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ABSTRACT
[bookmark: _GoBack]As the process of urbanization advances across the country, so does the importance of urban forests, which include both trees and the soils in which they grow.  Soil microbial biomass, which plays a critical role in nutrient transformation in urban ecosystems, is affected by factors such as soil type and the availability of water, carbon, and nitrogen. However, the microbial dynamics of urban forest soils remain largely unknown. A key mechanistic link between plant species diversity and ecosystem function is heterotrophic microbial communities that inhabit the soil and mediate principal processes that control ecosystem carbon (C) and nitrogen (N) cycling. 
The aim of this study was to characterize residual forest patches and open fields in residential areas in the City of Knoxville. A field study was conducted along an urban-to-rural gradient in order to address the three objectives: 1.The first objective was to investigate tree species diversity and soil characteristics along an urban-to-rural gradient in residual forest patches and open fields. 2. The second objective was to investigate spatial and temporal differences in chemical, physical and biological soil characteristics along urban-to-rural gradient in residual forest patches and open fields. 3. The third objective was to utilize the chemical, physical and biological soil characteristics and tree diversity in study plots to predict residual forest patches or open field based on urban or rural location.
Determining tree species diversity and soil composition along an urban-to-rural gradient in residual forest patches and open fields it was found that tree diversity did not differ significantly for residential urban and rural plots in Knoxville, Tennessee. Biologically, there was no indication that soils were affected by tree diversity, in terms of soil microbial biomass C/N along an urban-to-rural gradient in Knoxville residential plots. Rural soils did differ physically from urban soils, cation exchange capacity (CEC) and soil moisture content (GSM). Similarly, physical soil properties such as bulk density, both urban and rural sites were negatively correlated with tree diversity. Results indicate that although the urban-rural gradient is subject to urban environmental stressors, the urban ecosystem is resilient in maintaining the ecosystem functions of more natural systems.
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Introduction
Overview of Urbanization
In the mid to late 1800’s fewer than three percent of the world’s population inhabited urban areas. Small pockets of populations greater than 20 percent during the 1890's lived in Great Britain’s cities of London, Manchester, and Liverpool; North-West Europe’s cities of Paris, France, Copenhagen, Denmark, and Berlin, Germany; and United States cities of New York city, Chicago, and Philadelphia (Weber, 1899). Historically, urbanization has been driven by the concentration of investment and employment opportunities offered in urban areas. According to the United Nations, urbanization in 1995 was high across the Americas, most of Europe, parts of western Asia and Australia.  South America was the most urban continent with the population in all but one of its countries (Guyana) being more urban than rural. More than 80 percent of the population lived in towns and cities in Venezuela, Uruguay, Chile and Argentina.  An estimated 41 percent of China's 1.2 billion people and 29 percent of India's 0.96 billion lived in towns and cities in 1995 (Clark, 1998).
In 2011, approximately three quarters of the 3.6 billion urban residents in the world lived in 25 countries, whose urban populations ranged from 31 million in Ukraine to 682 million in China (United Nations, 2012).  The United States, China, and India accounted for 37 percent of the world urban population.  Australia, New Zealand and Northern America had high levels of urbanization, surpassing 80 percent in 2011.  Europe, with 73 percent of its population living in urban areas, was the least urbanized area in the developed world.  Most of the 25 countries with the largest urban populations are highly urbanized, but eight have levels of urbanization ranging from 28 percent to 51 percent and they include some of the most populous countries in the world: Bangladesh, China, India, Indonesia, Nigeria and Pakistan (United Nations, 2012).  By 2050, Australia, New Zealand and Northern America populations are projected to have over 90 percent of their populations living in urban areas.  Europe is projected to see a decline in population living in urban areas (United Nations, 2012).
Land Use and Land Cover
Land-use is defined as the function of land in relation to the activities allowed. This is directly tied into development of land for the purpose of agricultural, industrial, residential and recreational uses (Howard, 1985).  Land-cover refers to the physical and biological cover over the surface of land, including water, vegetation, bare soil, and/or artificial structures.  The percentage of the total United States surface area in the 48 contiguous states occupied by developed or built-up uses is projected to increase from 5.2% in 1997 to 9.2% by 2025 (Alig et. al, 2004). The projected developed and built-up area of 70.5 million ha in 2025 represents an area equal to 38% of the current United States cropland base, or 23% of the current U.S. forestland base (Smith et al., 2001).
Between the 1960’s and the 1980’s, urban land in the United States has increased to 22 million acres (Frey, 1984).  In 1997, the United States had 747 million acres of forestland (Smith et al. 2001), covering about one-third of the land area (Alig and Plantinga, 2004). Urban land in the contiguous United States increased from 2.5% in 1990 to 3.1% in 2000, an area about the size of Vermont and New Hampshire combined (Nowak et al. 2005). United States forest area is projected to be about 3% smaller by 2050, primarily due to conversions to residential and commercial areas (Alig et al., 2002).
Anthropogenic drivers of land-use and land-cover change have altered over 30% of the Earth’s surface (Houghton 1994; Vitousek et al., 1997).  These changes of the earth’s terrestrial ecosystems have been to manage forest, agriculture land or residential systems for the basic needs of food, fuel, and housing (Botequilha Leita et. al., 2006). The effects of these changes in land-cover to the biophysical attributes of the earth's surface and land-use for human purposes are among the most important (Lambin et al., 2001). They directly impact biodiversity and alter bio-geophysical characteristics such as albedo, evaporation, and heat flux, biogeochemical functions of carbon and nutrient cycling, and bio-geographical processes that in turn affect local and global climate (Stohlgren et al., 1998; Kalnay and Cai, 2003).
Southeastern United States Land Use and Land Cover 
The South region of the United States accounts for 30 % of the unreserved forest area and 27 % of all forest land resources (Smith et al., 2009) in the U.S.  Eastern forests have increasingly faced two major anthropogenic disturbances: timber harvesting and permanent conversion due to land-use change (McDonald et al., 2006).  Historically, of the major land uses; forests have been the largest source of land for development purposes (Alig and Plantinga, 2004).
The 2002 Southern Forest Resource Assessment defines forest fragmentation as the breaking up of large, contiguous forested tracts into smaller or less contiguous tracts. Converting forest land for development purposes, such as housing and infrastructure, changes the land-cover resulting in forest fragmentation.  This means that forests become islands and peninsulas as patches of forest disconnected from one another by roads, farms, suburbs, cities, and other human activities.  Land-use and land-cover changes such as forest fragmentation and urbanization have direct and indirect impacts on a wide range of ecological processes (Schwartz, 1997; Turner et al., 2001).  Forest land converted into subdivision; to accommodate more people, and the larger house size of expanding communities, directly affects nearby forests (Duryea and Vince, 2005).  The direct effects of urbanization are loss of habitat, land transformation, and fragmentation.  In addition to the direct effect that urbanization has on forest land, the influence of increased population has additional indirect effects, such as air pollution, human health, and the introduction and spread of exotic plants and diseases (Monroe et al., 2012).
Tennessee’s Forest Land and Urban Development
Forested land areas in the State of Tennessee over the past 50 years have remained relatively unchanged with approximately 50 percent of Tennessee's landscape remaining forested (Oswalt et al., 2009).  Forest land cover for the state of Tennessee in 2010 encompassed an estimated 14 million acres, with nearly 84 percent (11.7 million acres) of all forest land in the state primarily under private ownership. The remaining 16 percent is owned federally (1.4 million acres) or by State and local governments.  Non-forest land area, areas that did not fall within the Forest Inventory and Analysis (FIA) criteria; were estimated at 13 million acres (Oswalt, 2012).
Defining the Urban Forest
Forested land is periodically inventoried by state forestry agencies, which provide data on the amount, status and character of the forest resources across the nation.  The United States Department of Agriculture (USDA) Forest Service’s FIA program defines forest land as areas at least 1 acre in size, at least 120 feet wide, and at least 10 percent stocked with trees.  The FIA program also requires forest lands within the above parameters to have an understory that is undisturbed by another land use such as parks, agricultural lands, and residential property (U.S. Department of Agriculture, 2010).
The urban forest is defined as “non-forest land” by FIA and does not support these forests.  Included in these areas are previously forested areas used for timber harvesting, which have now been developed for other uses. These uses include areas used for crops, improved pasture, residential areas, city parks, improved roads of any width and adjoining rights-of-way (U.S. Department of Agriculture, 2010).  Urban forests, all trees and other associated resources within urban areas, are characterized by integration of natural resources with urban developments (Nowak, 1994).
Delineation of forested lands by FIA standards left urban vegetation, particularly trees, out of annual forest inventories in the past. Tree resources in urban areas represent a portion of information not collected by periodic FIA inventories on species, health, and biomass (Riemann, 2003).  There have been various non-FIA inventories or city tree inventories conducted periodically by Nowak et al., (1996) in urban areas (almost exclusively within city limits) which leaves areas that occur outside the city limits, and/or in residential areas which include backyard trees, small woodlots in the middle of developments, or patches of residual forest lands, not inventoried.  
In 2001, the USDA forest service, Forest Health and Monitoring (FMH) program initiated an assessment of urban forest conditions. The assessment of urban forest conditions is due to more ecological attention and the increasingly critical need to understand larger scale consequences of people’s interactions with their immediate environment in areas of high population density (Grimm et al., 2000).  Urban areas were classified based on areas with core population density of 1,000 people per square mile from the 2000 U.S. Census Bureau data and consisted of all territory, population, and housing units located within either urbanized areas or urban clusters (U.S. Department of Commerce, 2011).  Urban boundaries were delineated from the FMH 2000 census assessment and then tree information was collected from established plots within the urban boundaries (Nowak et al., 2011).  The census data was used to define clusters of block groups based population densities for urban boundaries. Urbanized areas consist of densely settled territory ≥ 50,000 people and urban clusters consist of densely settled territories that have ≥ 2,500 people but < 50,000 people.
Nowak et al., (2011) reported on urban forests inventory for the state of Tennessee based on Forest Health and Monitoring (FMH) urban boundary parameters. The inventory found that urban land covered 1.6 million acres; within the urban boundary approximately 234,000 acres (284.1 million trees) were considered forest land by the FIA program. Transportation followed by residential land use covered the largest forested area within the urban boundary, with an estimated 44.2 million trees found in transportation corridors and 37.6 million trees on residential lands.   
The Soil Environment
During soil formation, primary soil components are rearranged and glued together into microaggregates which depend on soil organic matter (SOM) and organic material (OM) inputs (Six et al., 2004; Abiven et al., 2009) and are mediated and affected by soil microorganisms.  Soil organic matter represents a complex mixture of recognizable plant and animal parts (non-humic substance) and material that has been altered (humic substance) to the degree that it no longer contains its original structural organization (Oades, 1989).  Organic matter in the form of leaf litter provides a source of energy for heterotrophic soil microorganisms (bacteria, algae, and fungi) from decomposition, which in turn supplies most of the natural soil nitrogen, half of the phosphorous, sulfur, carbon and many other organic compounds essential to plant growth (Brady and Weil, 2002: Kimble et al., 2003).  The rates of decomposition and nutrient mineralization, key soil processes involved in forest nutrient cycling, are governed by temperature and moisture conditions and by the chemical and physical nature of the litter (Prescott, 2002).  The canopy buffers temperature extremes and alters the chemical composition of moisture that passes through the canopy.  Concentrations of nutrients such as N, P, K, and Ca may increase or decrease (Sollins et al., 1980; Lovett and Lindberg, 1993) through this interaction with the canopy.  
The natural forest soils of the eastern United States have formed under the influence of climate, parent material, topography, biota and time (Jenny, 1941).  Soils in this region are highly weathered and the possibility for nutrient release from mineral soils due to geochemical or biogeochemical processes is slight.  Atmospheric inputs of ammonium and nitrate are often the primary source of mineral soil nitrogen within the natural forest soil formation processes.    
	Similar to natural forest soils, urban soils are influence by the same abiotic and biotic interactions but formed through the process of urbanization.  Modification through human activity is predominate active agent with the placement of parent material (Craul, 1985).  Activities such as urban site development have immediate and dramatic impacts on the soil environment. Compaction and topsoil removal associated with urbanization along with amendments and contaminates, may strongly alter soil carbon (C) and nitrogen (N) pools in urban soils (Beyer et al., 1996; Jim, 1998; Craul, 1999; Scherenbroch et al., 2005).       
Nutrient Cycling in Natural and Urban Forest
	Soil forms the “foundation” of forest ecosystems and is critical to the cycling of nutrients, a process which influences the functioning of the entire ecosystem (Barnes et al., 1997).  Soil nutrient cycling in the natural forest supports the plants nutritional needs through its inherent biogeochemical processes (Perry and Amacher, 2007).  Nutrient cycles are biogeochemical processes controlled by the activities, interactions of plants and soil microorganisms in conjunction with the geochemical processes that control the nutrient supply in the soil (Barnes et al., 1997; Brady and Weil, 2002).
Most urban areas exhibit elevated temperatures, increased inorganic nitrogen and hydrogen ion deposition, and higher heavy metal concentrations relative to surrounding rural areas (Parker et al., 1978; Carreiro et al., 2009; Gatz, 1991; Pouyat and McDonnell, 1991; Botkin and Beveridge, 1997; Lovett et al., 2000; Pouyat et al., 2008).  Modifications of land-use and land-cover to accommodate increases in populations tend to alter the biological, chemical, and/or physical conditions of urban soil in urban areas (Scharenbroch et al., 2005). Soils are dramatically altered by human activities in urban environments which distinguish these urban soils from other ecosystems (Craul, 1999).   
As land is converted to urban use, both direct and indirect factors can affect the functioning of soils (Pickett et al., 2001).  Direct effects by impervious surfaces, physical disturbances, and alteration of soil by fill material often lead to highly modified substrates in which soil development then proceeds (Effland and Pouyat, 1997).  Indirect effects by urban heat island, introduction of exotic plant and animal species, and atmospheric deposition of pollutants change the abiotic and biotic environment, which in turn may influence soil development and ecological processes in intact soil (Pickett et al., 2001).  Soil microbial biomass and community composition have been shown to be sensitive indicators of changes in nutrient type (Peacock et al., 2001; Kirchner et al., 1993), botanical composition (Borga et al., 1994), pollutant toxicity (Stephen et al., 1999), and climate change (Zogg et al., 1997).       
In a study by Pouyat et al., (1995) along an urban-rural land use gradient in New York City,  higher concentrations of heavy metals (Pb, Cu, and Ni), organic matter, salts, and soil acidity were found in the surface (10 cm) of forest soils at the urban end of the transect.  Studies of soil C and N dynamics in unmanaged urban forests, highly disturbed soils, and surface soils of various urban land-use types all show that urbanization can directly and indirectly affect soil C pools and N-transformation rates (Pickett et al., 2001).  
Soil microbes in the Natural and Urban Forest
Microorganisms found in the natural forest soil provide functions important to tree productivity and growth.  Prokaryotes and fungi are the main decomposers in ecosystems; converting organically held nutrients into inorganic compound through decomposition for consumption by trees (Young and Giese, 1990; Brady and Weil, 2002; Campbell and Reece, 2002). Decomposition of organic materials from litter and soils releases carbon, phosphorous, calcium, potassium, sulfur, and nitrogen in ionic form, which trees can utilize.  Trees also require nitrogen in simple ionic compounds such as nitrate (NO-3) and ammonia (NH4), which enters the forest soil naturally through atmospheric deposition and nitrogen fixation from certain microorganisms. Additionally, a symbiotic relationship exists between trees and mycorrhizal fungi. This relationship increases nutrient and water uptake for trees, while providing fungi with photosynthate (Young and Giese, 1990; Brady and Weil, 2002; Kimble et. al., 2003).  
Microbes and Tree Diversity
Recent studies have shown that many microbes have restricted biogeographic distributions (e.g. Peay et al., 2007) suggesting that variations in the composition of microbial communities can impact ecosystem functioning.  Soil chemical and microbiological characteristics of terrestrial forests have been shown to be affected by the dominant tree species in several studies (Miles and Young, 1980; Mikola, 1985; Bauhus et al., 1998; Priha and Smolander, 1999; Côté et al., 2000; Hackl et al., 2004; Grayston and Prescott, 2005).  One study on the differences in bacterial community composition among forest soils (Hackl et al., 2004) found bacterial composition corresponds with differences in other microbiological and soil characteristics. They propose that the composition of bacterial communities inhabiting natural forest soils is related to specific environmental conditions which go along with various types of natural forest vegetation.  Individual tree species comprising forest communities can have important influences on soil properties and ecosystem processes (Boettcher and Kalisz, 1990).
Little is known about factors that regulate microbial diversity at different temporal and spatial scales (Green and Bohannan, 2006) and its interdependency with plant diversity (Zak et al., 2003).  Microbial diversity occurs in response to seasonal cycles, long-term climatic variations, and ecological processes such as succession.  In some groups of organisms, diversity measured at one time of year is very different from that measured at different time of year (Huston 1994).  Traditionally, urban areas have been regarded as locations of low biodiversity that are dominated by non-native species. However, evidence is mounting that urban and suburban areas can contain relatively high levels of biodiversity (Balmford et al., 2001; Jim and Liu, 2001; Araújo, 2003; Godefroid and Koedam, 2003; Riemann, 2003; Cornelis and Hermy, 2004; Kühn et al., 2004), and urban forests can contain a significant percentage of species that naturally occur in an area.
Shifts in abundance and species composition of mycorrhizal fungi, which form the crucial interface between roots and soil for most plants, have been observed in response to N deposition in Europe, Alaska, and southern California (Arnolds 1991; Lilleskov et al., 2001; Siguenza et al., 2006).  Recent work has shown that microbial diversity in soil ecosystems is reduced because of land-use intensification and increased nutrient availability (Helgason et al., 1998), nitrogen deposition (Lilleskov et al., 2002), and chemical contamination (Gans et al., 2005). 
Soil Microbial Biomass
Soil microbial biomass, both a source and sink of available nutrients for plants, plays a critical role in nutrient transformation in terrestrial ecosystems (Singh et al. 1989). Soil biomass comprises of living organisms that are not part of a plant, including a wide variety of microbes, protozoa, and invertebrates. Estimates of soil biomass in particular the microbial component, represents less than 1% to approximately 5% of total soil organic matter (Anderson and Domsch, 1980; Paul, 1984; Grigal and Vance, 2000).  Soil microorganisms are essential for nutrient cycling in terrestrial ecosystems and through retention and release they regulate the supply of plant-available nutrients from the soil (Jenkinson, 1987; Singh et al., 1989).
Any changes in the microbial biomass may affect the cycling of soil organic matter.  The effects of an increase or decrease in microbial biomass may disrupt the mobilization and/or immobilization of cations and anions, thereby changing their availability to plants (Birch and Bachofen, 1990). Thus, the soil microbial activity has a direct influence on ecosystem stability and fertility (Smith et al., 1993). 
Statement of Problem
More attention is being paid to the ecological heath of cities due to the increasingly critical need to understand the larger scale consequences of people’s interactions within their immediate environment (Grimm et al., 2000). Of particular interest are urban soils, which provide numerous ecosystem services that could be potentially compromised by urbanization (Dobbs, 2009; Dobbs et al., 2011; Shuster et al., 2011). The multiple pollutants and nutrients in urban areas alter urban biogeochemical cycles (Kaye et al., 2006).  Soil management practices in urban areas through use of irrigation and fertilization is one way by which biogeochemical cycles are altered in urban soils.  Viable microbial biomass is integral for nutrient storage and cycling (Rice et al., 1996), soil aggregate formation (Tisdall and Oades, 1982), and other ecological factors such as filtering, buffering, and gene reserves (Blum, 1998).
In Tennessee, urban and community land comprised about 10.6% of the state land area in 2000, an increase from 8.7% in 1990. Tree canopy cover averaged 44.9% and tree cover in urban and community areas was about 29.9%. Statewide, urban and community land in Tennessee has an estimated 161.1 million trees, which store approximately 30.8 million metric tons of carbon and remove about 1.0 million metric tons of atmospheric carbon. These trees also facilitate the removal of 32,160 metric tons of air pollution annually (Nowak and Greenfield, 2010).   
Various non-FIA inventories such as city tree inventories have been periodically conducted almost exclusively within city limits of urban areas, but inventories on residential areas (i.e. backyard trees, small woodlots in the middle of developments, or patches of residual forest lands) and the impact these “non-forested areas” as defined by FIA standards, have on cycling of elements, tree diversity and soil microbial biomass are limited.  By adapting FIA tree inventory techniques for “non-forested areas” in urban areas that specifically affect the capture of the urban tree resource and ecosystem services we can provide information on a portion of species, health, and soil biomass not currently collected in FIA inventories.  Most research on urban biodiversity has focused on the diversity within a city or county.  In 2000, according to census data, the population of the county was about 382,000.  Urban growth continues at a fairly rapid pace, with the most rapid growth occurring along highway corridors extending west and northwest from Knoxville, Tennessee (NRCS, 2006).
Objectives and Hypotheses
The aim of this study was to characterize residual forest patches and open fields in residential areas in the City of Knoxville. A field study was conducted along an urban-to-rural gradient in order to address the three objectives: 1.The first objective was to investigate tree species diversity and soil characteristics along an urban-to-rural gradient in residual forest patches and open fields. 2. The second objective was to investigate spatial and temporal differences in chemical, physical and biological soil characteristics along urban-to-rural gradient in residual forest patches and open fields. 3. The third objective was to utilize the chemical, physical and biological soil characteristics and tree diversity in study plots to develop a predictive model for residual forest patches or open field based on urban or rural location. All objectives will be addressed in Part II.   

Objective 1: Hypothesis 1 – Residential forests will differ in their over story vegetation and soil characteristics spatially (urban-to-rural gradient) due to the level of land use / land change. 
Objective 2: Hypothesis 1 – The increased population density will affect soil biological, chemical and physical characteristics spatially based on distance from geographic city center to rural areas and temporally as seasons change in Knox Co.
Objective 2: Hypothesis 2 – Soil biological, chemical and physical properties will increase along an urban-to-rural gradient as human population’s densities decreases outward from geographic city center.
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PART II
WOODY VEGETATION AND SOIL CHARATERISTICS OF RESIDENTAL FOREST PATCHES AND OPEN SPACES ALONG AN URBAN-TO-RURAL GRADIENT
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Abstract
As the process of urbanization advances across the country, so does the importance of urban forests, which include both trees (i.e. biodiversity, regeneration, succession) and the soils in which they grow (i.e. root growth, microbial decomposition, nutrient cycling). Soil microbial biomass is affected by factors such as soil type, water availability, and carbon and nitrogen availability. However, the microbial dynamics of urban forest soils remain largely unknown. A key mechanistic link between plant species diversity and ecosystem function is heterotrophic microbial communities that inhabit the soil and mediate principal processes that control ecosystem carbon (C) and nitrogen (N) cycling. Here we conduct a field study to quantitatively assess woody vegetation and soil microbial carbon (MBC) and soil microbial nitrogen (MBN) biomass along an urban-to-rural gradient in the City of Knoxville, TN. Forest communities differed with topography, but were dominated by Carya spp. and Quercus spp. Mean soil MBC and MBN in urban plots was 20.7 + 14.8 g C m-2 and 2.0 + 1.3 g N m-2; whereas mean MBC and MBN in rural plots was 27.7 + 17.4 g C m-2 and 3.2 + 2.2 µg N g-1. Plots differed quantitatively in MBC and MBN in urban and rural plots but there was no significant effect of season (p = 0.46), location (p = 0.69) or season*location (p = 0.37). Utilizing the chemical, physical and biological soil characteristics and tree diversity in the development of a predictive model for residual forest patches or open field based on urban or rural location can provide a tool for development in terms of residential land use. Characterizing residual forest patches and open fields in residential areas has the potential to promote different land use and land change practices.  
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Introduction

Various non-FIA inventories such as city tree inventories have been periodically conducted almost exclusively within city limits of urban areas, but inventories on residential areas (i.e. backyard trees, small woodlots in the middle of developments, or patches of residual forest lands) are limited as is the impact these “non-forested areas” as defined by FIA standards have on cycling of elements, tree diversity and soil microbial biomass. Dwyer et al. (2000) reported, from the first national assessment of urban forests within the conterminous United States, urban areas (metropolitan counties) cover 24.5% of the land and contain 74.4 billion trees. Urban areas have doubled in size over the past 20-25 years; unfortunately urban tree cover declined across the United States at an annual rate of about 4 million trees annually from 2001-2009 (Nowak and Greenfield, 2012). Tree cover across the United States within urban areas is dynamic due to natural and anthropogenic causes. Natural causes include regeneration, tree growth and mortality, and the presence of insects and diseases (Nowak and Greenfield, 2012). Anthropogenic causes include urban sprawl from residential and commercial developments, particulate matter and reactive nitrogen from automobile exhaust, industrial pollution, and over-use of pesticides and fertilizers (Nowak et al, 2006a; Nowak, 2002).  Historically, forests have been the largest source of land for development purposes of the major land uses (Alig and Plantinga, 2004).   Nowak et al. (2009) reported on the first statewide inventory and forest health monitoring to quantify and describe the ecosystem services and values of the State of Tennessee urban forests. Tennessee’s urban forests have an estimated structural value of $79 billion, provide an annual energy saving to residents of $66 million, remove $204 million worth of pollution from the air annually and store 16.9 million tons of carbon valued at $350 million. Tennessee’s urban areas have an estimated 284.1 million trees as compared 8 billion trees in forests outside urban areas across the State. 
Some important functions of urban forests such as carbon storage and nutrient transformation take place the urban soils. Several definitions of soils associated in urban areas have been proposed in the literature (Bockheim, 1974; Craul, 1992; Evans et al, 2000; Pouyat and Effland, 1999); recently Lehmann and Stahr, 2007 broadly define urban soils as physically disturbed (e.g. old industrial sites and landfill) and undistributed, and altered by urban environmental changes (e.g. temperature or moisture regimes). Soils in urban areas are highly disturbed and heterogeneous, with minimal systematic pattern in their characteristics (Pouyat et al, 2010). Soils in urban areas are exposed to vehicle and factory emissions, oil, gas, fertilizer, pesticides, and other pollutants that run off from urban areas. Additionally, construction activities, compaction, and surface sealing affect soil properties, often resulting in reduced critical function. Most urban soil studies have focused on soils along streets and in highly compacted areas (Patterson et al., 1980; Short et al., 1986; Jim, 1998), and the results indicated that urban soil was drastically disturbed and low in fertility. However, the biological, chemical and physical response of soils to urban land use across the entire landscape is complex and varies, such that soils in urban areas have been identified that are largely undisturbed or highly fertile (Hope et al., 2005; Pouyat et al., 2007). 
Soil quality is the capacity of a soil to function within “ecosystem boundaries” to sustain biological productivity, maintain environmental quality, and promote plant and animal health. Soil quality assessment provides a basic means to evaluate the sustainability of agricultural and land management systems. Our ability to assess soil quality and identify key soil properties that serve as indicators is complicated by the multiplicity of physical, chemical, and biological factors that control biochemical processes. Practical assessment of quality requires consideration of all these functions (Doran et al., 1994). Soils have various levels of quality that are defined by stable or inherent features related to soil-forming factors and dynamic changes induced by soil management. Detecting changes in the dynamic component of soil quality is essential to evaluating the performance and sustainability of soil management systems (Doran et al., 1994). A set of indicators of soil quality for urban soils has not been previously defined, largely due to the difficulty in defining and identifying what soil quality represents and how it can be measured (Doran et al., 1994).
 	To understand the sustainability of land management systems an emphasis on soil quality assessment is crucial (Aon et al., 2001).  The assessment of soil quality is beneficial to determining the sustainability of land management systems (Aon et al., 2001). Identifying early signals of ecosystems stress may provide advance warning about soil degradation as compared to other classical and slowly changing soil properties, such as organic matter (Dick, 1994). Land use can influence the ability of soil to process nutrients, the soil’s biochemical processes, and soil quality. Possible indicators of soil quality and land management changes include soil texture, soil bulk density, water holding capacity, soil temperature, microbial biomass, organic C and N, soil respiration, soil enzyme activity, and soil microbial populations.
Soil microbial biomass is critical to the maintenance of good soil quality because microorganisms are involved in important soil functions such as carbon and nitrogen cycling, soil tilth (tillage) and structure, and organic matter transformation (Singh et al., 1989; Ibekwe et al., 2002). Soils that suffer physical, chemical, and biological degradation such as erosion and compaction, acidification, nutrient depletion, industrial pollution, over-use of pesticides and fertilizers, and organic matter depletion, also suffer losses of biodiversity (Girvan et al., 2003). Disturbances affects the aboveground biota (e.g. plant community composition, density and cover), soil chemical characteristics (e.g. pH, organic matter quantity and quality), and thus belowground soil biota (Certini, 2005; Hart et al., 1994; Neary et al., 1999). Soil microbes regulate the cycling of C and N in soils, function in soil formation, groundwater quality maintenance, and contaminant degradation (Zak et al., 2003; Fierer et al., 2003). Transformation of non-urban lands to urban land use has the potential to modify soil carbon pools and fluxes (Pouyat et al., 2002). Microbial carbon to total organic carbon (MBC/TOC), and microbial carbon to nitrogen (MBC/MBN) are reliable indicators for organic matter quality or community composition (Scharenbroch et al., 2005).   
Soils in urban areas are created through physical disturbance, directly altering the biogeochemical transformation of C and N through the synergistic effect of key soil and organism processes (McDonnell et al., 1997; Pickett et al., 2001). Mixing perturbs the partitioning of coarse material, the soil structure and texture and alters the depth distribution of C and N (Craul, 1999). Additionally pore volume and macro-pores are affected in the top soil, while the subsoil layers are usually compacted, but depending on the depth of disturbance and machinery used, the subsoil may be loose (Baumgartl, 1998). The aim of this study was to characterize residual forest patches and open fields in residential areas in the City of Knoxville. Here we conducted a field study to investigate tree species diversity and quantitatively determine soil chemical, physical and biological characteristics along an urban-rural gradient within the City of Knoxville, TN. We tested whether tree diversity affected the quantitative change in soil chemical, biological and physical properties among sampled plots by season (fall, summer, winter and spring) and location (urban versus rural).

Methods
Study Site
The city of Knoxville is situated in the Great Appalachian (Tennessee) Valley in the Upper Tennessee Basin and is the third largest metropolitan city in the State of Tennessee (Figure 1). Historically, during the early 1800s the area that is now Knoxville, TN was inhabited by the Cherokee Indians (Deaderick, 1976). North Carolina legislature passed the “land grab act” in 1783 which resulted in the purchase and development of (640 acres) Knoxville area lands by John Yates (Deaderick, 1976). Agricultural land use in Knox Co. changed since 1900 from predominantly crop production to mainly feed for cattle (Knoxville and Knox County Planning Commission, 1988). In 1933, the Tennessee Valley Authority (TVA) was
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Figure 1. Map of urban forest study site in Knox Co., Tennessee.
established in Knoxville to solve problems caused by city development via soil conservation, reforestation, and improved agricultural practices (Knoxville and Knox County Planning Commission, 1988).  The city of Knoxville has a mean housing density of 1.07 residences per acre and median of 0.55 houses per acre (Cho et al., 2006). The city has a total area of 269.38 km2 (255.2 km2 - land and 14.6 km2 - water). The climate is temperate with no distinct wet and dry season, with average temperature in summer 24.5° and winter 4.1° and annual precipitation 119.74 centimeters (Hampson et al., 2000; Hartgrove, 2004). The Natural Resource Conservation Service classified general soil types in Knox Co. as inceptisols and ultisols. These soils formed under forest vegetation typically have light color, and range in depth from shallow to very deep with underlying bedrock consisting of limestone, dolomite, shale, siltstone, and sandstone (Hartgrove, 2004). 
Selection of urban and rural plots  
To identify potential urban and rural plots in Knox Co. we used ArcGIS to place a boundary box over the state of Tennessee. At both the northeast and southwest positions within the boundary box two x, y coordinates were established and the difference between x₁ and x₂ / y₁ and y₂ was calculated with the equation Rand ()*differences + x2 in Excel. Initially, approximately 78,000 0.40-hectar (tenth-acre) potential sampling points were randomly generated in Excel and exported to ArcGIS program (ArcMap10.0) to create a shape file. The city of Knoxville was isolated and demographic information such as race, age (median age), average family size, property owners versus renters, housing units occupied, families, farmland and average lot size was generated for each 0.40-hectar (tenth-acre) potential sampling point as well as urban and rural-residential areas within the established 1.609 kilometer (1 mile) buffer zone for the city.   This assessment defined urban boundaries using the 2000 U.S. Census Bureau data (U.S. Department of Commerce, 2010), to be consistent with the USDA Forest Service, Forest Health and Monitoring (FMH) programs 2001 assessment of urban forest conditions.  Following the FMH programs definition of urbanized areas 2918 tenth-acre potential sampling points landed within the urban boundary.  There was total of 423 0.40-hectar (tenth-acre) potential sampling points for the City of Knoxville selected based on areas with population densities ≥ 50,000 for Knox Co. Tennessee (Nowak et al., 2011). The shape file (ArcMap 10.1) was exported to a KML file to visually accept or reject potential sampling points in Google Earth using imagery data from 2011 for the city of Knoxville. Guidelines for acceptance of potential sampling points included areas ≥ 0.40 hectare forested or open field (non-agricultural) and residential properties only; points that landed in commercial lands, government lands, on tops of buildings, in the water, on impervious cover (streets and parking lots), or where the edge of each 0.4 hectare plot measured to ≥ 30.48 meters from any structure, were rejected.  Accepted potential points numbered 180, of which twenty-six were selected for sampling based on acceptance by residential land owners. The 26 plots consisted of 10-urban residential and 16-rural residential plots. Rural plots were within 1.609 km of the Knoxville city-limits (Figure 2). This plot size was chosen in order to capture sufficient tree data but to avoid multiple ownerships and has been used in other city wide inventories of urban forest (Riemann, 2003). 
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Figure 2. Map showing the location of 26 0.4 ha residential plot locations within the city of Knoxville and a 1.609 km buffer zone for Knox Co., Tennessee.

Due to the topographic differences that affect soil composition and water flow, our study area was divided into four quadrants. (Figure 3). The northeast (8 plots) is mostly ridge tops and shoulders with a general soil material of the Corryton-Townley complex, having 5 to 12 percent slopes, with most areas cleared and used for hay, pasture, or cropland. The southeast (5 plots) is mostly shoulders, side slopes, and back-slopes with a general soil material consisting of the Loyston-Talbott-Rock outcrop complex, having 15-50 percent slopes, mainly in woodland and cleared areas that are used as pasture or remain idle. The southwest (6 plots) is mostly shoulders, foot-slopes, toe-slopes, and side slopes with a general soil material consisting of Coghill-Corryton complex, having 5-25 percent slopes, and mainly woodland consisting of mixed 
  Figure 3. Map indicating the four quadrants for Knox Co. Tennessee.[image: ]

hardwoods and areas cleared for residential or commercial developments. The northwest (7 plots) is mostly on shoulders, side slopes, and back-slopes with a general soil material consisted of the Apison-Montevallo complex, having 35-75 percent slopes, with most areas in woodland consisting mainly of mixed hardwoods. The entire study area is generally well drained.  
Tree Inventory and Soil Sampling
Within urban and rural residential plots tree species and diameter were inventoried for woody plants measuring > 2.54 cm diameter at breast height. Soils were sampled during June 2012, October 2012, January 2013 and April 2013.  In each plot six 2 cm diameter by 30.4 cm deep soil cores were randomly collected, combined and mixed in the field, placed in 25-μm thick polyethylene storage bags, placed in coolers with ice, and taken back to the lab where they were processed for analysis. Subsamples from the heterogeneous mixture were used for total elemental, soil microbial biomass C& N, total organic carbon (TOC), pH, CEC, bulk density and gravimetric soil moisture (GSM) analysis.  To measure relative dominance of species in our 26 - 
0.04 ha plots we utilized the importance value (IV) calculation (Curtis and McIntosh, 1951; Kent and Coker, 1992). Importance values rank species within a site based upon three criteria 1) relative frequency (species occurrence), 2) relative density (total number of individual species) and 3) relative dominance (total amount of forest area occupied) (Curtis and McIntosh, 1951; Kent and Coker, 1992). Plots with multiple species within a genus were grouped and importance value calculations were averaged. The geographic center (-83.942222, 35.972778) for the city of Knoxville was used to calculate the distance from city-center for each plot. This distance metric was used to place each plot on an urban-to-rural gradient (Figure 4). 
Soil nutrient analysis
All soil samples (0.2g) were air dried for 2 days then passed through a 250 µm (60 –mesh) sieve. Microwave oven digestion by Nadkarni (1984), with modifications; was used for elemental analysis. Elemental analysis of the digested soil samples was analyzed by inductively coupled atomic emission spectrometry (ICP). Exchangeable As, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Na, Ni, P, Pb, S, Se, Sr, Ti, and Zn were determined by extraction with 1 N ammonium acetate (1NH4OAc, pH 7.0). The pH of the 1NH4OAc was adjusted by adding concentrated ammonium hydroxide. Exchangeable Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Mg,
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Figure 4. Map of the distance from city center to each plot for the city of Knoxville, Tennessee in Knox County.

Mn, Mo, Na, Ni, P, Pb, S, Se, Sr, Ti, and Zn were analyzed by ICP.  The sodium saturation method (pH 7.0) was used to determine cation exchange capacity (CEC) (Chapman, 1965). Soil bulk density  is the ratio of the mass of oven-dried solids () to the bulk volume () of the soil, which include the volume of the solids and the pore space between the soil particles (Blake and Hartge, 1986). Soil bulk density was calculated asoven dry weight) divided by the volume of the soil core () = g/cm3. Gravimetric soil moisture (Θ g ) was calculated as the difference between soil fresh weight (mw) and oven dry weight (ms) using the following equation: Θ g = mw  - ms / ms.

Soil microbial biomass analysis 
The simultaneous chloroform fumigation extraction (sCFE) “slurry “method was adapted from Fierer et al. (2003). Two subsamples from the composite soil samples (5g fresh weight) for each plot were placed into a 250 ml Pyrex glass bottle. Two treatments, control and fumigated were used. To each subsample 40 ml of 2M KCl was added. Fumigated subsamples received 0.5ml of ethanol-free ClCH3 and both fumigated and control samples were placed on a shaker for 4 hours. Following shaking, slurries were allowed to settle and approximately 20-30 ml of soil extract was decanted. Extracts were filtered (Whatmans 100 mm) through a glass funnel and aerated to remove residual chloroform. The extracts were placed in 50 ml screw-cap falcon tubes and stored at 4ºC until analyzed. To analyze total carbon a TOC-VCPH SHIMADZU (detection limit 0.1ppm) was used. Microbial C biomass was determined using the following equation:
Microbial biomass Carbon (MBC) = EC/kEC
Where, the chloroform-labile pool (EC) is the difference between C in the fumigated and non-fumigated extracts, and kEC is soil-specific constant and estimated as 0.45 (Beck et al., 1997). Microbial N biomass was determined using the following equation:
Microbial biomass Nitrogen (MBN) = EN/kEN
Where, the chloroform-liable N pool is the difference between N in the fumigated and non-fumigated extracts, and kEN is soil-specific constant and estimated as 0.54 (Brookes et al. 1985). MBC and MBN were expressed as µg N g-1. Soil carbon to nitrogen, microbial biomass carbon to nitrogen and microbial carbon to organic carbon ratios were calculated. To analyze total organic carbon the TOC the acidification/sparging method was used. To analyze total nitrogen a TNM-1 SHIMADZU unit was used (detection limit 0.1 ppm). To correct for high variance in both MBC and MBN calculations, we utilize a conversion factor to correct for differences in bulk density by expressing microbial biomass C and N in grams of dry soil per meter squared. 
Statistical analysis
Tree species diversity in plots was calculated by the Shannon diversity index as:
[bookmark: OLE_LINK1] 			         s
H′ = ∑ (Pi * ln Pi)
          i=1
[bookmark: OLE_LINK2]Where, s = number of species and, pi  is the fraction of the entire population made up of species i. Tree less plots were included in calculation of tree diversity. The Pearson correlation coefficient parametric test was used to correlate MBC, MBN, TOC, tree species diversity, tree diameter, CEC, pH, bulk density, soil moisture, average Al, As, Ba, Ca, Cd, Co, Cr, Co, Fe, K, Mg, Mn, Mo, Na, Ni, P, Pb, S, Sr, Ti and Zn. Principle component analyses (PCA) was used to reduce the variable dimensions and provide information to identify the variance with in the data set. Linear regression stepwise method was used to retain predictors in the best regression model for distance using the variables: MBC, MBN, TOC, tree species diversity, CEC, pH, bulk density, soil moisture, average Al, As, Ba, Ca, Cd, Co, Cr, Co, Fe, K, Mg, Mn, Mo, Na, Ni, P, Pb, S, Sr, Ti and Zn. . All analyses were performed with SPSS 19 (IBM Corp., Armonk, NY USA) and SAS 9.3 (SAS Inc., Cary, NC USA).  
Results
The total number of trees that were inventoried along the urban-to-rural transect in Knoxville was 958, with forty-nine woody plant species identified (Table 1). The most abundant tree species within all plots sampled were Pinus virginiana, Acer rubrum, Juniperus virginiana, Ulmus Americana, Acer saccharum, and Liriodendron tulipifera L. The five most abundant species based on IV calculations within each quadrant were: Carya spp., Celtis spp., Juniperus spp., Quercus spp., and Ulmus spp. (Quadrant 1); Carya spp., Celtis spp., Juniperus spp., Pinus spp., and Ulmus spp. (Quadrant 2); Acer spp., Carya spp., Fagus spp., Liriodendron spp, and Quercus spp. (Quadrant 3); Acer rubrum, Liqustrum spp., Pinus spp., Prunus spp., and Quercus spp. (Quadrant 4) (Table 2). Shannon’s diversity index for 76% (20) of sampled plots in rural areas mean H´ = 1.30 + 1.0 as compared to urban areas mean H´ = 1.51 + 0.73 (Figure 5). Quadrant mean Shannon’s diversity indices were H´= 1.13 ± 1.24 (Q1), H´= 1.82 ± 0.37 (Q2), H´= 1.85 ± 0.53 (Q3), and H´= 0.94 ± 0.84 (Q4) (Figure 6).  
Soil MBC mean in rural plots was 109.75 + 60.74 µ gˉ¹ (summer) 187.16 + 417.19 µ gˉ¹ (fall), 51.15 + 41.77 µ gˉ¹ (winter) and 110.31 + 74.03 µ gˉ¹ (spring), whereas urban MBC mean was 86.49 + 90.65 µ gˉ¹ (summer), 96.28 + 139.39 g µ gˉ¹ (fall), 45.4 + 53.67 g µ gˉ¹ (winter) and 68.67 + 40.7 µ gˉ¹ (spring). Rural soil MBN mean was 10.17 + 4.64 µ gˉ¹ (summer), 9.5 + 8.61 µ gˉ¹ (fall), 18.41 + 48.22 µ gˉ¹ (winter) and 10.89 + 12.21 µ gˉ¹ (spring), whereas urban MBN mean was 7.03 + 6.73 µ gˉ¹ (summer), 13.73 + 32.67 µ gˉ¹ (fall), 5.46 + 3.75 µ gˉ¹ (winter) and 5.0 + 7.41 µ gˉ¹ (spring) (Table 3).
In soils we identified twenty-three major and trace elements (Table 4).   Based on Pearson’s correlation coefficient bulk density in both urban (r = -0.555, p < 0.001) and rural (r = -0.692, p < 0.001) locations were negatively correlated to tree diversity (Table 5). However, GSM (r = 0.367, p < 0.01) and CEC (r = 0.347, p < 0.01) in rural plots was positively correlated to tree diversity (Table 5). Additionally, in rural locations, GSM, pH, three macro-nutrients (Ca, Mg and S) and Pb were significantly correlated (p < 0.05) to MBC and MBN. Total C and N, CEC, bulk density, TOC, GSM, three macro nutrients (Ca, Mg, and S), Cr and Ti were significantly positively correlated (p < 0.05) (Table 4). There was no significant correlation (r =0.101, r= -.001 p = .539, p = .994) found between tree diversity and urban MBC or urban MBN, 
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Figure 5. The average diversity indices (H´) by location for rural (n=16) H´= 1.30±1.03 and urban (n=10) H´1.51±0.73 urban-to-rural gradient plots in Knoxville, TN.
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Figure 6. The average diversity indices (H´) by quadrant for quadrant 1 (n=8) H´= 1.13 ± 1.24, quadrant 2 (n=5) H´= 1.82 ± 0.37, quadrant 3 (n=6) H´= 1.85 ± 0.53, and quadrant 4 (n=7) H´= 0.94 ± 0.84 areas of Knoxville, TN. 
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respectively by season, location (urban/rural) or season*location (uban/rural).  Since tree diversity was not a significant covariate either as a simple covariate interaction with season and location (fixed), we removed the covariate and reran the MANOVA. Based on our repeated measures MANOVA there was no significant effect of season and no significant interaction with location (urban or rural) with MBC and MBN. We next evaluated the differences in soil physical properties (pH and GSM) between locations and seasons and found a significant difference in means by season (p < 0.001), but there is no significant interaction of season and location (p = 0.257). Soil pH values were between 3.17 and 8.28 in urban and 3.59 and 7.72 in rural plots, with pH significantly correlated (p< 0.001) to rural MBC (Table 4). Soil cation exchange capacity (CEC) tended to be higher in rural (4.3 cmol g-1) than urban (3.7 cmol g-1) plots, with CEC significantly correlated (p< 0.05), in urban locations (Table 4).
Pearson’s correlation between population density, distance (km), ICP analytes, biological and physical properties for summer indicated negative correlations for distance, Co, Fe, Na,Ni, and P at  (p< 0.05). Additionally, pH was positively correlated with population density at (p<0.001) and GSM had a negative correlation at (p<0.001) (Table 6.a).  Distance and GSM for fall, winter and spring were negatively correlated with population density at (p<0.05) (Table 6b, 6c, 6d). Principal component analysis (PCA) produced a total of twenty-nine components. These are the ten components with the heights extracted eigenvalues which account for ninety-nine percent of the variance among the 29 variables (Table A4). From the ten components only components one and two were retained for the correlation matrix with distance for geographic city center and chemical, biological, and physical properties. Component one accounted for 82.422 percent of the total variance were as component two accounted for 11.064 percent of the total variance among the variables (Table A.1). The combined components (1 and 2) account for 93.486% of the variance in the total set of variables in the PCA (Table A.2). That is, the 29 variables can be reduced to two dimensions (components) that account for as much variance as the 29 variables. Pearson’s Correlations between distance and component scores, where generic first component is not correlated with distance. The second component has a negative correlation with Distance at the p<0.001. So as distance from the city center increases the component 1 scores decreases or vice-versa (Table A.3).
Linear regression stepwise backward elimination method was used to retain predictors in the best regression model for distance. The last model retained, with the predictors Ba ppm and Sr ppm, explains about 7% (.067) of the total variation in distance to city center (Table 7). The model retained two predicative constants with at least one significant predictor of distance: F = 4.62; df = 2, 99; p = 0.012 (Table 8).  
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Regression equation for the final model is: 
predicted value of Distance = 12.009 +  0 .390 ± 0.005 Ba ppm  - .282 ± 0.037 Sr ppm Standardized Betas indicate that Ba ppm (.390) is a stronger predictor than Sr ppm (-.282). T-tests on the regression coefficients (B) show that both are signficant predictors: Ho: B=0 Ba ppm: t=3.028; df=1, 99; p=.003 and Sr ppm: t=-2.195; df=1, 99; p=.031for both, Ho is rejected at alpha=.05 (Table 9).
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Discussion  
Woody vegetation diversity along urban-rural gradient
Urban and rural areas have distinct differences in plant species composition and soil characteristics (Porter, et. al., 2001). One way to assess forest community structure in urban forests is to calculate IVs for each species within designated urban forest plots or whole communities in urban areas. Nowak et al., (2006a) analyzed forest structure (i.e. tree species composition, species diversity, number of trees, etc.), forest function (i.e. environmental and ecosystem services) and forest value (i.e. economic worth) within the Washington D.C. area. To identify the most important species the authors calculated IVs for each species inclusive of relative leaf area and relative abundance. The study reported Fagus grandifolia, Lirodendron spp. and Acer rubum the most important species based on their calculated IVs. Here we assess the most importance species within four distinct quadrants in the city of Knoxville (including a 1.609 km buffer around the city). Quadrants were designated based on topographic differences in Knox Co. which affects soil composition and water flow. Three species, Acer spp., Pinus spp. and Quercus spp. had > 8 occurrences per plot (26 – 0.04 ha plot) within each quadrant (Table 2).  In quadrant one (northeast location) the dominant over-story species were Carya (IV = 108) and Quercus (IV = 33).  In quadrant two (southeast location) the dominant over-story species were Juniperus (IV = 69), Pinus (IV = 75), and Quercus (IV = 37). In quadrant three (southwest location) the dominant over-story species were Carya (IV =33), Quercus (IV =61) and Liriodendron (IV = 78). In quadrant four (northwest location) the dominant over-story were Quercus (IV = 26), Prunus (IV = 22) and Acer (IV = 76).  
Even though mean species richness was slightly higher in urban (1.51) than rural (1.30) plots, no significantly difference was found. Porter et al., (2001), studied six specific sites (a preserve, a recreational area, a golf course, a residential subdivision, apartment complexes, and a business district) in Oxford, OH along a forest-to-urban gradient. Their study found that in urban areas species richness was greater H’ = 2.69 (residential), 2.19 (apartment), 2.06 (business districts) than in natural sites with H’ = 2.30 (golf course), 1.94 (recreational areas) and 1.70 (preserves). Our study did not inventory commercial, business or recreational areas within the City of Knoxville. We focused on natural forest patches within residential areas, with minimal to no human interaction. McKinney (2008) reviewed 105 studies on the effects of urbanization on species richness of non-avian species and plants. He found that for all groups species richness tends to be reduced in areas with extreme urbanization whereas species richness varies significantly as you move away from central urban core areas. 
MBC and MBN differences along urban –rural residential gradient	
We tested whether tree diversity affected the quantitative change in soil microbial biomass carbon (MBC) and microbial biomass nitrogen (MBN) among sampled plots by season (fall, summer, winter and spring) and location (urban versus rural). Our study quantitatively assessed MBC and MBN spatially (urban and rural) and temporally (summer, fall, winter and spring) in the City of Knoxville from May 2012 to May 2013. In comparing MBC between urban and rural plots, there was no significant difference. There are several possibly explanations 1) soils may contain similar quantities of labile and passive carbon pools, 2) residential urban and rural soils have similar capacities in terms of carbon sequestration and cycling or 3) soil carbon pools in residential rural plots are impacted by urbanization and environmental changes as much as residential urban plots (Pouyat et al, 2002).  Pouyat et al., (2002) studied the potential effects of urbanization on soil organic carbon (SOC) in the City of Baltimore, MD. They found that along an urban-to-rural gradient soil organic carbon was significantly higher in urban forest stands than suburban and rural stands. Groffman et al., (1995) compared carbon pools along the urban-rural gradient and found that urban areas contained more passive pools of carbon; therefore, lower MBC could be expected due to the longer turnover rate for C mineralization. Overall, this study points to the heterogeneity of soils and their functions, especially in and around urban fringes.
MBN means did differ by location, mean rural MBN was 3.2 g N m-2 compared to a mean urban MBN of 2.0 g N m-2 but no significantly difference was found. An earlier study by Goldman et al. (1995) found consumption rates higher for soil NH4+ and total inorganic N; therefore  both showing lower concentrations at (p < 0.05) in urban areas than in rural areas along a urban-rural transect from highly urbanized Bronx County, NY to rural Litchfield County, CT.  These consumption rates were lower for soil N03- with higher concentration rates at (p< 0.05) in urban areas than in rural areas. Raciti et al. (2008) estimated the production and consumption of NO-3 to NH4+ to assess differences in internal nitrogen cycling under the two vegetation types, urban lawns and forests. They found higher turnover rates of N retention in urban lawns than forests, but no deference in the MBN even though there was twice the amount of N retention in urban lawns than forests. Zhu and Carreiro (2004) found that there were higher turnover rates of N in urban areas which caused increased N mineralization when compared to rural areas. The landscape age could also be a potential driver for the lower MBN in the urban residential plots. Scharenbroch et al. (2005) found that new residential landscapes had lower MBN than old residential landscapes. In residential urban and rural plots sampled throughout the City of Knoxville urban plots had a more recent disturbance history as compared to rural plots. The rural plots therefore have had time to establish microbial populations and undergo ecological succession. One possible explanation for the lower MBN in the urban sites is that increased amounts of earthworms could contribute to lower MBN as well as lower quality leaf litter (Zhu and Carreiro, 2004). Additionally, increased fertilization rates have been found to decrease microbial C and N in northern hardwood forests, which is likely due to large quantities of N in the soil and faster microbial turnover rates (Fisk and Fahey, 2001).
Fluxes in soil nutrients and associated measurements by season and location 	
The biogeochemical interactions in soil habitats are composed of connecting organic, inorganic and biological factors that influence each other and interact in soil ecosystems (Totsche et al., 2009). Our soils contained twenty three elements and trace metals; of which Pb, and macronutrients S, Mg, and Ca, were significantly correlated (p < 0.05), with MBN and MBC. MBC in rural residential plots were significantly correlated (p<.05) with S, Mg, and Ca and significantly correlated (p < 0.1) urban plots.  A field study in Spain’s temperate zone found when soils exhibited increases in MBC and flux of Mg (Diaz-Ravina et al, 1992), soil microbes are a component mediating soil Mg levels. In metropolitan Bejjing, concentrations of Mg and Ca did not vary between park, industrial, residential, agricultural, traffic, and public soils (Wang et al., 2011); Mg and Ca could be influenced by fluxes in MBC regardless of location. 
	Interestingly, there was a significant correlation (p<.05) between MBN and Pb in rural residential plots. In Aberdeen city, Scotland, UK and rural agricultural fields in the vicinity of Aberdeen city, Yuangen et al. (2006) found that the elements Pb and Zn had different accumulations in the urban soils compared with rural soil. Contents of Pb and other metals were significantly higher in urban soils (roadside soils and parkland soils) than in rural soils (p < 0.05). Pouyat and McDonnell (1991) found variation in the  concentration of metals (Pb and Cu) along an urban-rural gradient in southern New York,  being generally higher closer to the urban core of the transect line and decreasing as you moved out from the urban core.  The elements Pb and Zn are known to be anthropogenic pollutants in urban environment. Yuangen et al. (2006) suggests that microbial biomass may be the most sensitive indicator to metal Pb inputs in soil.
Rural residential plots were found to have a higher CEC than urban plots indicating higher fertility and nutrient exchange in forests as one move along an urban-to-rural gradient. Interestingly, this suggests that MBC should also be higher in rural residential plots based off findings from an urban soils study (Ohya et al, 1988). MBC along the urban-rural gradient, however, did not follow the pattern of CEC being higher in rural and lower in urban residential plots. Instead of MBC differing along the urban-rural gradient by location, it proved to differ significantly between the summer and winter; whereas MBN differed only by location and not by season. MBN has been found to increase in the spring along the urban-rural gradient of New York City from microbes utilizing inorganic N that was stored throughout winter (Zhu and Carreiro, 2004). Our plots did not exhibit this spring MBN flux. In a seasonal turf grass study, MBC and MBN were found to be lowest in September and the highest in December (Yao, 2011). Following the pattern of urban-to-rural plots in regards to the seasons for MBC. Since MBC accounts for a portion of TOC, MBC can be positively related to the amount of SOM (Jenkinson and Ladd, 1981). This would explain the elevated MBC during the winter season due to leaf litter accumulation on the forest floors combined with decomposition occurring throughout the fall. Indicating though the urban-rural gradient is subject to urban environmental stressors, the urban ecosystem is resilient in maintaining the ecosystem functions of more natural systems. 
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PART III
CONCLUSION AND IMPLICATIONS


In determining tree species diversity and soil composition along an urban-to-rural gradient in residual forest patches and open field it was found that tree diversity did not differ significantly for residential urban/rural plots in Knoxville, Tennessee. The diversity of Knoxville’s urban forest is relatively resilient to the presses of different levels of land use / land change. Spatial (urban/rural) and temporal differences were identified for chemical, physical and biological soil properties along an urban-to-rural gradient. Chemically, residual forest patches along the urban-to-rural gradient were found to be negatively correlated, both in urban and rural; with Barium and Cobalt. In both locations soil solution mean concentrations were approximated at 280 µ g⁻¹ Ba and 20 µ g⁻¹ Co. Other elements negatively correlated with tree diversity were Potassium and Copper for urban plots and Manganese, Zinc and Cromium in rural plots. Similarly, physical soil properties such as bulk density in both urban and rural sites were negatively correlated with tree diversity. Both land use types had mean density of 1.05 g/m³ which is typical for natural forest soils and indicates that Knoxville’s residual forest are minimally impacted by continual land use changes often found in the urban ecosystem. 
Rural soils did differ physically from urban soil, in cation exchange capacity (CEC) and soil moisture content (GSM). Both were positively correlated with tree diversity and rural residential plots were found to have a higher CEC than urban plots indicating higher fertility and nutrient exchange in forests as one move along an urban-to-rural gradient. Biologically, there was no indication that soils were affected by tree diversity, in terms of soil microbial biomass C/N along an urban-to-rural in Knoxville residential plots.  
When determining the impacts of land-use change from urban to rural on tree diversity and soil biological, chemical, and physical properties within urban residual forest patches it was found that chemical soil concentrations differed seasonal and by location along the urban-to rural gradient. Distance from city center along an urban-to-rural gradient for MBC by location did differ significantly between the summer and winter; whereas MBN differed only by location and not by season.  The principal component analyses (PCA) indicated that the variation along the gradient was mostly due to the soil chemical properties as compared to the physical and biological properties. The distances from city center and tree diversity were not significant in the loading values for the PCA. Residual forest patches and open fields of residential land use in the city of Knoxville function similarly to natural vegetative areas. Characterizing residual forest patches and open fields in residential areas has the potential to promote different land use and land change practices. Utilizing the chemical, physical and biological soil characteristics and tree diversity in the development of a predictive model for residual forest patches or open field based on urban or rural location can provide a tool for development in terms of residential land use. Though the predictive model developed for the city of Knoxville indicates the predicted value of Distance = 12.009 +  0 .390 ± 0.005 Ba ppm  - .282 ± 0.037 Sr ppm can be used to estimate/designate whether a location is urban or rural, further data mining is suggested to further improve the models accuracy and capabilities. Through the understanding of how urban ecosystems work as well as the functions forest patches and open spaces provide; city manager can offer residents higher quality urban environments.
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	Table A.6. List of all the predictors for linear regression stepwise 

	model not retained.
	
	
	
	

	Excluded Variablesa

	Model
	Beta In
	t
	Sig.
	Partial Correlation
	Collinearity Statistics

	
	
	
	
	
	Tolerance

	1
	Alppm
	-.154b
	-1.128
	0.262
	-0.113
	0.51

	
	Asppm
	.042b
	0.427
	0.67
	0.043
	0.996

	
	Cappm
	-.071b
	-0.724
	0.471
	-0.073
	0.999

	
	Cd
	-.044b
	-0.445
	0.657
	-0.045
	0.983

	
	Coppm
	.096b
	0.84
	0.403
	0.084
	0.737

	
	Crppm
	-.221b
	-1.745
	0.084
	-0.173
	0.587

	
	Cu
	.057b
	0.581
	0.563
	0.058
	0.991

	
	Feppm
	-.185b
	-1.735
	0.086
	-0.172
	0.826

	
	Kppm
	-.029b
	-0.206
	0.837
	-0.021
	0.487

	
	Mgppm
	-.147b
	-1.394
	0.166
	-0.139
	0.851

	
	Mnppm
	.148b
	1.439
	0.153
	0.143
	0.897

	
	Mo
	.000b
	0.005
	0.996
	0
	0.998

	
	Nappm
	-.046b
	-0.464
	0.644
	-0.047
	0.997

	
	Nippm
	-.133b
	-1.172
	0.244
	-0.117
	0.742

	
	Pppm
	-.060b
	-0.587
	0.558
	-0.059
	0.911

	
	Pb
	.041b
	0.392
	0.696
	0.039
	0.863

	
	Sppm
	.004b
	0.035
	0.972
	0.004
	0.99

	
	Seppm
	-.035b
	-0.352
	0.726
	-0.035
	1

	
	Srppm
	-.282b
	-2.195
	0.031
	-0.215
	0.558

	
	Tippm
	-.037b
	-0.357
	0.722
	-0.036
	0.897

	
	Znppm
	.051b
	0.506
	0.614
	0.051
	0.949

	
	pH
	.034b
	0.343
	0.732
	0.034
	0.985

	


	2
	Alppm
	.159c
	0.773
	0.441
	0.078
	0.22

	
	Asppm
	.082c
	0.84
	0.403
	0.085
	0.965

	
	Cappm
	.132c
	1.01
	0.315
	0.102
	0.542

	
	Cd
	-.090c
	-0.909
	0.365
	-0.091
	0.944

	
	Coppm
	.165c
	1.441
	0.153
	0.144
	0.694

	
	Crppm
	-.078c
	-0.481
	0.631
	-0.049
	0.353

	
	Cu
	.066c
	0.679
	0.499
	0.068
	0.989

	
	Feppm
	-.068c
	-0.508
	0.613
	-0.051
	0.515

	
	Kppm
	.072c
	0.492
	0.624
	0.05
	0.44

	
	

	
	

	
	Table A.6. Continued

	
	Model
	Beta In
	t
	Sig.
	Partial Correlation
	Collinearity Statistics

	
	
	
	
	
	
	Tolerance

	
	Mgppm
	.017c
	0.122
	0.903
	0.012
	0.452

	
	Mnppm
	.090c
	0.841
	0.402
	0.085
	0.817

	
	Mo
	-.059c
	-0.586
	0.56
	-0.059
	0.93

	
	Nappm
	.004c
	0.044
	0.965
	0.004
	0.942

	
	Nippm
	-.041c
	-0.332
	0.741
	-0.033
	0.621

	
	Pppm
	-.038c
	-0.371
	0.711
	-0.037
	0.901

	
	Pb
	.113c
	1.048
	0.297
	0.105
	0.798

	
	Sppm
	.067c
	0.665
	0.507
	0.067
	0.915

	
	Seppm
	-.094c
	-0.948
	0.345
	-0.095
	0.935

	
	Tippm
	.034c
	0.321
	0.749
	0.032
	0.813

	
	Znppm
	.113c
	1.107
	0.271
	0.111
	0.889

	
	pH
	.119c
	1.159
	0.249
	0.116
	0.873

	a. Dependent Variable: Distance from City Center (km)

	b. Predictors in the Model: (Constant), Ba ppm

	c. Predictors in the Model: (Constant), Ba ppm, Sr ppm
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Figure A.1. Map with 423 potential sampling points in Knox, Co. Tennessee.
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Figure A.2. Map with 423 potential sampling points in Knoxville city limit. 
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Figure A.3. Map with 423 potential sampling points in Knoxville city limits and one mile city buffer zone.
Identification of urban and rural plots
To identify potential urban and rural plots in Knox Co., using ArcGIS a boundary box was placed on top of the state of Tennessee. At both the northeast and southwest positions within the boundary box, two x, y coordinates were established and the difference between x₁ and x₂ / y₁ and y₂ was calculated with the equation Rand ()*differences + x2 in Excel. Initially, approximately seventy-eight thousand potential sampling points were randomly generated in Excel. Once the points had been generated, the Excel file was exported to ArcGIS program (ArcMap10) to create a shape file. Initially, 78,000 tenth–acre sampling points were generated throughout the state of Tennessee. The city of Knoxville was isolated and demographic information such as race, age (median age), average family size, property owners versus renters, housing units occupied, families, farmland and average lot size was generated for each tenth- acre potential sampling point as well as urban and rural-residential areas within the established 1 mile buffer zone for the city. The city of Knoxville has a mean housing density of 1.07 residences per acre and median of 0.55 houses per acre (Cho et al., 2006). Urban boundaries were delineated from the initial 78,000 tenth–acre potential sampling points based on the USDA Forest Service, Forest Health and Monitoring (FMH) programs 2001 assessment of urban forest conditions.  This assessment defined urban boundaries using the 2000 U.S. Census Bureau data (U.S. Department of Commerce, 2011).  Following the FMH programs definition of urbanized areas 2918 tenth-acre potential sampling points landed within the urban boundary.  There was total of 423 tenth-acre potential sampling points for the City of Knoxville selected based on areas with population densities ≥ 50,000 for Knox Co. Tennessee (Nowak et al., 2011).
The shape file (ArcMap 10) was exported to a KML file to visually accept or reject potential sampling points in Google Earth using imagery data from 2011 for the city of Knoxville. Guidelines for acceptance of potential sampling points included areas ≥ 1 acre forested or open field (non-agricultural) and residential properties only.  Points that landed in commercial lands, government lands, on tops of buildings, in the water, on impervious cover (streets and parking lots),  and  within 100 feet buffer zone for any structure, where the edge of each 0.04-ha (0.10 acre) plot measured to ≥ 30.48 meters (100 feet) from any structure, were not used for inventory.  After visually accepting or rejecting potential points there was a total of 180 potential points for Knoxville. Twenty-six, 0.04-ha residential (urban-to-rural) plots were established during May 2012 – August 2012. This plot size was chosen in order to capture sufficient tree data but to avoid multiple ownerships and has been used in other city wide inventories of urban forest (Stewart et al., 2004).
 Site and species description of urban and rural plots 
Our interests are in natural forest patches within residential areas, with minimal to no human interaction. Due to the topography difference in Knox co. which affect soil composition and water flow, we define our natural forest patches within residential areas into four quadrant (Fig 1: Q-I, Q-II, Q-III, Q-IV) forest communities using primary cardinal direction. The Upper Tennessee River flows from east (35.971856°, -83.654923°) to west (35.975663°, -84.195269°) through Knox co. Our twenty-six plots were stratified into four quadrants based on the flow of the Upper Tennessee River and difference in soil composition of the northeast (quadrant-1: 8 plots) mostly ridge tops and shoulders with a general soil material consisted of Corryton-Townley complex, having 5 to 12 percent slopes, with most areas cleared and used for hay, pasture, or cropland; southeast (quadrant-2: 5 plots) mostly shoulders, side slopes, and back-slopes with a general soil material consisted of Loyston-Talbott-Rock outcrop complex, having 15-50 percent slopes, mainly areas are in woodland and cleared areas are used as pasture of remain idle; southwest (quadrant-3: 6 plots) mostly shoulders, foot-slopes, toe-slopes, and side slopes with a general soil material consisted of Coghill-Corryton complex, having 5-25 percent slopes, mainly woodland consisting of mixed hardwoods and areas cleared for residential or commercial developments: northwest (quadrant-4: 7 plots) mostly shoulders, side slopes, and back-slopes with a general soil material consisted of Apison-Montevallo complex, having 35-75 percent slopes, most areas are in woodland consisting mainly of mixed hardwoods. All quadrants in the study are generally well drained. 
To measure relative dominance of species in our 26 - 0.04 ha plots we utilized the Importance Value (IV) Calculation (Curtis and McIntosh, 1951; Kent and Coker, 1992). Importance values rank species within a site based upon three criteria 1) relative frequency (species occurrence), 2) relative density (total number of individual species) and 3) relative dominance (total amount of forest area occupied) (Curtis and McIntosh, 1951; Kent and Coker, 1992). Quadrants 1 and 4 contain a total of six open field plots which have not been in production within the past 10 years. Based on our importance value calculations we define 4 forest communities. Plots with multiple species within a genus were grouped and importance value calculations were average. 

Identification of Knox Co.  Property Owners
Owner information (names, addresses, and telephone numbers) was obtained by Tennessee Property Viewer, a digital property map and parcel database maintained by the KGIS**. Because most owners were not available during the day, contacting them entailed several steps: 1) letters were distributed with information about the study at each residence, 2) a follow-up phone call to the owner(s), and 3) upon receiving permission from an owner, meeting with them and conducting the inventory.       
Urban-to-Rural Forest Inventory
Twenty-six – 0.04-hectare (0.10-acre) plots were inventoried along an urban-to-rural gradient in Knox Co., TN. Each plot, 11.35-meter (37.24 ft.) fixed –radius plot; where all trees ≥ 2.54 centimeters (1.0 inches) diameter at breast height (dbh), herbaceous plants and invasive were measured.  To measure relative dominance of species for the 26 - 0.04 ha plots the Importance Value (IV) Calculation (Curtis and McIntosh, 1951; Kent and Coker, 1992) was utilized. Importance values rank species within a site based upon three criteria 1) relative frequency (species occurrence), 2) relative density (total number of individual species) and 3) relative dominance (total amount of forest area occupied) (Curtis and McIntosh, 1951; Kent and Coker, 1992). Quadrants 1 and 4 contain a total of six open field plots which have not been in production within the past 10 years. Based on our importance value calculations we define 4 forest communities. Plots with multiple species within a genus were grouped and importance value calculations were averaged 
Urban-to-Rural Forest Soil Sampling 
Soil samples were collected for each of the 26 – 0.04-hectar (0.10-acre) fixed-radius urban-to-rural gradient plots during June 2012, October 2012, February 2013, April 2013, June 2013, October 2013, February 2014 and April 2014 in Knoxville, Tennessee.  Within each 11.35-meter (37.24 ft.) fixed-radius plot, 6 forest floor samples to the depth of 30.4 cm were extracted at random using a 2 cm diameter metal core.  Mineral soil was removed if it was attached to the base of the forest floor core.  The soil samples from each plot were placed in 25-μm thick polyethylene storage bags which were labeled with the plot number, season, date of soil extraction, and study location (Knox Co,).  Next, the 6 samples for each plot were mixed in the field creating a single bulked/composite soil sample, placed in a cooler of ice and taken back to the University of Tennessee – Knoxville Urban Soil Laboratory for processing.  After processing, soil subsamples from the heterogeneous mixture for each plot were used to determine soil physical, chemical and biological properties.  
Soil Analysis
All soil samples were air dried for 2 days passed through a 250 µm (60 –mesh) sieve. Soil samples (heterogeneous mixture for each plot) were used to determine soil pH, gravimetric soil moisture (GSM), soil bulk density, cation exchange capacity (CEC), total soil elemental concentrations, soil microbial biomass C& N, and total soil organic carbon (TOC). 	
Soil pH 
From each composite soil sample, weigh two soil subsample of 5.0 g – 10.0 g soil each and place into 50 mL centrifuge falcon tube.  Record the date, time, plot number with replication letter, and the weight of fresh soil to the nearest 0.1 g for each sample in laboratory research notebook.  Next, add deionized (DI) water to each sample at a 1:1 ration (5.0 g soil: 5.0 ml DI water) then place the 50 mL centrifuge falcon tube on a Glas-Col: Touch Vortexer to mix solution into a slurry.  Next using a Denver Instrument Model 250 pH/ISE/conductivity meter with two calibration points, immerse the electrode into suspension within 50 mL centrifuge falcon tube.  The Model 250 reads conductivity, salinity, resistivity and TDS, and automatically selects the correct range for the sample.  Model 250 automatically recognizes 22 built-in buffer values with temperature correction. You can enter up to five custom buffers for auto-recognition or enter a buffer manually.  The Model 250 automatically checks your electrode and will warn of any problems before the final results are affected. Select the graph function to obtain an on-screen view of your electrode calibration data, or output complete calibration data to a computer or printer.  Allow an appropriate amount of time to pass before recording the measurement, this will permit stabilization of output data, then record to the nearest pH resolution of 0.01.
Gravimetric Soil Moisture 
From each composite soil sample, weigh three soil subsamples of 10 g soil (fresh wt.) each into aluminum weigh boat.  Each weigh boat is labeled with plot number and sample replication letter for identification (plot 1981-A, B, C). Record the date, time, plot number with replication letter, and the weight of fresh soil to the nearest 0.001 g for each sample in laboratory research notebook.  Place the aluminum weigh boat containing the 10 g of soil into a ventilated drying oven, 105° C, for 24 hours uncovered.  After the drying period, let aluminum weigh boat cool for 5 minutes.  Weigh each sample immediately and record the oven-dry weight.  To determine the oven-dry weight, weigh the aluminum boat with sample then again empty.  Subtract the empty weight (boat) from the sample weight (boat with soil sample). To calculate the gravimetric soil moisture content for each sample use the equation:, where  is the soil fresh weight (moist) mass prior to drying and  is the dry soil mass of the same soil after the oven drying process.  This will provide a value for moisture represented as a percent for each soil sample.
Bulk Density
Soil bulk density by the core method was used for soils samples collected October 14, 2013 – October 18, 2013 for all 26 plots. Soil bulk density  is the ratio of the mass of oven-dried solids () to the bulk volume () of the soil, which include the volume of the solids and the pore space between the soil particles (Blake and Hartge, 1986) offers the opportunity to obtain  information inexpensively and in a timely manner (Soil Survey Staff method 3B6a, 2004). Within each 11.35-meter (37.24 ft.) fixed-radius plot, six soil samples were collected (30.0 cm) randomly using a 2 cm diameter metal core.  Soil core samples were measured with a cementer ruler to assure all samples extracted where the same length.  Mineral soil was removed with a knife if it was attached to the base of the core.  The soil samples from each plot were placed in 25-μm thick polyethylene storage bags which were labeled with the plot number, season, date of soil extraction, sampling procedure (bulk density) and study location (Knox Co.).  Soil samples were mixed (6 cores per site) from each plot and the composite soil sample was stored until analyzed. 

Cation Exchange Capacity (CEC)-NA Saturation Method pH 7


	To measure cation exchange capacity of each soil sample, Chapman (1965) Na saturation method was adopted. Sodium acetate (NaOAc) was prepared by placing 136 g of NaOAc into a 1 L beaker and dissolved into 800 ml of deionized water. The solution was buffered with 10% acetic acid until the pH read 7.0. The solution was transferred to a 1 L volumetric flask and brought to volume (1 L) with deionized water. To prepare the ammonium acetate (NH4Oac) solution, 77.08 g of NH4Oac was placed into a 1 L beaker and dissolved into 800 milliliters of deionized water. Afterwards, the solution was transferred to a 1 L volumetric flask and brought to volume (1 L) with deionized water. 
	Five grams of soil were weighed into 50 ml centrifuge tubes. To each sample, 30 ml of the pH 7 1M NaOAc solution was added. The tubes were capped and placed on a shaker for 5 minutes. After shaking, the tubes were transferred to a centrifuge where they were centrifuged at 4000 rpm (rotations per minute) for 4 minutes. The tubes were removed and the clear supernatant was discarded. Thirty ml of pH 7 1M NaOAc was added again to each tube. The tubes were capped and the soil was stirred using a vortex mixer. Next, the tubes were set on the shaker for 5 minutes and transferred again to the centrifuge for the same rate and time as the previous step. The tubes were removed from the centrifuge and the supernatant was discarded. This step was repeated two more times. Samples were then centrifuged and washed three times with 30 ml of 95% ethanol in each tube. Following each wash, the ethanol was discarded. Thirty ml of 1 M NH4Oac added was added to each tube. Tubes were capped and stirred with a vortex mixer until the soil was re-suspended. The samples were placed on a shaker for 5 minutes and centrifuged for 4 minutes at 4000 rpm. The clear supernatant was decanted into 100 ml volumetric flasks. This step was repeated three times. Lastly, the volumetric flasks were then brought to volume with pH 7 1M NH4Oac and stored in 15 ml centrifuge tubes in a refrigerator until ICP analysis. 	
Simultaneous Chloroform Fumigation Slurry-Extraction (sCFE) 

Soil microbial biomass Carbon and Nitrogen was determined by using an adaptation of the Chloroform Fumigation Extraction “slurry” Method (sCFE) proposed by Fierer (2003). 
From each soil sample, two 5 g subsamples of sieved soil were weighed out into 250ml Pyrex No.1395 glass bottles, one fumigated (with chloroform) and one un-fumigated (without chloroform). 40ml of 2 M KCl were added to each sample. To one sample 0.5 ml of ethanol-free chloroform was added. Both the chloroform exposed and control samples were sealed with chloroform resistant screw caps and placed on orbital shaker for 4 hours at 150 rev/min. Following shaking, the slurry was allowed to settle for 10 minutes, and 20 – 30 ml of extract from the top was decanted. By decanting only the top portion, the chloroform that concentrated at the bottom of the bottle was avoided. The extracts were then filtered through Whatman No. 1 filter paper using glass funnels in 50 ml Erlenmeyer flasks. Extracts were bubbled with air through rubber tubes using glass tips for 30 minutes. Extracts were then transferred to 50ml Falcon tubes and frozen until analysis. Samples then were thawed and transferred to glass tubes. A standard curve was made then the bottles were sent to be analyzed for total carbon (TC) and total nitrogen (TN). 
From each extract, total carbon (TC) and total nitrogen (TN) were determined. TC was analyzed by a TOC-VCPH SHIMADZU analyzer with a 0.1ppm detection limit. The machine first flushed 150 ml/min of carrier gas (purified air) through a TC combustion tube which was heated to 680˚C. After the injection, the TC in the sample was then oxidized and decomposed into the form of carbon dioxide. The carrier gas along with the products of the combustion were then cooled and dehumidified. The products were then passed through a non-dispersive infrared detector (NDIR) sample cell that detects carbon dioxide. The NDIR analog signal then peaks and the data processor calculated the peak area detected. The TC concentration was then determined by relating the measured peak to the calibration curve made by a known, predetermined TC standard solution.  Microbial biomass carbon (MBC) was calculated by the following equation: Microbial C – EC/kEC, whereas, the chloroform-labile pool (EC) is the difference between the fumigated and non-fumigated extracts and kEC is the soil-specific constant at 0.45 (Beck et al, 1997). Extractable organic carbon (EOC), was measured from the non-chloroform exposed extracts and total labile carbon (TLC) was determined by add MBC and EOC (MBC + EOC = TLC). All three measurements (MBC, EOC, and TLC) were used to test hypothesis three under the second objective.
Total nitrogen (TN), was determined by using a TNM-1 SHIMADZU analyzer with a 0.1ppm detection limit. Again, carrier gas was used to flow into a combustion tube at a rate of 150 ml/min and then heated to 720˚C with the use of a catalyst. After thermal decomposition had taken place, the TN was measured from the nitrogen monoxide product which was detected by the chemiluminescence detector. A standard calibration curve was used to determine the TN by expressing the measured peak and the standard curve peak as a ratio. Microbial biomass N was then determined by the following equation: Microbial N = EN/kEN. The EN represents the difference between the fumigated and non-fumigated extracts, and the kEN is the soil specific constant estimated at 0.54 (Brookes et al., 1985). Extractable organic nitrogen (EON), was measured from the non-chloroform exposed extracts and total labile nitrogen (TLN) was determined by add MBN and EON (MBN + EON = TLN). 

Acid Digestion for Total Elemental Analysis
A hydrofluoric acid microwave digestion developed by Nadkarni (1984) was used to measure total elemental concentrations. Each soil sample was done in triplicate. For each sample, 0.2 grams of air dried sieved soil was weighed out into polyallomar centrifuge tubes with caps. Then, 2 ml of reagent grade hydrofluoric acid (HF) was added to each sample and allowed to sit in fume hood overnight (at least 16 hours). Next, 5 ml of aqua-regia (3:1:1 mixture of reagent grade hydrochloric acid (HCL), reagent grade nitric acid, and deionized water) was added to each sample and mixed with a vortex. The tubes (12-18) were then placed in a Tappen 800 watt microwave oven for 3 minutes at 80% power with two beakers of deionized water present in the microwave. The tubes were then removed from the microwave and allowed to cool. Approximately 1 gram of reagent grade boric acid was then added to each sample and mixed with a vortex.  Tubes were then returned to the microwave for 10 minutes at 20% power. Tubes were mixed with a vortex while still warm in order to dissolve as much boric acid as possible. After the tubes were cool, they then were rinsed into 100 ml volumetric flasks with deionized water and then brought to volume. Flasks were then parafilmed and inverted to insure proper mixing. The solution was then filtered through Whatman No. 1 paper into 15 ml centrifuge tubes (around 13-15 ml). The samples were then stored in a refrigerator until the ICP analysis.
Experimental Design
This project utilized a Randomized Complete Block Design (RCBD) with replication and repeated measures as the overall experiment and treatment design.  Measurements and observations occurred from summer 2012 through the winter 2014 calendar years; years were blocked upon as differences were expected. Twenty-six randomly identified experimental plots were established along an urban-rural gradient, each 0.1 acres in size, around Knoxville, TN.  Six randomly collected soil cores were taken within each plot to produce one sample.  These samples were repeatedly taken for each season (spring, summer, fall, and winter).  Unable to randomize on season, repeated measures was required. 2 Blocks * 2 Treatments * 26 Replications * 4 Seasons = 416 observations

Statistical Analysis
Woody vegetation diversity indices including importance values, total number of species (S), differences between tree species diversity by the Shannon diversity index (H´) were calculated for the forest stand at each plot.  
Shannon diversity index (1949) H´ as:  
Where H´ is the average uncertainty per species in an infinite community made up of S* = number of species and, Pᵢ is the fraction of the entire population made up of species i (Shannon and Weaver, 1949). Hmax was calculated as the natural log of the total number of species sampled in each plot (Ludwig and Reynolds, 1988).
Measures of forest structure, species frequency (), density (), basal area (), and average dbh were calculated in Microsoft Excel for each plot to obtain species importance value (IV 300).
Frequency: divide the number of plots in which a given species is found by the total number of plots sampled and given by 
Where  is the percentage of plots occupied by a given species,  is the number of sampling points at which the species was counted, and  indicates the total number of points sampled.
Density: divide the total number of individuals tallied for a given species by the total area of all measured plots (in acres or hectares) to give number of trees per acre or hectare for each species and given by 
Where  the density for a given species,  is the total number of individuals sampled for that species, and  is the sum of the basal areas for a species.
Dominance (Basal Area):  sum the basal area (computed from DBH) of each tree of a species (from all plots) and divide by the total area of all measured plots (= in ft2 per acre or m2 per hectare) and given by 
Where  the proportion of the ground is occupied by a given species,  is the sum of the basal areas for a species,  is the density of a species, and  is the total number of individuals sampled for that species.
Tree Basal Area:
stem dbh (in) * dbh (in) * 0.005454 = BA in ft2 per tree
 stem dbh (cm) * dbh (cm) * 0.00007854 = BA in m2 per tree.
Relative Frequency: number of occurrences of one species as a percentage of the total number of occurrences of all species and given by 
Where () is the frequency of a given species () as a proportion of the sum of the frequencies for all species ()   
Relative Density: Divide the density of each individual species by the sum of the densities of all of the species and multiply by 100 to obtain the Relative Density for each species.
Relative Dominance: Divide the total basal area of each individual species by the sum of the basal areas of all of the species and multiply by 100 to obtain the Relative Dominance for each species.
Importance Value: Add together the Relative Frequency, Relative Density, and Relative Dominance for each species to obtain the Importance Value for each species. (Note: The maximum importance value for any one species is 300 (100 + 100 + 100). After calculations are complete species can be ranker from high to low for comparison with other sites
Importance value calculation (1951) IV 300 as:   IV 300 = (R) + (RD) + (RDo)
A Pearson’s two-tailed correlation coefficient in SPSS 21 was used to determine what soil biological, chemical and physical properties were correlated with microbial biomass carbon (MBC) and microbial biomass nitrogen (MBN) in the urban soils along an urban-to-rural gradient (IBM Corp. Released 2012).
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Table1. Species by occurrence, relative abundance, and relative 

along an urban-to-rural gradient in Knoxville, TN.

Species Sp. Occur. RA (%) RD (%)

Acer negundo 1 0.10 0.00

Acer rubrum 85 8.87 2.42

Acer saccharum 54 5.64 3.62

Aesculus flava 8 0.84 1.52

Amelanchier arborea 2 0.21 0.11

Carya cordiformis 2 0.21 0.08

Carya glabra 4 0.42 1.46

Carya ovata 41 4.28 6.02

Carya sp. 10 1.04 1.96

Carya tomentosa 39 4.07 5.49

Celtis laevigata 1 0.10 0.02

Celtis occidentalis 36 3.76 0.55

Cercis canadensis 30 3.13 0.41

Cornus florida 36 3.76 0.85

Fagus grandiflora 40 4.18 0.87

Fraxinus americana 1 0.10 1.78

Fraxinus pennsylvanica 12 1.25 1.51

Hamamelis virginiana 9 0.94 0.09

Juglans nigra 8 0.84 0.81

Juniperus virginiana 96 10.02 4.58

Ligustrum sinense Lour. 27 2.82 0.23

Lindera benzoin 1 0.10 0.00

Liquidambar styraciflua 26 2.71 1.51

Liriodendron tulipifera  37 3.86 9.83

Magnolia acuminata 1 0.10 0.00

Morus rubra 6 0.63 0.05

Nyssa sylvatica 4 0.42 0.71

Oxydendrum arboreum 21 2.19 2.37

Pinus echinata 24 2.51 3.29

Pinus virginiana 108 11.27 17.91

Platanus occidentalis 9 0.94 1.75

Prunus serotina 22 2.30 2.93

Pyrus calleryana 2 0.21 0.11

Quercus alba 31 3.24 15.34

Quercus falcata 9 0.94 1.95

Quercus lyrata 8 0.84 0.37

Quercus montana 7 0.73 0.37

Quercus muehlenbergii 1 0.10 0.01

Quercus phellos 1 0.10 0.79

Quercus rubra 8 0.84 2.71

Quercus stellata 6 0.63 0.49

Quercus velutina 3 0.31 0.06

Sassafras albidum 8 0.84 0.91

Tilia americana 1 0.10 0.06

Tsuga canadensis 1 0.10 0.28

Ulmus alata 10 1.04 0.21

Ulmus americana 55 5.74 1.56

Ulmus rubra 2 0.21 0.02

Unknown 3 0.31 0.02

Viburnum prunifolium  1 0.10 0.00

Total 958 100.00 100.00

Note. Sp. Occur. (Species Occurrence), RA (Relative Abundance),  

and RD (Relative Dominance)
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Species Occurrence

Quadrant 1 Quadrant 2 Quadrant 3 Quadrant 4

Acer spp. 9 15 68 48

Aesculus flava 0 1 0 7

Amelanchier arborea 0 0 2 0

Carya spp. 42 26 26 2

Celtis spp. 27 5 3 2

Cercis canadensis 11 18 1 0

Cornus florida 12 17 6 1

Fagus grandiflora 3 6 23 8

Faxinus spp. 6 2 5 0

Hamamelis virginiana 0 0 0 9

Juglans nigra 4 4 0 0

Juniperus virginiana 28 66 0 2

Ligustrum sinense  5 6 2 14

Lindera benzoin 0 0 1 0

Liquidambar styraciflua 8 8 7 3

Liriodendron tulipifera  4 1 28 4

Magnolia acuminata 1 0 0 0

Morus rubra 4 2 0 0

Nyssa sylvatica 2 1 1 0

Oxydendrum arboreum 0 0 17 4

Pinus spp. 19 27 9 77

Platanus occidentalis 5 3 0 1

Prunus serotina 2 3 8 9

Pyrus calleryana 1 0 1 0

Quercus spp 22 12 19 21

Sassafras albidum 2 3 3 0

Tilia americana 1 0 0 0

Tsuga canadensis 0 0 1 0

Ulmus spp. 29 36 2 0

Unknown spp. 1 1 1 0

Viburnum prunifolium  1 0 0 0

Total 249 263 234 212

Table 2. Average occurrence of species/genera by quadrant for 26 plots in Knoxville, TN.
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Table 3. Soil microbial biomass Carbon (µ C g

-1

) and Nitogen (µ N g

-1

) by location (urban/rural) and season (summer, fall, winter, spring) 

 for Knoxville, TN.   

Urban Min. Max Mean SE STDV Rural Min. Max Mean SE STDV

Summer 13.44 283.19 86.49 30.22 90.65 11.28 198.42 109.75 15.68 60.74

Fall -7.73 474.8 96.28 44.08 139.39 -37.48 1740.4 187.16 104.3 417.19

Winter 7.76 183.24 45.4 16.97 53.67 4.2 174.24 51.15 10.44 41.77

Spring 15.91 145.04 68.67 12.87 40.7 29.62 324.27 110.31 18.51 74.03

Urban Min. Max Mean SE STDV Rural Min. Max Mean SE STDV

Summer -0.03 18.3 7.03 2.24 6.73 3.29 20.57 10.17 1.2 4.64

Fall -22.64 102.22 13.73 10.33 32.67 -11.93 30.87 9.5 2.15 8.61

Winter 1.8 12.05 5.46 1.18 3.75 0.73 198.36 18.41 12.08 48.32

Spring -9.44 18.36 5 2.34 7.41 -1.58 38.43 10.89 3.05 12.21

Soils were samples collected (summer) June 2012, (fall) October 2012, (winter) January 2013 and (spring) April 2013.

Soil Microbial Biomass Nitorgen (µ g

-1

)

Soil Microbial Biomass Carbon (µ g

-1

)
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Table 4. Soil chemistry for urban and rural locations and Pearson's correlation between location (urbna/rural) and MBC, MBN, ICP analytes, pH, CEC and TOC.

Rural Min. Max. Mean SE Mean

Topsoil 25.4

pH 3.17 8.28 5.42 0.15 0.241 0.156 3.59 7.72 5.89 0.11 0.216* 0.046

CEC 2.8 5.2 3.7 0 0.642** <0.001 1.9 6 4.3 0 0.298* 0.026

TOC 4.51 65.93 11.49 1.61 0.927** <0.001 1.29 109.9 11.82 1.73 0.598** <0.001

MBC 2 474.8 73.9 14.14 0.773** <0.001 -37.48 1740.4 114.67 27.34 0.789** <0.001

MBN 0 102.22 7.82 2.73 0.773** <0.001 -11.93 198.36 12.28 3.18 0.789** <0.001

Analytes

Al mg kg

-1

9260 86400 38193 3502 0.009 0.959 12780 117600 47905 2339 0.165 0.212

As mg kg

-1

1 32 12.6 1 0.460** 0.007 0 41 9 1 -0.034 0.799

Ba mg kg

-1

62 790 279 29 0.386* 0.026 126 656 285 13 -0.242 0.065

Ca mg kg

-1

500 14300 2551 480 0.420* 0.015 935 24795 4371 563 0.510** <0.001

Cd mg kg

-1

0 2 0.95 0 -0.265 0.136 0 3 1 0 -0.174 0.186

Co mg kg

-1

2 41 15.3 2 -0.19 0.29 8 40 19 1 0.02 0.883

Cr mg kg

-1

8 99 37 4 -0.134 0.456 11 102 47 3 0.196 0.137

Cu mg kg

-1

7 58 18 1 -0.076 0.661 5 96 24 2 0.036 0.786

Fe mg kg

-1

6238 67150 26476 2477 0.125 0.468 7100 68500 31977 1493 0.171 0.196

K mg kg

-1

1646 53983 12522 2341 -0.14 0.415 3085 27300 11246 752 0.094 0.481

Mg mg kg

-1

604 8300 2574 320 0.440** 0.007 1021 7955 3140 183 0.363* <0.005

Mn mg kg

-1

103 8820 1821 328 -0.097 0.572 219 7655 1766 189 -0.318 0.014

Mo mg kg

-1

0.65 8.8 4.07 0.44 0.049 0.777 0.3 10.05 4.32 0.36 -0.334 0.01

Na mg kg

-1

306 4230 2036 200 -0.069 0.687 566 7410 2828 201 -0.24 0.067

Ni mg kg

-1

7.05 43.8 23.58 1.74 -0.068 0.693 8.25 67 25.6 1.36 0.21 0.111

P mg kg

-1

130 950 462 38 0.22 0.198 195 1218 522 28 -0.088 0.506

Pb mg kg

-1

0 85 27 3 -0.088 0.609 0 122 27 3 0.167 0.205

S mg kg

-1

15 800 174 25 0.653** <0.001 10 827 204 18 0.458** <0.001

Se mg kg

-1

0 43 18 2 -0.002 0.992 0 43 19 2 0.284* 0.029

Sr mg kg

-1

12 111 34 3 -0.079 0.646 17 88 41 2 0.294* 0.024

Ti mg kg

-1

408 4200 1585 139 0.147 0.393 661 5000 1803 125 -0.041 0.759

Zn mg kg

-1

23 120 62 4 0.242 0.155 33 325 81 7 0.227 0.084

C mg kg

-1

305 3565 1237 0.814** <0.001 495 3010 1171.3 0.371* 0.004

N mg kg 

-1

< 50 150 66.7 0.823** <0.001 < 50 150 56.7 0.041 0.758

ICP analysis for total extracable analytes, urban plots n = 10, rural plots n = 16. *Correation is significant at the 0.05. **Correlation is significant at the 0.01 level.

Corr. 

Coeff.

Sig.

(2 tailed) Urban Min. Max. Mean SE Mean

Sig.

(2 tailed) Corr. Coeff.
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Table 5. Soil chemical and physical properties in urban and rural areas, and Pearson's correlation between tree diversity (TD) and MBC, MBN,

 ICP analytes, pH, CEC and TOC.

Urban Min. Max. Mean Corr. 

Coeff.

Sig.

(2 tailed) Rural Min. Max. Mean Corr. 

Coeff.

Sig.

(2 tailed)

Topsoil 25.4" TD TD

pH 3.17 8.28 5.42 -0.046 0.78 3.59 7.72 5.89 0.074 0.563

CEC 2.79 5.16 3.8 0.254 0.118 3.05 6.01 4.38 .363** 0.005

GSM 12 49 24.23 0.002 0.989 15 48 27.83 .347** 0.005

BD 0.77 1.35 1.05 -.555** 0.001 0.8 1.38 1.05 -.692** 0

MBC 0 474.8 73.9 0.101 0.539 0 1740.4 114.67 0.128 0.318

MBN 0 102.22 7.82 -0.001 0.994 0 198.36 12.28 -0.128 0.316

TOC 4.51 65.93 11.49 0.136 0.409 1.29 109.9 11.82 0.1 0.434

Analytes (µ g⁻¹)

Al 9260 86400 38192.9 -0.288 0.075 12780 117600 47905.2 -0.172 0.178

As 0.65 32.3 12.6 0.239 0.142 0.2 41.4 9.12 0.009 0.945

Ba 62.3 790 279.44 -.341* 0.033 126 656 284.82 -.270* 0.032

Ca 500 14300 2551.38 0.115 0.487 934.5 24795 4370.94 0.016 0.902

Cd 0.1 2.4 0.95 -0.046 0.781 0.1 2.5 1.08 -0.099 0.44

Co 2.4 41.4 15.28 -.392* 0.014 7.7 39.7 18.97 -.491** 0

Cr 8.1 99 37.22 -0.296 0.068 10.65 102 47.03 -.337** 0.007

Cu 6.9 58 17.98 -.346* 0.031 4.8 96 24 -0.03 0.815

Fe 6238 67150 26475.7 -0.004 0.981 7100 68500 31977 -0.003 0.983

K 1646 53983 12522.2 -.457** 0.003 3085 27300 11245.8 0.098 0.443

Mg 604 8300 2573.82 0.41 -0.136 1020.5 7955 3140.34 0.068 0.595

Mn 102.75 8820 1821.41 -0.256 0.116 218.9 7655 1765.72 -.540** 0

Mo 0.65 8.8 4.07 0.028 0.866 0.3 10.05 4.32 -0.069 0.591

Na 305.5 4230 2035.96 0.021 0.898 566 7410 2828.43 0.231 0.069

Ni 7.05 43.8 23.58 -0.297 0.066 8.25 67 25.6 -0.099 0.44

P 130 950 462.18 -0.01 0.953 195.25 1217.5 522.31 -0.04 0.754

Pb 0.25 85 27.05 -0.152 0.354 0.25 122.4 27.01 -0.022 0.863

S 14.65 800 174.49 0.16 0.33 9.7 826.5 203.56 0.05 0.694

Se 0.1 43 17.76 0.066 0.691 0.3 43.25 19.08 0.032 0.802

Sr 11.95 111 34.13 -0.149 0.365 17 88.2 40.64 0.113 0.378

Ti 408 4200 1585 -0.122 0.459 661 5000 1803 -0.016 0.9

Zn 22.5 120 61.79 -0.014 0.934 33.45 324.5 81.08 -.369** 0.003

ICP analysis for total extracable analytes. Number of sampled plots urban n = 10, rural n = 16, level. ** Correlation is significant at the 0.01 level.

*Correation is significant at the 0.05.
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Table 6 a

Summer Pearson's correlation between population density,

 distance (km), ICP analytes, biological and physical properites.

Min Max Mean Corr Coeff.

Sig. 

(2- tailed)

Topsoil 25.4"

Dist_km 4 26 13.04 -0.480* 0.018

MBC ug g

-1

11 283 101.03 0.231 0.289

MBN ug g

-1

0 21 8.99 0.136 0.537

CEC cmol

-1

3 6 4.18 0.405 0.055

Bulk_D g cm

-3

1 1 1.06 0.259 0.233

TOC mg kg

-1

1 23 11.21 0.068 0.753

pH 3 7 5.59 0.576** 0.003

GSM % 12 38 22.38 -0.609** 0.002

Al mg kg

-1

15200 86400 52562.5 0.273 0.196

As mg kg

-1

5 41 17.4 0.212 0.32

Ba mg kg

-1

77 790 320.08 0.034 0.874

Ca mg kg

-1

500 16700 4470.83 0.375 0.071

Cd mg kg

-1

0 0 0.13 0.215 0.312

Co mg kg

-1

4 41 20.58 -0.425* 0.038

Cr mg kg

-1

18 102 65.58 0.029 0.893

Cu mg kg

-1

7 30 17.81 0.002 0.991

Fe mg kg

-1

14800 60600 35887.5 -0.433* 0.035

K mg kg

-1

2300 48100 14116.7 0.323 0.123

Mg mg kg

-1

800 8300 3570.83 0.366 0.79

Mn mg kg

-1

331 8820 2211.79 0.066 0.76

Mo mg kg

-1

1 2 1.21 0.028 0.897

Na mg kg

-1

400 4000 1541.67 -0.421* 0.041

Ni mg kg

-1

9 46 28.27 -0.427* 0.037

P mg kg

-1

130 1070 502.08 -0.463* 0.023

Pb mg kg

-1

17 59 33.81 0.085 0.692

S mg kg

-1

100 800 237.5 0.252 0.235

Se mg kg

-1

0 2 1.06 0.199 0.35

Sr mg kg

-1

14 111 51.32 0.258 0.223

Ti mg kg

-1

900 5000 2808.33 0.061 0.776

Zn mg kg

-1

23 154 70.9 0.374 0.72
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Table 6 b

Fall Pearson's correlation between population density,

 distance (km), ICP analytes, biological and physical properites.

Min Max Mean Corr Coeff. Sig. 

(2- tailed)

Topsoil 25.4"

Dist_km 4 26 12.99

0.468*

0.016

MBC ug g

-1

-37 1740 152.21 0.177 0.396

MBN ug g

-1

-23 102 11.13 0.331 0.106

CEC cmol

-1

3 6 4.14 0.369 0.069

Bulk_D g cm

-3

1 1 1.05 0.266 0.198

TOC mg kg

-1

5 110 16.95 0.160 0.435

pH 3 8 5.29 0.040 0.847

GSM % 14 44 24.31

-0.478*

0.013

Al mg kg

-1

13395 81283 40424.04 0.082 0.692

As mg kg

-1

2 28 9.88 0.096 0.640

Ba mg kg

-1

126 695 277.35 0.191 0.350

Ca mg kg

-1

1145 10288 3309.92 0.276 0.172

Cd mg kg

-1

1 3 1.45 0.297 0.140

Co mg kg

-1

4 27 15.54 0.283 0.161

Cr mg kg

-1

13 77 37.23 0.039 0.848

Cu mg kg

-1

15 96 32.46 0.207 0.311

Fe mg kg

-1

6238 58400 27439.69 0.336 0.094

K mg kg

-1

2445 53983 11954.35 0.092 0.654

Mg mg kg

-1

745 5850 2746.65 0.234 0.250

Mn mg kg

-1

250 5332 1529.15 0.043 0.836

Mo mg kg

-1

5 8 6.31

-0.412*

0.037

Na mg kg

-1

2064 5677 3148.35 0.348 0.082

Ni mg kg

-1

15 67 28.35 0.113 0.582

P mg kg

-1

181 1003 487.42 0.349 0.081

Pb mg kg

-1

4 85 22.85 0.211 0.301

S mg kg

-1

19 490 206.42 0.029 0.887

Se mg kg

-1

21 43 31.04 0.121 0.556

Sr mg kg

-1

17 72 33.62 0.110 0.593

Ti mg kg

-1

691 2585 1546.23 0.129 0.530

Zn mg kg

-1

54 184 88.81 0.119 0.562
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Table 6 c

Winter Pearson's correlation between population density,

 distance (km), ICP analytes, biological and physical properites.

Min Max Mean Corr Coeff.Sig. 

(2- tailed)

Topsoil 25.4"

Dist_km 4 26 12.99 0.468* 0.016

MBC ug g

-1

4 183 48.94 0.176 0.410

MBN ug g

-1

1 198 13.43 0.125 0.551

CEC cmol

-1

3 6 4.14 0.369 0.069

Bulk_D g cm

-3

1 1 1.05 0.266 0.198

TOC mg kg

-1

3 22 8.9 0.079 0.703

pH 5 8 6.17 0.088 0.670

GSM % 15 49 28.85 0.472* 0.015

Al mg kg

-1

9260 71650 40459.04 0.258 0.203

As mg kg

-1

1 28 9.44 0.098 0.635

Ba mg kg

-1

68 496 254.68 0.134 0.514

Ca mg kg

-1

565 9960 2537.27 0.288 0.154

Cd mg kg

-1

1 2 1.41 0.319 0.112

Co mg kg

-1

2 35 15.24 0.262* 0.020

Cr mg kg

-1

8 55 32.66 0.223 0.274

Cu mg kg

-1

12 34 20.32 0.081 0.694

Fe mg kg

-1

6280 67150 27199.04 0.403* 0.041

K mg kg

-1

2065 30850 10278.44 0.132 0.520

Mg mg kg

-1

604 5385 2595.33 0.362 0.069

Mn mg kg

-1

105 6245 1587.75 0.013 0.951

Mo mg kg

-1

3 10 6.77 0.096 0.642

Na mg kg

-1

2421 7410 3985.42 0.258 0.203

Ni mg kg

-1

9 38 20.86 0.073 0.634

P mg kg

-1

141 1027 444.97 0.399* 0.043

Pb mg kg

-1

0 73 25.25 0.014 0.946

S mg kg

-1

10 827 155.64 0.153 0.456

Se mg kg

-1

19 43 30.07 0.289 0.153

Sr mg kg

-1

12 60 31.67 0.302 0.134

Ti mg kg

-1

408 3370 1237.9 0.052 0.802

Zn mg kg

-1

30 112 56.77 0.360 0.071
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Table 6 d

Spring  Pearson's correlation between population density,

 distance (km), ICP analytes, biological and physical properites.

Min Max Mean Corr Coeff.

Sig. 

(2- tailed)

Topsoil 25.4"

Dist_km 4 26 12.99 -0.468* 0.016

MBC ug g

-1

16 324 94.29 0.200 0.338

MBN ug g

-1

0 38 8.62 0.034 0.872

CEC cmol

-1

3 6 4.14 0.369 0.069

Bulk_D g cm

-3

1 1 1.05 0.266 0.198

TOC mg kg

-1

2 21 9.69 0.108 0.599

pH 4 8 5.79 0.554** 0.003

GSM % 15 48 29.96 -0.462* 0.018

Al mg kg

-1

14545 117600 43965 0.141 0.493

As mg kg

-1

0 19 5.6 0.038 0.854

Ba mg kg

-1

62 628 281.8 0.013 0.949

Ca mg kg

-1

932 24795 4444.1 0.23 0.258

Cd mg kg

-1

0 2 1.07 0.257 0.205

Co mg kg

-1

3 40 19.11 0.237 0.243

Cr mg kg

-1

13 93 39.36 0.029 0.887

Cu mg kg

-1

5 33 15.9 0.006 0.977

Fe mg kg

-1

6970 68500 29430.8 0.317 0.114

K mg kg

-1

1646 39200 10769.1 0.08 0.698

Mg mg kg

-1

679 7955 2831.88 0.257 0.205

Mn mg kg

-1

103 7655 1852.03 0.003 0.987

Mo mg kg

-1

0 8 2.37 0.12 0.559

Na mg kg

-1

306 4740 1350.6 0.278 0.17

Ni mg kg

-1

7 48 22.1 0.098 0.634

P mg kg

-1

179 1218 563 0.248 0.223

Pb mg kg

-1

0 122 26.71 0.037 0.859

S mg kg

-1

65 353 173.68 0.305 0.13

Se mg kg

-1

2 18 10.77 0.25 0.219

Sr mg kg

-1

13 84 37.03 0.14 0.496

Ti mg kg

-1

661 3720 1369.77 0.038 0.853

Zn mg kg

-1

25 325 78.11 0.243 0.231


image16.emf
Table 7. Linear regression stepwise backward elimination results for distance from city center

prediction model summary 

R Square 

Change

F Change df1

1

.202

a

0.041 0.031 5.134 0.041 4.252 1

2

.292

b

0.085 0.067 5.038 0.044 4.816 1

a. Dependent Variable: Distance from City Center km

b. Predictors: (Constant), Bappm

c. Predictors: (Constant), Bappm, Srppm

Model Summary

Model  R R Square

Adjusted R 

Square

Std. Error of 

the Estimate

Change Statistics
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Table 8. Anova results for the two retained models with two predictors (constants) Bappm and 

Bappm, Srppm with the dependent variable of distance from city center (km).

Sum of 

Squares

df Mean Square F Sig.

Regression 112.052 1 112.052 4.252

.042

b

Residual 2635.29 100 26.353

Total 2747.342 101

Regression 234.309 2 117.154 4.615

.012

c

Residual 2513.033 99 25.384

Total 2747.342 101

a. Dependent Variable: Distance from City Center km

b. Predictors: (Constant), Bappm

c. Predictors: (Constant), Bappm, Srppm

Model

1

2
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Table 9. Results for the regession equation final model showing the T-test regression coefficients (B),

standardized Betas, significants values and standar error.

Standardized Coefficients

B Std. Error Beta

(Constant) 10.865 1.155 9.41 0

Bappm 0.008 0.004 0.202 2.062 0.042

(Constant) 12.009 1.247 9.627 0

Bappm 0.015 0.005 0.39 3.028 0.003

Srppm -0.082 0.037 -0.282 -2.195 0.031

Model

Unstandardized Coefficients

t-test Sig.

1

2
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Initial Extraction Initial Extraction

MBC ug g

-1

3.491 0.17 1 0.049

MBN ug g

-1

0.576 0.024 1 0.041

CEC cmol

-1

0.858 0.127 1 0.148

Bulk_D g cm

-3

0.026 0.003 1 0.127

TOC mg kg

-1

62.268 1.381 1 0.022

pH 0.86 0.019 1 0.022

GSM % 61.81 5.061 1 0.082

Al mg kg

-1

404185862 397044900 1 0.982

As mg kg

-1

54.715 12.963 1 0.237

Ba mg kg

-1

15170.367 8230.222 1 0.543

Ca mg kg

-1

16609257 4664031.3 1 0.281

Cd mg kg

-1

0.407 0.03 1 0.073

Co mg kg

-1

77.524 39.519 1 0.51

Cr mg kg

-1

464.262 307.862 1 0.663

Cu mg kg

-1

168.498 12.878 1 0.076

Fe mg kg

-1

200823197 195014381 1 0.971

K mg kg

-1

87976362 72889773 1 0.829

Mg mg kg

-1

2644038.8 1881689.3 1 0.712

Mn mg kg

-1

3226957 278194.09 1 0.086

Mo mg kg

-1

7.547 0.059 1 0.008

Na mg kg

-1

2394164.2 130023.84 1 0.054

Ni mg kg

-1

120.449 55.046 1 0.457

P mg kg

-1

57310.007 25408.634 1 0.443

Pb mg kg

-1

355.372 100.026 1 0.281

S mg kg

-1

16831.179 772.87 1 0.046

Se mg kg

-1

181.87 1.736 1 0.01

Sr mg kg

-1

266.655 203.816 1 0.764

Ti mg kg

-1

903535.43 94419.14 1 0.104

Zn mg kg

-1

2066.293 552.014 1 0.267

Extraction Method: Principal Component Analysis.

Communalities

Variables

Raw Rescaled

Table A.1 Variables used in the principal components analysis 

(PCA) for  the covariance matrix.
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Component Total % of Variance Cumulative % Total % of Variance Cumulative %

Raw values

1 592495458 82.422 82.422 592495457.6 82.422 82.422

2 79537658 11.064 93.486 79537658.01 11.064 93.486

3 29541898.5 4.11 97.596

4 11290673.2 1.571 99.167

5 3051917.7 0.425 99.591

6 1787025.39 0.249 99.84

7 708254.364 0.099 99.938

8 406638.793 0.057 99.995

9 23620.817 0.003 99.998

10 8929.417 0.001 99.999

11 2609.675 0 100

12 1194.997 0 100

13 218.274 3.04E-05 100

14 155.921 2.17E-05 100

15 98.886 1.38E-05 100

16 67.881 9.44E-06 100

17 51.35 7.14E-06 100

18 42.169 5.87E-06 100

19 31.755 4.42E-06 100

20 16.65 2.32E-06 100

21 9.65 1.34E-06 100

22 4.541 6.32E-07 100

23 1.292 1.80E-07 100

24 0.548 7.62E-08 100

25 0.42 5.84E-08 100

26 0.325 4.52E-08 100

27 0.27 3.75E-08 100

28 0.025 3.49E-09 100

29 0.007 9.07E-10 100

Rescaled values

1 592495458 82.422 82.422 7.396 25.502 25.502

2 79537658 11.064 93.486 1.493 5.148 30.651

3 29541898.5 4.11 97.596

4 11290673.2 1.571 99.167

5 3051917.7 0.425 99.591

6 1787025.39 0.249 99.84

7 708254.364 0.099 99.938

8 406638.793 0.057 99.995

9 23620.817 0.003 99.998

10 8929.417 0.001 99.999

11 2609.675 0 100

12 1194.997 0 100

13 218.274 3.04E-05 100

14 155.921 2.17E-05 100

15 98.886 1.38E-05 100

16 67.881 9.44E-06 100

17 51.35 7.14E-06 100

18 42.169 5.87E-06 100

19 31.755 4.42E-06 100

20 16.65 2.32E-06 100

21 9.65 1.34E-06 100

22 4.541 6.32E-07 100

23 1.292 1.80E-07 100

24 0.548 7.62E-08 100

25 0.42 5.84E-08 100

26 0.325 4.52E-08 100

27 0.27 3.75E-08 100

28 0.025 3.49E-09 100

29 0.007 9.07E-10 100

Initial Eigenvalues

a

Extraction Sums of Squared Loadings

Table A.2 Resulting eigenvalues from the principal components analysis (PCA) showing the percent of variance each component accounted for with all 

of the soil and site data.
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1 2 1 2

MBC ug g

-1

0.411 0.22

MBN ug g

-1

0.154 0.202

CEC cmol

-1

0.356 0.385

Bulk_D g cm

-3

0.041 -0.041 0.252 -0.252

TOC mg kg

-1

pH

GSM % 2.168 0.276

Al mg kg

-1

19792.664 0.984

As mg kg

-1

3.44 0.465

Ba mg kg

-1

82.065 -38.672 0.666 -0.314

Ca mg kg

-1

2142.736 0.526

Cd mg kg

-1

0.152 0.239

Co mg kg

-1

6.097 0.692

Cr mg kg

-1

17.303 0.803

Cu mg kg

-1

2.634 0.203

Fe mg kg

-1

12326.447 6563.008 0.87 0.463

K mg kg

-1

6484.677 -5553.26 0.691 -0.592

Mg mg kg

-1

1369.532 0.842

Mn mg kg

-1

456.725 0.254

Mo mg kg

-1

Na mg kg

-1

319.021 0.206

Ni mg kg

-1

7.391 0.673

P mg kg

-1

111.193 114.213 0.464 0.477

Pb mg kg

-1

8.427 -5.386 0.447 -0.286

S mg kg

-1

26.422 0.204

Se mg kg

-1

Sr mg kg

-1

14.266 0.874

Ti mg kg

-1

307.029 0.323

Zn mg kg

-1

23.108 0.508

Extraction Method: Principal Component Analysis.

a

Table A.3 Variables used in the principal components analysis (PCA) for  

the corrolation matrix and there loading values.

Variables

Raw Rescaled

Component Component
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Component Total % of Variance Cumulative % Total % of Variance Cumulative %

Raw values

1 592495458 82.422 82.422 592495457.6 82.422 82.422

2 79537658 11.064 93.486 79537658.01 11.064 93.486

3 29541898.5 4.11 97.596

4 11290673.2 1.571 99.167

5 3051917.7 0.425 99.591

6 1787025.39 0.249 99.84

7 708254.364 0.099 99.938

8 406638.793 0.057 99.995

9 23620.817 0.003 99.998

10 8929.417 0.001 99.999

Rescaled values

1 592495458 82.422 82.422 7.396 25.502 25.502

2 79537658 11.064 93.486 1.493 5.148 30.651

3 29541898.5 4.11 97.596

4 11290673.2 1.571 99.167

5 3051917.7 0.425 99.591

6 1787025.39 0.249 99.84

7 708254.364 0.099 99.938

8 406638.793 0.057 99.995

9 23620.817 0.003 99.998

10 8929.417 0.001 99.999

Extraction Method: Principal Component Analysis.

Initial Eigenvalues

a

Extraction Sums of Squared Loadings

 Table A.4 Resulting eigenvalues from the principal components analysis (PCA) showing the percent of variance  for the ten highest 

components with their the extracted sum of squared loading values.
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Table A.5 Pearson's correlations between distance (km) and component scores one and two.

Corr. Coeff. Sig. 

(2-tailed)

Distance from City Center KM 1

Component score   1 for analysis 1 0.146 0.171

Component score   2 for analysis 1 --0.391 0

**. Correlation is significant at the 0.01 level (2-tailed).
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