer und weisen eine gerin-
gere Bodenqualitdt auf, weshalb die Identifizierung stresstoleran-
ter Arten erforderlich ist, die fiir stddtische Bepflanzungen
geeignet sind. Die Artenauswahl auf der Grundlage physiologi-
scher Merkmale ist zwar sehr aufschlussreich, aber auch zeitauf-
wendig, sodass schnell zu ermittelnde Ersatzgroflen benotigt
werden. Dariiber hinaus stellen Parks moglicherweise Standorte
mit relativ geringem Stress dar, an denen einheimische Biume
gepflanzt werden konnten, um die stédtische Biodiversitit zu
erhéhen. Methoden: Wir untersuchten die saisonalen physiologi-
schen Reaktionen hinsichtlich der Blattleitfahigkeit, des Turgor-
verlustpunkts (*P1;p) und des Gasaustauschs bei drei Arten aus
dem Nordosten Ohios (Acer rubrum, Acer saccharum und Nyssa
sylvatica), einer Art aus dem Siidosten der Vereinigten Staaten
(Liquidambar styraciflua) und einer ostasiatischen Art (Pyrus
calleryana), die in zwei Parks im Nordosten Ohios wachsen. Wir
verglichen diese mit verdffentlichten Daten zu Wachstum, Blatt-
Trockensubstanzgehalt (LDMC) und Kohlenstoft-Stickstoft-
Verhéltnis (CN) fir dieselben Bdume in unserer Studie.
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Ergebnisse: Der Boden im Lakeview-Park dhnelte am ehesten
den umliegenden Naturgebieten, doch wiesen beide Parks im
Vergleich zu einem nahegelegenen Wald eine hdhere Boden-
raumdichte und einen héheren Sandanteil auf. In beiden Parks
stand die Physiologie im Zusammenhang mit den Bodeneigen-
schaften. Unsere saisonale Analyse zeigte, dass Wasserstress in
beiden Parks durch saisonale physiologische Anpassungen
gemildert wurde. Pyrus calleryana lie3 sich nicht von Liquidam-
bar styraciflua und Nyssa sylvatica unterscheiden. Die Haupt-
komponentenanalyse ergab positive Korrelationen zwischen
LDMC und Wachstum sowie Wy, und zwischen CN und Koh-
lenstoffbindung. Schlussfolgerungen: Unsere Studie belegt die
Eignung von Arten aus Ohio und dem Siidosten der USA fiir
Parks im Nordosten Ohios, trotz des Vorhandenseins von teil-
weise verdichteten Boden. Dariiber hinaus schlagen wir vor, dass
LDMC und CN als niitzliche physiologische Indikatoren fiir die
grofraiumige Analyse der Eignung von Béumen fiir stidtische
Umgebungen dienen konnten.

Resumen. Antecedentes: Las ciudades son mas célidas y
tienen suelos pobres en comparacion con las areas naturales cir-
cundantes, lo que requiere la identificacion de especies tolerantes
al estrés adecuadas para plantaciones urbanas. La seleccion de
especies basada en la fisiologia es muy informativa, pero también
consume mucho tiempo, por lo que se necesitan indicadores rapi-
dos de medicion. Ademas, los parques pueden representar lugares
relativamente menos estresantes donde se podrian incluir arboles
nativos para aumentar la biodiversidad urbana. Métodos: Exam-
inamos las respuestas fisiologicas estacionales de la conductancia
hidraulica foliar, el punto de pérdida de turgencia (Wrp), y el
intercambio de gases para 3 especies del noreste de Ohio (Acer
rubrum, Acer saccharum 'y Nyssa sylvatica), una especie del sur-
este de los Estados Unidos (Liquidambar styraciflua) y una espe-
cie del este de Asia (Pyrus calleryana) que crecen en 2 parques en
el noreste de Ohio. Comparamos éstos con datos publicados
sobre crecimiento, contenido de materia seca foliar (LDMC) y
relacion carbono:nitrogeno (CN) para los mismos arboles en
nuestro estudio. Resultados: El suelo de Lakeview fue el mas
similar a las areas naturales circundantes, pero ambos parques
presentaron mayor densidad aparente del suelo y porcentaje de
arena en comparacion con un bosque cercano. En ambos parques,
la fisiologia se relaciond con las propiedades del suelo. Nuestro
analisis estacional mostrd que el estrés hidrico se mitigd mediante
ajustes fisioldgicos estacionales en ambos parques. Pyrus callery-
ana no se diferenci6 de Liguidambar styraciflua y Nyssa sylvat-
ica. El andlisis de componentes principales mostrd correlaciones
positivas de LDMC con el crecimiento y Wyp, y CN con el
secuestro de carbono. Conclusiones: Nuestro estudio demuestra
la idoneidad de especies de Ohio y del sureste de EE. UU. para
los parques del noreste de Ohio, a pesar de la presencia de cierto
grado de compactacion del suelo. Ademas, sugerimos que LDMC
y CN podrian ser indicadores fisiologicos ttiles para el analisis a
gran escala de la idoneidad de los arboles para entornos urbanos.
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