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Abstract
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Dorothy Borowy

The trend of increasing vacant land in many cities in the United States has been
considered as an avenue to increase urban greenspace, though soils in vacant lots tend to
be poorer quality than rural soils of the same region. Using an Fv/Fm chlorophyll
fluorometer to measure general stress, this study seeks to determine whether plants grown
in this vacant lot soil experience higher stress than those grown in topsoil, as well as
whether heightened competition from nonnatives associated with city plant communities
induces stress. This study was executed using 32 experimental raised-bed plots on The
University of Maryland, Baltimore County’s campus, each filled with either topsoil or
vacant lot fill soil and each assigned to be weeded, unweeded, or left open for
colonization. Only dominant species across all these plots were measured. Species
studied are native species Eupatorium altissimum, Heliopsis helianthoides, Lespedeza
capitada, Monarda punctada, Schizachyrium scoparium, Sorghastrum nutans, Tridens
flavus and nonnative species Digitaria sanguinalis, Melilotus officinalus, Plantago
lanceolata, Setaria faberi, and Taraxacum officinale. Data was collected pre-dawn at the
end of the growing season, from September 20" through October 18", 2019. The data
was analyzed first in bulk, and then separated into native and nonnative species. No

significant difference was found between soil types overall (topsoil mean=0.75, fill



mean=0.761, p=0.15) , as well as for both native (topsoil mean=0.746, fill mean=0.752,
p=0.72) and nonnative species (topsoil mean=0.754, fill mean=0.774, p=0.46). Weeding
regime was significant overall (weeded mean=0.738, unweeded mean=0.761, open
mean=0.763, p=0.016), but this effect vanished once analyzed at the native (weeded
mean=0.767, unweeded mean=0.740, p=0.57) versus nonnative (unweeded mean=0.777,
open mean=0.757, p=0.56) level. With no significant effect of urban soil or competition,
the difficulty of maintaining high diversity of native species within cities is likely due to
other factors, such as functional traits related to dispersal and life history strategy. Native
species that can tolerate local soil conditions within cities should be considered for

plantings and seedings where they are likely unable to disperse.
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Introduction

The urban environment creates a different and challenging environment for plants
to survive. Urban soils and surface environments are much more heterogeneous than rural
soils; they are largely at the mercy of human land usage and districting (Delbecque &
Verdoodt, 2016; Vasenev, Stoorvogel, & Vasenev, 2013). Alterations to climate and the
ecosystem impact soils as well (Rawlins et al., 2015). Urban areas tend towards higher
heavy metal concentrations than rural areas (Johnson & Swan, 2014). In many cities
across the globe, population has been decreasing over time; about one sixth of cities
around the world are experiencing population decline (Haase, 2008). This leaves many
former homes and businesses vacant. Many of these structures are subsequently
demolished due to safety concerns, whereafter the lot is backfilled with poor quality soil
and typically seeded with grass. Work has begun emerging considering these vacant lots
as greenspaces (Anderson & Minor, 2017), though their quality as greenspace has come
into question as backfilled vacant lots tend to have lower ability to support plant
productivity without amendments (Beniston, Lal, & Mercer, 2016; Herrmann, Shuster, &
Garmestani, 2017). Vacant lot fill soil tends to be more compact and contain less
nutrients, more heavy metals, and less stratified horizons than undisturbed soils in
surrounding areas (Beniston, Lal, & Mercer, 2016; Johnson & Swan, 2014). Plants are
mostly limited by the resources they utilize, and these resources tend to be scarcer or
poorly distributed in urban areas (Johnson & Swan, 2014).

Competition complicates the relationship of environmental factors to native plant
performance. Many non-native herbs establish better in disturbed sites common in urban

areas compared with native herbs. The presence of nonnative species is associated with a



lower presence of native species (Wallace, Laughlin, & Clarkson, 2017); this is likely to
be an evolving issue as species move northward due to climate change (Lososova et al.,
2018). Competitive interactions in urban areas could cause natives to perform worse than
they would otherwise. However, this is not necessarily true for all native species, with
early successional natives commonly colonizing human disturbed areas (Everingham,
Hemmings, & Moles, 2019).

Plant stressors almost never occur singularly, as the environment usually has more
than one limiting factor. Environmental conditions also change over time. Some stressors
can induce other stressors, change the effects of other stressors, or even weaken another
co-occurring stressor (Suzuki et al, 2014). Soil element stressors especially affect each
other within a plant (Treshow, 1970). Stressors can utilize the same response pathways of
plants, which can cause interactive effects (Taiz & Zeiger, 2006). Many stressors can thus
evoke similar responses. Nutrient stressors can lower a plant’s ability to tolerate other
stressors because they cannot synthesize defensive compounds as effectively, and in the
case of toxicities, there may be damage to defensive mechanisms (Suzuki et al, 2014).
Most of the plant stress studies being conducted are on a single species (often
agricultural) with a single stressor of focus. My work is much more generalizable than
this by focusing on a community of species under multiple stressors, as the plants are
grown in field conditions.

Plants make up the base of the ecosystem. If biodiversity is encouraged in the
plants of urban areas, greater diversity of animal species can follow; for example, birds
that use specific plants as food and/or shelter can establish in areas where these plants are

present, despite an urban setting (Boger & Mar, 2018; Zuiiiga-Palacios et al., 2020). This



can enable urban areas to contribute to conservation, if rare or threatened species
establish in greenspaces (Anderson & Minor, 2017). Loss of biodiversity and ecosystem
services lowers greenspace quality based on aesthetics, health benefits, recreational
benefits, and more (Parris, 2016). Understanding plant performance in urban areas can
contribute to planning and management of urban biodiversity. If vacant lot fill soil is
inhospitable to planted natives, or competition from nonnatives is forcing natives to
underperform, or a combined effect of both, this knowledge can be used to alter
management approaches to urban plants and the higher trophic levels that depend on
them. The performance of plants in vacant lot soil has implications for the level of
intervention required in these soils to prepare them for cultivation, or to set them up for a
low-maintenance restoration.

This study seeks to answer the following: will plants experience less stress when
grown in topsoil versus vacant lot fill? Does weeding out competitors reduce stress? Does
removal of competition have an interactive effect with soil type? And finally, is the
overall effect still visible when the plants are broken down into categories by seeded,
native species and spontaneous, nonnative species?

Methods
Species

The species represented in this study include 7 native species, Eupatorium
altissimum, Heliopsis helianthoides, Lespedeza capitada, Monarda punctada,
Schizachyrium scoparium, Sorghastrum nutans, Tridens flavus, and 5 nonnative species,
Digitaria sanguinalis, Melilotus officinalus, Plantago lanceolata, Setaria faberti,

Taraxacum officinale. These species were selected based on Braun-Blanquet



measurements of their dominance in the community (see Plots subsection), with species
of overall across-plot coverage greater than 70 percent being selected for measurement.
This was done to reduce noise from the species factor and to ensure healthy, established
plants were measured.
Plots

This study was performed on 32 2x2 meter experimental raised-bed plots
containing well-established plants grown onsite from seed. These plots are located at The
Technology Research Center on University of Maryland, Baltimore County’s campus.
Two factors, soil type and weeding, were assigned to these plots. The plots contain either
topsoil or vacant lot fill soil brought in from Mr. Dirt, a contractor of Baltimore City that
performs demolition and backfill. Both soil types are locally sourced. As for competition,
the plots have either uncultivated species weeded out, have no weeding, or are
uncultivated and left open to spontaneous species colonization. This combination of
treatments results in six units: 4 open topsoil plots (number of plants in treatment
group=30), 4 open fill plots (n=40), 6 each of weeded (n=36) and unweeded (n=76) fill
plots, and 6 each of weeded (n=41) and unweeded (n=67) topsoil plots. This results in a
total of 16 plots each in the topsoil (n=138) and vacant lot fill (n=152) groups, 12 plots
each in the weeded (n=77) and unweeded (n=143) groups, and 8 plots in the open group
(n=70). These plots are visually represented in Figure 1. Uneven sample sizes were the
result of differences in establishment and growth of the study species between individual
plots. The weeding assignment involved the removal of all species not seeded in that plot

and was done twice during the growing season, while the open assignment involved no



seeding and was left for recruitment. Each plot was watered throughout the growing
season.

All plots with the exception of those left open were split into six groups to receive
different mixtures of seeds in order to vary species compositions. Each group contains
species found to be dominant, and therefore of interest to this study. Group 1 contains L.
capitada and S. scoparium, Group 2 contains H. helianthoides, Group 3 contains E.
altissimum, M. punctada, S. nutans,and T. flavus, Group 4 contains M. punctada and S.
scoparium, Group 5 contains H. helianthoides, S. scoparium, and S. nutans, and Group 6
contains E. altissimum, L. capitada, M. punctada, S. nutans, and T. flavus. These
mixtures were made for a different study, and the effect of varying community

composition is not a part of the scope of this study.
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Figure 1: visual representation of the study plots and their location in the field. Green

plots contain topsoil (T) while blue plots contain fill soil (F); red plots are left unweeded,



yellow plots are weeded (W), and white plots are left open (O). The numbers 1-6 reflect
the seed treatment given to the plot.

Soil samples were taken just before the study period and chemically analyzed by
Cornell Soil Health Lab. Results from these tests indicate concentrations of pertinent
elements: aluminum (14ppm in topsoil; 16ppm in fill), calcium (2,309ppm in topsoil;
2,064ppm in fill), cadmium (0.23ppm in topsoil; 0.34ppm in fill), copper (0.2ppm in
topsoil; 0.31ppm in fill), phosphorus (3.4ppm in topsoil; 3.7ppm in fill), and lead
(1.2ppm in topsoil; 0.83ppm in fill). These results are compared with a baseline analysis
performed in 2017 as the study organisms were being established, using soil directly from
the source instead of from the study plots. Concentrations of the following elements were
found: aluminum (25ppm in topsoil; 32ppm in fill), calcium (2,740ppm in topsoil;
2,317ppm in fill), cadmium (0.28ppm in topsoil; 0.67ppm in fill), copper (0.27ppm in
topsoil; 0.42ppm in fill), phosphorus (3.27ppm in topsoil; 2.51ppm in fill), and lead
(1.54ppm in topsoil; 1.35ppm in fill). Concentrations of potential phytotoxins declined
over this time period, especially in the fill soil, potentially indicating a remedial effect
with the growth of the study organisms. The baseline represents the original conditions
the plants were grown in, while measurements were taken in soil conditions that were
more equivalent than initial conditions.

Volumetric soil moisture was measured using the HH2 Moisture Meter with
ThetaProbes from Delta-T Devices Ltd. This measurement was taken during the study
period two days after a rainfall event to allow soil to drain. Five measurements were
taken in each plot, one in each corner and one in the center. Soil moisture values were

averaged across all fill and topsoil plots, and both values were found to be normal (20%



and 23% for fill and topsoil, respectively). Because moisture stress is only read at severe
levels with the fluorometer used for stress measurement (see Chlorophyll Fluorescence
Measurements section), moisture stress is not an issue for the study organisms.
Chlorophyll Fluorescence Measurements

Chlorophyll fluorescence is a protective adaptation in response to light incoming
at a rate higher than can be used for photosynthesis. Excess light energy entering
chloroplasts can damage photosynthetic mechanisms and reaction centers (Goss &
Lepetit, 2015), so plants must find a way to dissipate this excess. There are two processes
that deal with this: dissipation as heat, known as nonphotochemical quenching, or
chlorophyll fluorescence. Photosystem Il can be damaged by a variety of environmental
stressors. When photosystem Il is damaged, the amount of light energy it can handle for
photosynthesis drops, and thus the protective mechanisms of NPQ and chlorophyll
fluorescence increase in response (Goss & Lepetit, 2015). Chlorophyll fluorescence
reduces damage by reemitting a photon, which can be measured using a fluorometer
(Maxwell & Johnson, 2000).

Measurements were taken using the Opti-Science Fv/Fm fluorometer. This meter
was selected because it provides a normalized test for chlorophyll fluorescence which
correlates with photosystem Il yield (Schreiber et al., 1995). This measurement was
selected due to its sensitivity to soil chemistry and lack of sensitivity to factors outside
the interest of this study such as heat, cold, and drought, as well as its efficiency in field
measurements.

The normalized ratio Fv/Fm is a simple way to measure chlorophyll fluorescence

in the field. Fm is the maximum fluorescence emitted when PSII is completely saturated



with light energy; Fv is the difference between this maximum value and the baseline
fluorescence being emitted from PSII at the time of measurement (Maxwell & Johnson,
2000). Because maximum fluorescence increases when photosystem Il is under stress, the
Fv/Fm ratio decreases with increasing stress. Smaller Fv/Fm values indicated a more
stressed organism. A value within a range of 0.79-0.84 is considered ideal for plants, with
any values below that range indicating stress (Maxwell & Johnson, 2000).

This method is used for describing the total stress a plant is experiencing and
cannot be used to diagnose specific causes. Environmental stressors this meter can
measure are aluminum (Baker & Rosenqvist, 2004; Joshi & Mohanty, 2004), cadmium
(Baker & Rosengvist, 2004; Joshi & Mohanty, 2004), copper (Baker & Rosenqvist, 2004;
Joshi & Mohanty, 2004), lead (Joshi & Mohanty, 2004), and mercury toxicity (Baker &
Rosenqvist, 2004; Joshi & Mohanty, 2004), light stress, ozone stress (Calatayud,
Pomares, & Barreno, 2006), calcium (Schmitz-Eiberger, Haefs, & Noga, 2002) and
phosphorus (Starck et al., 2000) deficiency, and chlorine imbalance (Zhang et al, 2010).
It can also measure other stressors such as viruses (Balachandran et al., 1997) and insect
larval foot hooks (Hall et al., 2004). The meter will only measure drought (da Silva &
Arrabaca, 2004; Zivcak et al, 2008), nitrogen (Baker & Rosengvist, 2004), sulfur (Baker,
2008), heat (Baker & Rosenqvist, 2004), cold (Ball, Baker, & Bowyer, 1993), and acid
stress (Velikova, Ivanov, & Yordanov, 2002) at severe levels. The meter also does not
measure nickel and zinc stress (Joshi & Mohanty, 2004), and measures NaCl stress in
some plants but not others (Moradi & Ismail, 2007).

Fv/Fm measurements are performed on dark adapted plants to ensure photosystem

Il is relaxed to the same known state. This is to prevent nonphotochemical quenching



(NPQ) from influencing fluorescence. Nonphotochemical quenching is when incoming
light energy is not used for photosynthesis or reemitted by chlorophyll fluorescence, but
emitted as heat (Maxwell & Johnson, 2000). These three processes balance the incoming
solar radiation; if NPQ is high, it will lead to lower chlorophyll fluorescence if the rate of
photosynthesis is held constant (Maxwell & Johnson, 2000). Since NPQ is a response to
high light conditions, it relaxes over time in darkness (Lichtenthaler & Babani, 2004).
There was likely residual NPQ in the plants in my study from chronic photoinhibition
that would need 30-60 hours to fully relax (Lichtenthaler & Babani, 2004), so similar
light history is important to keep the measurements consistent with regard to levels of
residual NPQ. To ensure similar light history, measurements were collected at night,
began at the same time of 3:00AM each night until first light, and were only performed
after a sunny to mostly sunny day. Measurements were taken at the end of the growing
season on established plants, spanning September 20th through October 18th, 2019.
Measurements were completed before first frost. Late season measurements avoid some
of the higher light and moisture stress experienced during the summer months. Three
leaves from three plants per species were measured in each plot, and the youngest non-
diseased mature leaf blades were chosen where applicable. The youngest mature leaf
blades are the best to use for determining nutrient stress (Dutkiewicz, Robinson, &
Reuter, 1997) Values for the three leaves are averaged to the individual before input to

analysis.



Data Analysis

In order to fit the normality assumptions of ANOVA, the data was power
transformed. The boxcox function of the MASS package from Venables and Ripley
(2002) was used to find the lambda value for use in the transformation. A linear mixed-
effects model was created to test for significance within the soil type and weeding regime
factors and to test for interaction, considering species as a random effect, using the nlme
package from Pinheiro et al (2020). A two-way, type 11l ANOVA was run on the linear
model to determine if the soil and weeding factors as well as their interaction were
significant, followed by a Tukey HSD test to determine which of the weeding levels were
significantly different, if any. The Tukey HSD test used was from the R package
agricolae from de Mendiburu (2020). The data was then divided into seeded and
spontaneous species to determine specific effects for each group. A new mixed effect
linear model was made for each sub-dataset and ANOVA was run on both. Eta squared
was then calculated to find the effect size of the soil and weeding factors using the R
package effectsize from Ben-Shachar, Makowski & Liidecke (2020). To visualize the
data, 1 used the gplots package from Gregory R. Warnes et al. (2020) to plot the
untransformed means of the factors and treatment groups.
Results

The only significant difference in treatments found was in the weeding treatment:
weeded plots were more stressed than unweeded and open plots. The soil factor and the
interaction between soil and weeding were not significant. The weeding factor became

insignificant once the data was split into native and nonnative categories, and the soil
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factor remained insignificant for both sub-datasets. All treatments showed signs of some
stress, as all treatment means fell below the optimum Fv/Fm range of 0.79-0.84.
Pre-transformed, plants in all topsoil plots had a mean Fv/Fm value of 0.750
while plants in all fill plots had a mean Fv/Fm value of 0.761. Plants in all weeded plots
had a mean Fv/Fm value of 0.738, all unweeded plots had a mean value of 0.761, and all
open plots had a mean value of 0.763 (Figure 2). Plants in weeded topsoil plots had a
mean Fv/Fm value of 0.743, unweeded topsoil plots had a mean Fv/Fm value of 0.757,
and open topsoil plots had a mean Fv/Fm value of 0.743. Plants in weeded fill plots had a
mean Fv/Fm value of 0.732, unweeded fill plots had a mean Fv/Fm value of 0.767, and

open fill plots had a mean Fv/Fm value of 0.778 (Figure 3). The grand mean of all Fv/Fm

values was 0.756.
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Figure 2: Pre-transformed means of Fv/Fm values measured for (a) the soil type factor
and (b) the weeding regime factor. Lower values indicate higher stress. Bars displayed

are 95% confidence intervals.

Mean Fv.Fm of Fill Plots by Weeding Regime Mean Fv.Fm of Topsoil Plots by Weeding Regime
080 080
0.78 . T 0.78
3 [ s |
L 076 J L 076 . l
E T E
L L |
- - ™ >
“ 074 “ 074
- J
072 072
I I I I I I
c = o c = o
@ @ [ @ @ [
= o B=; = o B=;
© > ] © > ]
£ = £ =
D D
(@) (b)

Figure 3: Pre-transformed means of Fv/Fm values measured for the treatments from
combining the two factors, where (a) is weeding levels for fill plots and (b) is weeding
levels for all topsoil plots. Lower values indicate higher stress. Bars displayed are 95%
confidence intervals.

ANOVA on the mixed effects model, once transformed to fit assumptions of
normality, indicated that while the differences between all topsoil and fill plots are not
statistically significant (p=0.15), at least one of the weeding groups significantly differed

from the others (p=0.016) (Figure 4). The Tukey-HSD test revealed that the weeded plots
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were significantly different from both the unweeded and open plots, which were not

significantly different from each other. There was no significant interaction between

weeding regime and soil type (p=0.21) (Figure 5). The partial eta-squared effect size of

the weeding regime was 0.03, while for soil type it was 0.01.

numDF denDF
(Intercept) 1 269
Soil 1 269
Weeding 2 269
Soil:Weeding 2 289

F-value

184.59661
2.06656
417550
1.55153

p-value

<0001
01517
0.0164
0.2137

Figure 4: ANOVA output table for the mixed effects linear model. Weeding regime was

significant, while soil type and the interaction were not.
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Figure 5: Interaction plot for the soil type and weeding regime factors, using pre-

transformed Fv/Fm values. While the lines are not parallel, the ANOVA found no

significant interaction.
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Following this analysis, the study organisms were broken into groups based on
whether their species was intentionally seeded or was spontaneous. Pre-transformed,
seeded plants had an average Fv/Fm value of 0.746 in topsoil and 0.752 in fill soil;
spontaneous plants had an average Fv/Fm values of 0.754 in topsoil and 0.774 in fill soil
(Figure 6). Seeded plants had an average Fv/Fm value of 0.767 in weeded plots and 0.740
in unweeded plots; spontaneous plants had an average Fv/Fm value of 0.757 in open plots
and 0.777 in unweeded plots (Figure 7). The grand mean of seeded plants was 0.749,

while the grand mean of spontaneous plants was 0.764.

Mean Fv.Fm by Soil Type for Seeded Plants Mean Fv.Fm by Soil Type for Spontanecus Plants
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Figure 6: Pre-transformed means of Fv/Fm values measured for both (a) seeded plants (b)
and spontaneous plants for the soil factor. Lower values indicate higher stress. Bars

displayed are 95% confidence intervals.

14



Mean Fv.Fm by Weeding Regime for Seeded Plants Mean Fv.Fm by Weeding Regime for Spontaneous Plants
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Figure 7: Pre-transformed means of Fv/Fm values measured for both (a) seeded plants (b)
and spontaneous plants for the weeding regime factor. Lower values indicate higher
stress. Bars displayed are 95% confidence intervals.

A mixed effects ANOVA was run on each group of species. The analysis
indicated no statistically significant differences in any factor for both seeded and
spontaneous species (Figure 8). The interaction between weeding regime and soil type
was also not significant for either seeded or spontaneous species (Figure 8). The partial
eta-squared effect size for seeded species was 0.01 for soil and 0.03 for weeding while

for spontaneous species it was 0.02 for soil and 0.02 for weeding.

numDF denDF F-value p-value
(Intercept) 1 15 122.15294 <.0001
Soil 1 15 0.13368 0.7197
Weeding 1 15 0.33657 0.5704
Soil:Weeding 1 15 0.00398 0.9505

15



numDF de_r}I;}F F_:‘L_falue p_—!_.-'a_llue

(Intercept) 1 11 175.90230 <0001
Soil 1 11 0.58705 0.4597
Weeding 1 11 0.36785 0.5565
Scil:Weeding 1 11 0.10059 0.7571

Figure 8: ANOVA tables for seeded species (top) and spontaneous species (bottom).
None of the factors or their interaction were significant for either group.
Discussion

Due to the initial, baseline poor quality of vacant lot fill, | expected that plants
would perform lower in the fill plots than in the topsoil plots. Similarly, | expected the
plants in unweeded plots to perform lower due to increased competition. None of the
treatments yielded average results within the optimal Fv/Fm range, indicating a mild
level of stress throughout the study. This is likely due to the general field conditions, such
as full sun exposure, limiting nutrients, less water than optimal, and potential other
factors. Full sun exposure is likely a large contributor to overall lower values due to its
increase of chronic NPQ (Lichtenthaler & Babani, 2004). Because all of the values fall
below the optimal range, differences between the values are of more interest than the
question of whether they lie within the optimal range or not.

In general, plants in weeded plots tended to have lower Fv/Fm values on average.
This could be due to some type of disturbance of the weeding process, such as root
damage to the study species or removal of beneficial species such as nitrogen fixers.
However, it could also be due to the difference in species composition between weeded,
unweeded, and open plots. The latter two contain weedy species that may weather soil
stressors more effectively than the native species in the weeded plots. However,

examining the means of natives versus nonnatives indicated that there was not a large
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difference in Fv/Fm between native species (average 0.75) and nonnative species
(average 0.76). Because the effect size of the weeding regime is so low, it is likely that
the variation between species is partially responsible for the differences seen in weeding
regime, especially due to the close relation of weeding regime and species present. Fv/Fm
does vary across species (Maxwell & Johnson, 2000), so the difference seen in weeding
regimes could also simply be due to natural variation of PSII functioning between the
study species present in different regimes. Additionally, while the difference between
weeding regimes was statistically significant, it is not necessarily true that a difference of
this magnitude has any biological difference on survival and function. More inquiry into
species’ PSII performance due to weeding regimes is required to better understand this
relationship.

Breaking the species into groups of seeded and spontaneous species yielded no
significant differences in any factor for these groups. The effect of weeding is completely
lost once the data is examined at this level, likely because the weeding effect did simply
stand in for the species effect, and this species effect decreased when the species included
in analysis were limited. The effect size for weeding also remained close to the same
once the species were split up, another indicator that species caused much of the variation
seen in the data, as weeding did not strongly impact either native or spontaneous species.

The lack of significant difference between the topsoil and fill soil plots at all
levels is of particular interest in the context of the shift in soil conditions from the
baseline to the study period. There was a much higher difference in heavy metal
concentrations in the baseline soil, with the baseline fill soil containing 28% more

aluminum, 139% more cadmium, and 56% more copper than baseline topsoil on average,
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though baseline topsoil did have 12% more lead than baseline fill soil on average. While
both soils saw a decrease in metal concentrations across the three year period between the
baseline measurement and the current measurements, metal concentrations in the fill soil
dropped 12% more than in topsoil on average. This narrowing of difference between soil
conditions suggests a remedial effect, which should be explored in future research, but
also could explain the current lack of difference between stress in the two soil types,
given that the soil metals did not cause permanent damage earlier in the study organisms’
lifespan.

If vacant lot fill does depress plants’ performance, especially through early-life
damage to plants before the soil is biologically amended, | would have expected a clear
signal of this across the community, or at least in the native, non-spontaneous species.
The lack of difference between plant stress on vacant lot fill and topsoil points towards
the ability of plants to survive and function in urban vacant land soils similarly to plants
grown in human-amended or natural soils. If plants can grow and function with minimal
soil preparation in vacant lots, less time and capital can be invested in amending their
soils, and native plants can be selected for plantings (Anderson & Minor, 2017). Due to
the lack of difference between soil types as well as the remedial effect seen from baseline
soils, native plants may also have the ability to both tolerate and remediate fill soil’s
conditions, though further inquiry should be made into this issue. Locations such as
vacant lots that experience little to no intervention in plant growth and soil health have
the possibility to contribute to urban greening; this greening can be onsite or by means of
providing additional patches for dispersal into city cores (Rupprecht et al., 2015). This

less-is-more approach to vacant lot management could promote plant well-being through
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time. In turn, increased presence of native plants in urban areas can help contribute to
ecosystem services and promote urban biodiversity (Boger & Mar, 2018; Zufiga-Palacios
et al., 2020). The lack of significant difference between both soil types and weeding
regime for native species provides evidence that perhaps lower quality soil and higher
presence of nonnative species are not as critical of a reason for a drop off in native
biodiversity with increasing urbanization. This is supported by growing evidence that
traits such as mode of dispersal and life history strategy have significant impact on
biodiversity in the urban environment (Aronson et al., 2016; Johnson & Swan, 2014;
Planchuelo, Kowarik, & von der Lippe, 2020). Native species that do have traits that
allow for continued survival in urban areas, such as rapid growth early in life and self-
pollination (Johnson & Swan, 2014), may do just as well as nonnative species in urban
ecosystems. Natives that perform well in urban soil, but don’t disperse in ways best fit for
the urban environment, may require planting, but could survive and thrive once the
dispersal hurdle is overcome.

Because this study did not take place in situ on a vacant lot within city
boundaries, it reflects the impact of soil type and weeding regime alone and does not
necessarily reflect the full mosaic of environmental conditions in the field such as soil
compaction, presence of wastes, the urban heat island effect, differences in water
availability, and others. Further study that can compare in situ treatments will be needed
to further understand plant performance in urban environments. Additionally, more
species-specific studies will be needed in determining whether the lack of effect of soil
type is true for a broader variety of native species, including woody species. Additionally,

threshold studies for determining what Fv/Fm values indicate a species is not going to
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survive or limits its function would be useful for understanding the biological importance
of Fv/Fm as a stress index. Lastly, the remedial effect over time of the study organisms
seen here merits further inquiry into the ability of natives to perform well in and amend
vacant lot backfill across a time period.
Conclusion

Neither soil type nor weeding created a significant difference in plant stress. This
was counter to expectation, as vacant lot fill soil is considered poor quality, a factor in the
urban environment being inhospitable to native plants. Given no significant effect of
vacant lot fill soil or competition from nonnatives on the performance of native species,
the challenges to native plant diversity within cities is likely due to spatial traits, such as
dispersal, or temporal traits, such as life history strategy. Planting and seeding projects on
vacant land aimed at increasing native plant species diversity should consider natives that

may not be present in the city due to dispersal and early life limitations.
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