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14.1 Introduction
Around the world, agricultural and undisturbed native soils continue to be transformed

by urbanization (Seto et al., 2011; FAO and ITPS, 2015; Li et al., 2018b). In the

United States, states have lost, on average, more than 6% and 48% of their highly and

moderately highly food-producing soils, respectively, to urban land uses, with losses in

some states—including food-producing “breadbasket” ones—of more than 30% and

70%, respectively (Nizeyimana et al., 2001). In Sub-Saharan Africa, Muchelo (2017)

estimated that urban landscapes replaced .74% of high-quality agricultural land

between 1989 and 2015. Such soil-transformation trends are predicted to continue for

the foreseeable future, raising concerns—if not alarm—about the future of society’s

“soil security” (Koch et al., 2013), and the abilities of scientists, land managers, and

policy makers to respond to such threats (Lawler et al., 2014; Amundson et al., 2015;

FAO and ITPS, 2015; Smith et al., 2016; Field et al., 2016). In addition, urbanization,

alongside continued agriculturally-driven conversion of native ecosystems, has been

found to threaten unique soil types with “extinction.” This has caused soil scientists to

call for conserving the Earth’s pedodiversity, including 4540 rare and 508 endangered

soil series in the United States (where 31 soil series have already become extinct)

(Amundson et al., 2003; Tennesen, 2014).

In addition to decreasing pedodiversity, historical and current human activities inter-

act to alter urban “brown infrastructure” (Szlavecz et al., 2018) in ways that affect its

ability to provide the ecosystem services (e.g., nutrient cycling, water regulation, sup-

porting plants) that enhance the well-being of urban residents (Elmqvist et al., 2015;

Pavao-Zuckerman and Pouyat, 2017). Because many human activities negatively

impact urban soils, these soils are often stereotyped as “degraded” due to reductions in

their ecosystem services and increased generation of ecosystem disservices (Szlavecz

et al., 2018). Though there is no doubt that urbanization harms soils in significant

ways, many studies have revealed that degradation is not universal and that some urban

soils do provide ecosystem services to varying degrees. As such, it is better to view

urban soils in a spatially explicit, site-specific way with soil patches existing along a
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gradient, ranging from no or low (as in native ecosystem remnants) to severe degrada-

tion (as in industrially polluted sites) (sensu Baer et al., 2012). Given this tension

between possible degradation and potential to contribute needed ecosystem services,

the ecology of urban soils and their service-providing relationships to humans are

“growing concerns” for science and society in a continuously urbanizing Anthropocene

(De Kimpe and Morel, 2000).

These concerns related to urbanization of soils—loss of prime agricultural

land, soil endangerment and extinction, reduced ecosystem services—motivate

examination of ways to conserve and manage urban soils to improve the quality

and sustainability of urban social-ecosystems and, by extension, surrounding

regions and the earth system. To this end, a focal question is, how can degraded

urban soils be restored (from any level of degradation to any degree of improve-

ment) to help preserve Earth’s pedo- and soil-biological diversity and improve the

ecosystem services that support the well-being and security of urban residents?

Advances toward an answer to this question have begun but remain embryonic

(Crossman et al., 2007; Pavao-Zuckerman, 2008; Sloan et al., 2012; da Silva et al.,

2018), despite increased study of urban ecosystems, urban soils, and their ecosys-

tem services over the past several decades (e.g., Pavao-Zuckerman and Byrne,

2009; Elmqvist et al., 2015; Pickett et al., 2016; Setälä et al., 2014; Herrmann

et al., 2017; Lepczyk et al., 2017; Anne et al., 2018). The lack of urban soil restora-

tion knowledge is due, in part, to the fact that restoration ecologists have only

recently begun placing formal, systematic emphasis on the need to consider soils

(Heneghan et al., 2008; Baer et al., 2012; Moorhead, 2015; Perring et al., 2015)

and urban systems as part of their research and practice (Lindig-Cisneros and

Zedler, 2000; Gobster, 2001; Handel et al., 2013; Sack, 2013; Standish et al., 2013;

Perring et al., 2015; Norris et al., 2017). (Reflecting this, a search at https://scholar.

google.com/ for “urban soil restoration” with quotation marks only returned eight

references in July 2020. In contrast, similar searches revealed that substantially

more work has been done about urban wetland and aquatic ecosystem restoration

(e.g., Windham et al. 2004, Bernhardt and Palmer 2007). Awareness is also grow-

ing about the need to consider sociocultural and landscape-scale variables as part of

effective restoration work (Holl et al., 2003; Moreira et al., 2006; Menz et al.,

2013; Hobbs et al., 2014; Perring et al., 2015; Aronson et al., 2017; Jellinek et al.,

2019). These should also inform urban soil restoration, given that urban soils are

impacted by socioculturally-driven decisions and are embedded in complex mosaics

of highly heterogenous land uses and covers (Byrne et al., 2008; Pickett and

Cadenasso, 2009; Ossola and Livesley, 2016; Lepczyk et al., 2017).

The goal of this chapter is to provide a summative overview of topics (derived

from a primary literature review) that frame urban soil restoration, especially

those pertaining to managing and improving urban ecosystem services from a

landscape perspective. By necessity, a landscape perspective includes examining

patch-level management (e.g., in parcels of ,1 ha), since the characteristics of a

landscape mosaic arise from the emergent, interacting characteristics of its

patches and, in turn, the landscape mosaic affects site-specific conditions and
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management needs. Given this feedback relationship, restoring individual urban

soil patches is integral to landscape-scale restoration. For the patch-level, topics

to be examined include causes and consequences of urban soil degradation; key

methods for improving soil conditions (focusing on compaction, organic matter,

and pollutants); the creation of manufactured soils; and other biotic and ecological

community factors that affect restoration outcomes. Regarding landscape and

sociocultural contexts of urban restoration projects, two concluding sections dis-

cuss the complex challenges of planning and managing cultural landscapes and

the need for stakeholder engagement and education efforts to help ensure success-

ful outcomes.

Before examining those core topics, it is useful, and probably necessary, to

first briefly address a question that arose during my literature review: what

exactly does soil restoration “mean” in the context of urbanized landscapes? This

question was inspired by current debates about the definition and standards of

ecological restoration more generally. Though largely a philosophical and seman-

tic concern, these debates relate to restoration ecology’s formal scholarship per-

taining to human-dominated landscapes and have direct implications for a second

critical question: To what degree is urban soil restoration possible and practical?

By addressing these issues explicitly, I hope to illustrate how urban soil restora-

tion fits easily—and perhaps should even be central to—restoration science and

practice in the Anthropocene.

14.2 What is urban soil restoration and is it possible?
Traditionally, a central goal of ecological restoration has been to return ecosystems to

a historical baseline state that existed before degradation (i.e., restoration sensu stric-

to; Sack, 2013; Balaguer et al., 2014). Though a worthy goal that has guided success-

ful projects, its practicality, utility, and relevance—including for soil (Baer et al.,

2012) and urban restoration (Handel et al., 2013; Zeunert, 2013; Norris et al.,

2017)—have been increasingly called into question. Main concerns, among others,

include the impossibility in many cases of defining a relevant historical system, the

severity and scale of degradation (e.g., due to establishment of invasive species),

and the rapid pace of anthropogenically driven environmental changes, all of which

can prevent the reestablishment of historical conditions (Seastadt et al, 2008; Suding,

2011; Hobbs et al., 2014). These concerns have led to calls for expanding the scope,

flexibility, and goals of restoration (especially in urban landscapes) to include novel

and engineered ecosystems, ecosystem services and other socioculturally-focused out-

comes (such as cultural landscapes, education, and aesthetics), an approach I will call

integrated socioecological restoration to connote this broader, transdisciplinary

approach (Suding, 2011; Handel et al., 2013; Sack, 2013; Standish et al., 2013;

Hobbs et al., 2013, 2014; Balaguer et al., 2014; Zeunert, 2013; Perring et al., 2015;

Higgs et al., 2018; Jellinek et al., 2019). Replying to such calls, Aronson et al. (2018)

countered that ecological restoration should remain defined sensu stricto (reflecting
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the Society for Ecological Restoration’s 2016 standards which they cite), while other

“restorative activities” for “creating or repairing human-made systems designed to

meet short-term human needs and desires” (p. 916) should be called rehabilitation,

reclamation, ecological engineering, or landscape design. Though I am sympathetic

to sensu stricto restoration and support its goals in certain contexts, I propose (as

have others; see Stanturf et al. Chapter 1, this volume) that an integrated social-

ecological systems view is more realistic and appropriate for examining urban land-

scapes. As such, in this chapter “restoration” is used in a holistic sense to encompass

all approaches within the “family of restorative activities” that are used to achieve

diverse sociocultural and ecological outcomes (sensu Aronson et al., 2017).

Nonetheless, briefly thinking about urban soil restoration in the sensu stricto

sense is innovative and exciting, perhaps a soil restorationist’s dream. It could be

a way to reestablish soils that have become extinct or endangered by urbanization,

thereby conserving pedodiversity and soil biodiversity (Parker, 2010; Ibanez

et al., 2012; Tennesen, 2014). If resources could be secured to attempt this, it

would be fun, educational, and newsworthy to try, even if using a common soil

type as the reference. Such a project, especially “resurrecting” an extinct soil

(Amundson et al., 2003), would be an excellent “proof of concept” demonstration

project and novel way to test ecological theories through restoration (i.e.,

Bradshaw’s (1987) infamous acid test; also see Pavao-Zuckerman and Byrne,

2009). On the other hand, this prospect is nightmarish, perhaps a fool’s errand. In

extremely altered urban soils and landscapes, the challenges of sensu stricto resto-

ration might be insurmountable in nearly all situations (Pavao-Zuckerman, 2008).

The duration of many urban settlements (hundreds to thousands of years) compli-

cates the notion of what a historical reference for some urban soils would even

be. For example, in a small Scottish town Davidson et al. (2006) found that a

1-m-deep layer of human-deposited organic wastes from B200 to 400 years later

was still present in the contemporary topsoil. Such severe alterations create lega-

cies (or “memories” sensu Moreira et al., 2006) that are virtually unrestorable,

including long-established non-native earthworm populations (Boyer et al., 2016)

and elevated nutrient loads (Lewis et al., 2006). (Rather than be restored, perhaps

these anthrosols should be valued and conserved as contributions to the Earth’s

pedodiversity.) In addition, evidence-based restoration practices to reverse

degradation (e.g., adding organic matter; see Section 14.4) can place soils on a

trajectory to become more dissimilar, rather than more similar, to historical

counterparts. The urban sociocultural context may also preclude the goal of

soil restoration sensu stricto because historical soils may not provide desired

services (which could be why they have been altered; Moreira et al., 2006).

Finally, given that soils (especially their profiles) form over a long time

through complex interactions among soil formation factors—for which the

“ecological past is extinct” (Handel et al., 2013: 694)—it seems impossible to

think that attempts at urban soil restoration sensu stricto would be successful,

at least on human timescales. These challenges may explain why I did not find

evidence of any projects that explicitly identified this goal (including outside
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the primary literature) and why it will not be considered as an outcome for the

restoration methods discussed later.

In contrast, a more meaningful, impactful—and possible—future for urban

soil restoration, especially at landscape scales, is to be found through the lens of

integrated socioecological restoration. Using this approach, urban soil restoration

is highly desirable for a range of pragmatic, landscape-level sociocultural goals

(including the traditional goal of reestablishing native biodiversity) (Pavao-

Zuckerman, 2008; Handel et al., 2013; Perring et al., 2013; Standish et al., 2013).

This broader perspective applies well to “novel urban soil ecosystems” which

need novel management goals that may preclude recreating historical, preurban

soil conditions (Pavao-Zuckerman, 2008; Seastadt et al., 2008; Perring et al.,

2013; Standish et al., 2013; Hobbs et al., 2014; Zeunert, 2013; Egerer et al.,

2018). Instead, restoration in urban contexts will often lead to different, but pre-

ferred, systems that include nonnative species, are sustainable and resilient (i.e.,

require no or fewer management inputs, especially after disturbances) and achieve

desired social-ecological goals (e.g., enhanced aesthetics, carbon sequestration,

and water, temperature and pest regulation; Elmqvist et al., 2015; Zeunert, 2013).

One such goal that integrated socioecological urban soil restoration can embrace

is that of reconciliation ecology, which seeks to manage human-dominated land-

scapes in ways that allow desirable species to co-inhabit them (Lundholm and

Richardson, 2010). To such ends, a broader restoration framework allows for

choosing plant species that can survive and reproduce in urban soils, even if they

are non-native, rather than trying to restore soils to support historical plant com-

munities (which the current urban context may prevent anyway; e.g.,

Hitchmough, 2008; Perring et al., 2015; Fischer et al., 2013). Using this broader

definition, restored urban soils are a means to other ends (including ecosystem

services and human well-being), rather than the restoration ends themselves (as

suggested by the sensu stricto definition).

In this holistic, transdisciplinary spirit, I suggest the following definition for

“urban soil restoration”: the science and practice of managing urban soils to achieve

integrated social-ecological goals for improving the sustainability of urban cultural

landscapes and well-being of urban citizens and desired biodiversity. Though this def-

inition does not align directly with restoration sensu stricto, it does not preclude such

goals nor ignore the consideration of restoring soils and their biodiversity simply for

their own sakes. Instead, it provides valuable flexibility (Higgs et al., 2018) that

allows for using the word in ways that create more options for diverse social-

ecological goals, thereby fostering productive collaborations among urban ecologists,

planners, policy makers, and the public (Standish et al., 2013). It achieves this by

accepting�even enthusiastically embracing-the reality that many urban habitats are

permanently novel, some intentionally so; that people have diverse motivations and

desires for managing urban landscapes; and that restorationists have a responsibility

to help improve the well-being of urban societies. The following six sections high-

light concerns and methods that inform the science and practice of integrated socioe-

cological urban soil restoration.
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14.3 Causes and consequences of urban soil degradation
Urbanization alters soil characteristics in many direct and indirect ways (Byrne,

2007; Byrne et al., 2008; Pavao-Zuckerman, 2008; Pickett and Cadenasso, 2009;

Sloan et al., 2012). For instance, Herrmann et al. (2018) found that urbanization sub-

stantially modified soil profiles by deepening A horizons and eliminating B horizons.

Such structural alterations are attributable to a suite of first-order causes of soil degra-

dation associated with creating and managing urban infrastructure (including gray,

green and blue varieties; see Li et al., 2017): scraping, removing, mixing, transport-

ing, storing, replacing, and grading soils with heavy machinery (Fig. 14.1). Such

activities degrade soil in many ways but especially through reduced OM (due to

disturbance-induced decomposition; Chen et al., 2013, 2014) and compaction (but

not always: see Edmondson et al., 2011). Often, subsoil is exposed or excavated and

used to replace (or cover) original topsoil which reduces the quality of the new sur-

face soil (Cheng and Grewal, 2009; Fig. 14.2A). Erosion caused by construction

(Fig. 14.1D) and sealing with impervious surfaces also contribute to the physico-

chemical degradation of soils (Scalenghe and Marsan, 2009; Szlavecz et al., 2018),

especially through loss of OM and nutrients (e.g., Jimenez et al., 2013; Raciti et al.,

2012). These changes, alongside the addition of materials (e.g., intentionally as fill,

via littering, left-behind byproducts of construction) such as bricks, gravel, broken-up

concrete (Fig. 14.1C), dredged waterway sediments and other wastes (which may be

challenging or impossible to remove during restoration work), create unique anthro-

sols that are often assessed as degraded compared to preurban soils due to properties

that reduce their service-providing abilities (Meuser, 2010; Brose et al., 2016).

Second-order soil degradation occurs within urbanized landscapes via human activi-

ties that generate a variety of pollutants (e.g., heavy metals, fossil fuels, organic mole-

cules such as PAHs and PCBs, excess nitrogen, salts). Common causes include industrial

manufacturing (spills and wastes), transportation (spills and combustion of gasoline), and

creation, management, deterioration, and disposal of infrastructure and other products

(e.g., flaking lead-based paint; concrete erosion; treated wood; applying deicing salts to

paved surfaces; waste dump sites; Figs. 14.1F and 14.3) (reviewed by Marcotullio et al.,

2008; Meuser, 2010; Menefee and Hettiarachchi, 2017; Duarte et al., 2018; Li et al.,

2018a). Heavy metals can also come from natural parent materials (bedrock) which cre-

ates a background level that is important to quantify because it can contribute to exceed-

ing health risk thresholds when anthropogenic sources are added (Thomas and

Lavkulich, 2015).

At smaller scales, management and recreation activities can degrade soil prop-

erties through fertilizer and pesticide applications, repeated lawn mowing, exces-

sive human foot traffic (Fig. 14.1F) and removing detritus (e.g., lawn clippings,

fallen tree leaves), all of which can also disrupt food webs and nutrient cycles. To

counter these ecological changes, composts, biosolids, and mulches are often used

as soil amendments (Fig. 14.2B; see next section). However, depending on their

source, application rate and how they were processed, they may cause problems
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such as hydrophobicity, excessive nutrient loads, and introduced contaminants

such as weed seeds, pathogens, salts (from food wastes), pharmaceuticals, and

heavy metals (e.g., from sewage pipes) (De Miguel et al., 1998; Meuser, 2010;

Sloan et al., 2012; Basta et al., 2016; Egendorf et al., 2018).

Urbanization-driven soil degradation has many consequences for biodiversity,

ecosystem services, human well-being, and urban sustainability (reviewed in

FIGURE 14.1

Many activities in urbanized landscapes degrade soils including small-scale construction

projects in which machinery (A) digs up and (B) scrapes soils, and (C) compacts and

covers soils with rocks and concrete. (D) Such construction activities can lead to soil

erosion even when steps (like barriers) are taken to try to protect soils. (E) Soil excavated

from construction sites is often saved for later use (as in this 10-m-high pile). (F) After

construction, human activities such as walking and applying deicing salts to sidewalks can

interact to further degrade soils.

Courtesy of the author except (D) which is courtesy of Mac Callaham.
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Pavao-Zuckerman and Pouyat, 2017; Szlavecz et al., 2018). For example, com-

paction can prevent certain organisms from surviving (e.g., cicadas, Moriyama

and Numata, 2015) and reduces stormwater infiltration (e.g., Mohammadshirazi

et al., 2016). Chemical contaminants can alter soil communities, affect plant

health, and raise concerns for consuming food from urban gardens (though this

risk, especially for lead, is generally perceived to be low and can be remediated,

see Section 14.5; Henry et al., 2015). The multivariate causes and consequences

of urbanizing soils lead to the general perception that urban soils are “degraded”

and need management to improve them. Though often true, it is essential to note that

FIGURE 14.2

Urban soil profiles and properties are often altered by human activities. (A) Subsoils which

have more clay content and less organic matter (and are lighter in color) spread over

topsoil (which is darker due to more organic matter) create unique urban profile

discontinuities (arrow) and degraded surface soils that need restoration. (B) Restoration

goals can be pursued through inputs of organic matter such as bagged soil blendsand

manure, and wood mulch. (C) The ingredients listed on a bag of “topsoil” indicate its

human-derived origin and reflect the need to consider the origins of restoration

amendments to ensure desired outcomes. (D) Vegetable and ornamental gardens are

places where landscape management activities such as organic matter inputs can help

restore the urban soil landscape.

Courtesy of the author.
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this should not be assumed for all urban soils, which are highly heterogenous; many,

including unmanaged ones, have good quality and are able to support high biodiver-

sity and provide valuable ecosystem services (Herrmann et al., 2017; Joimel et al.,

2017; Szlavecz et al., 2018; Singh et al., 2019), including protecting waterways and

humans from pollutants (e.g., Setälä et al., 2017). As such, site-specific evaluation is

essential (though challenging because of resources needed for detailed analyses) to

determine if urban soils in a location need restoration interventions (Pavao-

Zuckerman, 2008; Montgomery et al., 2016; Anne et al., 2018). When they do, some

of the approaches reviewed in the following sections may be appropriate.

14.4 Decompacting and adding organic matter
In many situations the most likely first steps to restore degraded urban soils

are decompaction to decrease bulk density and replace lost nutrients by adding

organic matter (OM), both of which will increase plant success. Often, these

two treatments have been applied and studied in combination because decom-

paction methods can simultaneously integrate OM into the soil and OM helps

improve soil aggregation that can maintain lowered bulk density and prevent

re-compaction. Though practical, this makes it difficult to separate the effects

of the two factors on restoration outcomes from each other. Further, the vast

literature about these methods (including studies about agricultural systems

that can inform urban projects, e.g., Tejada et al., 2009) is complicated by

large variation in study systems (e.g., gardens, industrial sites, vacant lots, for-

ests), experimental methods, and dependent variables. As such, the goal here

is not a detailed review but rather to briefly synthesize previous studies that

have examined whether these two steps can improve urban soils.

FIGURE 14.3

Knowing the history of land uses in a location can inform restoration projects. For

example, soils under (A) scrap yards and (B) abandoned gas stations may need additional

analyses for specific contaminants to determine whether remediation efforts are needed to

make the soils suitable for other uses.

Courtesy of the author.
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Decompaction methods break apart volumes of soil to create pore spaces for

water, air, and organism movement, including root growth. Methods range from

shallow rototilling to deeper “ripping” or fracturing which involves digging up

and dropping soil in large volumes which is part of the “scoop and dump” and

“profile rebuilding” methods (Sax et al., 2017). Mohammadshirazi et al. (2016)

found that 15-cm deep tilling reduced bulk density and by itself increased water

infiltration by 19�33 times relative to compacted soil and reduced erosion by

60%�82%; adding compost did not change these values. Other studies have simi-

larly observed bulk density reductions with decompaction methods alone but also

found that adding OM reduced it further with better outcomes for water infiltra-

tion and tree growth; however, results varied across tillage depth, soil types, loca-

tions, and species (e.g., Olson et al., 2013; Chen et al., 2014; Layman et al.,

2016; McGrath and Henry, 2016; Somerville et al., 2018). In contrast, Loper

et al. (2010) concluded from their experiment that tillage was not needed because

it did not enhance restoration benefits compared to only adding OM. As such, the

benefits of tilling as a standalone method appear to be useful only in some condi-

tions (Somerville et al., 2018). One of those may be repairing severely compacted

soils exposed after the removal of impervious surfaces (using a deeper tilling

method named “suburban subsoiling” by Schwartz and Smith, 2016). Additional

research to elucidate this context-dependency and isolate the effects of decompac-

tion apart from OM inputs are needed to guide efficient and effective urban soil

restoration.

Adding OM to degraded soils provides food for organisms (especially microbes)

who can help create favorable soil conditions through their contributions to aggregate

formation and soil fertility (e.g., via nitrogen mineralization). Studies have examined

a diversity of OM amendments including compost created from dairy cow manure

and municipal food and yard wastes; biosolids made from human sewage wastes;

biochar (burned OM of all types); and blends that incorporate any combination of

those materials, sometimes with chipped wood (e.g., sawdust), sand, or sediments

dredged from water bodies (Fig. 14.2B and C). Regardless of OM type, nearly all

studies have found consistently significant and positive results of OM additions on

physicochemical and biotic variables, including fertility levels, microbes, earthworms,

and plant health and growth (Loschinkohl and Boehm, 2001; McIvor et al., 2012;

Chen et al., 2013; Scharenbroch et al., 2013; Oldfield et al., 2014, 2015; Carlson

et al., 2015; Basta et al., 2016; Beniston et al., 2016; Badzmierowski et al., 2019;

also see relevant studies cited above). Though most studies incorporate OM into the

soil, leaving it on the surface (as mulch) is a lower cost strategy that can also have

positive effects (Sæbø and Ferrini, 2006; Byrne et al., 2008; Scharenbroch, 2009).

This includes leaving lawn clippings and fallen tree leaves on the soil surface as in

situ OM additions which can also help protect and improve the sustainability of urban

soils and landscapes through reduced management inputs (e.g., Knot et al., 2017).

The above-cited studies have revealed variation among OM types in the

degree and duration of their effects and contextual factors (e.g., soil texture, plant

species) that impact results (also see Weindorf et al., 2006; Alvarez-Campos and
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Evanylo, 2019). For example, Iannone et al. (2013) tried using shredded OM from

an invasive shrub to prevent its continued invasion in urban forests but it did not

work. Thus any and all OM amendments cannot be assumed to provide universal

solutions as some may work better than others in certain situations (Sæbø and

Ferrini, 2006; Larney and Angers, 2012; Scharenbroch et al., 2013; Basta et al.,

2016). Efficacy of OM inputs is also related to their quantity and quality (i.e.,

chemical composition) which may have negative impacts on soil fertility (e.g.,

high C:N causing nitrogen immobilization; Cogger, 2005), water quality (Sloan

et al., 2012), and accumulation of introduced contaminants (see previous section).

Therefore some caution is warranted about type of OM to use, how much to apply

and the method of application, especially to reduce landscape-scale risks of large-

scale applications (e.g., Egendorf et al., 2018). Nonetheless, in many, if not most,

situations, available evidence indicates that the benefits of OM additions outweigh

the risks and that adding OM improves degraded urban soils in many ways (a

conclusion supported by the previous reviews of Cogger, 2005; Scharenbroch,

2009; Larney and Angers, 2012). However, as Oldfield et al. (2015) found, the

benefits of OM amendments can take several years to appear, so, as with any res-

toration project, patience may be needed to see results. Research frontiers include

application rates needed to achieve desired outcomes (Alvarez-Campos and

Evanylo, 2019); how long benefits persist; how soil biodiversity and ecosystem

services (e.g., carbon sequestration) are impacted over the short and long term;

and whether repeated OM amendments can further enhance restoration improve-

ments (Scharenbroch, 2009; Sloan et al., 2012; Doroski et al., 2018). An unex-

plored question is whether there are situations in which OM amendments would

create ecosystem disservices, as in soils already prone to prolonged water satura-

tion (e.g., clayey, low-lying) where OM may interfere with favorable drainage.

14.5 Remediating pollution
Alongside compaction and OM levels, a third major concern about urban soils is

the contaminants they may contain. This issue has been studied extensively in cit-

ies and regions around the world because of its relevance for human health and

water quality; perhaps more is known about pollutants than any other urban soil

variable. However, making generalizations about patterns of urban soil pollution

is challenging (if not impossible) given the high levels of (often fine-scale) spatial

variation that has been documented (e.g., Delbecque and Verdoodt, 2016;

Paltseva et al., 2018). Site-specific assessment is needed to determine what reme-

diation, if any, is needed at a site, which can be frustrating given the resources

needed for detailed analyses. Knowing as much as possible about the historical

land use and cover is useful to guide decisions about which pollutants to focus on

(Fig. 14.3; Delbecque and Verdoodt, 2016). Such decisions may also be informed

by information from previous research that is briefly reviewed in this section

(also see Meuser, 2013 and references in Section 14.3).
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Remediating soil pollutants is often a necessary prerequisite to establishing

plant communities. However, some polluted sites can support spontaneous and

installed vegetation without remediation; such flora may help advance restoration

and reduce the need for other interventions by improving soil conditions, in part

through facilitating development of microbial communities that can degrade

organic pollutants (e.g., PAHs) and improve soils in other ways, thereby facilitat-

ing further establishment of vegetation (Krumins et al., 2015; Pregitzer et al.,

2016; Menefee and Hettiarachchi, 2017; Singh et al., 2019). Such phyto- and bio-

remediation approaches (Song et al., 2019, see Section 14.7) may be efficient

ways to detoxify or immobilize certain pollutants as the ecosystem undergoes suc-

cessional changes such as accumulating soil OM, which can increase the efficacy

of phytoremediation (e.g., Chirakkara and Reddy, 2015).

Unfortunately, some soil pollutants cannot be bioremediated (Menefee and

Hettiarachchi, 2017), which necessitates other intervention approaches. Ex situ

remediation—removing soils from the original site to clean or dispose of them

elsewhere—is a well-established method, as is the in situ approach of covering

(capping) contaminated soils with layers of clean soil (Laidlaw et al., 2017). In

many situations these are likely to be impractical and cost-prohibitive and there-

fore only used in extreme cases so they will not be reviewed further (for more see

Liu et al., 2018). After soil removal or capping, the installation of constructed (or

engineered) soils may be an effective way to restore parts of urban landscapes, an

emerging approach that will be discussed in Section 14.6.

In contrast to ex situ, in situ remediation methods are more amenable to many

restoration efforts as might be desired for urban community gardens, vacant lots,

parks, and small parcels impacted by industrial activities or gray infrastructure

(Fig. 14.3; Liu et al., 2018). Research to refine methods and develop new ones

(e.g., using electrical currents, nanoparticles, and surfactants) show promise for

enhancing future success of pollution remediation (Caliman et al., 2011; Mao et al.,

2015; Liu et al., 2018; Xu et al., 2019; Song et al., 2019). Currently, substantial

research indicates that organic and inorganic amendments—including composts,

biosolids, biochar, lime, clay, and materials containing phosphorus and iron—work

well to remediate many (but not all) key pollutants, including lead, cadmium,

PAHs, and pesticides (Meuser, 2013; Henry et al., 2015; Kargar et al., 2015;

Kästner and Miltner, 2016; Morillo and Villaverde, 2017; Obrycki et al., 2017;

Lwin et al., 2018; Menefee and Hettiarachchi, 2017). Amendments work in several

ways, including dilution which reduces the per-volume concentration and surface

binding (immobilization) which makes pollutants biologically unavailable, both of

which reduce plant uptake and human health risks (Liu et al., 2018; Menefee and

Hettiarachchi, 2017; Song et al., 2019). Many authors have concluded that, espe-

cially with such remediation, the environmental and health risks of lead, for exam-

ple, in urban soils is very low (e.g., Henry et al., 2015; Brown et al., 2016;

Menefee and Hettiarachchi, 2017). As such, amendments, especially OM and phos-

phates, are being used to remediate pollutants in urban vegetable garden soils (e.g.,

Henry et al., 2015; Paltseva et al., 2018).
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Though scientific understanding has progressed rapidly, challenges and con-

cerns with remediation via amendments remain. The efficacy of amendments var-

ies from soil to soil because texture, pH, biota, interactions with co-contaminants,

and properties of organic amendments (e.g., compost age) can affect the immobi-

lization of manypollutants, including through interactions among such variables

(Henry et al., 2015; Ye et al., 2017; Basta et al., 2016 Huang et al., 2016; Song

et al., 2019). Further, since immobilization does not actually remove pollutants

from the site, they could become problematic in the future (Lwin et al., 2018;

Song et al., 2019). For human health, contaminants remaining in the soil create

some risks because of possible soil ingestion via hand-to-mouth transfer (espe-

cially by children) and from dust that is inhaled or deposited onto food crops and

in buildings (Henry et al., 2015; Brown et al., 2016; Laidlaw et al., 2017;

Paltseva et al., 2018). [This may relate to the finding by Laidlaw et al. (2017)

that a reduction in soil lead levels, due to flooding, was correlated with reductions

in children’s blood levels in New Orleans, LA.] Finally, as noted, the need for

site-specific data about soil conditions and resources for such analyses (including

expert consultation) present obstacles to evidence-based decision-making about

soil remediation. Even when sufficient data are available, urban restoration pro-

jects will be challenged by the many unknowns about how the complex, often

unique, combinations of soil conditions and contaminants across urban landscapes

will affect remediation results.

14.6 Manufacturing soils and greening roofs
In some urban locations, high-quality soil is wanted where it was removed (e.g.,

to deal with contamination or for construction of basements, swimming pools,

pavement, gardens, and other infrastructure) and/or could not form naturally on

human-timescales (e.g., over trash dumps, within densely paved areas, on roofs)

(Fig. 14.4A�E). Creating soils de novo for such places can be viewed as a form

of urban soil restoration because doing so will improve the landscape’s abilities

to provide associated ecosystem services, especially by increasing permeable sur-

face area. These manufactured soils—also called Technosols and constructed,

designed, or engineered soils—have unique properties that are usually dictated by

specific “recipes” comprising varied mixtures of “growing material” (OM) and

“structural material” (inorganic sediments such as rocks and crushed bricks) for

management goals such as supporting trees (Fig. 14.4A) and rapid stormwater

infiltration as in rain gardens (Fig. 14.4B) (Sloan et al., 2012; Yilmaz et al.,

2018). Though knowledge about their development and function remain in its

infancy, foundational research has revealed that their pedogenesis processes (e.g.,

aggregate formation, clay illuviation) and properties are affected by interactions

among the materials used to create them and other soil formation factors, includ-

ing precipitation and the biota that colonize them (Handel et al., 1997; Badin

et al., 2009; Scharenbroch and Johnston, 2011; Hafeez et al., 2012; Huot et al.,
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FIGURE 14.4

Restored soil patches in urbanized landscapes include those created for purposes such

as (A) supporting street tree, (B) creating rain gardens in parking lots, (C) establishing

green roofs, (D) filling in swimming pools, and (E) creating raised beds in community

vegetable gardens. (F) All of these places can serve as hands-on educational sites to

engage students and residents in learning about soils (e.g., examining soil texture as

shown here) and their ecosystem services.

Courtesy (A, B and F) author; (C) TonyTheTiger used via CC BY-SA 3.0; (D) Gerald Hess; (E) Jeff Schuler via

CC-BY-2.0.
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2015; Deeb et al., 2017; Vergnes et al., 2017; Scharenbroch et al., 2018). Here,

two specific areas of research are reviewed, focusing on soils “restored” to sup-

port street trees and green roofs, both of which provide valuable ecosystem ser-

vices and represent an increasing proportion of urban cultural landscapes

(Oberndorfer et al., 2007; Mullaney et al., 2015). [Less research has been done on

soils created for rain gardens but see Mehring et al. (2016), Shuster et al. (2017),

and Funai and Kupec (2019).]

Keeping street trees alive and healthy is challenging, especially regarding root

growth and access to water and nutrients. Research has shown that trees growing

in manufactured soils in tree pits or under pavement (specifically called structural

soils; Fig. 14.4A) grow better and survive longer, and are healthier than those

growing in compacted, urbanized soils (reviewed in Mullaney et al., 2015; Ow

and Ghosh, 2017). In large part, this is due to the availability of pore spaces for

roots and water to move into. However, variation in structural soil properties

(e.g., chemistry and water retention) can impact trees negatively, including root-

ing depth, so care must be taken to design them properly for specific contexts and

avoid mistakes during installation (Bartens et al., 2009; Bühler et al., 2017;

Cannavo et al., 2018). This is especially important to prevent trees from falling

over, which can be effectively achieved with structural soils (though with varia-

tion among tree species; Bartens et al., 2010; Ow and Mohd. Yusof, 2018). As

for all urban soils, structural soils can be degraded by pollutants in stormwater

run-off such as deicing salts which can increase tree mortality (Ordóñez-Barona

et al., 2018). Given this and pedogenic changes that may be undesirable

(Scharenbroch et al., 2018), it seems plausible that street tree soils and other

urban Technosols may themselves eventually need restoration to improve their

conditions and services, a wholly unexplored area for future studies.

Technosols constructed for green roofs (Fig. 14.4C) are also subject to pedo-

genic processes that change their characteristics significantly over time (even

within 4 years: Bouzouidja et al., 2018), including successional-like development

of their communities (Schrader and Böning, 2006; Ksiazek-Mikenas et al., 2018).

In the short term, substrates used in green roof soil construction directly and indi-

rectly affect plant performance (reviewed in Kazemi and Mohorko, 2017) and col-

onization by soil biota, including a diverse suite of bacteria, fungi, and arthropods

like mites, collembola, spiders, beetles, ants, and bees (e.g., McGuire et al., 2013;

John et al., 2014; MacIvor and Lundholm, 2011; Rumble and Gange, 2013;

Molineux et al., 2015). Studies have found that the site-specific characteristics of

a green roof (including the plants) affect its biota more than the surrounding land-

scape, leading to different communities among roofs (Madre et al., 2013;

McGuire et al., 2013; Kyrö et al., 2018; Ksiazek-Mikenas et al., 2018; Schindler

et al., 2019). Though this makes sense given that roofs are fragmented from each

other and ground-level soil, Braaker et al. (2014, 2017) found evidence for biotic

connectivity among roofs and surrounding habitats for more mobile arthropods (e.g.,

bees, weevils, running spiders). Nevertheless, the overall uniqueness of a roof’s soil

biodiversity is also enhanced by biota introduced via compost (Joimel et al., 2018),
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the soil of installed plants (Rumble et al., 2018) and microbial inoculations

(Molineux et al., 2014; Young et al., 2015; Rumble and Gange, 2017).

Though green roofs provide habitats for diverse soil communities, in most

cases this is a secondary goal—or probably an unappreciated byproduct—relative

to primary goals for other ecosystem services (including providing habitat for

aboveground biota). Nonetheless, creating green roof soils in ways that will spe-

cifically restore and conserve targeted soil populations is worthy of further explo-

ration (see Williams et al., 2014). For instance, Kadas (2006) found that 10% of

ground-dwelling arthropod species collected on green roofs in London were of

conservation interest and could benefit from additional green roof habitat. From a

landscape perspective, green roofs, street tree pits, rain gardens and other

Technosol patches (Fig. 14.4A�E) could be created using a variety of “parent

materials” and in strategic places (i.e., to increase connectivity and variety of

environmental context) to maximize the restoration of soil biodiversity (i.e.,

increase beta and gamma diversity) and ecosystem services across urbanized land-

scapes (Ksiazek-Mikenas et al., 2018; Schindler et al., 2019).

14.7 Working with biota as restoration partners and foes
That physicochemical soil degradation affects soil organisms is well-established.

In contrast, how plants and soil organisms affect urban soil properties and restora-

tion outcomes has been investigated much less. As noted in Section 14.5, plants

and microbes can provide “nature-based” pollution remediation in urban soils

(Song et al., 2019), and studies identifying which species are more effective bior-

emediators generate insights for successful use of this approach (e.g., Jensen

et al., 2009; Dadea et al., 2017; Liu et al., 2018; Shuttleworth et al., 2018).

Favorable restoration outcomes can be achieved with such restoration partners but

“restoration foes” can interfere with restoration goals.

Simply letting nature take its course (naturalization) is one possible manage-

ment decision for degraded urban lands, especially in the context of financial and

expertise constraints, and possibilities that interventions will negatively affect the

functions of soil biota (for instance, liming was found to reduce the remediation

abilities of bacterial communities: Hesse et al., 2019). Even in polluted and con-

structed soils (e.g., covering landfills), plants, including native ones, and soil

biota, including mycorrhizal fungi, can establish and survive well (e.g., Handel

et al., 1997; Fischer et al., 2013; Pregitzer et al., 2016; Everingham et al., 2019;

Singh et al., 2019). Spontaneous, unmanaged vegetation can stabilize the soil, pre-

venting erosion and movement of pollutants (Song et al., 2019), though Setälä

et al. (2017) observed differences between deciduous and coniferous tree commu-

nities in their levels of water and heavy metal retention. Naturalization may be a

good option for other degradation such as compaction from human traffic; for

example, in an urban forested park Millward et al. (2011) found that allowing

understory plants to grow without management (and keeping humans out) for

388 CHAPTER 14 Socioecological soil restoration in urban cultural landscapes



6 years reduced soil bulk density and increased water infiltration. As such, an

important lesson for ecological restoration is that, when humans do nothing, wild

and weedy restoration partners can sometimes provide ecosystem services that

advance restoration goals.

When restoration goals necessitate intentional plant installation, existing urban

soil properties can affect successful establishment, leading to the recommenda-

tions that plants should be chosen that match the local conditions—an important

aspect of identifying restoration partners (Hitchmough, 2008; Haan et al., 2012).

After installation, plants can improve soil conditions (in addition to that caused

by initial soil preparation) by adding OM to the soil via roots and detritus (e.g.,

Vannucchi et al., 2015) and reducing bulk density and creating channels for water

flow via root growth (e.g., Bartens et al., 2008). In restored prairies created in

urban lawns, Johnston et al. (2016) found trends of improved soil conditions after

15 years (but see Yost et al. (2016) for more complex outcomes). Installed plants

also influence restoration of soil microbial communities, such that they can

become more like reference ecosystems (Gellie et al., 2017).

In addition to plants, soil microbes and animals, should be considered as

potential restoration friends. For example, reestablishing microbial root mutualists

(i.e., nitrogen-fixing bacteria, mycorrhizal fungi) that can improve host�plant

establishment and health may be aided by inoculations to plants before installa-

tion (Fini et al., 2011; Bashan et al., 1999). Animals, such as arthropods and eco-

system engineers such as mammals and earthworms (even if they are not native),

may also help improve soil conditions; thus, management to conserve or restore

them could be an effective strategy for urban soil restoration (Byers et al., 2006;

Snyder and Hendrix, 2008). An example is from Australia where bandicoots inha-

biting urban landscapes dig into soil for food such as mycorrhizal fungi fruiting

bodies; through their bioturbation and dispersal of fungal spores in their scat, ban-

dicoots might aid in the restoration of a declining Eucalyptus species in degraded

urban forest remnants (Tay et al., 2018). Though fascinating, such mutualistic

animal�plant�soil�restoration relationships have rarely been examined in urban

contexts and deserve much more attention.

Certain organisms can also create ecosystem disservices that impact urban res-

toration efforts. For instance, nonnative invasive species (e.g., plants, insects,

worms), which are often especially successful in urbanized landscapes, are a form

of “biological pollution” that can degrade soil conditions including bulk density,

biodiversity and biogeochemical cycles (Szlavecz et al., 2006; Heneghan et al.,

2009; Vilà et al., 2011; Ferlian et al., 2018). In turn, invasive-degraded soils may

facilitate continued invasion and persistence of invasive species, with soil legacies

(e.g., seed banks, altered structure and nutrient levels) remaining even after inva-

sives are removed (e.g., Heneghan et al., 2009; Corbin and D’Antonio, 2012;

Overdyck and Clarkson, 2012). Along these lines, studies have found that restora-

tion interventions do not prevent regrowth of nonnative weeds (e.g., due to dis-

persal via birds from surrounding landscapes; Sullivan et al., 2009) and might

actually promote them in some contexts (e.g., compost amendments can increase
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nonnative seedling recruitment: Doroski et al., 2018). Aboveground native ani-

mals may also interfere with achieving soil restoration goals because they can

alter soil conditions alone and in combination with invasive species. For example,

exclosure experiments revealed many direct and indirect negative effects of

white-tailed deer (which are overpopulated in many U.S. urbanized landscapes)

on variables relevant to urban soil restoration, including compaction, native plant

survival (Shelton et al., 2014) and earthworm densities and biomass (Dávalos

et al., 2015; Mahon and Crist, 2019). On the positive side, results from these stud-

ies suggest that when deer are excluded, soil conditions can “restore” themselves

with potentially positive outcomes for native plants. This reflects the need for soil

restorationists to consider a wide range of variables and management practices

(not just soil and plant ones) to facilitate restoration success in urban landscapes.

14.8 Urban soil patches in cultural landscapes
More so than for other systems, urban social-ecosystems have unique characteris-

tics that affect (and may limit) restoration work within them, especially regarding

soils (Pavao-Zuckerman, 2008; Handel et al., 2013; Norris et al., 2017). In partic-

ular, urban places are best viewed as cultural landscapes (Moreira et al., 2006;

Zeunert, 2013) in which extreme social-ecological spatial heterogeneity (patchi-

ness) arises from parcels that have diverse sizes, owners, land uses and covers,

management inputs and histories. Further, because patches do not exist in isola-

tion, their characteristics—and restoration outcomes within them—will be influ-

enced by their spatial context, especially due to cross-patch movement of

ecological and sociocultural variables (e.g., water, organisms, information from

neighbors and advertisements: Holl et al., 2003; Byrne and Grewal, 2008; Jellinek

et al., 2019). Emergent aboveground landscape patterns—which are arguably

what humans (mostly) respond to and manage—directly, indirectly (through habi-

tat structure effects; Byrne, 2007), and collectively create heterogeneous “urban

soil mosaics” (jointly with preurban spatial soil variation; Pickett and Cadenasso,

2009; Ossola and Livesley, 2016). To date, the few pertinent studies about these

mosaics indicate that spatial patterns of urban soils affect landscape-level ecosys-

tem service patterns and therefore overall urban sustainability (Edmondson et al.,

2014a; Grafius et al., 2018; Ziter and Turner, 2018; Steele and Wolz, 2019). This

suggests that urban soil restoration aimed at improving these outcomes should be

done at the landscape-scale, even more so than in other systems (Crossman et al.,

2007; Setälä et al., 2014).

Unfortunately, high spatial variation of social-ecological variables—including soil

degradation, desired ecosystem services, and human communities—within urban cul-

tural landscapes makes a larger scale approach for (both above- and belowground)

restoration complicated and challenging. The spatial variation is compounded by

diverse, interacting ecological and sociocultural variables within and between patches

that give rise to novel ecosystem conditions at different locations; in turn, a patch’s
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unique combinations of soil (e.g., OM, texture) and social characteristics (e.g., owner-

ship, management resources, surrounding neighborhood, desired services) may dictate

restoration possibilities (Pavao-Zuckerman, 2008). Further, conditions are temporally

dynamic so that what is desired and possible for restoration at a location can change

quickly over time (e.g., due to changing political and economic contexts: Xin et al.,

2018). The emergent spatiotemporal complexity that emerges in urban cultural land-

scapes raises many questions for urban soil restoration efforts. None is more central

than, which patches should be prioritized for restoration to achieve the best social-

ecological outcomes for a given landscape?

In addition to knowing a lot about patch-specific soil, environmental and

sociocultural variables across a landscape, comprehensively answering that ques-

tion requires consideration of additional concepts, context, and methods, espe-

cially transdisciplinary ones, beyond those discussed above. Though these add to

the complexity of pursuing landscape-level urban soil restoration, success can be

advanced through integration of knowledge and methods from diverse fields that

examine the spatiotemporal social-ecological complexity of urban cultural land-

scapes. In particular, urban and ecological planning (or design) are rich multidi-

mensional fields with long histories and well-developed approaches (a detailed

review of which is outside the scope here; for overviews see Levy, 2016;

Heymans et al., 2019). A brief review of urban/ecological planning literature that

specifically addresses soils and ecosystem services revealed oft-mentioned points,

discussed in this section, that are needed to develop a fully integrated landscape-

scale socioecological view of urban soil restoration.

The need to integrate soils and ecosystem services into urban planning is

increasingly appreciated but needs further advances in both research and practice

to guide improvements in urban landscapes’ resilience and sustainability (Sack,

2013; Ahern et al., 2014; da Silva et al., 2018; Anne et al., 2018; Wilkerson

et al., 2018; Heymans et al., 2019). Progress has been made in mapping urban

ecosystem services and their economic values which can inform spatial planning

decisions about restoration priorities (e.g., Crossman et al., 2013; Xin et al., 2018;

Terzi et al., 2019), including incremental approaches in which patches are

restored in sequence (Hobbs et al., 2014; Perring et al., 2015). However, planning

is inherently complicated because of interpatch variation of many sociocultural

and ecological variables which brings forth the concepts of landscape multifunc-

tionality, complementarity, and trade-offs. Briefly, these define the reality that

many goals exist for a landscape, but that no patches can contribute to all the

goals and some patches might interfere with them. As such, decisions must be

made about how to restore individual patches to maximize their contributions to

different goals in complementary ways so that together they collectively maxi-

mize overall benefits (while minimizing risks and harms) across the landscape

(Hobbs et al., 2014; Setälä et al., 2014; Perring et al., 2015; Zeunert, 2013; Xin

et al., 2018). Therefore, thoughtful, spatially coordinated planning is needed to

determine what restoration methods should be prioritized in what locations using

optimization approaches, including spatial and economic modeling (Crossman
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et al., 2007; Menz et al., 2013; Setälä et al., 2014; da Silva et al., 2018). For

instance, Dusza et al. (2017) concluded that differently designed Technosols

exhibit trade-offs among various functions and benefits. Thus placement of new

Technosol patches of different designs (i.e., material mixes) (see Section 14.6)

could be determined by identifying prioritized needs for different locations (e.g.,

one type of Technosol to improve stormwater drainage in a site with high imper-

vious surface cover (Fig. 14.4B and C) and another type in locations where ensur-

ing tree stability (Fig. 14.4A) is a goal (e.g., Bartens et al., 2010). Other patches

(e.g., vacant lots) could be identified as priorities for “sociocultural restoration”

in which soils are managed primarily to improve socioeconomic goals such as

food production (Fig. 14.4E; Egerer et al., 2018). The prospect of helping create

and implement unified “multifunctional landscape soil restoration plans” provides

inspiration for future developments and collaborations at the intersection of urban

and restoration ecology, along with other fields.

Urban planning for landscape-scale soil restoration also requires working with

many stakeholders (including scholars, practitioners, policy makers, organizations,

and the public) who have diverse beliefs, interests, perceptions, values, and goals

(Moreira et al., 2006; Standish et al., 2013; Ahern et al., 2014; Aronson et al.,

2017). In this context, a variety of needs and motivations should be considered

when planning urban soil restoration, including economic development, human

health and safety, food production, clean water and air, aesthetics, recreation, and

biodiversity conservation (e.g., Mills et al., 2017; McHale et al., 2018; Jellinek

et al., 2019; Wilkerson et al., 2018). Many of these motivations may be linked to

management of green and blue infrastructure so that soil restorationists need to

remember to be open-minded and flexible when justifying soil restoration in discus-

sions with diverse stakeholders; soil restoration may be best framed as the means to

achieve other ends (see plans reviewed in da Silva et al., 2018). In this vein, effec-

tive communication, cooperation, and collaboration have been repeatedly empha-

sized as essential for successful urban restoration (e.g., Holl et al., 2003; Crossman

et al., 2007; Standish et al., 2013; Hobbs et al., 2014; Perring et al., 2015; Anne

et al., 2018; Jellinek et al., 2019). To facilitate these, decision support systems have

been advocated for identifying priorities and building consensus around goals and

management plans (Crossman et al., 2007; Hobbs et al., 2014; Aronson et al.,

2017; Anne et al., 2018). For example, in a landscape-level urban park restoration

project, Gobster (2001) found that a collaborative community�based process

emphasizing shared goals and compatibility among outcomes resulted in satisfying

outcomes. Indeed, ensuring that community members are included in the planning

process and that their values and needs are addressed (i.e., the “democratization of

ecosystem services” sensu McHale et al., 2018) may be core requirements to gener-

ate local support and improve a project’s chances of short- and long-term success

(Hychka and Druschke, 2017; Jellinek et al., 2019).

Even in otherwise-ideal situations, inherent features of urban cultural land-

scapes will challenge larger scale restoration planning and implementation.

Conflicts within the planning process are probably inevitable given diverse
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stakeholders’ worldviews and backgrounds; thus difficult compromises and trade-

offs will have to be part of a negotiation process (Gobster, 2001; Jellinek et al.,

2019; Heymans et al., 2019). Changing political climates and administrations;

short funding cycles and lack of financial resources; and turnover in project staff

and parcel ownership create additional constraints for urban restoration success

(Hychka and Druschke, 2017; Norris et al., 2017). Even desired environmental

outcomes of restoration efforts may create dissatisfaction andbacklash within

neighborhoods which can overshadow benefits or prevent further progress. For

instance, spontaneous plant communities that might advance soil restoration, as in

vacant lots, have potential social downsides (i.e., disservices such as undesired

appearance, production of allergens) that need to be considered within the plan-

ning process (Riley et al., 2018). Finally, a key constraint in many places is likely

to be a lack of local urban and soil restoration expertise to carry out projects; in

such cases, it may be necessary to seek out experienced professionals from out-

side the community (Norris et al., 2017). In the future, demand for such profes-

sionals will hopefully surge due to increasing inclusion of brown infrastructure

and associated ecosystem services in urban ecological planning efforts.

14.9 The future of urban soil restoration
Assuming that demand for urban soil ecological knowledge (sensu Heneghan

et al., 2008; Pavao-Zuckerman, 2008; Baer et al., 2012) for restoration projects

will increase, the world will need more urban soil restoration scientists, practi-

tioners, and educators. What should they be prepared to do? In other words, what

might future research, practice, and education in urban soil restoration look like?

Foundations of answers to these questions are provided by the topics discussed

previously. This concluding section presents additional ideas about the future of

these three dimensions of urban soil restoration. For all three, an integrated

social-ecological, landscape-scale approach is needed, one that recognizes the

legitimacy of diverse motivations, goals, and outcomes (especially enhancing

urban ecosystem services) for improving urban soils.

14.9.1 Research

Overall, though knowledge about how to improve the “urban soil landscape” has

been increasing (especially regarding the multiple benefits of OM additions), gaps

in the literature point to opportunities for conducting foundational research

needed to inform urban soil restoration. Frontiers include methods for and bene-

fits of reestablishing and conserving desirable (even endangered) soil populations

and communities in degraded soils (i.e., what are the “best” abundances, species

and biodiversity for various goals?); diverse, reciprocal relationships between

brown and other colors of infrastructure (Li et al., 2017); effects of climate

change on urban soils, their services and restoration outcomes (e.g., Rawlins
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et al., 2015); the process of “anthropedogenesis” in manufactured and intensively

managed soils (e.g., Bouzouidja et al., 2018; Scharenbroch et al., 2018); and the

potential for nature-based solutions (Song et al., 2019) to provide inexpensive,

widely adoptable restoration outcomes in urban locations where other methods

cannot be used. More transdisciplinary research is also needed that links sociocul-

tural with soil variables, such as how income and knowledge affect gardening

activities that affect soils (Fig. 14.2), which can impact landscape-scale patterns

of ecosystem services and therefore restoration plans (Byrne and Grewal, 2008;

Egerer et al., 2018; Wilkerson et al., 2018; Ziter and Turner, 2018). For these and

many other topics, the need for long-term studies (. 5 years) and site-specific

information presents major challenges for the research community (Pavao-

Zuckerman, 2008). Another relatively unexplored frontier is cross-system transfer

of restoration insights: urban soil restoration can learn from work done in other

(social-)ecosystems (e.g., mines and agroecosystems) and vice versa. Advancing

such knowledge transfer depends on developing common vocabulary and theories

which is facilitated by using the word “restoration” in an open, flexible, and inte-

grated way—in contrast to the restrictive sensu stricto meaning—as discussed in

Section 14.2.

Advances in some frontiers of basic urban soil research will provide direct

insights for restoration practice. In particular, little is known about strategies for

effective and efficient monitoring and assessment of urban soils, their ecology

and quality for sustaining human well-being; future studies about these are needed

to inform the development of indicators of successful restoration (Holl et al.,

2003; Pavao-Zuckerman, 2008; da Silva et al., 2018; Anne et al., 2018; Callaghan

et al., 2019). Two promising directions for such work are the Cornell Soil Health

Test that was revised for use in urban landscapes (Schindelbeck et al., 2008) and

the Urban Soil Quality Index (Scharenbroch and Catania, 2012). Data collected

from monitoring can be used to adjust management activities and set new goals

as part of an adaptive ecosystem management approach (e.g., Holl et al., 2003;

Pavao-Zuckerman, 2008; Ahern et al., 2014; Hychka and Druschke, 2017).

Further research about this approach, in general and specifically for soils, will be

of enormous benefit to urban restoration practitioners, including through case

studies that provide widely-applicable, transferable insights.

14.9.2 Practice

What might an idealized “urban soil restorationist” job advertisement say? In

many ways, it would be the same as for restorationists working in other systems:

knowledge and skills relating to analyzing and managing soil conditions and bio-

diversity (especially controlling invasive species and introducing beneficial biota),

remediating pollution, communicating effectively, and working on teams.

However, soil restoration practice in urban landscapes requires different kinds

and scopes of soil and social-ecological knowledge and abilities, especially per-

taining to urban- and landscape-centric concepts (e.g., Technosols, infrastructure,
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planning, multifunctionality, trade-offs, GIS); working with very diverse land

covers, stakeholders and goals; and, of course, integrated, transdisciplinary under-

standing of the complex social-ecological dynamics of urban systems. As such,

urban soil restorationists should have broader training that includes foundations in

social sciences and urban planning to help prepare them for the challenges of out-

reach, negotiation, and planning with many people and organizations, some of

whom may be hostile to restoration projects. In this context a job ad for urban

restorationists might include the role of central coordinator (or liaison) who over-

sees individualized management plans for patches and advances a “metaplan” for

the landscape-level. This coordinator might also write grants to obtain funding,

especially for crucial site-specific soil analyses and long-term monitoring; such

funding could be in the form of “payments for ecosystem services” if data can be

collected to show that restoring urban soils will provide financially valuable out-

comes (Perring et al., 2015; Jellinek et al., 2019). Alongside broad urban ecologi-

cal knowledge (including about soils), such a person would need visionary

leadership and excellent “people skills” (Handel et al., 2013; Hychka and

Druschke, 2017). Because it is not reasonable to expect any one person to possess

all the requirements of such an “idealized” job ad, all urban restorationists should

be able to learn from and collaborate effectively with people from diverse disci-

plinary and sociocultural backgrounds (e.g., Crossman et al., 2007; Standish

et al., 2013; Anne et al., 2018; Jellineck et al., 2018). Though perhaps Quixotic,

this broad vision for a future urban soil restorationist’s career suggests an exciting

opportunity to design educational programs in ways that would give students the

integrated, transdisciplinary background to succeed in many related positions.

14.9.3 Education

In addition to educating practitioners, a vibrant future for urban soil restoration

depends on educating all urban residents about urban soils and the value of

improving their abilities to support human well-being. To advance this goal—and

overcome societal underappreciation for soil more generally—creative, experien-

tial education programs are needed to reach people of all ages and backgrounds.

This can be achieved by using soils and their restoration in citizen (civic) science

projects and urban designed experiments that invite people to help generate data

or participate in planning processes (Felson et al., 2013; Ahern et al., 2014;

Callaghan et al., 2019). Such engagement can help reconnect people with nature

(Fig. 14.4F), thereby increasing their general environmental knowledge and stew-

ardship (Pavao-Zuckerman, 2008; Felson et al., 2013) and, hopefully, support for

restoration (Standish et al., 2013; Jellinek et al., 2019). In formal education set-

tings (classrooms), urban soils, landscapes, and their restoration have a valuable

place as part of “pedagogy for the pedosphere” (Byrne et al., 2016) that advocates

using dynamic, learner-centered teaching methods to help students connect soils

with their lives (e.g., see example lessons in Harms et al., 2014; Dooling, 2015).

One way to do this is to exploit everyday urban places, for example, lawns and
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gardens, as focal places for soil education (Fig. 14.2D). Though not thought of as

restoration per se, typical gardening activities (e.g., composting; Fig. 14.2) aimed

at improving diverse soil services (e.g., supporting beautiful plants, water infiltra-

tion, and favorable nutrient cycling: Edmondson et al., 2014b) can be important

members of the “family of restoration activities” (Aronson et al., 2017). It may be

that optimized patterns of soil restoration and ecosystem services across urban

landscapes cannot be achieved without working with managers (especially home-

owners) of lawns and gardens in individual parcels (Standish et al., 2013; Ziter

and Turner, 2018). To help people see their yards (and even roofs) as places for

urban soil restoration that enhances landscape-scale ecosystem services, the

framework of ecological landscaping is a useful concept because it emphasizes an

across-patch, systems views of urban landscapes, and the responsibility that indi-

viduals have for contributing to larger scale environmental outcomes (Byrne and

Grewal, 2008). In addition to professional teachers of all types, such concepts

could be conveyed to people through new career paths in urban soil outreach and

education (Pavao-Zuckerman and Byrne, 2009). To these ends, an example of an

organization leading the way is The Urban Soils Institute in New York City

(https://projectsoils.org/), which is using diverse and creative approaches, includ-

ing art-science projects, to help educate the public about the beauty and social-

ecological value of urban soils (e.g., https://usi.nyc/divisions/education-outreach/).

14.9.4 Final thoughts

Though often unacknowledged and underappreciated by urban societies—and

even many scientists—urban soils are the essential brown infrastructure that sup-

ports gray and green infrastructure and helps regulate blue infrastructure

(Fig. 14.4A�C; Li et al., 2017). Soil degradation negatively affects the other

infrastructures and diverse ecosystem services in ways that reduce the well-being

and security of urban social-ecological systems. More so for urban soils than soils

in other places, reversing this degradation through “ecological restoration is an

investment, not an expense” (Handel et al., 2013, p. 667). This investment, in

both science and practice, can create needed ecosystem services, jobs, education

and recreation opportunities, and, ultimately, compelling examples of sustainable,

thriving urban cultural landscapes (Elmqvist et al., 2015; Norris et al., 2017). One

of the main challenges for the future of urban soil restoration is convincing many

people (especially policy makers and planners) that urban soils are not just “dirt”

and that, even if severely degraded, they can be improved to benefit the health of

urban people, economies and biodiversity, as exemplified by examples of success-

ful projects (see Lindig-Cisneros and Zedler, 2000; Norris et al., 2017).

As interest in urban restoration increases further, more knowledge will be needed

about how to integrate soils and their associated ecosystem services into landscape-

level restoration projects and urban planning so that their benefits are maximized

(Setälä et al., 2014; Pavao-Zuckerman and Pouyat, 2017; Perring et al., 2015; da Silva

et al., 2018; Anne et al., 2018). Generating and disseminating the (often site-specific)
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information and methods required for effective urban soil restoration, especially in the

context of landscape-level planning and management, will be an ongoing challenge.

Based on literature reviewed for this chapter, foundations of the science and practice of

urban soil restoration are well-established but remain nascent and require substantial

development to support the critical outcomes needed to create sustainable urban cul-

tural landscapes. To borrow phrasing from Pavao-Zuckerman and Byrne (2009), urban

soil restoration scientists, practitioners, and educators have barely “scratched the sur-

face” of their subject. Given this and trends of continuously expanding urbanized land-

scapes, endless opportunities exist for them—and many future generations—to “dig

deeper” into urban soils and help restore them long into the urbanizing Anthropocene.

Acknowledgment
I thank Mac Callaham for the invitation to contribute this chapter, his comments that

improved the final version (including the insightful question about whether anthrosols con-

tribute to pedodiversity), and for being an all-around great guy.

References
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Elmqvist, T., Setälä, H., Handel, S.N., Van Der Ploeg, S., Aronson, J., Blignaut, J.N.,

et al., 2015. Benefits of restoring ecosystem services in urban areas. Curr. Opin.

Environ. Sustain. 14, 101�108.

Everingham, S.E., Hemmings, F., Moles, A.T., 2019. Inverted invasions: native plants can

frequently colonise urban and highly disturbed habitats. Austral Ecol. 44, 702�712.

FAO and ITPS. 2015. Status of the World’s Soil Resources (SWSR) � Technical

Summary. Food and Agriculture Organization of the United Nations and

Intergovernmental Technical Panel on Soils, Rome.

Felson, A.J., Bradford, M.A., Terway, T.M., 2013. Promoting earth stewardship through

urban design experiments. Front. Ecol. Environ. 11 (7), 362�367.

400 CHAPTER 14 Socioecological soil restoration in urban cultural landscapes

http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref47
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref47
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref47
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref47
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref48
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref48
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref48
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref49
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref49
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref49
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref49
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref49
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref50
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref50
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref50
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref50
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref51
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref51
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref51
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref52
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref52
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref52
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref53
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref53
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref53
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref53
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref6a
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref6a
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref6a
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref6a
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref54
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref54
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref55
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref55
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref55
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref56
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref56
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref56
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref56
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref57
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref57
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref57
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref57
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref2a
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref2a
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref2a
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref2a
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref2a
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref58
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref58
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref58
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref59
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref59
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref59
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref59
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref60
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref60
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref60
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref61
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref61
http://refhub.elsevier.com/B978-0-12-813193-0.00014-X/sbref61


Ferlian, O., Eisenhauer, N., Aguirrebengoa, M., Camara, M., Ramirez-Rojas, I., Santos, F.,

et al., 2018. Invasive earthworms erode soil biodiversity: A meta-analysis. J. Animal

Eco 87 (1), 162�172.

Field, D.J., Morgan, C.L., McBratney, A.B. (Eds.), 2016. Global Soil Security. Springer,

New York.

Fini, A., Frangi, P., Amoroso, G., Piatti, R., Faoro, M., Bellasio, C., et al., 2011. Effect of

controlled inoculation with specific mycorrhizal fungi from the urban environment on

growth and physiology of containerized shade tree species growing under different

water regimes. Mycorrhiza 21 (8), 703�719.

Fischer, L.K., von der Lippe, M., Rillig, M.C., Kowarik, I., 2013. Creating novel urban grass-

lands by reintroducing native species in wasteland vegetation. Biol. Conserv. 159, 119�126.

Funai, J.T., Kupec, P., 2019. Evaluation of three soil blends to improve ornamental plant

performance and maintain engineering metrics in bioremediating rain gardens. Water

Air Soil Pollut. 230 (1), 3.

Gellie, N.J., Mills, J.G., Breed, M.F., Lowe, A.J., 2017. Revegetation rewilds the soil bac-

terial microbiome of an old field. Mol. Ecol. 26 (11), 2895�2904.

Gobster, P.H., 2001. Visions of nature: conflict and compatibility in urban park restoration.

Landsc. Urban Plann. 56 (1�2), 35�51.

Grafius, D.R., Corstanje, R., Harris, J.A., 2018. Linking ecosystem services, urban form

and green space configuration using multivariate landscape metric analysis. Landsc.

Ecol. 33 (4), 557�573.

Gross, M., Hoffmann-Riem, H., 2005. Ecological restoration as a real-world experiment:

designing robust implementation strategies in an urban environment. Public

Understanding Sci. 14 (3), 269�284.

Haan, N.L., Hunter, M.R., Hunter, M.D., 2012. Investigating predictors of plant establish-

ment during roadside restoration. Restor. Ecol. 20 (3), 315�321.
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