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ABSTRACT 

Steadily increasing rates of urbanization over recent years have raised concerns 

about the negative impacts of urban runoff on receiving surface water quality. These 

concerns have been further amplified by the current landscaping paradigm in 

urban/suburban ecosystems that encourages high input, intensive management and 

larger and more homogenous lawn areas. This study attempts to quantify the water 

quality benefits that could be attained by managing urban/suburban landscapes, 

including lawns, less intensively and using more diverse, native vegetation. Our main 

hypothesis was that stream water in native meadows and forests would exhibit 

healthier water quality characteristics than in their intensively managed lawn 

counterparts. 

The study was conducted at Winterthur Museum and Garden where six 

different watershed treatments were present including – turf, meadow, two forests, 

urban and mixed. The watershed sizes ranged from 7.2 -36.1 hectares (ha). Synoptic 

water quality sampling was performed for baseflow and stormflow from June 2012 

through December 2013.  

Nutrient concentrations in stream baseflow from the turf watershed, 

representative of a traditional suburban lawn, were lower than expected and were 

comparable to those measured in the surrounding meadow and forests. Total nitrogen, 

total phosphorus, nitrate and phosphate numbers were all generally lower than EPA or 

state standards, suggesting minimal risk to surrounding surface waters. Runoff and 

leaching losses may have been minimal due to the superior quality of the management 
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received at Winterthur compared to that of a traditional homeowner’s lawn. Total 

nitrogen concentrations were significantly higher in the turf stream during the first 

storm following fertilization, suggesting that despite optimal management there exists 

a risk for nutrient runoff directly following fertilization. pH values in the turf stream 

were consistently lower than other watersheds. Similar studies have suggested that 

long-term fertilization may increase acidity in soil and subsequently lower the pH of 

affected water. Dissolved organic carbon (DOC) concentrations were significantly 

higher during stormflow in the turf watershed compared to its native counterparts. 

These results are consistent with previous studies’ findings regarding turf landscape’s 

effect on carbon sequestration. Dissolved organic matter (DOM) was also significantly 

more humic (decomposed) than counterparts’ DOM. Higher humic proportions in turf 

DOM may have been a result of increased nitrogen from fertilizer indirectly increasing 

DOM decomposition rates in soil or simply a result of the turf stream’s unique 

location within the landscape lending itself to wetting-drying cycles that have been 

shown to increase humic DOM. 

Overall, this study suggests that turf lawns, when managed properly, typically 

pose minimal environmental risk to surrounding surface waters. Even under optimal 

conditions, however, lawns exhibit nutrient leaching/runoff potential directly 

following fertilization. Based on the results of this study, providing homeowners with 

increased information regarding best management practices for lawn maintenance may 

serve as a cost-efficient method for reducing suburban runoff pollution, as current 

literature suggests that the risks posed from improper lawn maintenance are not well 

understood by homeowners. 
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Chapter 1Chapter 1 

INTRODUCTION  

Water quality degradation resulting from the effects of increased urbanization 

has received considerable media attention in the last few years (Gold, 2013; Wines, 

2013; Yang, 2011). Along with the increase in impervious surface that comes with 

urbanization, an increase in “high-input, monoculture, lawn landscapes” can be 

expected (Robbins and Birkenholtz, 2003). This is especially a problem in suburban 

America, where residents generally prefer neatly mowed green lawns (Nassauer et al., 

2009; Stier et al., 2013) and often eschew using native plants as part of their 

landscaping (Adams et al., 2006) despite continued evidence that shows their positive 

environmental influence (e.g. Ignatieva et al., 2008; Tallamy and Darke, 2009). 

Several studies have linked these high-input type turf lawns to harmful environmental 

consequences, including nitrate leaching, algal blooms and eutrophication, and nitrous 

oxide emissions (e.g. Cook et al., 2011; Whitney, 2010). With the rate of suburban 

sprawl expanding – suburban growth had surpassed city growth as of 2000 (Duany et 

al., 2000; Katz and Lang, 2003) – this is a problem that is likely to be relevant for 

years to come.  

Despite this, the conflict between ornamental landscaping practices in 

urban/suburban ecosystems and water quality management remains largely 

understudied. Landscaping is primarily aesthetic practice that results in ecosystems 

that contain more homogenous plant species (Olden, Poff, and McKinney, 2006) and a 

loss in native species diversity (DeCandido, 2004). Similar to urbanization, this issue 
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will likely be relevant for the foreseeable future – the space devoted to turfgrass in the 

United States is growing at the rate of nearly 600 mi2 a year (Kolbert, 2008). This loss 

of heterogeneity and plant diversity poses a serious threat to the health of the impacted 

ecosystem and the water quality therein. The consensus of current knowledge 

regarding biodiversity’s effect on ecosystem functioning is that ecosystem properties 

depend greatly on biodiversity to maintain the productiveness and well-being of the 

system (Hooper, Iii, and Ewel, 2005). Recent research also shows that ecosystems 

with higher biodiversity are much more efficient at sequestering carbon, removing 

nutrients and improving water quality (Cardinale, 2011; Tilman, 2006). With such 

rapid expansion of human growth over the last 50 years, policymakers are struggling 

to come up with solutions to the problems created by new and increasing 

anthropogenic inputs. Examples range from disproportionate nitrogen losses in urban 

and suburban Maryland (Groffman et al., 2004) to a city in China in which only 3% of 

local surface water is clean enough for household or drinking use due to urban waste 

(Kuo, 2013) – these scenarios are directly linked to urban pollution. Such cases are 

becoming more common, and will require creative and cost-efficient solutions. 

The main goal of this study was to quantify the water quality benefits that can 

be achieved through the use of less intensive management practices and presence of 

more diverse, native vegetation. Such improved management practices include, but are 

not limited to, converting current lawn areas to aesthetically pleasing thickets of native 

trees and shrubs and/or meadows; reducing mowing, fertilizing, herbicide use and 

irrigation on areas that will remain lawn; and creating rain gardens in areas of high 

storm water runoff. Our overall hypothesis was that stream water in native meadows 

and forests would exhibit healthier water quality characteristics than their intensively 
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managed lawn counterpart. Thus, we expected streams draining lawns to exhibit 

higher nutrient (nitrogen and phosphorous) concentrations and ionic conductivity 

(particularly during storm events), higher water temperatures, and lower quality (less 

bioavailable) of dissolved organic matter. Our key questions were: 

     1.     How does water quality differ amongst watershed treatments with 

different vegetation and landscape management practices in suburban 

watersheds? 

     2.     How do water quality responses vary temporally under differing 

hydrologic conditions within management treatments? 

The specific objectives of this research were to: 

     1.     Select distinct watershed treatments that included a traditionally 

managed turf and native meadow. 

     2.     Conduct synoptic water sampling across established watershed 

treatments and analyze samples for a suite of water quality parameters. 

     3.     Evaluate the differences in water quality parameters amongst 

watershed treatments. 

     4.     Examine the temporal patterns of water quality parameters during 

baseflow and stormflow for individual watershed treatments. 

This study was conducted over the period of June 2012 to December 2013 at 

Winterthur Museum, Garden and Library. Winterthur is an 809 hectare public garden 

located in northern Delaware. This site was chosen due to its ability to compare water 

quality for several contiguous, small watersheds with different vegetation and 

management treatments. Vegetation in watersheds includes traditionally landscaped 

areas (predominantly turfgrass lawns), meadows, forests and mixed use land parcels. 
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Using ArcGIS and land use data from the National Oceanic and Atmospheric 

Administration, six distinct watersheds – including a predominantly traditionally 

managed turf, a native meadow,  two forested sites, an urbanized catchment and a 

watershed with mixed anthropogenic influences – were mapped and used to compare 

treatment effect on stream water quality. Water quality sampling was performed using 

“grab” stream samples and automated water quality sensors (YSI Inc.). Grab sampling 

was performed at all six watershed outlets during baseflow and following storm 

events. Water quality sensors were implemented at the outlets of the urban and 

meadow watersheds. Grab water samples were analyzed for nutrients (nitrogen, 

phosphorus), routine elements and carbon quantity. Water quality sensors determined 

physiochemical characteristics such as temperature, chlorophyll, oxygen redox 

potential (ORP) and turbidity. Bioavailability and lability of dissolved organic matter 

was investigated through spectrofluorometric techniques. Statistical analyses 

(ANOVA, Tukey’s test, Principal Component Analysis, etc.) were run on these 

parameters to evaluate the significance of their differences. Relevant parameters were 

then compared against surface water standards set by the EPA and state of Delaware. 

Together, these components provided a comprehensive set of tools by which affected 

stream water was compared and analyzed. The detailed results from this study are 

reported in the following chapters. 
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