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Abstract: Naturalization is a relatively new management strategy for green areas within
urban environments. It presents a great opportunity for urban centers to integrate native
species into the landscape. A successful naturalization strategy can significantly reduce city
management costs, promote preservation of local species, restore environmental services and
encourage more members of these communities to embrace naturalization as a desirable
strategy to follow. The information on naturalization that is available for decision makers is
very limited; usually based on previous experiences of urban planners. The most common
approach to urban naturalization is to establish species native to the region. Native species
have specific adaptations to thrive and survive in their natural habitat. By limiting human
intervention and reintroducing native species, an area is eventually naturalized, meaning no
further management of the area is needed for it to become an assemblage of the naturally
occurring landscape. Soils are expected to have a significant role in successful establishment.
The experimental approach undertaken in this research was to stop mowing and to plant with
native species. The current study is assessing how successfully woody native plant species
established in an urban setting using naturalization as a management approach. Soil
treatments included soil tillage and no tillage combined with compost and topsoil
amendments. Plant species were four shrubs and four trees.
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1. Introduction

Naturalization is an alternative landscape management technique where natural processes of plant
colonization and growth are less restricted, allowing the landscape to return to a natural state.
Environmental benefits include increased biodiversity and wildlife use, soil stabilization, improved
ground water recharge, provision of windbreaks for snow capture and dust reduction, reduction of
atmospheric greenhouse gases and cleaner air [12, 3, 6]. Economic benefits include a significant
reduction in maintenance costs such as mowing, irrigation and herbicide use. Quality of life benefits
include landscape beautification, increased green and shady areas for recreation, increased community
awareness of environmental issues and noise reduction by mature plantings [3]. Potential challenges to
naturalization are mainly related to community engagement and education regarding issues with non
native plants in initial stages and increased wildlife.

Naturalization historically focused on planting trees to restore urban forests. However, naturalization
can also occur in urban grasslands and wetlands. It requires careful selection of plant species for
development of an appropriate plant community and to utilize specific soils [11, 9]. Management
strategies must be developed to augment natural successional processes of plant community
development.

While planting native species is an important component of naturalization, it must also address
inherent soil limitations [10, 9, 13]. Compacted soils can prevent root growth and therefore successful
plant establishment and long term development [7]. Naturalization can reduce soil compaction, through
root expansion, increased biological activity and frost heave [1, 8]; subsequently increasing infiltration
rates [2, 6]. Naturalized sites retain leaf litter and woody debris, which decomposes, adding organic
material, which is positively correlated with increased plant available soil water [4, 5]. Naturalization
can result in unrestricted growth of herbaceous understory plants and increased root density in upper soil
horizons [7].

Little scientific research has been conducted on methods to achieve naturalization of urban parklands.
Many of these sites require reclamation to address soil issues and all require revegetation to facilitate
development into a naturalized ecological community. Results of naturalization efforts to date have been
inconsistent.

2. Results and Discussion

After one growing season, most plants were alive and either healthy or stressed; dead and severely
stressed individuals were sparse (Figure 1). Highest mortality occurred in the control treatment and
lowest in the till herbicide and herbicide compost treatments. The highest number of severely stressed
plants were in the control, till compost 20 and till compost 50 treatments.

Death and stress of the plants were attributed mainly to lack of water, anthropogenic disturbance or
wildlife predation. Dead plants were not removed from the site as due to the hardy nature of the native
species used, there is a possibility they may regenerate the next growing season. Stress and severe stress
are considered transitioning stages for the first growing season due to the short period of time since the
planting date and the assessment date.
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Figure 1. Number of plants in each soil treatment that were dead, healthy, stressed, severely
stressed or not found.
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Plant performance was visibly affected by soil treatment (Figure 2). Highest numbers of healthy
plants were found on the herbicide treatment; second highest numbers on till herbicide; and third highest
numbers on compost 100, herbicide compost 100, till, till compost 100 and till herbicide compost.
Lowest numbers of healthy plants were on the control, till compost 50, compost 50 and compost 20. The
highest number of dead plants were clearly found in the control, followed by till compost 20 treatment
(Figure 3). Fewest dead plants were found in the till herbicide and herbicide compost 100 treatments.

The top three treatments for healthy plants directly interfere with the prevailing vegetation on site
prior to new seedlings establishment, either by using herbicide, tillage or a seedless amendment like
compost. This suggests that to establish native species in urban environments, species competitive
attributes need to be taken into consideration to decide which species to plant, and what type of soil
preparation treatment can be adopted to improve establishment.

Individual plant species were affected differently by the soil treatment (Figures 2 and 3). Healthy
spruce, willow, snowberry and balsam poplar plants were least affected by soil treatment, doing equally
well in all of them. Aspen survived best in till herbicide and least in the control and till compost 100.
Healthy chokecherry plants were small in number; growing best in herbicide and least in compost 50,
compost 20, till compost 20 and till herbicide compost 20. Cranberry did best in herbicide and till. Rose
had fewest surviving plants in till compost 50, compost 20 and till compost 20. Health, survival and
mortality were mainly affected by water stress and health of the planting stock at planting.
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Figure 2. Number of healthy plants per species in each soil treatment.
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Figure 3. Number of dead plants per species in each soil treatment.
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3. Methods

In May 2014 six research sites representing the variety of locations where naturalization is adopted
within the City of Edmonton were established. The research sites reflected variability in topography,
management and exposure to urban disturbance. Three flat and three sloped sites were selected.

Each site contains three replicate 10 x 10 m plots, each divided into sixteen randomly allocated 2.5 x
2.5 m subplots. Site preparation consisted of soil tilling, foliar herbicide application, a combination of
tilling and herbicide and no site preparation. Soil amendments were compost (compost 100), a 50:50
mix (by volume) of topsoil and compost (compost 50), an 80:20 mix of topsoil and compost (compost
20) and no amendment.

Rototilling was to a depth of approximately 15 cm with a rear tined, 9 HP hydraulic drive, Power Dog
209. A 1 % solution of Roundup Transorb (540 g L-1 glyphosate) was applied to herbicide plots. A week
later, amendments were applied using a mini steer loader and/or wheel barrow. Amendment was added
to the surface of each plot and spread with shovels to create a 15 cm deep layer.

Planting was conducted the first two weeks of July. Planting stock comprised 4 tree species Picea
glauca (white spruce), Populus tremuloides (trembling aspen), Populus balsamifera (balsam poplar) and
Prunus virginiana (chokeberry); and 4 shrub species Rosa acicularis (wild rose), Symphoricarpos albus
(snowberry), Viburnum trilobum (highbush cranberry) and Salix exigua (coyote willow). Individual
subplots received one plant of each species, for a total of 2304 plants. Plants were randomly located
within subplots, away from the edges and at least 15 cm apart from each other.

Watering was with an irrigation truck, 24 to 48 hours post planting, followed by every 2 to 3 days for
the next two weeks, twice per week for the next four weeks, then once per week until the end of the
growing season. The sites were selectively hand weeded.

Plant health assessments were conducted four times in the growing season, starting two weeks
following planting. They were conducted July 23, August 7 and October 9. Due to differences in
phenology of the plant species a plant health assessment was conducted on August 7. A five point health
scale was used for dead, healthy, not found, stressed and severely stressed plants.

4. Conclusions

After one year, influence of soil treatments is evident on woody species health and mortality. Direct
planting without tillage, herbicide and soil amendments led to highest mortality and severe stress.
Competition from existing vegetation must be controlled to facilitate transplant establishment.

Acknowledgments

Funding provided by NSERC CREATE Program, the Land Reclamation International Graduate
School and the City of Edmonton. Thank you to Travis Kennedy, Karolina Peret, Nicole Fraser, Lesley
Ravell, Sarah Wilkinson, Leanne Mckinnon, Stacy Campbell Court, Alison Murata, Caitlin Low, Valerie
Miller, Jenna Abourizk, Sarah Ficko, Jasmine Lamarre, Hongan Yan, Jason Davidson, Yike Shen,
Xueyang Liu, Robyn Sayer, Martin Robinson, Venesa Whyte, Iraleigh Anderson, Dustin Bilyk, Kelly
Bakken, Brent Hamilton, Danny Petryliak and City of Edmonton spraying and planting crews



Proceedings of the 8th Conf. Int. Forum Urban. D001

Conflict of Interest

The authors declare no conflict of interest.

References and Notes

10.

11.

12.

13.

Alakukku, L.; Persistence of soil compaction due to high axle load traffic: long term effects on
properties of fine textured and organic soils. Soil and Tillage Research 1996, 37, 223-238.

Beven, K. and P. Germann.; Macropores and water flow in soils. Water Resources Research 1982,
18, 1311-1325.

Chiesura, A.; The role of urban parks for the sustainable city. Landscape and Urban Planning 2004,
68, 129-138.

Craul, P.J.; A description of urban soils and their desired characteristics. Journal of Arboriculture
1985, 11, 330-339.

Gomez A, R.F. Powers, M.J. Singer and W.R. Horwath.; Soil compaction effects on growth of
young ponderosa pine following litter removal in California’s Sierra Nevada. Soil Science Society
of America Journal 2002, 66, 1334-1343.

Millard, A. Indigenous and spontaneous vegetation: their relationship to urban development in the
city of Leeds, UK. Urban Forestry and Urban Greening 2004, 3, 39-47.

Millwood, A.A., K. Paudel and S.E. Briggs.; Naturalization as a strategy for improving soil physical
characteristics in a forested urban park. Urban Ecosystems 2011, 14,261-278.

Niwa G, R.W. Peck and T.R. Torgersen.; Soil, litter, and coarse woody debris habitats for
arthropods in eastern Oregon and Washington. Northwest Science 2001, 75, 141-148
Pavao-Zuckerman, M.A.; The nature of urban soils and their role in ecological restoration in cities.
Restoration Ecology 2008, 16, 642-649.

Pollak, L.; The landscape for urban reclamation - infrastructures for the everyday space that includes
nature. Lotus International 2006, 128, 32-45.

Saebo, A., T. Benedikz and T.B. Randrup.; Selection of trees for urban forestry in the Nordic
countries. Urban Forestry and Urban Greening 2003, 2, 101-114

Savard, J-P.L., P. Clergeau and G. Mennechez.; Biodiversity concepts and urban ecosystems.
Landscape and Urban Planning 2000, 48, 131-142.

Schaefer, V. Alien invasions, ecological restoration in cities and the loss of ecological memory.
Restoration Ecology 2009, 17, 171-176.

© 2015 by the authors; licensee MDPI and IFoU, This article is an open access article distributed under
the terms and conditions of the Creative Commons Attribution license.



