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Abstract 

The Cherokee Marsh in Madison, Wisconsin, wrestles with eutrophication issues due to constant 

influxes of phosphorus from urban and agricultural sources. A lack of vegetative buffers, soils 

with poor phosphorus storage potential, and nearby impervious surfaces all facilitate transport 

of  nutrients into Cherokee Marsh. Legislators passed the Wisconsin Zero Phosphorus Fertilizer 

Law in 2010 in an attempt to minimize urban phosphorus fluxes. Our research seeks to 

understand whether significant differences in lawn care behaviors and knowledge of 

environmental regulations exist between two neighborhoods, one close to and one far from 

Cherokee Marsh. We consulted USDA soil maps and conducted a survey in those two 

neighborhoods. Our soil map of the Cherokee Marsh area suggests that the soils bordering the 

marsh retain phosphorus poorly, pointing to the criticality of phosphorus reduction efforts 

around marshes. Our survey indicates similar lawn care behaviors and awareness of 

environmental regulation in the two neighborhoods. The marsh-adjacent neighborhood 

demonstrated slightly higher concern for fertilizer’s impacts on the marsh. We recommend 
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additional research to solidify understanding of the relationship between neighborhood 

proximity to a natural area and residents’ awareness of the socio-environmental issues facing 

that natural area, and how to accordingly address those particular issues. 

 

Introduction 

This study will conduct original research on how a neighborhood’s proximity to wetlands 

affects homeowners’ lawn care activities. The study seeks to shed light on the question of 

whether increasing proximity to a wetland influences homeowner awareness of nutrient runoff 

legislation and best management practices for lawn care. The authors seek to identify differences 

in opinion and behavior on the neighborhood scale by surveying homeowners from two 

Madison, Wisconsin neighborhoods in different locations with respect to Cherokee Marsh 

(Figure 1). The authors intend to investigate how proximity to wetlands and knowledge of the 

Wisconsin Zero Phosphorus Fertilizer Law impact public perceptions of water pollution, soil 

phosphorus retention, and the environmental history of Cherokee Marsh in the Upper Yahara 

River Watershed in Dane County, Wisconsin. The authors also intend to conduct research into 

whether or not the Wisconsin Zero Phosphorus Fertilizer Law has been effective in improving 

the overall water quality of Cherokee Marsh and the Yahara Watershed. 

The Cherokee Park neighborhood lies on the north side of Madison, with 265 single 

family or duplex homes (City of Madison), and a total population of 645 residents (Applied 

Population Lab). The neighborhood’s demographics vary moderately from the demographics of 

metropolitan Madison as a whole. Cherokee Park trends more caucasian and more affluent than 

the rest of  Madison, with average home values estimated at $286,000 compared to the 
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Madison’s average of $248,000, and caucasian proportion stated at 94.8 percent compared to the 

2010 Madison average of 75.6 percent. Aerial photography (Figure 4) of the neighborhood 

indicates the presence of lawn space adjoining most of the homes, and that some of the homes sit 

directly adjacent to open marsh lands. The neighborhood is a 3.5 mile drive from the main 

entrance to the Cherokee Marsh State Natural Area (Figure 1), although many homes sit directly 

adjacent to the open waters of Cherokee Marsh (Figure 4). 

The other neighborhood to be surveyed not adjacent to a wetland is Meadowood, located 

on the southwest side of Madison. Meadowood consists of 1250 housing units with a mixture of 

apartments, duplexes, and single family homes on 374 acres with 2962 total residents (2010 

Census). Meadowood is less affluent with a 68.6 percent caucasian demographic profile and has 

a 70.5 percent owner occupied rate with the average home value of about $171,578. Meadowood 

is a 15 mile drive from the Cherokee Marsh State Natural Area (Figure 1). There are no large 

parks or open spaces directly around Meadowood (Figure 3), meaning that there is no visibility 

of open water or wetlands. The nearest contiguous and protected wetland, established by the 

University Arboretum, lies a 5.4 mile drive away.  
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Figure 1: City of Madison Reference Map. (source: Liam Patton) 
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Figure 2: Cherokee Park Zoning Map. Zoning is exclusively single family or two unit housing. 
Every building has a separate lawn included in the lot. (source: City of Madison) 

 



Perttunen, Patton, Roth  
Page 6 

 

Figure 3: Meadowood Neighborhood Boundary Map - Zoning is primarily single family and 
two unit housing, with a small proportion of multi-family housing and commercial space. 

(source: City of Madison)  
 

Cherokee Marsh consists of a roughly 2,000 acre wetland complex controlled and 

maintained by a patchwork of state, city, and private landowners (Wisconsin Department of 

Natural Resources). Cherokee Marsh lies on the north side of the Yahara River watershed, 

feeding directly into lakes Mendota, Monona, Waubesa, and Kegonsa, with eventual 

hydrological links to the Rock and Mississippi Rivers. Land use within the Yahara River 

Watershed consists of 86 percent agricultural use (Bennett et al. , 1999, 70). Water outflows from 

Cherokee Marsh drain to Lake Mendota, and therefore Lake Mendota’s drainage basin consists 
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of 60 percent agricultural land (North Temperate Lakes Long Term Ecological Research). A 

2015 satellite image of Cherokee Marsh (at center and upper-center-right) confirms that the 

marsh is mainly adjoined by agricultural row crops on the Marsh’s north and west sides, and by 

urban residential land use on its south and east sides. 

 

Figure 4: Cherokee Marsh and Environs. Primarily urbanized land uses abut Cherokee Marsh. 
(Source: USDA-FSA-APFO) 

 

In order to better understand one of the contributors to soil and water pollution in an 

urban watershed, this study will focus primarily on the how residential lawn spaces interact both 

with environmental quality legislation and how homeowners engage with best management 

practices in lawn care. The Oxford English Dictionary defines a lawn as “a portion of a garden or 

pleasure-ground, covered with grass, which is kept closely mown.” A prevalent and instantly 
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recognizable landform in the United States, previous research indicates that “23 percent of urban 

[land] cover [is] dedicated to lawns” (Robbins and Sharp 2003, 426). This ubiquitous American 

landscape “contributes significantly to water pollution” (ibid ., 426), primarily due to the “rise in 

high input systems of management that [lawns] demand” (ibid ., 427). These high input systems 

manifest in multiple activities, including (but not limited to) normalized applications of 

fertilizers in addition to leaf litter removal. For the purposes of this study, the authors will limit 

their analysis to the impacts of fertilizer application on water and soil quality issues.  

Prior to examining the attitudes and activities of lawn owners in Madison, one must first 

understand how the impacts of everyday lawn maintenance manifest in far flung geographies 

with long standing environmental repercussions. For decades, a known correlation between 

nitrogen and phosphorus fertilizer application and nutrient-rich waters existed. Since the 1960s, 

Madison-area technicians noted the “important deleterious effects [from] . . . profuse growths of 

aquatic plants due to over-enrichment resulting from heavy nutrient (nitrogen and phosphorus) 

contributions from domestic sewage and from agricultural and urban runoff” (Evans et al,  1969, 

18). However, these technicians acknowledged that “the rate at which eutrophication occurs is 

governed by a combination of factors which is not fully understood” (ibid ., 23), By the late 

1990s, the significance of the interrelationship between phosphorus, nitrogen, and nutrient-heavy 

water bodies evolved beyond mere anecdote and into well established scientific fact, with 

researchers stating, “we are certain that eutrophication is a widespread problem in rivers, lakes, 

estuaries, and coastal oceans, caused by over enrichment with P and N” (Carpenter et al,  1998, 

559). A comprehensive period report on nonpoint surface water pollution established the 

significance of nutrient pollution of freshwater: 
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Agriculture and urban activities are major sources of phosphorus and nitrogen . . . in 
aquatic ecosystems, these nutrients cause diverse problems such as toxic algal blooms, loss of 
oxygen, fish kills, loss of biodiversity (including species important for commerce and 
recreation), loss of aquatic plant beds and coral reefs, and other problems. Nutrient enrichment 
[by phosphorus and nitrogen] seriously degrades aquatic ecosystems and impairs the use of water 
for drinking, industry, agriculture, recreation, and other purposes. (ibid ., 559). 
 

The above-listed detrimental phenomena are symptoms of a freshwater condition termed 

“eutrophication,” defined by the Oxford English Dictionary as, “of a lake . . . (over-)rich in 

organic or mineral nutrients and having as a result an excessive growth of algae and other plants, 

with depletion of oxygen and consequent extinction of animal life.”  Fertilizers applied to the 

thousands of lawns across America play their own significant role in the widespread issue of 

eutrophication that “is the most common impairment of surface waters in the United States . . . 

account[ing] for ~50 percent of the impaired lake area and 60 percent of the impaired river 

reaches in the United States” (ibid., 560). In a survey of urban sources of water pollution 

segregated by type conducted in Madison, the authors discovered that, “runoff from lawns had 

the largest total and dissolved phosphorus concentrations. Total phosphorus concentrations in 

runoff from lawns were about 2 to 18 times larger than the concentrations in runoff from other 

residential source areas” (Bannerman et al,  1993, 251).These concentrations held significance to 

the study because “although runoff volumes from lawns were small, phosphorus loads were 

relatively large” (ibid ., 256), leading to the conclusion that “a decrease in the amount of 

fertilizers applied to lawns probably would decrease the amount of phosphorus coming from 

residential and industrial land uses” (ibid ., 259). 

In the world of environmental regulation, a critical dichotomy exists between the terms 

point and nonpoint pollution. Heavy industrial operations such as coal-fired power plants that 
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produce pollutants discharged from discrete, easily identified locations collectively bear the 

“point source” polluter label. Point source wastes generally originate from a single building or 

complex of interrelated buildings with a single owner.  Point source pollutant discharges “tend to 

be continuous, [in terms of type and amount of pollutants produced] with little variability over 

time” (ibid ., 560). Therefore, Carpenter observes, “point sources are relatively simple to measure 

and regulate and can often be controlled by treatment at the source” (ibid ., 560). Nonpoint 

sources of pollution stand in direct contrast to point sources, since they tend to originate from 

many buildings or a large area with the same land-use type, all owned by different people. 

Nonpoint source pollutants then, “are transported overland, underground, or through the 

atmosphere to receiving waters” (ibid .,560), making nonpoint pollutants much more challenging 

to track, regulate, and mitigate. The process of overland, underground, or atmospheric 

transportation of pollutants receives the broad colloquial term, ‘runoff’. The Rock River Basin, 

which encompasses Cherokee Marsh and the Yahara River Watershed, contains, “68 municipal 

and industrial point source discharges” (Congdon, 2002, 14), in addition to many lawns, farms, 

roads, and other nonpoint sources of phosphorus and nitrogen.  

Lawn care activities in the United States contribute to the eutrophication of lakes and 

rivers due to the presence of available phosphorus in lawn and garden fertilizer. The 15th 

element from the periodic table, phosphorus “is one of the 17 essential elements required for 

plant growth” (Vance et al, 2003, 424). Although one of the most important elements for plant 

growth, “phosphorus is one of the least available of all essential nutrients in the soil . . . many 

soils around the world are deficient in [plant available phosphorus]” (Ragothama, 1999, 666). As 

a direct consequence, lawn owners have historically purchased and applied fertilizers containing 
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abundant available phosphorus to ensure the vigorous growth of the plants in their planted lawn 

spaces, directly contributing to Bannerman’s observation that, “contaminant loads in runoff from 

lawns, especially phosphorus, may become critical if rainfall results in significant runoff” 

(Bannerman  et al,  1993, 258).  

 

Land Cover Change around Cherokee Marsh, 1830s - Present 

In 1947, Robert Ellarson Scott compiled a comprehensive vegetation-community map of 

Dane County based on Public Land System Survey (PLSS) surveys conducted in the 1830s and 

1840s. When compared to figure 3, one notices that Scott’s map shows that the topography of 

today’s Cherokee marsh varies a good deal from 170 years ago. Although the Marsh today 

remains a sprawling wetland complex, a border of oak savannas no longer remains, and the 

hydrology of the wetland clearly varies dramatically from that of the 1833-1834 survey. PLSS 

surveyor notes observed that “the south and east part of the township [township 8 north and 

Range 9 east, encompassing most of Cherokee Marsh] with the exception of the marshes is 

rolling and second-rate land [land with moderate agricultural potential]. Timber Black, Burr, and 

White Oak” (Orson, 1834), confirming the presence of oak savanna, likely grading into open 

prairie in places. 
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Figure 5: Vegetation Map of Dane County at time of European Settlement. Cherokee Marsh is 
highlighted by the black bordered diamond. (Source: Scott, R. E., 1947) [Purple indicates 

wetland, turquoise indicates oak savanna, light blue indicates prairie] 
 

However, as Madison became more and more populous with the passage of time, urban 

growth gradually expanded north and east from the center of the Madison isthmus between lakes 

Mendota and Monona towards Cherokee Marsh.  An 1890 topographic map details Madison’s 

urban expansion, with only the Chicago and Northwestern railroad and a local road transgressing 
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Cherokee Marsh. The majority of the city expansion lay on Madison’s isthmus. An aerial survey 

photograph from 1937 demonstrates that intensive agricultural plantings directly abutted 

Cherokee Marsh prior to post World War Two urban expansion. A 1959 topographic map of 

Waunakee shows an improved state highway then crossing the Marsh, and urban encroachment 

displacing virtually all of the farmland south of Cherokee Marsh. 

 

 

Figure 6: 1890 Topographic Map of Cherokee Marsh - Prior to agricultural or urban 
development north of Lake Mendota (Source: USGS) 
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Figure 7: 1937 Aerial Orthophoto of Cherokee Marsh - Note the prevalence of intensive row 
cropping both north and south of Cherokee Marsh. (Source: USDA) 

 
  

 

Figure 8: 1959 Topographic Map of Cherokee Marsh - Urban expansion has begun to replace 
agricultural land use. (Source: USGS) 

 

By 1963, the pressures of urban expansion placed the Marsh in the Wisconsin State 

Journal’s spotlight, with articles noting, “where once [Cherokee Marsh] was the peaceful home 
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of heron and pike, Cherokee Marsh lies today square in the path of urban expansion” 

(Schoenfeld, 1963). A report commissioned in 1963 by Mayor Henry Reynolds of Madison notes 

that “one of the most marked reversals of our time is the changed attitude toward marshes. 

Increasingly large numbers of people have come to look upon marshes with a special fondness 

entirely divorced from hunting, fishing, or flood control” (Rohlich et al, 1963, 18). This 

sentiment indicates a potential urban desire to slow expansion into the Marsh. The same report 

notes that “Madison’s ‘Plan for Use of Land’, published in December 1969 and approved by the 

Madison City Plan Commission . . . recommends open-type land use of the marsh” (ibid ., 21). In 

contrast to plans for preservation, the report also acknowledges a plan by A. A. Elkind to dredge 

and fill areas of the Marsh in order to create 650 residential lots. Regarding the hydrological 

impacts of Elkind’s proposal, the report states that “the effect of this development . . . on the 

overall runoff [into Cherokee Marsh] would probably be so slight as to be unnoticeable” (ibid ., 

23). 

By 2015, aerial photography demonstrates that residential housing developments directly 

border much of the southern and eastern sides of Cherokee Marsh. Housing developments 

eventually sprawled to an extent that they appear poised to envelop all of Cherokee Marsh. 

Hollis draws a direct connection between expanding urbanization and increasing pollution 

control problems, noting that building activity “clears vegetation which exposes the soil to the 

elements and also facilitates overland flow . . . finally protect[ing] the soil with an armour 

coating of concrete . . . which . . . [facilitates] the transport of the urban materials” (Hollis, 1988, 

11). It can therefore be assumed that road and home building in residential neighborhoods alters 

the quantity and type of runoff from areas that were once farmland or open prairie. 
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In 2008, the City of Madison partnered with the Wisconsin Department of Natural 

Resources and Dane County in an effort to halt some of development’s encroachment into the 

Cherokee Marsh and its surrounding uplands. Then-mayor Cieslewicz said of the 259-acre 

purchase, “I can’t think of a better way to celebrate Earth Day than to move forward with the 

largest land conservation purchase in city history” (Westcott, 2008, 1). With a $794,000 

purchase, government officials implicitly acknowledged the inaccuracy of the 1963 report’s 

statement, “the [effects from] development of houses, paved areas, etc . . . would be 

quantitatively minor and would not significantly affect the general hydrologic regimen of 

[Cherokee Marsh]” (Rohlich et al, 1963, 23). However, costly land purchases alone cannot erase 

the impacts of existing neighborhoods, nor of future neighborhoods constructed outside of the 

now-protected areas. 

Literature Review 

The American Lawn 

With respect to the urban developments that already surround Cherokee Marsh, no 

suburban land management practice contributes more nutrient runoff than the lawns outside of 

our homes. Today the American homeowner spends roughly 40 billion dollars in addition to 

countless hours and energy a year maintaining their front lawns (Steinberg, 2006, 5). An entire 

lawn care industry has evolved that employs tens of thousands of people (Jenkins, 1994, 2). To 

get a better understanding of why Wisconsin implemented the Wisconsin Zero Phosphorus 

Fertilizer Law, it is crucial to consider why lawns became so uniquely American, with a brief 

historical narrative and analysis. This is important to the research question because “America’s 
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landscapes are lawn dominated... lawns are the largest consumer of landscape water, of 

pesticides, and of phosphorus fertilizers in our urbanizing areas” (ibid ., 177).  

  The lawn emerged as spatial phenomena in eighteenth century Europe, surrounding 

wealthy upper-class homes with a pastoral landscape that emanated a romanticized relationship 

with nature. This new form of landscape was in reality carefully constructed and maintained 

(Jenkins, 1994, 18 and Harris et al, 2013, 346).  The European lawn was seen as being 

synonymous with the upper class. The notion of having a lawn and a class system began to 

spread when European immigrants started coming to America. In Europe only the very wealthy 

could afford lawns but in America the front lawn started to become a status symbol of the middle 

class in the late 19th century. The American concept of having a front lawn expanded 

exponentially when middle class urban inhabitants started moving to the suburbs in the 1950s. 

These new residential landscapes developed in connection with three major suburban 

movements in American history (Jenkins, 1994, 3-6). The first suburban communities were 

established outside major East Coast cities such as New York and Philadelphia after the Civil 

War.  The early expansion of streetcar, railroad and trolley lines helped make these suburban 

developments possible. The second major growth of  suburban development came about in the 

1920s as middle class Americans enthusiastically embraced the automobile. This expansion into 

suburbia also occurred at a time when the game of golf was gaining in popularity. This 

coincidentally had an effect on the development of better turfgrasses as the United States Golf 

Association (USGA) along with the United States Department of Agriculture (USDA) 

collaborated in 1915 on turfgrass research, and in 1921 produced a turfgrass hybrid that “made it 

possible to grow lawn grass in all regions of the United States” (ibid ., 5). This joint research had 
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the effect of setting the lawn standards and the increased popularity of having lawns (ibid. , 35). 

The third and most important expansion into suburbia came after World War II, as veterans 

returning home from war bought homes financed by the federal government with low cost 

mortgages. As Jenkins notes, even blue collar Americans could have a house with a lawn (ibid. , 

4). 

 Settlement patterns have changed in the past 150 years as people shifted towards a more 

urban and suburbanized society. As the population size grew in America, so did the number of 

homes being build with the customary front turfgrass lawn. The need for lawn management grew 

as a result. Milesi comments that “as the construction of new homes, averaging 1.6 million per 

year in the late 1990’s, continues to expand the American urban landscape, the total surface 

under turf is expected to further increase“ (Milesi, 2005, 426). As of 2004, out of approximately 

90 million American households, 66 million use lawn pesticides and phosphorus fertilizer to 

manage their lawns (Blaine et al, 2012, 258). And around 3 million tons of fertilizers are spread 

on those lawns annually according to (Chameides, 2008).  

Today turfgrasses are a pervasive element in the American suburban and urban 

landscape;  they are found in residential and commercial areas, parks, playgrounds, and golf 

courses (Milesi et al, 2005, 429). But just how much turfgrass is in the American landscape? 

Milesi and her colleagues estimated that in the 1990s, “the surface [of American irrigated land] 

cultivated with turf was up to three times larger than that of irrigated corn, the largest irrigated 

crop in the United States” (Milesi et al, 2005, 426). The total area of turf grass was estimated as 

up to 163,800 km2. The estimated turfgrass in Wisconsin is 3,110 km2 (Milesi et al, 2005, 433). 

Other researchers have estimated that in the U.S. there are 40.5 million acres of land area in 
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cultivated turfgrass irrigation. In 2005, there was a acreage of turfgrass under irrigated 

cultivation than the next four largest irrigated crops combined .The second is corn at 9.7 million 

acres, followed by alfalfa with 6.2 million acres, soybeans with 5.3 million acres and orchards 

(including vineyards and nuts trees) with 4.1 million acres under irrigated cultivation (Diep, 

2011, 1), as seen in Figure 9 below. Diep also estimated the total acreage in 2005 for Wisconsin 

crops under irrigated cultivation. The turfgrass lawn is the top crop at 768,000 acres, followed by 

vegetables with 123,000 acres, corn for grain or seed at 85,500 acres, potatoes at 81,800 acres 

and sweet corn with 56,900 acres (see figure 9a below). This estimate included all residential, 

commercial, parks, golf courses and athletic fields, accounting for about 1.9 percent of  the total 

area of the 48 contiguous states.  This estimate of turfgrass coverage compares with the 3.5-4.9 

percent of the total surface area devoted to urban development ( Milesi et al, 432 and Diep 2011, 

1). The total land area under turfgrass irrigated cultivation in the U.S and Wisconsin are an 

important factor when considering the potential for phosphorus fertilizer runoff.  

 

The United States 
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Figure 9: Top U.S. Crops by Land Area in 2005. (Source: Diep 2011) 

Wisconsin 

Figure 9a: Top Wisconsin Crops by Land Area in 2005. (source: Diep 2011) 
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The green monoculture lawn is an important part of the American culture. As Jenkins 

indicated, “unlike other cultures in which the exterior appearance of the house is unimportant 

and even minimized to avoid attracting attention, American houses and their yards were 

important mirrors of the character and economic standing of their inhabitants” (Jenkins, 1994, 

79).  The purchase of a home is usually the largest investment for most Americans. New and old 

homeowners alike take pride in the fact they can afford a home. But as Blaine noted, 

“homeowners realize that the exterior of the home is all that most people will see, and that 

appearance of the exterior allows people to formulate [a] first impression, which in large part 

determine how they perceive the homeowner” (Blaine et al, 2012, 258).  

 Neighborhood peer pressure can have a dominating effect on one’s lawn care habits, as 

everybody strives to have the perfect lawn of short, green and uniform grass. Paul Robbins 

surveyed people’s perceived impact of their neighbors’ lawn care behaviors and found, “far more 

significant than the affect on property values, most respondents believed that their neighbor's 

lawn care behavior had a positive influence on neighborhood pride” (Robbins, 2007, 98). 

Neighborhood pride is a form of pressure that motivates most people to mow and fertilize their 

lawns and dispose of leaf litter. If social peer pressure doesn’t influence a homeowner’s lawn 

care behavior, a rule or regulation may have the same effect. As Blaine and his colleagues noted, 

“failure to maintain lawns typically leads to legal sanctions maintained through deeds, covenants 

and homeowner association” and added that “poor lawn care is often socially associated with 

poor character” (Blaine et al, 2012, 258). 
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The city of Madison is no exception to the rules and regulations when it comes to 

homeowners’ maintenance of their private property, including lawn care. As Madison’s 

population grew from the mid 19th century onward, the city kept annexing land that needed to be 

developed. This new land either formed new neighborhoods or was added to existing ones, 

usually being called a subdivision. These subdivisions came with protective covenants that ran 

with the land for 25 or more years. These covenants stated what a property owner could and 

couldn’t due with their land. According to the Dane County Register of Deeds in 2016 there are a 

total of 6,869 individual covenants in the county, of which 4 pertain Cherokee Park and 54 

pertain the Meadowood neighborhood. Madison, as with most other towns, villages and cities 

have ordinances that regulated your lawn within their jurisdiction. Madison has a Tall Grass and 

Weed ordinance. The ordinance states in part, “with the exception of a prior application and 

approval of a natural lawn,.. Madison requires all lawns shall be maintained to height not to 

exceed eight inches in length” (Madison General Ordinance 27.05(2)(f)). Some homeowners 

prefer to ignore this rule, allowing natural vegetation to grow in their lawn. This homeowner 

serves as an example of a natural lawn in the Meadowood Neighborhood, with Tallgrass Prairie 

established in their front yard (for more examples of natural lawns see photo 3, 4, 5 in Appendix 

6). 
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Photo 1: Natural Lawn with tallgrass Prairie, Meadowood Neighborhood. (Credit: Eric 
Perttunen) 

 

    After WWII, the intensified use of non-agricultural phosphorus fertilizers in the 

sprawling urban and suburban environs across America have contributed to significant quantities 

of nutrients to surface waters. Poor water quality is a known problem for numerous surface water 

bodies in America. Uncontrolled nutrient levels such as phosphorus are responsible for water 

quality deterioration in 20 percent of rivers and 50 percent of lakes and reservoirs (USEPA, 

2002). Lawn care companies usually fertilize customers’ lawns 5 to 6 times a year. Urban and 

suburban homeowners are typically unaware of the right application rates or how weather can 

affect the phosphorus runoff, along with the importance of leaf collection. The overuse of 
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phosphorus fertilizers isn’t just a Wisconsin problem, but a national one. At least 10 states in 

recent years have adopted phosphorus fertilizer restrictions and regulation to protect the 

environment (USEPA, 2012,2). 

 

Legislation 

Minnesota was the first state to regulate the use of phosphorus fertilizers. In 2002 the 

seven metro county areas surrounding Minneapolis-St. Paul enacted a law restricting the sale and 

use of phosphorus fertilizers. By January 1, 2005, a statewide phosphorus fertilizer ban was 

implemented out of concern for improving the water quality in a state with 10,000 lakes and to 

reduce the regulatory maze of variable local ordinances that manage phosphorus fertilizers use 

and sale (MDA, 2007, 7). The nation's first phosphorus fertilizer law can be summed up by 

saying that the use of phosphorus fertilizers on lawns and turf is restricted unless one of the 

following situations exists: A soil test or plant tissue test shows a need for  phosphorus: A new 

lawn is being established by seeding or laying sod: Phosphorus fertilizer is being applied on a 

golf course by trained staff: Phosphorus fertilizer is being applied on farms growing sod for sale 

(ibid ., 2007, 7).  

Two years after the implementation of the Minnesota’s phosphorus fertilizer law, a study 

was conducted to find the effectiveness of the two main tenets of its intended purpose. The study 

sought to measure the law’s effectiveness in reducing lawn fertilizer use and improving water 

quality. The Minnesota Department of Agriculture (MDA) found that between 2003 and 2007 

there was a 48 percent reduction in the amount of phosphorus fertilizer use, and approximately 

82 percent of the fertilizer used was phosphorus free. The MDA study states that the impact on 
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overall water quality could not be determined, due to the short time between the law's 

implementation and the study (MDA, 2007, 15).  

The growing public concern over lake water quality in Dane County led to the passage of 

an ordinance regulating the use and application lawn fertilizer after January 1, 2005. Dane 

County ordinance 80.05 states that no person shall apply any lawn fertilizer within county that is 

labeled as containing more than 0 percent phosphorus or other compound containing phosphorus, 

such as phosphate. Wisconsin has more than 15,000 lakes, 12,600 rivers, countless smaller 

creeks and over 5 million acres of wetlands according to the DNR. Lawmakers decided that 

those resources needed to be protected from the harmful effects of excess phosphorus fluxes. On 

April 1, 2010, Wisconsin passed the Wisconsin Zero Phosphorus Fertilizer Law (Wisconsin 

Statute 94.643).  This law restricted the use of phosphorus fertilizers on lawns, golf courses, and 

turfgrass, unless it was used to establish new grass or to correct a soil phosphorus deficiency so 

determined by soil test. Phosphorus fertilizer that is spread or spilled on impervious surfaces 

must be cleaned up, and phosphorus fertilizer is prohibited from being applied on ground that is 

frozen. Stores also can not display phosphorus lawn fertilizer on their shelves, but can post signs 

saying that it is available upon request if you have a permit (EPA, 2012, 3).  

 The Yahara River watershed’s primary non-agricultural pollution run-off problem is the 

result of uncontrolled phosphorus loading. This phosphorus loading is coming from urban and 

suburban impervious and pervious surfaces. The biomass in the watershed answers to the 

increased phosphorus loading with unexpected and vast increases of growth of algae, which will 

be explained in more detail later. The Wisconsin Zero Phosphorus Fertilizer Law is intended to 
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reduce the inflow of phosphorus by restricting the use of fertilizers containing phosphorus in 

urban and suburban settings.  

With environmental awareness about the effects of over fertilization leading to the 

eutrophication of surface waters, a growing number of states governments and local 

municipalities have passed regulations to restrict the use of phosphorus fertilizers in residential 

areas (see Appendix 5 for list of recently passed statewide phosphorus bans). Few studies report 

the efficacy of phosphorus fertilizer restrictions on nutrient runoff into lakes and rivers (Lehman 

et al, 2011, 390). Since the Minnesota phosphorus law’s impact on water quality was found to be 

inconclusive, and a statewide impact of Wisconsin’s Zero phosphorus fertilizer law has yet to be 

done, more research needs to be conducted. According to Lehman and his colleagues, they 

thought this was a significant matter that needed more examination. Lehman states that “the 

restrictions are applied in the absence of any framework to assess the efficacy of the regulatory 

actions in terms of reducing P runoff to rivers and lakes” and adds “any available evidence on 

the subject could therefore help inform ongoing management decisions about surface water 

environmental protection” (ibid ., 2011, 390).  Lehman and his colleagues conducted a study in 

Ann Arbor, Michigan which adopted an ordinance in 2007 to limit the phosphorus applications 

to lawns. The ordinance was in response to Michigan’s statewide imposed phosphorus total 

maximum daily load (TMDL) that required a 50 percent reduction in phosphorus discharges to 

the Huron River, which flows through Ann Arbor. The ordinance’s success in reducing 

phosphorus depends on if the homeowners and lawn care companies follow through on 

restricting their phosphorus fertilizer use (ibid ., 2011, 390).  
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 In the study, Lehman and his colleagues hypothesized that if all the residents of the 

catchment area in Ann Arbor for the Huron River were in full compliance in restricting 

phosphorus lawn fertilizer use as per the ordinance, there would be a 22 percent reduction in 

phosphorus runoff in the river around Ann Arbor. They set up four sampling stations in the Ann 

Arbor catchment to collect water samples at weekly intervals for 3 years from May to September 

in 2008 to 2011. One such water sampling station labeled CTL was positioned outside and 

upstream from Ann Arbor and not within the jurisdiction of the city ordinance. The other three 

sampling sites which they labeled A, B and F were positioned downstream of Ann Arbor within 

the ordinance jurisdiction at various degrees of miles separating them.  After 3 years of weekly 

water samples, testing for phosphorus, they concluded that the CTL above Ann Arbor ordinance 

jurisdiction site actually increased slightly in phosphorus concentration. The study stated 

possible explanations for the increase of phosphorus at the CTL as unknown human behaviors, 

such as increased phosphorus use above ordinance restriction area, or climate change. Lehman 

and his colleagues also used control measures to account for a dam removal going on at the time 

of their study at their CTL. The 3 sampling stations within the ordinance jurisdiction showed an 

11 to 35 percent reduction of total phosphorus from preordinance levels. The study suggested a 

22 percent reduction in total phosphorus loading if all the residents were in full compliance of 

the ordinance. The actual level of the ordinance compliance is unknown. The study showed that 

a locally implemented phosphorus fertilizer ordinance does affect the Huron River in reducing 

phosphorus loading locally. However, it did not affect the total phosphorus loading in a whole 

river ecosystem because other jurisdictions have not enacted such an ordinance (ibid .,  2011, 

395-397). 



Perttunen, Patton, Roth  
Page 28 

These new state and local municipality phosphorus fertilizer restriction laws conceived 

and implemented in recent years are a response to the public's growing awareness over the 

aquatic health of our lakes, rivers and wetlands such as Cherokee Marsh. These laws are also 

enacted as more of the responsibility for the protection of wetlands is being delegated from the 

federal government back to the states (Votteler et al,  2002, 1). There are five federal agencies 

that share the primary duties for protecting America’s wetlands: The U.S Army Corps of 

Engineers: The U.S Fish and Wildlife Service, The National  Oceanic and Atmosphere, The 

Natural Resources Conservation Service, and The Environmental Protection Agency (EPA) 

(Votteler et al, 2002, 1). The EPA’s regulatory duties include “protecting wetlands primarily for 

their contributions to the chemical, physical and biological integrity of the nation's waters” 

(Votteler et al, 2002 ,2). Clean Water Act of 1972 and its many amendments is a main 

component within the EPA regulations and enforcements concerning water pollution.  

Federal policy concerning two common lawn care products such as phosphorus fertilizer 

and pesticides diverge on regulation as much as their intended uses. Pesticides keep undesirable 

weeds and insects off the lawn. Fertilizers help promote a green and luscious lawn. As Gillman 

and his colleague state, ”pesticides are subject to numerous laws and regulations” (Gillman et al, 

2011, 86) before they are given the approval for public use and must be thoroughly tested by the 

manufacturer for safety. Because pesticides are poisons that are applied to plants such as 

turfgrass they pose a risk to humans, animal and wetland ecosystems. But phosphorus fertilizers 

on the contrary face almost no direct regulation by the federal government even though 

over-fertilization leads to eutrophication, which can be just as harmful to people and ecosystems. 

Although the federal government does recognize phosphorus fertilizers effects on wetland 
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ecosystems, they are governed indirectly as a source of nonpoint pollution by the Water Quality 

Act of 1987 (ibid ., 2011, 86). The Water Quality Act of 1987 was an outgrowth in the 

development of our national water policy, as the Clean Water Act focuses more on point source 

pollution. Because the States are taking the lead role in regulation of phosphorus fertilizers as a 

source of nonpoint pollution, if the “fertilizer police are in your yard, it’s state or local police, not 

the feds” (ibid ., 2011, 87).  

 

Effects of Phosphorus on Water Quality 

As the global human population rapidly increased during the 20th century, technological 

advancements in the agricultural sector were made in order to provide food for everyone on 

earth, resulting in the Green Revolution. This change in agricultural practices included 

genetically modified wheat and maize that could grow larger, faster, and be drought-resistant. In 

addition, fertilizers were enhanced. Dating back thousands of years, farmers used simple 

fertilizers, spreading manure and bone powder on their fields. The nitrates, phosphates and other 

organic compounds that were released from the decomposing organic matter enhanced crop 

yields. In the 19th and 20th centuries, research provided proof of the importance of phosphorus, 

among other nutrients, for plant nutrition. Phosphorus is instrumental in plant root formation and 

growth as well as seed formation. As a result, phosphates are frequently mined from the earth 

and added to fertilizers, which are used in both agricultural and domestic sectors. They are often 

combined with nitrogen and potassium to form “N-P-K” fertilizers, which is a combination that 

greatly enhances plant growth, health, and reproduction. The amount of phosphorus applied to 

the soils around the earth has increased over three-fold since the 1960s, and is expected to 
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continue to increase greatly over the next several decades assuming a business-as-usual 

agricultural agenda (Tilman et al, 2002, 673).  On the one hand, the introduction of these 

fertilizers can be seen as a savior to ecosystems worldwide: “Without the use of synthetic 

fertilizers, world food production could not have increased at the rate it did and more natural 

ecosystems would have been converted to agriculture” (Tilman et al, 2002, 673). However, less 

than half of the phosphorus that is applied to an area is actually taken up by the crops (Tilman et 

al, 2002, 673). This means that over half of the available phosphorus is stored in the soil or 

carried elsewhere in run-off. Both of these scenarios can cause environmental problems in 

nearby ecosystems. 

When excess amounts of phosphorus enter a body of water, biological interactions and 

trophic levels can be severely altered. Phosphorus enhances plant growth in aquatic ecosystems 

just like for plants on land. It also spurs the growth of algae, which are plant-like organisms that 

use nutrients like phosphorus to do photosynthesis. Although algae are a naturally occurring part 

of a stable aquatic ecosystem, influxes of phosphorus from human activities, such as agriculture 

and urban development, are causing unprecedented algal blooms (Jarvie et al, 2013, 295). The 

excessive amounts of algae cover the surface of the water body, “choking” other biota by 

restricting the amount of sunlight reaching the lower region of the water column. Algae consume 

the oxygen in the water while preventing other aquatic plants from doing photosynthesis, which 

would otherwise create a stable amount of oxygen in the water (Hasler and Swenson, 1967, 278). 

This plays a large role in creating a hypoxic environment, which can result in loss of other plant 

populations, fish kills, and water quality issues (Carpenter and Lathrop, 2008, 602). What’s 

more, the hypoxic environment eliminates bacterial populations that can consume the algae. 
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When the algae die, the phosphorus is released back into the water, remaining available to feed 

the next algal bloom. Hence, the health of the ecosystem and the services it provides to the 

broader landscape is severely impacted. 

Eutrophication of lakes, streams, and marshes can negatively impact people. The 

reduction in fish populations can limit the amount of fishing humans can do on a body of water. 

This, along with the reduction in aesthetic quality of a polluted and unhealthy lake, can reduce 

recreational and tourist activity, hurting the local economy (Naevdal, 2001, 972). Property values 

near the affected area also decline (Kashian, 2009, 4). Additionally, a form of algae called 

cyanobacteria, or blue-green algae, has the capacity to create toxins that are detrimental to 

human and animal health. These toxins are capable of causing damage to internal organs, 

damages to motor neurons, developmental issues, and death in aquatic species such as fish and 

microorganisms, and even farm animals who consume too much contaminated water (Codd, 

2000, 52-53). Cyanobacteria are rarely fatal to humans unless a large amount of contaminated 

water is ingested. However, accidental ingestion of contaminated water or fish can lead to health 

problems including diarrhea, fever, headache, vomiting, skin irritation, neurological problems, 

and respiratory issues (Codd, 2000, 55). The recreational use of contaminated lakes is a common 

way for humans to be exposed to these toxins (Carmichael, 2001, 1400). For this reason, there is 

a water quality monitoring system in place to measure the levels of bacteria and toxins present in 

the lakes in the Yahara Watershed. The impacts that algal blooms can have on wildlife, 

domesticated animals, and people serve as another reason why the reduction of phosphorus into 

the watershed is a crucial goal to achieve. 
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Based on a 1999 study, in the 686 km2 watershed, about 86 percent of the area is used for 

agriculture (Bennett et al, 1999, 70). Figure 10 helps to visualize the expansive agricultural land 

use within the Yahara Watershed and near Cherokee Marsh. 

 

 

Figure 10: This map shows the land-use types in the Yahara Watershed. The area is 
mostly agricultural with urban areas surrounding the lakes. (Source: Blake Draper) 

 
 

Corn, soybeans, and dairy are the main forms of agriculture in the Yahara Watershed, 

which leads to a variety of phosphorus inputs. For example, rainwater can strip sediment from 

cropland during the late fall and early spring when there are no crops on the fields, carrying the 

sediment, along with any nutrients in the material, downslope into waterways. Manure that is left 

in pastures or spread on the fields provides nutrients to the soil, which means it can also be 

transported by water and erosion factors that affect soil dynamics (Wandruszka, 2006, 4). 
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Through fertilizer and manure, the amount of phosphorus introduced into the Yahara Watershed 

is approximately 1,307,000 kg per year. Through plant uptake and other means, only about 

732,000 kg of phosphorus exit the watershed per year (Bennett et al, 1999, 73). This 

input-to-output ratio clearly shows that the Yahara Watershed has been retaining more than half 

of the phosphorous introduced into the region. Most of the remaining phosphorous is stored in 

various forms of availability in the soil. 

 

Figure 11: This map shows the land-use types surrounding Cherokee Marsh (center). 
Clearly, the majority of the area is used for agriculture, but the waters and wetlands are subjected 

to run-off from urban zones as well. (Source: Liam Patton) 
 

 

Another contributor of phosphorus into the Yahara Watershed is from urban 

developments. Large areas made up of paved roads, sidewalks, driveways, and parking lots 

prevent water absorption and allow higher amounts of run-off to reach waterways. Dirt and other 

phosphorus-containing debris from streets are proven to contribute large quantities of suspended 
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phosphorus into nearby bodies of water (Waschbusch et al, 1999, 21). Urban areas adjacent to 

waterways add phosphorus to the system through septic tank seepage (Moore et al, 2003, 17). 

Another common source of phosphorus from urban areas is leaf litter. When fallen leaves are 

rained on or when they reach waterways, the water leaches nutrients out of the decomposing 

litter (Cowen and Lee, 1973, 854). Perhaps the greatest phosphorus input from urban areas is 

contributed due to lawn care practices (Waschbusch et al, 1999, 21). Lawn fertilizer, which can 

be applied at various times of the year, is capable of providing biologically available phosphorus 

to plants, which improves plant growth, health, and lawn fullness. However, it is just as useful to 

algae and other plants in aquatic ecosystems. As seen in Figure 8, Cherokee Marsh is subject to 

both agricultural and urban phosphorus loadings.  

In response to the negative impact that lawn fertilizer was having on Wisconsin’s 

waterways, the state enacted the Phosphorus Fertilizer Ban in 2010. By restricting the use and 

sale of lawn fertilizer products that contain phosphorus, total phosphorus levels in Lake Mendota 

and other water bodies in the Yahara Watershed have decreased, as shown in Figure 12.  
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Figure 12: This graph shows the annual total surface-level phosphorous in Lake Mendota 
from 1995-2014. The peaks clearly decrease after 2010, when the phosphorus ban came into 

effect. (source: data from UW Department of Limnology, visualized by Liam Patton) 
 

Despite the apparent reductions the phosphorus ban has seemed to have on phosphorus 

levels in the Yahara Watershed, further analysis of available data shows an inconvenient truth: 

Although phosphorus levels have been reduced in recent years, it hasn’t been enough to halt 

eutrophication of the lakes in the watershed. Analyzing levels of Chlorophyll-a, which is a 

measurement commonly used to estimate the amount of plant and algae growth in an aquatic 

ecosystem, is a representative indicator of the level of eutrophication occurring in a body of 

water. Figure 13 clearly shows that despite ameliorating efforts like the phosphorus ban, algal 

blooms and other aquatic plants which smother existing lake biota still plague Lake Mendota. 

 
Figure 13: This graph shows the levels of Chlorophyll-a in Lake Mendota from 1998 to 

2015, with gaps in the data between 2002 and 2007. Despite efforts to reduce phosphorus inputs 
into the Yahara Watershed, water bodies like Lake Mendota are still experiencing unhealthy 
algal blooms. (source: data from UW Department of Limnology, visualized by Liam Patton) 
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Phosphorus in the Soil 

As discussed previously, a large amount of the applied Phosphorus in the Yahara 

Watershed remains in the soils. It exists in several forms. Available phosphorus is a type of the 

nutrient that is capable of being absorbed or used by organisms. Occluded phosphorus, on the 

other hand, is bound to particles in the soil and not accessible for use by organisms. There is 

another category referred to as Legacy Phosphorus, which “is the surplus of P[hosphorus] 

derived from past land use activities that is stored in soils and sediments and re-released as the 

P[hosphorus] storage capacity becomes gradually saturated, or after a change in land use, land 

management, or effluent management” (Jarvie et al, 2013, 297). This means that the phosphorus 

that is absorbed into the soil can be released at any time and move into waterways when swept 

up by surface water flows, turning into available phosphorus. So even when policies are put in 

place to reduce phosphorus use in fertilizer, that type of mitigation does little to anticipate and 

deal with Legacy Phosphorus. While phosphorus levels in Lake Mendota have decreased in the 

past several years, the continued input of Legacy Phosphorus into the Yahara Watershed keeps 

nutrient levels high enough to support algal blooms. Furthermore, phosphorus already in the 

watershed is recycled. Phosphorus loads would need to be reduced much further to account for 

Legacy Phosphorus and nutrients already in waterways in order to improve water quality to 

non-eutrophic standards (Carpenter and Lathrop, 2008, 610). Therefore, it is important to 

measure and understand soil phosphorus storage capacity under various land uses in the area.  

Run-off containing phosphorus naturally runs downhill, thanks to gravity. The lower 

elevations of watersheds are generally where lakes, marshes, and rivers can be found. Cherokee 

Marsh is one such example, so it receives water and eroded soil that runs down from urban and 
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agricultural areas at higher elevations. Thus, phosphorus concentrations accumulate in these 

lower lying areas (Wilson et al, 2016, 20). It has been believed for a long time that wetlands are 

excellent natural filtration areas, drawing harmful pollutants and substances out of the water. 

However, studies on the long term retention capacity of phosphorus in wetlands tell a different 

story. Curtis J. Richardson of Duke University created a Phosphate Absorption Index to quantify 

a wetland’s capacity to retain phosphorus. Richardson’s research found that wetlands are initially 

excellent at absorbing influxes of phosphorus from excess nutrient loads, but they eventually 

become “full” after a few years and can no longer absorb additional phosphorus influxes. This is 

because wetlands generally have fewer amounts of aluminum and iron oxides which are helpful 

for binding phosphorus and preventing it from being transported (Richardson, 1985, 1424). 

Given the long history of phosphorus influxes in the Yahara Watershed, it would be reasonable 

to assume that Cherokee Marsh is no longer efficient at fixing phosphorus. Therefore, the 

wetlands are allowing large amounts of phosphorus from the surrounding urban and agricultural 

environments to enter and be available for algal consumption in the Yahara Watershed. 

Richardson also suggests that because of the poor long-term retention potential of wetlands, 

terrestrial environments with higher amounts of aluminum and iron oxides were identified to be 

more important for phosphorus retention. The inputs of phosphorus into Cherokee Marsh likely 

flow relatively freely throughout the rest of the watershed. Terrestrial landscapes in the Yahara 

Watershed might be more important for phosphorus retention.  

 

Methods 
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This study undertook two surveys distributed from door to door to assess attitudes and 

behaviors of Cherokee Park and Meadowood neighborhood residents. The authors expected that 

the neighborhoods’ varying distances to Cherokee Marsh would lead to statistically significant 

differences in survey responses. Surveys hold particular merit for this study because they, “have 

numerous strengths”, including, “provid[ing] insights into relevant social trends, processes, 

values, attitudes, and interpretations” (McGuirk and O’Neill, 2005, 192). As the study seeks to 

identify trends in behaviors and attitudes at the neighborhood scale, surveying proves more 

suitable than the more time-intensive interview. For undergraduate research attempting to gesture 

at ways of life for several hundred individuals, surveys hold the advantage of, “be[ing] 

cost-effective, enabling extensive research over a large or geographically dispersed population” 

(ibid ., 192). 

 De Vaus (2005, 194) identifies four types of survey questions: questions that establish 

respondents’ attributes, behaviors, attitudes, or beliefs. The administered survey will exclusively 

focus on behaviors and attitudes of respondents. The boundaries of Cherokee Park and 

Meadowood provide convenient and explicitly encoded limits to the geographic extent of the 

survey. Because the study seeks to describe inter-neighborhood differences, demographic 

statistics provided by the City of Madison for the neighborhoods of interest provides satisfactory 

attribute information for the area of focus, thereby eliminating the need for the inclusion of 

questions that, “classify people . . . [otherwise known as] respondent variable [questions]” 

(Parfitt, 2005, 79).  

Behavioral and attitudinal questions remain the main analytical thrust of the survey, 

assessed almost exclusively through closed questions. The survey lists “other method,” “unsure,” 
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and ‘I do not . . .” response fields to questions where the respondent may not fit into other listed 

options, thereby providing a full gamut of possible responses. Closed questions offer the benefit, 

“that the responses are easily coded and analyzed, a bonus when interpreting a large number of 

questionnaires” (Parfitt, 2005, 194).  However, closed questions do not allow for the greater 

depth of responses made possible with open-ended questions. The authors instead to achieve a 

survey response rate enabling quantitative analysis of survey questions to compare and contrast 

neighborhood characteristics and behaviors.  

Due to limited sampling resources, the sampling frame will utilize a, “purposive/ 

non-random sample” (ibid.,  98). Although a mailed survey allows simple random or systematic 

random neighborhood sampling, the authors cannot afford the time and investment of using the 

postal service. The authors anticipate that a door to door survey will ensure a higher response 

rate and lower temporal and monetary costs compared to a postal survey, thereby providing the 

necessary degrees of freedom for statistical analysis in the shortest amount of time. McGuirk and 

O’Neill observe that within mail surveys, “responses cannot be shaped by how an interviewer 

poses a question, how they interact with the respondent, or how they interpret cues in the 

conversation in culturally specific ways” (McGuirk and O’Neill, 2005, 207), reinforcing the need 

for a  narrowly-defined surveyor script to minimize response bias. An additional potential 

preferential bias exists for families who have the day off when the survey is administered, as 

residents that answer their door receive the survey. The authors intend to survey on a day and 

time when the greatest proportion of residents are likely to be home, either on a Saturday or 

Sunday afternoon.  
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In addition to conducting the surveys, research was conducted to find out if the 

Phosphorus Ban has been effective at mitigating the effects of eutrophication in the watershed. In 

order to set the framework for this assessment, an original Soil Phosphorus Retention Capacity 

Map was created. First, data was collected from the 1972 Dane County Soil Survey. This 

included descriptions of each soil type present in the region. The provided descriptions that were 

used as parameters for measuring soil phosphorus retention capacity were geographic location, 

soil fertility, and erosion and runoff hazards.  Descriptions of these characteristics were uniform 

in syntax, meaning that ranked criteria could be established. For example, the survey uses 

sentences such as describing erosion as a moderate to severe hazard, or describing fertility in 

terms of being maintained or raised. A lack of documentation of fertility or erosion 

characteristics is assumed to mean that there is no identifiable issue. These descriptions were 

used to rank the soils around Cherokee Marsh in terms of phosphorus storage ability. The 

rankings were as follows: 

Table 1: This table shows the ranking system used to create the map based off of the language 
and descriptions used in the USDA Dane County Soil Survey. Examples showing the types of 
phrases and language used by the soil survey can be seen in Appendix 7. 

Good No fertility or erosion/runoff issues documented. P storage is good. 

Good, but impacted by 
erosion/runoff 

No/few fertility issues documented, but erosion causes movement of soil and 
Legacy P. 

Moderate Fertility needs to be “maintained.” Implies moderate P storage without human 
impact. 

Moderate, but 
impacted by 
erosion/runoff 

Fertility needs to “be raised.” Implies low P storage and needs human 
intervention, such as the use of fertilizer. Due to lower fertility and erosion. 

Poor Soil described as inadequate for farming because of low fertility, meaning that 
there is low P storage. 
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This ranking system was then applied to a GIS shapefile identifying different soil types around 

Cherokee Marsh in order to geographically indicate areas where soil phosphorus retention 

capacity was low, showing areas that should be targeted for soil erosion prevention and Legacy 

Phosphorus reduction. Data was also gathered from peer-reviewed journal articles, the UW 

Department of Limnology, and from an interview with a DNR employee. This data was 

compiled to create an assessment of the phosphorus ban’s effectiveness in reducing algal blooms 

and improving water quality in the Yahara Watershed. Proposed solutions to these issues that 

were applicable in Madison and the surrounding landscape were then assessed and detailed in the 

discussion section.  

 

Results 

Our research group completed two surveys in the Meadowood and Cherokee Park 

neighborhoods with sample sizes n=14 for Cherokee Park and n=50 for Meadowood. Our 

research group analyzed the survey results with parametric and nonparametric inferential 

statistics, as well as with descriptive statistical charts. For the purposes of clarifying our analysis, 

we classified our statistically analyzed survey questions into four broad categories:  

1. Questions about homeowner perceptions of lawn fertilizer’s impacts on lakes 

a. Questions 6, 11 

2. Questions about homeowner lawn care preferences 

a. Questions 2, 3, 4, 5 

3. Questions about homeowner knowledge of and enthusiasm for environmental regulation 

a. Questions 1, 12, 13 (Appendix 4) 
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4. Questions about lawn care best management practices (BMP) 

a. Questions 7, 8, 9,10, 14 

Survey question six, which regarded homeowner perceptions of lawn fertilizer’s impacts 

on Madison’s lakes and wetlands (appendix 1), yielded statistically significant results (Appendix 

4). With 90 percent confidence, we believe that residents of Cherokee Park consider the impacts 

of fertilizer applications on wetlands differently than residents of Meadowood. Our hypotheses 

attribute Cherokee Park’s different attitude towards fertilizer applications to the neighborhood’s 

close proximity to Cherokee Marsh. 

However, question number eleven addresses residents’ perceptions of fertilizer’s impacts 

on Madison’s lakes and wetlands. Although Cherokee Park respondents’ mean response was that 

fertilizers cause a greater impact than Meadowood respondents’ mean response (Figure 15), the 

survey result proved statistically insignificant. As a result, we cannot definitively assert that 

Cherokee Park residents consider the impacts of their fertilizer use differently due to perceiving 

greater fertilizer impacts on Madison’s wetlands. In other words, our data do not necessarily 

reflect our prediction that Cherokee Park’s residents (re)consider their fertilizer use due to the 

immediate proximity of a wetland to the neighborhood. However, question eleven did yield a 

nearly statistically significant Probability Value of 0.186, leading us to suspect that some level of 

correlation between neighborhood proximity to Cherokee Marsh and resident perceptions of 

fertilizer impacts does exist.  

In the same vein as question eleven, question twelve asks whether respondents believe 

Madison’s lakes and wetlands deserve as much protection as possible from pollution (Appendix 

1). Our test results returned a Probability Value of 0.107, very nearly enough to conclude that 
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Cherokee Park’s greater proximity to Cherokee Marsh results in greater support for wetland 

protection. 

Question two inquires about importance attributed to the maintenance of neat turfgrass 

lawns, with results nearly indicating a statistically significant difference between the two 

neighborhoods (appendix 1, appendix 4). Cherokee Park residents returned a mean response that 

stated a greater preference for manicured lawns than Meadowood residents (figure 15). Although 

Cherokee Park residents display greater concern for fertilizer’s impacts, they also display a 

higher proportional appreciation for the presence of well cared-for lawns in their neighborhood. 

A pattern of statistical tests that fail to reject null hypotheses emerged with the remainder 

of the tested questions, although these tests still highlight key factors for the neighborhoods. 

Question one, which asks about resident awareness of the Wisconsin Zero Phosphorus Law 

(appendix 1), completely failed to demonstrate a difference between the neighborhoods. 

Therefore, the same level of phosphorus law awareness appears to exist in the two 

neighborhoods. Question five’s lack of a statistically significant result demonstrates that the two 

neighborhoods utilize landscaping services at approximately the same rates. Increasing proximity 

to Cherokee Marsh does not appear to result in additional awareness of environmental 

regulations pertaining to Cherokee Marsh. Additionally, homeowners nearby Cherokee Marsh 

make the significant investment in lawn upkeep by hiring lawn care companies at the same rate 

as homeowners in the Meadowood neighborhood.  
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Photo 2: Two perfectly manicured lawns in Cherokee Park Neighborhood with Cherokee 
Marsh visible in the background on October 19th, 2016. Our data do not support that this 

neighborhood-marsh proximity leads to additional awareness of or support for environmental 
regulation. (source: Leo Roth) 
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Figure 14: Dot plot comparison of mean survey likert scale question responses.Higher response 
values correspond with stronger agreement with the particular question. None of these questions 

lead to definitively significant results. (source: Leo Roth) 
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Figure 15: Dot plot comparison of mean survey yes/no question responses.Higher response 
values correspond with more “yes” responses to the particular question. Question six resulted in 

a significant result. (source: Leo Roth) 
 

Homeowner lawn care habits 

         Questions seven, eight, nine, ten, and fourteen of the survey were concerned with how the 

two neighborhoods differ in their lawn care best management practices, with regard to their 

proximity to a wetland such as Cherokee Marsh.  
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Cherokee Park n=8      Meadowood n=36  

Figure 16: The bar graph shows the percentage of respondents from each neighborhood to 
question seven: “Approximately how often do you or the members of your household (excluding 

a lawn care service ) perform lawn care activities such as weeding, mowing or fertilizer 
applications during the warm season ( April through October )?” The results show that 75 
percent of homeowners in the Cherokee Park neighborhood perform the stated lawn care 

activities three or more times a month during the warm season. The Meadowood neighborhood 
homeowners were slightly more willing to do lawn care activities three or more times a month at 

86 percent. 
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Cherokee Park n=24     Meadowood n=93 

Figure 17: The bar graph shows the percentage of respondents from both neighborhoods to 
question eight: “When does your household apply fertilizer to your lawn?” With this survey 

question the respondents could indicate multiple answers. The results show that the majority of 
homeowners in both neighborhoods apply fertilizers to their lawns between early spring and late 

summer. 
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Cherokee Park n=10      Meadowood n=50   

Figure 18: The bar graph shows the percentage of respondents from each neighborhood to 
question nine: “Does the lawn fertilizer that your household use contain phosphorus?” There was 

a large percentage of respondents from both neighborhoods that were unsure if their lawn 
fertilizer contained phosphorus. The results at 89 percent of the respondents in Cherokee Park 

and 39 percent in the Meadowood neighborhood. 
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Cherokee Park n=16    Meadowood n=51 

Figure 19: This bar graph shows the percentages of respondents from each neighborhood to 
question ten: “How does your household manage leaf litter on your lawn during the fall?” The 
most popular method of deposing leaf litter for both neighborhoods is to collect the leaves and 

place them on curb without bags to be collected by the city of Madison.(see photo 7, appendix 6) 
The number of responses for both neighborhoods is high do to homeowners also selecting other 
methods of leaf litter disposal. Two Cherokee Park residents also chose to bag their leaves and 

take them to the yard waste drop-off for Madison, and one resident in the Meadowood 
neighborhood said they also composted their leaves. 
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Cherokee Park n=22   Meadowood n=83 

Figure 20: This bar graph shows the percentages of respondents from both neighborhoods to 
Question fourteen. This is an open response question, that asks: “Are there steps toward reducing 

your lawn’s impact on Madison lakes and wetlands that you have taken or may be willing to 
take?” It includes an option to specify a monetary amount. In the Meadowood neighborhood 

27% of the residents were less likely to take any additional steps toward reducing one’s impact 
on wetlands. But the Meadowood homeowners were also more inclined to mitigate their 

individual impacts on lakes and wetlands by planting native vegetation. (see photos 3, 4, and 5 in 
Appendix 6). 
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Soil Phosphorus Retention Capacity Map 

 

The final map delineates the different soil types around Cherokee Marsh as well as their 

phosphorus retention rankings. A darker green color indicates a soil that is good at retaining 

phosphorus. Lighter colors indicate soil that are poorer at retaining phosphorus due to fertility, 

erosion and runoff issues. Results show that the areas of highest soil retention capacity are to the 

north of Cherokee Marsh. Areas of lowest soil retention capacity exist mostly directly around 

Cherokee Marsh itself. 
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Analysis 

In order to analyze whether a neighborhood’s proximity to a wetland leads to differences 

in awareness of and concern for environmental regulation, our research group felt that inferential 

statistics provided the best route to assess differences. We used Fisher’s Exact tests and 

Chi-Square tests when possible to assess results for yes or no questions due to the ease of 

contingency table construction. Our group also employed Fisher’s Exact tests because our two 

neighborhoods constituted two variables, ruling out ANOVA or other multi-variate analyses. A 

Chi-Square test may have swayed some of our results into rejecting more null hypotheses due to 

its increased power compared to the Fisher’s Exact test, but our small sample size for Cherokee 

Park prevented the use of parametric inferential statistics in almost all cases.  

Likewise, in order to analyze our Likert scale survey questions, our research group 

utilized the Mann-Whitney test to assess inter-neighborhood differences. We felt that the 

Mann-Whitney constituted the most powerful nonparametric inferential statistical test that we 

could use to assess our ordinal level data.  

Discussion 

       The proportion of homeowners in each neighborhood who use landscaping services, and 

value, “well-maintained lawns . . . (green, weed-free, mowed turfgrass spaces)” (Appendix 1), is 

similar enough to be statistically indistinguishable. The two neighborhoods use hired lawn care 

services such as The Bruce Company at the same rates, companies that typically perform 

chemical and machine-intensive lawn care operations. The two neighborhoods also demonstrate 

the same awareness of the Wisconsin Zero Phosphorus Fertilizer Law. 
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However, questions two, six, and eleven either rejected or came close to rejecting their 

null hypotheses, indicating a good likelihood that a difference in perceptions of fertilizer hazards 

exists between Meadowood and Cherokee Park. This indicates that Cherokee Park residents 

likely put more consideration into their use of lawn fertilizer and believe that lawn fertilizer has a 

greater impact on Madison’s lakes and wetlands. We believe that Cherokee Park’s immediate 

proximity to Cherokee Marsh can explain these differences in perceptions, as Cherokee Park 

residents come face to face with the daily impacts of poor water quality more frequently than 

Meadowood residents. These residents therefore perhaps seek out information pertaining to 

water quality more frequently than homeowners who live farther removed from bodies of water. 

These results combined led our group to consider the existence of a logical conundrum. 

Although Cherokee Park residents likely attribute greater impacts to lawn fertilizer, those same 

residents value traditionally maintained lawns more than Meadowood residents, and use hired 

lawn care services at the same rate. Therefore, a logical disconnect between risk perception and 

willingness to act may exist among Cherokee Park residents. The Cherokee Park homeowners 

demonstrate a higher perception of fertilizer’s potentially harmful impacts on Madison’s open 

waters, but seem unwilling to relinquish some of their behaviors that could directly contribute to 

water degradation in the Yahara River watershed.  

We therefore consider the possibility that watershed-wide diffusion of responsibility can 

help explain the issue of eutrophication and large scale water quality degradation. Individual 

homeowners, especially those who encounter the daily impacts of eutrophication, may possess 

good awareness of how certain behaviors can result in negative environmental impacts. 

However, they may not consider how their individual and habitual actions contribute to the 



Perttunen, Patton, Roth  
Page 55 

phenomena of large-scale ecosystem degradation. As a result, increasing levels of awareness of 

fertilizer’s impacts may not necessarily translate to behavioral change at the aggregated 

neighborhood scale. Additional elements such as financial incentives, work shares, or citizen 

action groups may help translate existing environmental awareness into productive 

environmental action. 

The objective of our research is to elucidate the question of whether increased 

neighborhood proximity to a wetland such as Cherokee Marsh influences a homeowners 

awareness of nutrient runoff legislation.The survey also investigated the neighborhoods best 

management practices for lawn care, along with a detailed analysis of phosphorus in the soil. By 

using a survey comparing two Madison neighborhoods the authors quantified the residents 

perceptions of water pollution, legislation, their knowledge and participation in concerning Best 

Management Practices (BMP).These two neighborhoods offer good insight to our research 

question because of their respective proximity to Cherokee Marsh (Figure 1). The Cherokee Park 

neighborhood is next to Cherokee Marsh and the Meadowood neighborhood is roughly 15 miles 

away. One author surveyed the Cherokee Park neighborhood and another surveyed the 

Meadowood neighborhood.  

   The purchase of a house is likely the largest investment a person will make in their 

lifetime and having a front lawn is a desirable complement. The average American homeowner 

today spend roughly 40 billion dollars a year along with untold hours and energy taking care of 

their lawns. Homeowners in the U.S. such as those in the Cherokee Park and Meadowood 

neighborhoods use upward of 3 million tons of phosphorus fertilizer annually to maintain their 

lawns. Phosphorus lawn fertilizers behave as nutrient supplements for turfgrass. When 
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responsibly applied they help promote green and luscious lawns, but when not applied 

responsibly, they can be detrimental to the environment. Phosphorus fertilizers applied to 

thousands of lawns across Wisconsin play a significant role in the widespread issue of 

eutrophication, along with improper leaf litter disposal. (see photo 7 in Appendix 6 for proper 

leaf disposal). 

In general terms, people largely do not think about the overall impact their lawns have on 

wetland ecosystems, when one considers the fact of how much land area is devoted to turfgrass 

in Wisconsin (Figure 9a). The first question of the survey inquires about the Wisconsin Zero 

Phosphorus Fertilizer Law. The question asks those surveyed if they have heard of this recently 

passed law (Appendix 4, Figure 21). This question is an important start off in the discussion as it 

implies a certain level of knowledge about legislation to reduce phosphorus in the environment, 

and why such a law is important as it pertains to Cherokee Marsh. The law is intended to reduce 

the inflow of phosphorus into Wisconsin’s waters by restricting the sale and use of lawn fertilizer 

containing phosphorus. Minnesota was the first such State to enacted a law restricting the sale 

and use of phosphorus lawn fertilizer. Its overall success has been mixed. Although Minnesota is 

succeeding in their effort to reduce the amount of lawn fertilizer used containing phosphorus by 

as much as 48 percent, their study also indicated that during the study period analyzed 2003 to 

2007 the water quality could not be determined due to the shortness of the study. In the Cherokee 

Park neighborhood 42 percent of the respondents are aware of the law compared with 50 percent 

in Meadowood. Upon further analysis a chi-square test was performed (Appendix 4) to see if an 

argument could be made that proximity to Cherokee Marsh increases one’s knowledge of the 



Perttunen, Patton, Roth  
Page 57 

law. There is no inter-neighborhood differences regarding the neighborhood closeness to a 

wetland. 

 With more states and local municipalities passing similar laws (Appendix 5) to restrict 

phosphorus lawn fertilizer use, the authors looked to further the validity of such legislation by 

examining another case study. Lehmen and his colleagues analyzed the efficacy of such an 

regulation in Ann Arbor, Michigan. It is important to note that in comparison to the statewide 

Wisconsin law, the Ann Arbor ordinance was local in nature. Lehman and his colleagues were 

concerned that “ the restrictions are applied in the absence of any framework to assess the 

efficacy of the regulatory actions of reducing P runoff to rivers and lakes” (Lehman et al, 2011, 

390). Their study hypothesized that if all the residents in the jurisdiction of the ordinance were in 

full compliance there would be a reduction in phosphorus runoff in the Huron River flowing 

through Ann Arbor. Lehman and his colleagues concluded that locally implemented regulations 

do affect regional river ecosystems in reducing phosphorus runoff, however, their study noted it 

did not in fact affect the total phosphorus runoff in the whole river ecosystem.  

Today the American landscapes are lawn dominated as stated earlier and a great number of 

people take extreme pride in the appearance of their front lawn, some people more than others. 

An argument can be made that new legislation being passed to restrict phosphorus lawn 

fertilizers across America are the result of growing environmental awareness, but according to 

our survey results some people are indifferent to such a notion. Gillman and his colleagues best 

epitomized this by noting, “fertilizers pit two groups against each other: one group wants that 

wants to protect the water, and that another group that wants to grow crops or have nice lawns” 

(Gillman et al, 2011, 82).  
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Legacy Phosphorus and other Drivers of phosphorus loading 

By looking at the Soil Phosphorus Retention Capacity Map, it is visibly clear that soil 

types closer to Cherokee Marsh generally have lower phosphorus retention capacity, which 

corroborates the research findings by Richardson (1985) who found that wetlands are poor at 

phosphorus filtration. A low soil fertility combined with erosion implies that nutrients are being 

transported by wind or water downslope into other areas. Eventually, these nutrients will end up 

at the bottom of the watershed where Cherokee Marsh and other water bodies are located. The 

agricultural land use to the north of the marsh is explained by the wealth of fertile soils found 

there. Urban developments to the south further add to runoff and movement of phosphorus into 

the marsh. This map shows that patterns of soil fertility and erosion can contribute to continued 

eutrophication in the Yahara Watershed. Other management practices need to be considered to 

understand and deal with Legacy Phosphorus. 

In an interview with Kurt Welke, a retired DNR researcher, he said “My gut is that the P 

ban hasn’t made any positive material difference in Cherokee [Marsh]” (the full interview can be 

found in Appendix 8). He attributed this to nonpoint source phosphorus inputs from agricultural 

land and fluxes of nutrient runoff from urban areas. Chlorophyll-a data from the UW Department 

of Limnology (Figure 13) also serve as evidence to prove that the phosphorus ban has not been 

effective at mitigating eutrophication in the Yahara Watershed. Therefore, other avenues of 

phosphorus mitigation need to be thoroughly explored in the local area. 

It is very difficult to understand how Legacy Phosphorus moves through a landscape. 

Extracting or blocking phosphorus that is in the soil requires an understanding of when it is 
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released and where the highest concentrations of Legacy Phosphorus would be directed. That is 

why maps such as the Soil Phosphorus Retention Capacity Map can be helpful; they can detail 

the weak links in terms of geographic location of phosphorus retention, and highlight what areas 

should be targeted for mitigation. Improving best management practices to prevent soil erosion 

and runoff can help better sequester phosphorus in the soil. However, best management practices 

such as buffer strips actually create pockets of soil with a high phosphorus content (Sharpley et 

al, 2013, 1319). Therefore, it is important to make sure these types of best management practices 

aren’t damaged, or else there’s a risk of Legacy Phosphorus being released in higher 

concentrations. In addition, there is research going into the implementation of structures that can 

be inserted into the soil to extract phosphorus. Phosphorus removal structures are another form 

of best management practices that don’t just block the passage of phosphorus downslope in a 

watershed; instead, they remove phosphorus from the soil altogether using phosphorus-absorbing 

materials (Penn et al, 2014, 51).  

In addition to Legacy Phosphorus, literature reviews and site observations led to a 

conclusion that leaf litter continues to contribute a large and avoidable amount of phosphorus 

into the watershed. When making observations in the Cherokee Park and Meadowood 

neighborhoods during the fall, it was abundantly clear that although much of the leaf litter in 

Madison is often raked and collected on the side of lawns for pick up from the city’s leaf 

collecting trucks, very little of it was covered or stored in a way to prevent contact with rain. 

Research findings from Cohen and Lee showed that it only takes a few hours of rain or other 

forms of water exposure to leach a considerable amount of nutrients from leaf litter. These 

nutrients can then be carried down storm drains or over impermeable surfaces towards cherokee 
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Marsh or other bodies of water. Ideally, “property owners should store leaves and other plant 

debris in such a way as to avoid contact with precipitation which could ultimately result in urban 

runoff” (Cohen and Lee, 1973, 854). Although Figure 19 shows that a few of the survey 

respondents dealt with their leaf litter in a way that stopped them from being exposed to rain, 

most respondents left their leaves exposed to the elements on the street curb.  Perhaps educating 

homeowners about the importance of covering leaf litter and making use of Madison’s leaf 

collection service could be helpful. Greater awareness of the impacts of leaf litter leaching could 

lead to a push towards mitigation. The city of Madison is working on doing this with the help of 

a program and website called “Leave the Leaf.”  The concept involves mulching leaves that fall 

on a homeowner’s lawn so that nutrients from the decaying leaves will be absorbed by the soil, 

sequestering it and preventing the leaves from being leached by rainfall events. The program 

acknowledges the difficulties of having homeowners mulch their own leaves, especially when 

some properties experience quite large amounts of leaf litter in the fall. However, implementing 

outreach and education programs like “Leave the Leaf” is a positive step towards beginning to 

address a large contributor towards urban phosphorus runoff.  

  

Future Research  

Our research group believes that future research must include greater sample sizes for 

both neighborhood’s surveys, with special emphasis placed on raising Cherokee Park’s sample 

size. Additionally, devising a stratified random sample frame in advance of surveying would 

ensure that the sampled population conformed to the underlying population of neighborhood 

residents. The central limit theorem would allow us to assume normality of our samples, when 
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provided with sample sizes greater than thirty. With these two elements combined, more 

powerful parametric statistics would become available, as well as increased numbers of raw data 

to inform the test results. Intentionally conducting the surveys at different times of the week 

(weekends versus weekdays) and during different seasons would affect survey respondents, 

especially in neighborhoods with higher proportions of older residents who may seasonally leave 

Wisconsin. Alternatively, conducting surveys by mail may eliminate some of the issues of 

homeowner daily or seasonal absenteeism, and may generate greater response rates due to a 

lower time investment per survey administered. However, postal surveys require a greater 

monetary investment, and postal survey response rates may vary in different ways when 

compared to in person surveys. 

In order to corroborate our suspicion that Cherokee Park residents believe that fertilizers 

pose a greater hazard than Meadowood residents believe, future research could include surveys 

with long-term neighborhood residents. Quantitative analysis of classified interview responses 

would lend greater insight to our inferences about the neighborhoods, whether to reinforce or 

dispel our assumptions about resident attitudes. Qualitative interview analysis in conjunction 

with survey administration may help provide additional feedback regarding the efficacy of 

survey questions. This feedback would provide an additional layer of survey focus-grouping with 

the target population, as well as possibly providing inspiration for more targeted, 

population-specific survey questions.  

To better inform our research question segment that asks whether, “knowledge of the 

Wisconsin Zero Phosphorus Fertilizer Law impact[s] public perceptions of water pollution”, 

archival research about neighborhood water pollution perceptions before and after the law’s 
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passage would prove useful. A temporal aspect to our research could lead to the development of 

a metric assessing environmental legislation’s impacts on public perceptions of pollution.   

Further research into the movements and attributes of Legacy Phosphorus in the watershed 

would be incredibly useful in order to find ways to reduce phosphorus fluxes below a level that 

supports detrimental eutrophication. Such research would involve creating more detailed 

phosphorus retention capacity maps and regularly taking soil measurements from different land 

uses around the watershed. Future researchers should also look more closely at the agricultural 

sector. This land use is often blamed for being a massive contributor of phosphorus to the 

watershed, and rightly so. However, it is beneficial to also view farmers as possible agents in 

sequestering phosphorus. Finding areas of agricultural land that are suitable for buffer zones or 

phosphorus-absorbing devices and incentivizing farmers to implement them could allow 

agricultural areas to also act as a phosphorus sink, not just a source.  

 

Conclusion 

Based on our survey results, our research group cannot definitively state that substantial 

differences in attitudes and behaviors exist between Cherokee Park and Meadowood. Contrary to 

our predictions, our data do not suggest that Cherokee Park residents possess greater knowledge 

of environmental regulations that protect nearby natural areas. Cherokee Park also displays a 

greater preference for the presence of traditionally maintained lawn spaces, using lawn care 

services at the same rate as Meadowood neighborhood. Our data results suggest that some 

differences in lawn care attitudes and behaviors do exist between the two neighborhoods, and we 

suspect that those differences may become more evident with larger sample sizes, more powerful 
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inferential statistics, and a randomized, stratified sampling frame. Those results preliminarily 

indicate that Cherokee Park displays slightly greater awareness of fertilizer’s impacts on 

freshwater ecosystems, and a greater preference for lake and wetland protection.  

However, these preferences do not necessarily translate to great change in Cherokee Park 

residents’ everyday lawn care preferences and behaviors. This may demonstrate some level of 

disconnect between the perception of lawn care behavior's impacts and alteration of those 

particular behaviors. We therefore conclude that spreading awareness of new environmental 

legislation and of everyday environmental hazards may not result in widespread adoption of best 

management practices. We conjecture that spreading awareness of environmental regulation and 

hazards in concert with incentivizing best management practices may result in more tangibly 

positive results for Cherokee Marsh and the Yahara River watershed at large.  
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Appendix 1: Cherokee Park and Meadowood Neighborhood Raw Survey Questions 

1. Have you heard of the Wisconsin Zero Phosphorus Fertilizer Law? 
a. Yes 
b. No 
c. Unsure 

 
2. How important is it to you to have well-maintained lawns (defined for this survey 

as  green, weed-free, mowed turfgrass spaces) in your neighborhood? 
a. Very Important 
b. Somewhat Important 
c. Neither Important nor Unimportant 
d. Somewhat Unimportant 
e. Not Very Important 

 
3. To what extent do you agree or disagree with the following statement: ‘I believe 

that a well-maintained lawn improves my home’s overall property value.’ 
a. Strongly Agree 
b. Agree 
c. Neither Agree nor Disagree 
d. Disagree 
e. Strongly Disagree 

 
4. To what extent do you agree or disagree with the following statement: ‘I feel 

pressure from my neighbors to keep my lawn as well-maintained as their lawns?’ 
a. Strongly Agree 
b. Agree 
c. Neither Agree nor Disagree 
d. Disagree 
e. Strongly Disagree 

 
5. Does your household use a landscaping service (Bruce Company, Barnes, etc.) 

to maintain your lawn? 
a. Yes 
b. No 
c. Unsure 

          If your household DOES NOT apply fertilizer to your lawn, please place an “X” 
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           here:______ and skip questions 6 through 9.   

6. Does your household consider the potential impacts of fertilizer on Madison’s 
lakes and wetlands before applying it to your lawn? 

a. Yes 
b. No 
c. Unsure 

 
7. Approximately how often do you or the members of your household (excluding a 

lawn care service) perform lawn care activities such as weeding, mowing or 
fertilizer applications during the warm season (April through October)?  

a. 0 times per month 
b. 1 to 2 times per month 
c. 3 to 5 times per month 
d. 6 or more times per month 
e. Unsure 

8. When does your household apply fertilizer to your lawn? (Select all options that 
apply) 

a. Early Spring 
b. Late Spring 
c. Early Summer 
d. Late Summer 
e. Early Fall 
f. Late Fall 
g. Unsure 

 
9. Does the lawn fertilizer that your household use contain phosphorus?  
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(Note: phosphorus levels in lawn fertilizer are represented by the middle or 
‘P’ number of the three number ratio displayed on all fertilizer bags)

 
 

a. Yes 
b. No 
c. Unsure 

 
10.  How does your household manage leaf litter on your lawn during Fall? 

a. Do not dispose of leaf litter and leave on lawn all Winter 
b. Mow into lawn and leave on lawn all winter 
c. Collect leaves and place into trash bags on curb for collection 
d. Collect leaves and place on curb without bags for collection 
e. No method of leaf management used 
f. Other management method (please specify): _______________________ 

11.  How much of an impact do you think lawn fertilizer has on Madison’s lakes and 
wetlands? 

a. Strong impact 
b. Medium impact 
c. Low impact 
d. No impact 
e. Unsure 

 
12.To what extent do you agree or disagree with the following statement: ‘Madison’s 

wetlands and lakes deserve as much protection as possible from pollution’? 
a. Strongly Agree 
b. Agree 
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c. Neither Agree nor Disagree 
d. Disagree 
e. Strongly Disagree 

 
13.To what extent do you agree or disagree with the following statement: ‘I support 

policies and regulations that prevent additional development or pollution in the 
marshes and wetlands of Madison’? 

a. Strongly Agree 
b. Agree 
c. Neither Agree nor Disagree 
d. Disagree 
e. Strongly Disagree 

 
14.Are there steps towards reducing your lawn’s impact on Madison’s lakes and 

wetlands that you have taken or may be willing to take? (Check all that apply) 
a. I would be unwilling to take additional steps 
b. Construct rain gardens along lawn margins to limit runoff 
c. Plant native vegetation in some current lawn areas 
d. Use less lawn fertilizer or garden-specific fertilizer without phosphorus 
e. Contribute money to a voluntary fund used to protect Madison’s lake and 

wetland water quality 
i. Optional Question: Specify a monetary amount: $_________ 

f. Other steps (please specify): 
___________________________________________________________
___________________________________________________________
___________________________________________________________ 

 

Appendix 2: Cherokee Park Survey Raw Results 
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Note: N varies due to incomplete survey responses by some survey participants.  

Appendix 3: Meadowood Survey Raw Results 
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Appendix 4: Statistical Test Results 
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Question 2 Mann Whitney Test 
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n=12                       n=50 

Figure 21:  This bar graph shows the percentage of respondents to the question: “Have you 
heard of the Wisconsin Zero Phosphorus Fertilizer Law?”  
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 n=12                       n=50 

Figure 22: This bar graph shows the percentage of respondents to question #2: “How important 
is it to you to have well- maintained lawns ( defined for this survey as green, weed -free, mowed 
turfgrass spaces) in your neighborhood?” The results show that in both Cherokee Park and the 
Meadowood neighborhoods the majority of homeowners think it is somewhat important. 
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 n=12                       n=50 

Figure 23:  This bar graph shows the percentage of respondents to question #3: “To what extent 
do you agree or disagree with the following statement: I believe that a well- maintained lawn 
improves my home’s overall property value?” The results show that in Cherokee Park 50 percent 
agree and 76 percent agree in Meadowood. 
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                                                                n=12               n=50 

Figure 24:   This bar graph shows the percentage of respondents to question # 4: “To what 
extent do you agree or disagree with the following statement: I feel pressure from my neighbors 
to keep my lawn as well-maintained as their lawns?” In Cherokee Park the number of 
homeowners are evenly split between those that agree or disagree with this statement. In the 
Meadowood neighborhood slightly more people are indifferent at 48 percent to those that agree 
at 40 percent. 
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 n=13                 n=50 

Figure 25: This bar graph shows the percentage of respondents to question #5: “Does your 
household use a landscaping service (Bruce Company, Barnes, etc.) to maintain your lawn?” The 
results show that the majority of homeowners in both neighborhoods said no to this question. 
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n=10                   n=36 

Figure 26: This bar graph shows the percentage of respondents to Question #6.  Does your 
household consider the potential impacts of fertilizer on Madison’s lakes and wetlands before 
applying it to your lawn? There is a inter- neighborhood difference in which Cherokee Park 
considers the impact of fertilizers on Madison’s lakes and wetlands at 80 percent to 42 percent in 
the Meadowood neighborhood. 
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n=12                      n=50 

Figure 27: This bar graph shows this percentage of respondents to question #11: “How much of 
an impact do you think lawn fertilizer has on Madison’s lakes and wetlands?” The inter- 
neighborhood differences are roughly the same in that the majority of homeowners think there is 
a strong impact. 
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 n=12                         n=50 

Figure 28: This bar graph shows the percentages of respondents to question #12: “To what 
extent do you agree or disagree with the following statement: ‘Madison’s wetlands and lakes 
deserve as much protection as possible from pollution?’ The results show that the majority of 
both neighborhoods largely agree or strongly agree. 
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n=11                    n=50 

Figure 29: This bar graph shows the percentage of respondents to question #13: “To what extent 
do you agree or disagree with the following statement: ‘I support policies and regulations that 
prevent additional development or pollution in the marshes and wetlands of Madison?’” The 
outlier in this question would be in the Meadowood neighborhood as 32 percent neither agreed 
nor disagreed. 
 

 

 

 

Appendix 5 

Recently Passed State Laws Banning Phosphorus Fertilizer Use 
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State Il ME MD MI MN NJ NY VT VA WA 

Year 
passed
/effect 

2010/ 
2010 

2007/ 
2008 

2011/ 
2013 

2010/ 
2012 

2002/ 
2004 

2010/ 
2013 

2010/ 
2012 

2011/ 
2011 

2011/ 
2013 

2011/ 
2013 

 

(Source: Kristen L. Miller) 

Appendix 6: Photographs  

           

                 Natural Lawn                                                            Natural Lawn  

          Photo 3 Eric Perttunen                                                Photo 4 Eric Perttunen 
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Sign posted by homeowner whose front lawn                      Monoculture Turfgrass Lawn 

is in harmony with nature.                                                           Photo 6 Eric Perttunen 

                  Photo 5 Eric Perttunen 

 

      

    Bags of leaves waiting for city pick up          Loose leaves curbside waiting for city pick up 

             Photo 7 Eric Perttunen                                           Photo 8 Eric Perttunen 

 

Appendix 7: Soil Description Examples from the USDA Dane County Soil Survey 

● “The major concerns of management are the improvement of… fertility and the control 

of erosion.” (22) 

● “These soils have medium fertility.” (72) 

●  “The major limitations to the use of this soil are a severe hazard of erosion…” (46) 

●  “These soils have low fertility.” (70) 

●  “This soil can be farmed intensively…” (69) 

●  “The limitations to the use of this soil are a medium available water capacity and a 

moderate hazard of erosion.” (43).  
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Appendix 8: Interview with Kurt Welke, former DNR research specialist. Conducted via E-mail 

on November 30, 2016.  

Questions: 

● Could you briefly describe your association with Cherokee Marsh? 
● How has the Cherokee Marsh ecosystem health been affected by phosphorus inputs? 
● Have you noticed any improvements in Cherokee Marsh after the 2009 Phosphorus Fertilizer 

Ban? 
● There have been efforts to implement mitigation strategies by creating riparian zones, buffers 

strips, manure digesters, and by limiting fertilizer use. Despite this, algal blooms clearly continue 
to be a problem in the Yahara Watershed.  What further phosphorus mitigation strategies could be 
used to improve water quality in the lakes, if any? Is the water quality issue in the Yahara 
Watershed a situation that can be ameliorated? 

● What can be done to mitigate or control human-introduced phosphorus that is already in the soil? 
What type of research is being done or should be done to better understand how phosphorus 
moves through the soil and what areas are more likely to be good or poor retainers of 
phosphorus? 

 
Response: 

My association with Cherokee was from a fisheries management [sic] angle. Our approach was to remove 
German carp to reduce resuspension of P within the marsh ...which ultimately feeds l. Mendota. The 
simple hypothesis was reduce carp bio perturbation and P doesn't reach Mendota with the same efficacy= 
cleaner water..more algae free days. 
 
All that said, my gut is the P ban hasn't Made any material positive difference in Cherokee. The main 
reason to me is the intensified dairying [sic] in the [sic] north lake Mendota watershed. Increased Waste 
volumes and land spreading continue to be the major inputs that dwarf other sources. Mike and Jim are 
savvy as to loads, management strategies, etc....their perception is much more heavily supported by data 
and hands on association than my rather narrow bias.  
 
Also, continuing urbanization...Waunakee, Dane, west Middleton contribute per unit volumes of P from 
construction that are equally troublesome. The sources are numerous and the silver bullet is actually more 
like an ammo dump...gonna need lots of long term contributions that address multiple inputs to see 
cleaner water....that then gets even more confused by invasive species interactions...zebra mussels, spiny 
water fleas and the like. 
 
No need to respond to me. I am retired and am standing down on issues that consumed my professional 
time. If I were king maybe things would be different but no one likes a kingdom where beheadings are the 
punishment for muddying the water. 
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