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ABSTRACT

The Chesapeake Bay faces a multitude of pressures today from pollution sources, the most
pressing being the influx of excessive nutrients. Effluent from waste water treatment plants, animal
waste from concentrated animal feeding operations, and agricultural fertilizer are jointly
responsible for nutrient loading in the Chesapeake Bay. An often overlooked and even less
understood culprit is home lawn fertilization. Of these nutrient contributors, residential turf is the
most fragmented and has the largest number of owners, making nutrient inputs from home lawns
the most difficult to understand, measure, and regulate. Home lawns from Virginia to upstate New
York, from West Virginia to Delaware - 2.85 million acres of green lawns - contribute to the
nutrient loading that has so severely degraded the Chesapeake Bay’'s waters

To better understand all the factors affecting lawn maintenance I take a holistic approach
and analyze the total ecology of the issue, including the human, biophysical, and institutional
ecologies. First, the human ecology of lawn care is explored to understand the social norms and
pressures that determine lawn maintenance behavior. Second, the biophysical ecology of fertilizer
nutrients is explored through a literature review. Third, the institutional ecology is defined with a
description of the relevant governing bodies and current legal mandates regulating lawn
maintenance. This section focuses on a review of the mechanisms used by ten states in recently
passed legislation to reduce nutrient pollution from home lawn fertilization.

The purpose of this paper is to bring together the human, natural science, management, and
policy components of the lawn maintenance issue so as to obtain a comprehensive view of the
existing knowledge and structure and of the gaps that need to be filled. The goal of this report is to
aid state legislators in understanding the lawn maintenance issue and in refining and passing lawn
fertilizer bills similar to those recently enacted by ten states in an effort to reduce nutrient pollution
specifically from lawn fertilizers. Lawn fertilizer is only one of many contributing factors degrading
water quality, but every reduction of pollution sources, however small, helps to improve the health
of the Chesapeake Bay. Strict lawn fertilizer laws regulating lawn maintenance behavior can

contribute to the effort to achieve healthier water bodies and a healthier Bay.



TABLE OF CONTENTS

INTRODUCTION .utcuiustcssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss s sessssssssssss sssssss st s ssssssasssssssssssssssssssnsss 1
TOTAL ECOLOGY woovucuiuicusssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss ssssssssssss sesssss sssssss ssssssssssssasssssssssssssssssssnsss 6
The HUuman ECOLOY .......oummmmmmissmnssssssssssssssssisisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssssssssssasssassssas 6
WY FEITILIZE?....ciiieessircsscseinse st sss st s s s s s s s s 7
WHRO FEITIIZEST ..ottt sss b s s e AR bbb bbb 8

[000) 3 o L 13 10} o OO O PO sT TP PSPPRRON 10

The BiophySical ECOIOZY ......cosimmmmmnininmsmsmsmssssssssssssssssssssssssssssssssssssssssssssssssssasssssssssssssssssassssssssssasssssssssssssss 10
Factors Affecting Fertilizer POIIULION ..o ssessseesseessesssssssesssesssesssesssees 11
Fertilizer Form 11
Timing of Fertilization 13
Quantity of Fertilizer Applied 15

{00 0ol 13 E<3 [ ) o VPP 16

The Institutional ECOIOZY ..o s ssssssssssss 17
FEAETAl MANAALES. ..o ieeurieeeueeseeereesesessseesesse s es e s sss s s s R R 18

R = L 2 PP 18
Nutrient Restrictions 19

No Use on Frozen/Saturated Ground 21
Impervious Surface Restrictions 21
Regulate Distance from Water. 21
Restrictions on Sale 21
Limited Dates of Use 22
Noncompliance Fines 22
COMCIUSTON. ettt ese et e s RS AR bbb 23

L0010 11 08 1101 0] 25
ACKNOWLEDGEMENTS......ccoiustmumtsmsmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssssssss 27
REFERENCES ... citccisstisissssssssssss st ssssss s s sas s a4 A A AR AR AR AR 27
2 o o D30 ) . GO 30




Total Ecology of Lawn Fertilizer

INTRODUCTION

The Chesapeake Bay faces a multitude of pressures today from pollution sources, the most
pressing being the influx of excessive nutrients (Dewar, Cronin, and Landers, 2011). Effluent from
waste water treatment plants, animal waste from concentrated animal feeding operations, and
agricultural fertilizer are jointly responsible for nutrient loading in the Chesapeake Bay (Fisher et
al,, 1995; Fisher et al.,, 2010). An often overlooked and even less understood culprit is home lawn
fertilization. Of these nutrient contributors, residential turf is the most fragmented and has the
largest number of owners, making nutrient inputs from home lawns the most difficult to
understand, measure, and regulate. Home lawns from Virginia to upstate New York, from West
Virginia to Delaware - 2.85 million acres of green lawns - contribute to the nutrient loading that
has so severely degraded the Chesapeake Bay’s waters (Figure 1) (Shueler, 2010). Urban and
suburban runoff, in which runoff from lawn fertilizer is included, account for 30% of phosphorus
entering the Bay and 10% of nitrogen (Dewar, et al,, 2011).

Biophysical indicators show increases in excess nutrients that are damaging to waterways.
Socio-cultural indicators suggest that some of these nutrient increases in the environment can be
contributed to lawn fertilization.

Dissolved oxygen levels are biophysical indicators of the health of a water body; low
dissolved oxygen levels, often caused by excess nutrients, can lead to hypoxic conditions in
stratified water bodies that form dead zones where nothing can survive. A recent study of dissolved
oxygen levels in the Bay, from 2007 to 2009, shows that only 12% of the Bay contains enough
dissolved oxygen to meet the minimum standards of the Clean Water Act (Dewar, et al,, 2011).

A study of dissolved oxygen levels in the Chesapeake Bay over a 52-year period - from 1950
to 2001 - shows significant increases in the volume of hypoxic water in the summer and a positive
correlation between nitrogen loading and hypoxia (Hagy et al., 2004). Levels of hypoxia above those
that would be expected from the observed relationship were measured in the last years of the
study, suggesting the Bay is becoming more susceptible to excess nitrogen (Hagy, et al., 2004). The
authors state that in order to reduce the volume of hypoxic water in the Bay, the average total
nitrogen load will have to be reduced by 40% of 2001 levels.

Increasing areas of home lawns is a socio-cultural indicator that higher levels of nutrients in
waterways can be partly attributed to home lawn maintenance. While agriculture may currently be
the largest nutrient contributor to the Chesapeake Bay, managing nutrients from home lawns is
becoming an increasingly urgent issue in the watershed as suburban landscapes continue to replace

agriculture across the Eastern Seaboard (Guillard and Kopp, 2004; Law, Band, and Grove, 2004).
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A measurement of the change in nitrogen inputs in the entire United States from 1987 to
1997 shows an 18.5% increase in nitrogen from farm fertilizers and a 98% increase in nitrogen
from non-farm fertilizers (Figure 2 and 3); phosphorus inputs in the same period show a 15%
increase from farm fertilizers and a 49% increase from non-farm fertilizers (Ruddy, Lorenz, and
Mueller, 2006). Notice in Figure 3 that land in the Chesapeake Bay watershed experienced the
highest two levels of percentage change in nitrogen inputs from non-farm fertilizer, from 50% to a
200% increase in input. Hence, significantly more non-farm fertilizer was applied on land in the
Chesapeake Bay watershed in 1997 than in 1987. The amount of nitrogen inputs from non-farm
fertilizers is still less than the amount from farm fertilizers (Ruddy, et al., 2006). However, the
drastic increase in the percentage of non-farm fertilizer input over a ten year period in the
Chesapeake Bay watershed indicates a substantial increase in fertilized lawns and therefore a need
for stricter regulations to manage nutrient input to the Bay from turf fertilization.

Poor government regulation of lawn fertilization is another socio-cultural indicator that
higher levels of nutrients in waterways can be partly attributed to home lawn care. The Maryland
Department of Agriculture regulates non-agricultural fertilizer use in companies and individuals
that apply fertilizer to ten or more acres of land. The Urban Nutrient Management Program
regulates 700 operations — 400 lawn care companies, 200 golf courses, and 100 other operations -
in the state of Maryland for compliance to regulations. In their 2009 Annual Report, the Maryland
Department of Agriculture states they inspect about 10% of these operations each year, but in 2009
only 36 operations were reviewed - 5% (MDA, 2009). Of these 36 operations, ten were issued
warnings (MDA, 2009). The 2010 review period was even worse, with only 22 operations, or 3%,
reviewed and ten citations issued (MDA, 2010). The most common issue was failure to conduct soil
tests (MDA, 2009). Along the same lines, the Center for Watershed Protection found in a 1999
survey of Chesapeake Bay watershed residents that only 16% of homeowners had had their soil
tested for nutrient composition in the previous three years (Swann, 1999).

Soil testing is a basic lawn care practice essential to understanding soil health and to
adjusting nitrogen and phosphorus inputs according to individual lawn needs. Without these tests,
lawn care companies and individual homeowners cannot accurately assess the amount of fertilizer
necessary for individual turf plots and thus the probability of over-fertilization increases (Swann,
1999). Statistics such as these suggest poor compliance to application regulations, which in turn
suggests that nutrients from lawn fertilizers comprise part of the excess nutrients polluting

waterways.
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These biophysical and socio-cultural indicators suggest that excessive nutrient levels in the
Chesapeake Bay are partly attributable to home lawn maintenance, suggesting the need for a
deeper understanding of lawn care behavior and of the effects of lawn fertilizer on the
environment. In this paper, “lawn maintenance” refers collectively to the biophysical properties of
lawn fertilizers, the institutions governing the sale and use of lawn fertilizers, and the social forces
driving lawn care behaviors. To better understand all the factors affecting lawn maintenance I take
a holistic approach and analyze the total ecology of the issue, including the human, biophysical, and
institutional ecologies. The human ecology of an issue includes the people and the values, beliefs,
perceptions, and socio-cultural norms that affect their behavior. The biophysical ecology of an issue
comprises all non-human factors, and the institutional ecology comprises the governing bodies
whose policies and regulations affect those in the human system.

First, the human ecology of lawn care will be explored to understand the social norms and
pressures that determine lawn maintenance behavior. Second, the biophysical ecology of fertilizer
nutrients will be explored through a literature review. Third, the institutional ecology will be
defined with a description of the relevant governing bodies and current legal mandates regulating
lawn maintenance. This section will focus on a review of the mechanisms used by ten states in
recently passed legislation to reduce nutrient pollution from home lawn fertilization.

The purpose of this paper is to bring together the human, natural science, management, and
policy components of the lawn maintenance issue so as to obtain a comprehensive view of the
existing knowledge and structure and of the gaps that need to be filled. While most of the science
addresses lawn fertilizer specifically in the Chesapeake Bay watershed, the greater story of the total
ecology of lawn maintenance can be applied to other watersheds and the nation as a whole. The
goal of this report is to aid state legislators in understanding the lawn maintenance issue and in
refining and passing lawn fertilizer bills similar to those recently enacted by ten states in an effort
to reduce nutrient pollution specifically from lawn fertilizers. Lawn fertilizer is only one of many
contributing factors degrading water quality, but every reduction of pollution sources, however

small, helps to improve the health of the Chesapeake Bay.
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Figure 1: Distribution of countries with high turf cover in the Chesapeake Bay watershed. (figure and caption
copied from Shueler, 2010)
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Figure 2: Percent change between 1987 and 1997 in nitrogen input from farm fertilizer allocated to selected
urban land within a county. (figure and caption copied from Ruddy, et al., 2006)
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Figure 3: Percent change between 1987 and 1997 in nitrogen input from nonfarm fertilizer allocated to
selected urban land within a county. (figure and caption copied from Ruddy, et al., 2006)
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TOTAL ECOLOGY

A review of the total ecology of lawn maintenance - the human, biophysical, and
institutional ecologies - provides a holistic approach to understanding the issue of nutrient
pollution from lawn fertilizer. The human ecology of an issue comprises the people involved and
the values, beliefs, perceptions, and socio-cultural norms that affect their behavior. By examining
the human ecology of lawn maintenance we see that the desire for a perfect, green lawn is the
product of social pressures and industry advertizing. The biophysical ecology of an issue comprises
all non-human factors. A literature review of the biophysical properties of fertilizer reveals three
primary factors influencing the movement of nutrients through and off lawns. And finally, the
institutional ecology comprises the governing bodies whose policies and regulations affect those in
the human system. A look at the institutional ecology of lawn maintenance shows a general lack of
management specifically addressing lawn care on the federal level, but also reveals that several

states have recently adopted legislation regulating fertilizer use on lawns.

The Human Ecology

Americans have long been subject to the image of the homogenous, lush green lawn,
spending time, money, and effort on its maintenance (Law, et al., 2004; Robbins, 2007). This
constructed landscape has been pushed for centuries; In 1844 Andrew Jackson Downing, one of the
fathers of American constructed landscapes, wrote A treatise on the theory and practice of landscape
gardening, adapted to North America; with a view to the improvement of country residence. In his

treatise Downing writes about property, lawns, gardens, and landscaping. In the preface he writes:

“The love of country is inseparably connected with the love of home. Whatever,
therefore, leads a man to assemble the comforts and elegancies of life around his
habitation, tends to increase local attachments, and render domestic life more
delightful; thus not only augmenting his own enjoyment, but strengthening his
patriotism, and making him a better citizen. And there is no employment or
recreation which affords the mind greater or more permanent satisfaction, than that
of cultivating the earth and adorning our own property. ‘God almighty first planted a
garden; and, indeed, it is the parent of human pleasures,” says Lord Bacon. And as
the first man was shut out from the garden...the desire to return to it seems to be
implanted by nature, more or less strongly, in every heart.” (Downing, 1844)

Downing states that not only is landscaping enjoyable and satisfying, it also makes you a

good citizen and a good American. It even makes you a better Christian - by cultivating your own
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garden you emulate God'’s creation of the Garden of Eden. In fact, the desire to maintain one’s
property in a beautiful manner is in our very nature.

Today, 167 years after Downing wrote his treatise, the perfect green lawn has become
ingrained in society: “in the case of the lawn, advertisers, investors, chemical lab technicians,
developers, and a host of other players provide the ‘critical infrastructure’ that makes this
landscape not only possible, but also impossible to unimagine” (Robbins, 2007; my emphasis). The

uniform, lush, green lawn is ubiquitous in the American landscape.

Why Fertilize?
Two influences in particular fueled this transition. These influences impose the image of the

perfect lawn on American culture and assert pressure on Americans to achieve lush, green grass:
socio-cultural norms and the lawn care industry.

Under the first, homeowners maintain perfect lawns in order to be accepted in their
communities and to reflect a particular socio-economic status (Law, et al., 2004). To maintain a
green lawn is to be a good neighbor, a good citizen, and a good American; to renege on this duty is
to experience acute feelings of guilt and to become ostracized in the community (Robbins, 2007).

The second influence asserting considerable pressure on Americans to maintain perfect
lawns is the large and powerful lawn industry; this industry is part of the driving force behind the
demand for the perfect lawn. Fertilizer companies provide the necessary chemicals and services to
maintain such unnatural yards (Robbins, 2007). This industry contributes to the socially
constructed nature of green lawns by bombarding the public with images of happy, wholesome
American families enjoying their lush lawns (Figure 4 and 5) (Robbins, 2007). The imagery is

explicitly designed to create a demand for a green lawn (Figure 6) (Robbins, 2007).

Grass helps the environment while helping you enjoy your home.

Figure 4: Image on the Scotts Miracle-Gro Company website under the section “Benefits of Grass.”
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NO MATTER WHAT COLOR
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Figure 6: Advertisement made for TruGreen by students from Method Creative-Temerlin Advertising Institute
for Liirzer’s Archive’s student contest.

Who Fertilizes?
The issue of lawn fertilizer nutrients polluting waterways might not be a problem if only a

fraction of homeowners actually fertilized their lawns. Research suggests, however, that the

majority of homeowners do in fact fertilize their lawns (Swann, 1999; Law, et al., 2004). In 2000 the
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Center for Watershed Protection found that about 70% of all lawns in the nation are regularly
fertilized (Law, et al., 2004).

In 1999 the Center for Watershed Protection conducted a survey of residents in the
Chesapeake Bay watershed regions of Maryland, Pennsylvania, and Virginia, and found that 50% of
respondents with lawns fertilized their turfgrass (Swann, 1999). The authors compared their
results to those of eight other homeowner surveys and found that the majority of homeowners
fertilize their lawns; two surveys found that about 50% of respondents fertilize their lawns, while

the other seven found that 73 - 88% of respondents apply fertilizer (Table 1) (Swann, 1999).

Table 1. Lawn Care Practices: A Comparison of Nine Homeowner

Surveys (replicated from Swann, 1999)

136 85% 18%
164 73% na
100 79% >20%
204 54% na
659 82% na
100 88% 15%
981 75% 12%
403 87% na
656 50% 16%

The Center for Watershed Protection found that the majority of homeowners who fertilize
their lawn did so once or twice a year in the spring or fall. Respondents with college level education
or higher and income levels above $50,000 were more likely to apply lawn fertilizer. Households
with older adults receiving higher income were more likely to fertilizer more than once a year.
(Swann, 1999). These findings support the theory that people maintain perfect lawns in order to
reflect a certain socio-economic status; wealthy, well-educated homeowners want their homes to
project an image of affluence.

A study in 2004 conducted in Baltimore County, Maryland, attempted to estimate the
amount of nitrogen entering urban and suburban watersheds from lawn maintenance practices
(Law, et al.,, 2004). The administered survey collected data from households in two neighborhoods
and found that 68% of households in one neighborhood and 56% in the other fertilize their lawns.
The authors used the survey to determine how lawn maintenance practices vary within watersheds

due to socio-economic and ecological factors; they found that homeowners in houses with
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intermediate housing values apply the highest amounts of nitrogen fertilizer, suggesting that
middle-income households apply the most fertilizer as compared with lower and higher income
households. The authors suggest that homeowners determine fertilizer application rates based on
visual assessments of the quality of their turfgrass, as opposed to more quantitative soil tests. (Law,

etal, 2004)

Conclusion
It is no surprise, given the historic fixation of the green lawn in American culture, socio-

cultural pressures, and the impact of industry advertizing, that many Americans strive to achieve
the perfect green lawn. Several studies have found that anywhere between 50% and 88% of
homeowners fertilize their lawns. Surveys show a correlation between home lawn fertilization
rates and education and income levels. The homogenous green lawn represents a cultural
constraint that imposes biases on homeowners, state officials, and government officials making
choices about lawn fertilization. We are predisposed to think that maintaining a lush, green lawn is
natural, both biophysically and culturally, and our lawn maintenance behavior reflects this

predisposition.

The Biophysical Ecology

The biophysical ecology of lawn maintenance comprises the movement of lawn fertilizer
through the system and water quality in the Chesapeake Bay as affected by excessive nutrients.

Fertilizer is applied to lawns to promote growth, produce a vibrant green color, and
maintain homogeneity; the application of fertilizer at various times throughout the year ensures the
continued lush, monoculture greenness even during periods of natural brownness. There are two
main forms in which nutrients from lawn fertilizer reach waterways: leachate and runoff (Kenna,
2008). Leachate is the liquid that percolates from the surface of the lawn down through the soil and
runoff is the liquid that moves horizontally across the surface of the lawn; both movements have
the potential to carry nutrients with them (Kenna, 2008). Fertilizer nutrients, whether organic or
synthetic, have the potential to enter groundwater or surface water and can eventually end up in
the Chesapeake Bay (Dewar, et al., 2011).

The most pressing of the Chesapeake Bay’s issues is the influx of excessive nutrients.
Nitrogen and phosphorus have limited natural availability in soils and waters, thus restricting plant
growth. However, when these two nutrients are present in high concentrations, as is the case when
nutrients from fertilizers or waste water enter waterways, there is no restriction to plant growth.

This results in eutrophication, an excess of nutrients and plant material.
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Excess nutrients in the water fuel algae growth. The overharvesting of oysters has depleted
the Bay’s natural water filtration system, eliminating the Bay’s natural defense against algae
blooms. Algal blooms fueled by excess nutrients cloud the water and prevent sunlight from
reaching submerged aquatic vegetation, causing these underwater grasses and the organisms
dependent on them to die (Dewar, et al.,, 2011). Algae populations increase to a point where there
are no longer sufficient nutrients to support them, causing the algae to die and fall to the bottom.
Bacteria that decompose the algal biomass consume the limited oxygen supply in the bottom
waters of stratified water columns (Dewar, et al., 2011). These bacteria can substantially reduce
benthic dissolved oxygen levels and thus create dead zones where nothing can live (Dewar, et al.,
2011). Reduced water quality as a result of excess nutrients results in the loss of critical habitat and
the creation of anoxic zones - a double hit for Bay species such as blue crabs and fish.

Nutrients from lawn fertilizers that enter waterways via runoff or leaching contribute to the
significant reduction of water quality in the Chesapeake Bay, thereby detrimentally affecting the
overall health of the Bay ecosystem, the ability of watermen to sustain their livelihoods, and the
ability of thousands of people to enjoy the Bay and its resources. The following section will take a

look at three of the main factors affecting the amount of fertilizer nutrients entering waterways.

Factors Affecting Fertilizer Pollution
Phosphorus is usually the leading cause of algae blooms in freshwater streams and rivers

while scientists think nitrogen is the main culprit of algae blooms in the brackish and salt waters of
the Chesapeake Bay (Dewar, et al.,, 2011). For this reason this section focuses mainly on nitrogen
fertilizers.

Three important factors determine the amount of fertilizer nutrients likely entering the
Bay: the form of the nutrient - quick-release synthetic (soluble), slow-release synthetic, or organic
- the timing of application, and the amount applied (Turner, 2003). Several studies document the
effects of nutrient form, application timing, and fertilizer amount on the percentage of applied
fertilizer discharged through leachate or runoff (Guillard and Kopp, 2004; Frank et al., 2006;
Mangiafico and Guillard, 2006; Branham, 2008; Frank, 2008; Kenna, 2008; King and Balogh, 2008).
These experiments were conducted on turf lawns under normal lawn care management. Some were
conducted in areas outside of the Chesapeake Bay watershed where weather and soil conditions
might differ; their results may or may not be applicable to lawns in the Chesapeake Bay watershed.
Fertilizer Form

Nitrate-nitrogen, or NO3-N, is a measurement of the amount of nitrogen in nitrate (NO3).

Ammonium-nitrogen, or NH4-N, is a measurement of the amount of nitrogen in ammonium (NH4).
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Quick-release, or soluble, fertilizers (which contain NO3-N) are more prone to runoff and leaching
than slow-release fertilizers (which are based on NH4-N) (Turner, 2003). Many studies show that
more nitrate is lost to leaching when quick-release fertilizer is used as compared with slow-release
fertilizer (Branham, 2008). Applying slow-release fertilizer significantly reduces the amount of
nutrients lost to runoff and leaching (King and Balogh, 2008).

Guillard and Kopp (2004) compared the flow-weighted nitrate concentration in leachate
from soils with three different fertilizers. Each type was applied at a rate of 131 Ibs N acre-1 yr-!
(147 kg N ha'l yr-1): ammonium nitrate (quick release fertilizer), a polymer and sulfur-coated urea
fertilizer (slow release fertilizer), and Sustane, an organic composted poultry manure product. A
flow weighted average is a calculation of the average amount of nitrate in discharge corrected for
the varying flow rates and time windows of the study period. The flow-weighted concentrations of
nitrate in leachate were 4.6 mg L-! for quick release, 0.57 mg L-1 for slow release, and 0.31 mg L-! for
organic fertilizer; the annual percentage loss of fertilizer was 16.8% for quick release, 1.7% for slow
release, and 0.6% for organic fertilizer (Table 2).

The flow-weighted concentrations and the annual percentage loss of fertilizer from the slow
release fertilized turf, the organically fertilized turf, and a non-fertilized control turf did not show
any significant difference; however, the difference between these turfs and the quick release
fertilized turf was statistically significant (Figure 7). The data show that fertilizing turf with a quick
release fertilizer substantially increases the concentration of nitrate in leachate and therefore the
amount of nitrogen entering waterways. These results show a considerable reduction in nitrate
concentrations in leachate when slow-release or organic fertilizer is used. The authors recommend
that in order to reduce nitrate leaching, fertilizers should be made with a higher percentage of slow

release nitrate as opposed to soluble nitrate. (Guillard and Kopp, 2004)

Table 2. Nitrate lost from soils treated with three different

fertilizers (data from Guillard and Kopp, 2004)

4.6 16.8
0.57 1.7
0.31 0.6
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Figure 7: Cumulative mass NO3-N leaching losses in the percolate from cool-season turf plots fertilized with
ammonium nitrate (AN), polymer-coated sulfur-coated urea (PCSCU), an organic source, or a nonfertilized
control treatment. (figure and caption copied from Guillard and Kopp, 2004)

Timing of Fertilization

The timing of turf fertilization is important, both in long-term aspects concerning the time
of year to fertilize and in short-term aspects concerning weather patterns.

Guillard and Kopp (2004) observed that the most significant nitrate losses occur from late
fall to early spring. While studies in Michigan and Ohio show no effect of the timing of turf
fertilization on nitrate leachate concentrations, Guillard and Kopp’s study in Connecticut shows that
late-season turf fertilization increases the probability of nitrate losses to leaching. This difference is
most likely due to a difference in climate between inland and coastal states: during precipitation
events, inland states experience snow, which does not facilitate leaching, while coastal states
experience rain, which does facilitate leaching (Guillard and Kopp, 2004). This difference in
weather patterns between regions is important to keep in mind when referencing nutrient leaching
studies; Guillard and Kopp’s studyin Connecticut is applicable to Chesapeake Bay states because of
the similarities in weather.

Mangiafico and Guillard (2006) studied the effect of fall fertilization timing on nitrate
leachate levels on turfgrass plots in Connecticut. Four turf plots received applications of 44 lbs acre-
1 of soluble N (49 kg N ha1) on either September 15t, October 15t, November 15, or December
15t, and two plots acted as controls and did not receive fall fertilizer. The two-year experiment
showed a significant linear relationship between fall fertilizer date and nitrate leachate levels: the

later fall applications resulted in higher levels of nitrates in leachate. The percentage of the applied
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fertilizer that was collected in leachate from the four plots over two years was 15.5%, 29.8%,
32.9%, and 41.4%, respectively. Plots that received fertilizer produced leachate with significantly
higher levels of nitrate than the controls, and the plot fertilized on December 15t produced
leachate with significantly higher levels of nitrate than the plot fertilized on September 15t (Figure
8). The authors conclude that the timing of fall fertilization considerably affects the amount of
nitrate entering waterways and that fertilizing after September 15t significantly increases the

amount of nitrate found in leachate. (Mangiafico and Guillard, 2006)
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Figure 8: Yearly mean cumulative mass of NO3-N in percolate water collected below turfgrass plots in
Connecticut from 15 May 2001 to 14 May 2003. Treatments are date of fall fertilization: control (no fall
fertilizer), 15 September, 15 October, 15 November, or 15 December. A linear regression relating mean NO3-N
mass collected in percolate water to the date of fertilizer application is shown. Error bars indicate standard
error of the mean. (figure and caption copied from Mangiafico and Guillard, 2006)

While fertilizing turf lawns in the fall is widely recommended to improve spring turf color
and root mass, Mangiafico and Giullard (2006) showed that there were no differences in turf color
or shoot density in turfs fertilized between October 15t and December 15t. Fertilizing lawns after
October 15th does not improve spring turf quality and actually results in an increased amount of
nutrients entering waterways (Mangiafico and Guillard, 2006).

Rain events and lawn irrigation affect the concentrations of nutrients entering waterways.
The greatest concentrations of nutrients in runoff occur during the first runoff event (heavy
rainfall) after application (King and Balogh, 2008). The time between nutrient application and the
first runoff event is critical in determining the proportion of applied nutrients that will be washed

away (King and Balogh, 2008). In 1997 a study in Georgia measured nitrogen runoff from plots
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after a simulated storm event occurred 24 hours after nitrogen application. A total of 16% of the
nitrogen applied to a plot of actively growing Bermudagrass ended up in surface runoff, while 64%
was measured in the surface runoff of a plot of dormant Bermudagrass (Kenna, 2008). This study
shows the significant impact of rain events and irrigation on nutrient runoff as well as the
importance of the state of turf growth at the time of application - actively growing versus dormant.
Another study comparing nitrogen leaching in heavily versus lightly irrigated turfgrass found a
significantly higher percentage of the applied nitrogen in the leachate from the heavily irrigated
turfs — 12.3% versus 0.4% in the lightly irrigated turfs (Starrett, Christians, and Austin, 1995).
Nitrogen leaching can be reduced by watering lightly and frequently instead of heavily and less
often (Kenna, 2008).

Newly established turf lawns gradually build a layer of organic matter that utilizes excess
nitrate, resulting in low levels of nitrate leaching even with high levels of fertilization (Branham,
2008). As the lawn matures, however, the ability of its organic thatch layer to store nitrogen
decreases, causing the excess nitrate to leach into waterways (Frank, 2008). Single applications of
high concentrations of water soluble nitrate should be avoided after the turf has matured for ten
years (Frank, 2008).

Quantity of Fertilizer Applied

While the source of nitrate can affect short-term leachate levels (a rain within two days of
application will wash away quick-release fertilizer), ultimately the annual rate of nitrate application
has the largest effect on nitrate leaching (Branham, 2008). Over multiple years, turfs fertilized at
174 1bs N acret yrt (195 kg N hal yr-1)with a slow-release fertilizer will ultimately result in higher
levels of nitrate leaching than turfs fertilized at 87 Ibs N acre-! yr-1 (97 kg N ha! yr-1) with a quick-
release fertilizer (Branham, 2008). The use of slow-release fertilizer is not always sufficient to
reduce leachate; in this study applying large amounts of slow-release fertilizer resulted in higher
nitrate leaching than a small amount of quick-release fertilizer. Slow-release fertilizers reduce the
potential for short-term nitrate leaching, but in the long-term the best way to reduce nitrate
leaching is through reduced application (Branham, 2008).

Frank and colleagues (2006) studied nitrate leaching levels on mature Kentucky bluegrass
turfs subjected to high and low rates of fertilization for two years. The low fertilization rate was 87
Ibs N acre-t yr! (98 kg N ha'? yr-1) and the high fertilization rate was 219 Ibs N acre-! yr-! (245 kg N
hal yr-1). The amount of fertilizer nitrogen measured in leachate from the low rate turf ranged
between 0 to 0.07 Ibs N acre-! (0 to 0.08 kg N ha1) while the amount of fertilizer nitrogen in
leachate from the high rate turf ranged between 0.01 to 0.65 lbs N acre! (0.01 to 0.73 kg N ha1).



Total Ecology of Lawn Fertilizer

The cumulative fertilizer nitrogen measured in leachate from the high fertilization rate turf was
significantly higher after two years than from the low fertilization rate turf (Figure 9). These data
show that fertilizing at high rates results in high concentrations of nitrogen in leachate. (Frank et
al.,, 2006)

The flow-weighted mean nitrate-nitrogen concentrations in leachate were 4 mg L-1 from the
low fertilization rate turfs and 21 mg L-! from the high fertilization rate turfs. The Environmental
Protection Agency’s safe drinking water standard for nitrate-nitrogen is 10 mg L-1; the nitrate-
nitrogen concentrations in leachate from the high rate fertilization turfs were typically two or more
times higher than this standard. (Frank et al., 2006)

The authors conclude that single doses of high rate quick-release nitrogen (44 lbs N acre-!
application! or 49 kg N ha'l application!) should be avoided on mature turfs to reduce nitrate
leaching (Frank et al.,, 2006). This study shows that reduced fertilizer application leads to reduced

nitrate concentrations in leachate.
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Figure 9: Cumulative labeled fertilizer nitrogen recovered in leachate from Kentucky bluegrass treated at two
nitrogen rates from 1 Dec. 2000 to 17 July 2002. (figure and caption copied from Frank et al., 2006)

Conclusion

The studies discussed above represent a small subset of the available research on turfgrass
fertilization. The results show that fertilizing lawns with slow release or organic nitrogen
significantly reduces the nitrate concentration in leachate. Fertilizing at lower rates also
significantly reduces nitrate concentrations in leachate. This research shows that avoiding
fertilization after September substantially decreases nitrate concentration in leachate while having

no effect on the quality of the turf the following spring. Nitrogen leaching can be reduced on mature
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turf lawns by avoiding applications of high doses of quick-release fertilizer on turfs over ten years
old. Nitrogen leaching can be reduced by watering lightly and frequently instead of heavily and less
often.

In the field of turf science, however, there exist many conflicting views and studies. The
movement of fertilizer nutrients through and off turfgrass is dependent on a multitude of factors,
including environmental variables such as the species of turfgrass, precipitation, soil type, and local
and regional weather patterns, and behavioral variables such as the type of fertilizer applied,
clipping management, and mowing height. The movement of fertilizer through a system is
dependent on how these variables are combined and can vary greatly between regions and locales.
For this reason, lessons learned from studies like the ones described above are not always
transferable to home lawn maintenance, depending on the differences in environmental variables
between the study site and home lawns and the differences in behavioral variables between study

site turfgrass care and home lawn turfgrass care.

The Institutional Ecology

At the federal level, the Environmental Protection Agency (EPA) is the administrative
agency with authority in the fertilizer arena as the agency that administers the Clean Water Act.
President Obama recently administered an executive order to improve the health of the Chesapeake
Bay.

The states have authority to pass their own legislation regulating the production, sale, and
use of lawn fertilizer and have responsibility of enforcement. In the state of Maryland, for example,
the Maryland Department of Agriculture regulates non-agricultural fertilizer use for companies and
individuals applying fertilizer to ten or more acres of land. The Urban Nutrient Management
Program regulates 700 operations - 400 lawn care companies, 200 golf courses, and 100 other
operations - in the state of Maryland for compliance to regulations.

Numerous public interest and advocacy groups exist in the Chesapeake Bay watershed that
call for decreased usage of lawn fertilizer or provide alternatives to traditional lawn maintenance,
including the Chesapeake Conservation Landscape Council, the Chesapeake Bay Foundation,
Riverkeepers Chesapeake, the Chesapeake Stormwater Network, the Chesapeake Bay Program, and
SafeLawns.org. Organizations like these, calling for reformed lawn care, exist for water bodies and

watersheds across the nation.
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A significant component of the institutional level of lawn maintenance comprises the lawn
care and lawn fertilizer companies that promote lush, green lawns and provide the goods and
services to achieve them.

The next two sections will describe the federal mandates pertaining to lawn fertilizer and

the state laws regulating lawn fertilizer production, sale, and application.

Federal Mandates
The Clean Water Act is the overarching federal law that calls for the management of

polluted runoff and the restoration of the chemical integrity of the nation’s waters (see epa.gov).

In December, 2010, the EPA recently published the Chesapeake Bay Total Maximum Daily
Load (TMDL) as part of the effort to cap the amount of nutrients entering waterways from the six
Bay states and the District of Columbia. In Section 4 of the Final Chesapeake TMDL and Executive
Summary, the Sources of Nutrients and Sediment to the Chesapeake Bay, the EPA lists lawn
fertilizers as contributing to the nutrients in urban and suburban runoff (see epa.gov, Chesapeake
Bay TMDL). Each state and D.C. is required to formulate its own Watershed Implementation Plan to
show how it proposes reduce nutrients inputs in order to meet TMDL limits.

President Obama recently issued an executive order to improve the health of the
Chesapeake Bay. In this order he states that the Bay’s water quality is severely degraded due to
nutrient runoff from stormwater, agriculture, and wastewater, and, more specifically, from
wastewater treatment plants, concentrated animal feeding operations, and stormwater sewer
systems (see executiveorder.chesapeakebay.net, action plan). Nutrients specifically from lawn
fertilizer are not mentioned.

A review of the current federal legal mandates governing lawn fertilizer application shows
that lawn fertilizer is considered part of urban and suburban stormwater runoff and is not

specifically addressed.

State Laws
As of April, 2011, ten states have passed legislation increasing restrictions on the

production, sale, and application of lawn fertilizer: Minnesota, Florida, Maine, Wisconsin, New York,
[llinois, Michigan, New Jersey, Virginia, and Maryland (Figure 10). Two others - Vermont, and
Washington - have introduced legislation. In 2002, Minnesota was the first state to enact such laws
with Florida, Maine, and Wisconsin following in 2007, 2008, and 2009. The movement to regulate
fertilizer use has since gained momentum and in 2010 and 2011 six more states passed fertilizer

bills. The New Jersey Fertilizer Law is the most comprehensive lawn fertilizer law to date. The
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following sections review the various mechanisms used in legislation to reduce pollution from lawn

fertilizers; Table 3 provides a summary of the mechanisms used by each state.

State Lawn Fertilizer Legislation

] No Legislation

[ Legislation introduced .
W E
B Legislation passed é

Figure 10: Three levels of lawn fertilizer legislation in the contiguous United States: no legislation, legislation
introduced, and legislation passed. Map created by Isabel Junkin in ArcGIS 10

Nutrient Restrictions

The most ubiquitous restriction enacted by the states is a phosphorus ban; seven out of the
nine states completely ban the use of phosphorus on lawns.

In Minnesota, Wisconsin, Michigan, New York, New Jersey, and Maryland, phosphorus can
only be applied to establish a new lawn or if a soil or plant tissue test indicates deficiencies (MDA,
2007; Wisconsin State Legislature, 2009; State of Michigan, 2010; DEC, 2011; Maryland General
Assembly, 2011; NJAES, 2011). lllinois enacted the same restrictions, but they only apply to
professional fertilizer applicators (the act does not address consumers’ actions) (Illinois General

Assembly, 2010). The state of Virginia passed a law banning the use of phosphorus in lawn
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fertilizers; the law does not apply to starter fertilizer, manipulated manure, compost, sewage
sludge, or soils containing fertilizers (LIS 2011).

In Minnesota, Michigan, and New Jersey, phosphorus can be applied to golf courses only by
trained staff and to sod farms (MDA, 2007; State of Michigan, 2010; NJAES, 2011). In New Jersey
and Maryland, professional lawn fertilizer applicators have to complete training and become
certified (Maryland General Assembly, 2011; NJAES, 2011). The New Jersey Fertilizer Law allows
the use of phosphorus on lawns when applying liquid or granular fertilizer directly to roots or if the
fertilizer consists of animal or vegetable manure (and in this case, no more than 0.25 Ibs of
phosphorus per 1,000 ft2 per application) (NJAES, 2011). The Michigan Fertilizer Law allows the
use of finished sewage sludge and organic or manipulated manure applied at a rate of no more than
0.25 lbs of phosphorus per 1,000 ft2 per application (State of Michigan, 2010).

New Jersey goes a step further and also restricts the amount of nitrogen that can be applied
to lawns. Nitrogen fertilizer application on lawns by professionals in New Jersey cannot exceed 0.7
lbs of water-soluble nitrogen per 1,000 ft2 per application, 1 1b of total nitrogen per 1,000 ft2 per
application, or 4.25 lbs of total nitrogen per 1,000 ft2 per year (NJAES, 2011). Application rates for
consumers cannot exceed 0.7 lIbs of water-soluble nitrogen per 1,000 ft2 per application, 0.9 lbs of
total nitrogen per 1,000 ft2 per application, or 3.2 Ibs of total nitrogen per 1,000 ft2 per year (NJAES,
2011).

The state of Maryland also restricts the amount of nitrogen that can be applied to lawns: no
more than 0.7 Ibs of water-soluble nitrogen per 1,000 ft2 per application and no more than 0.9 lbs of
total nitrogen per 1,000 ft2 per application, of which 20% must be slow-release nitrogen (Maryland
General Assembly, 2011). No more than 2.5 Ibs of total nitrogen can be applied to 1,000 ft2 annually,
at a rate not exceeding more than 0.7 lbs per 1,000 ft2 of total nitrogen per month (Maryland
General Assembly, 2011).

The state of Florida does not ban the use of phosphorus on lawns but limits the amount of
both phosphorus and nitrogen that can be applied. The rule dictates a maximum of 1 1b of total
nitrogen per 1,000 ft2 per application, not to exceed the annual nitrogen recommendations set forth
for the three regions of Florida and species of turfgrass. Phosphorus application is not to exceed
0.25 Ibs per 1,000 ft2 per application or 0.50 lbs per 1,000 ft2 per year. Starter lawn fertilizer
products intended for one-time application at planting cannot be applied at a rate of more than 1 Ib

of phosphorus per 1,000 ft2. (FDACS, 2010)
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No Use on Frozen/Saturated Ground
The New Jersey Fertilizer Law prohibits the application of lawn fertilizer before or during

heavy rain or on frozen ground (NJAES, 2011). The Wisconsin law prohibits the application of any
fertilizer, animal or vegetable manure, or finished sewage sludge product to turfgrass when the
ground is frozen (Wisconsin State Legislature, 2009). The Maryland Lawn Fertilizer Use Act
prohibits the application of lawn fertilizer to frozen ground (Maryland General Assembly, 2011).
The Michigan Fertilizer Law and the Illinois law state that lawn fertilizer cannot be applied to
frozen or saturated ground (Illinois General Assembly, 2010; State of Michigan, 2010).
Impervious Surface Restrictions

The New Jersey Fertilizer Law and the Maryland Lawn Fertilizer Use Act prohibit the
application of lawn fertilizer on impervious surfaces (Maryland General Assembly, 2011; NJAES,
2011). The Wisconsin law prohibits the application of any fertilizer, animal or vegetable manure, or
finished sewage sludge product to impervious surfaces (Wisconsin State Legislature, 2009).
Minnesota, New York, Illinois, and Michigan all dictate that any lawn fertilizer spilled on paved
surfaces such as sidewalks, driveways, and roads must be immediately cleaned up (MDA, 2007;
Illinois General Assembly, 2010; State of Michigan, 2010; DEC, 2011).
Regulate Distance from Water

In New Jersey, lawn fertilizer cannot be applied within 25 feet of a water body, or ten feet if
a drop spreader, rotary spreader with a deflector, or targeted spray liquid is used (NJAES, 2011).
The Maryland Lawn Fertilizer Use Act prohibits the application of lawn fertilizer within 15 feet of
state waters, or within ten feet if a drop spreader, rotary spreader with deflector, or targeted spray
liquid is used (Maryland General Assembly, 2011). The Illinois law prohibits the application of lawn
fertilizer within 15 feet from surface water or within three feet if a spray, drop, or rotary spreader
with a deflector is used (Illinois General Assembly, 2010).

The New York law prohibits the application of any lawn fertilizer within 20 feet of surface
water unless there is a vegetative buffer of at least ten feet or unless the fertilizer is applied with a
spreader guard, deflector shield, or drop spreader at least three feet from the water (DEC, 2011). In
Michigan, lawn fertilizer cannot be applied within 15 feet from surface water unless a ten foot
natural vegetative buffer separates the turf from water or unless a spreader guard, deflector shield,
or drop spreader is used at least three feet from the water (State of Michigan, 2010).
Restrictions on Sale

Lawn fertilizer in New Jersey must have at least 20% of its nitrogen in slow-release form

(NJAES, 2011).
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In Florida, Virginia, and Maryland, lawn fertilizer products must have the following
statement on their labels: “Do not apply near water, storm drains or drainage ditches. Do not apply
if heavy rain is expected. Apply this product only to your lawn/garden, and sweep any product that
lands in the driveway, sidewalk, or street, back onto your lawn/garden” (FDACS, 2010; LIS, 2011;
Maryland General Assembly, 2011). The Virginia and Maryland laws also ban the sale of de-icing
agents that contain nitrogen or phosphorus and are intended for application to impervious surfaces
(LIS, 2011; Maryland General Assembly, 2011).

The state of Maine mandated that all stores selling lawn fertilizer containing phosphorus
have to display a sign stating the product is not appropriate for use on nonagricultural land unless a
soil test indicates deficiencies or when used to establish a new lawn (Maine Revised Statutes,
2010). Retailers in Wisconsin are not allowed to display lawn fertilizer containing phosphorus, but
are allowed to post a sign instructing consumers that phosphorus lawn fertilizer is available upon
request (Wisconsin State Legislature, 2009).

Limited Dates of Use

The New Jersey Fertilizer Law bans lawn fertilizer use from November 15t - March 1st for
consumers, and December 1st — March 1st for professionals (NJAES, 2011). The Maryland Fertilizer
Use Act bans the application of lawn fertilizer from November 15t - March 1st, except for
professional applicators, who can apply nitrogen to turfgrass at a rate of no more than 0.5 lbs of
water-soluble nitrogen per 1,000 ft2 per application from November 16th to December 1st (Maryland
General Assembly, 2011).

Noncompliance Fines

Noncompliance fines in Wisconsin amount to $50 for the first violation and between $200
and $500 for subsequent violations (Wisconsin State Legislature, 2009). The state of Michigan
charges no more than $50 for violations on residential land of four acres or less, or $1000 for other
offenses (State of Michigan, 2010). Noncompliance fines in Illinois amount to $250 for the first
offense, $500 for the second, and $1000 for subsequent offenses (Illinois General Assembly, 2010).

In New Jersey, Virginia, and Maryland, only professional applicators are subject to
noncompliance fines. In New Jersey, noncompliance fines amount to $500 for the first offense and
up to $1000 for subsequent offenses (NJAES, 2011). Fines for contractors in Virginia who fail to
comply with regulations amount to $250 (LIS, 2011). Noncompliance fines in Maryland amount to
$1,000 for the first violation and no more than $2,000 for each subsequent violation; total fines may

not exceed $10,000 (Maryland General Assembly, 2011).
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Conclusion
As instructed by law, the Minnesota Department of Agriculture conducted research to

assess the effectiveness of their new regulations. Their 2007 report shows that companies were
successfully producing and marketing phosphorus-free lawn fertilizer, that phosphorus-free lawn
fertilizer was abundantly available to consumers, and that the cost of phosphorus-free lawn
fertilizer was the same as lawn fertilizer containing phosphorus in two neighboring states (MDA,
2007). The amount of phosphorus applied to lawns in Minnesota decreased 48% between 2003 and
2006, and the law has provided opportunities for education on lawn care and water quality (MDA,
2007).

The study did not review the effect of the law on water quality and recommends this
research for the future. It also notes the possibility of phosphorus deficiencies developing in soils
not naturally high in the nutrient as a result of the ban, and recommends that further research
attempt to detect this trend in order to prevent poor turfgrass health. (MDA, 2007)

The Virginia law requires the Board of Agriculture and Consumer Services to establish
reporting requirements for contractors who apply fertilizer to more than 100 acres of non-
agricultural land every year. Golf courses must implement nutrient management plans and submit
them for review and approval. The Department of Agriculture and Consumer Services must develop
consumer information and best practices for lawn fertilizer application. (LIS, 2011)

The Maryland Lawn Fertilizer Use Act mandates that the University of Maryland review its
turf guidelines every three years to ensure they are meeting state goals to protect Maryland’s water
quality (Maryland General Assembly, 2011).

After an Ann Arbor, Michigan, ordinance went into effect limiting lawn fertilizers containing
phosphorus, sampling in affected waterways showed statistically significant reductions.
Phosphorus concentrations were reduced by 28% after just one year (Lehman, Bell, and McDonald,
2009). The authors did not observe reductions in river phosphorus concentrations in an upstream
control waterway not affected by the ordinance, suggesting a direct correlation between the
ordinance and the reduction in river phosphorus concentrations (Lehman, et al., 2009). This study
shows the effectiveness of legislation on controlling the inputs of nutrients from home lawn care to
water bodies.

The ten states that have passed lawn fertilizer legislation have set a precedent that others
can follow in attempting to reduce the amount of nutrients from lawn fertilizers entering
waterways. The states of Vermont and Washington are in the process of refining and passing their

own lawn fertilizer legislation.
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Table 3. Summary of State Laws (P = phosphorus, N = nitrogen)

\YEVE Max. No Use on Impervious Regulate
Amount Amount Limited Frozen/ Saturated Surface Distance from Restrictions
State P Ban of P of N Dates of Use Ground Restrictions Water on Sale Fines
Minnesota

Florida

Wisconsin
New York
Illinois
Michigan

New Jersey
Virginia
Maryland
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CONCLUSION

An exploration of the human ecology of the lawn maintenance issue reveals that the practice
of lawn care has roots in the mid 1800’s, when Olmsted and Downing, the fathers of American
landscape architecture, encouraged people to beautify their property and become better patriots,
citizens, and Christians in the process. The cultivation of the earth and adornment of property that
these men promoted has since evolved into the perfect green lawn of today’s American home. Two
influences that fueled this transition are socio-cultural norms and the lawn care industry. The
image of the perfect green lawn has become ingrained in American society.

A review of the biophysical ecology of lawn maintenance reveals three factors primarily
responsible for the amount of fertilizer nutrients that leach or runoff turfgrass: the form of the
nutrient - quick-release synthetic (soluble), slow-release synthetic, or organic - the timing of
application, and the amount applied. However, the movement of fertilizer nutrients through lawns
is determined by a number of environmental and behavioral factors, including the soil type, local
weather, mowing height, and type of fertilizer used. This paper presents only a subset of the
available information on the subject. More scientific research is needed to fully understand the
biophysical ecology of lawn fertilizer.

And finally, a review of the institutional ecology of lawn maintenance shows that federal
mandates do not specifically or adequately address the issue of lawn maintenance. Therefore, the
responsibility falls to the states to regulate and restrict the use of fertilizers on lawns in order to
reduce nutrient loading. The states have authority to pass their own legislation regulating the
production, sale, and use of lawn fertilizer. The recent actions of ten states in enacting stricter lawn
fertilizer use legislation show that cooperation is possible between environmental groups and lawn
fertilizer companies. Monitoring and further research is needed to assess the impact of these states’
legislation on lawn maintenance behavior and on water quality.

A comparison of the biophysical ecology and the institutional ecology reveals a dichotomy
between the science and policy; scientific studies suggest that nitrogen is the leading cause of algae
blooms in the Chesapeake Bay but the majority of state policies only regulate the use of phosphorus
on lawns. Phosphorous is usually the limiting growth factor in freshwater lakes and rivers while
nitrogen is usually the limiting factor in estuaries and coastal systems (Berner and Berner, 1996;
Easton and Petrovic, 2004; Branham, 2008). More research is needed to fully understand the
relationship between these nutrients and their affects on algae populations in brackish and salt
waters. States should be encouraged to regulate both nutrients in their legislation, as Florida, New

Jersey, and Maryland have done.
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The most effective way to reduce lawn fertilizer’s negative environmental impact would be
to change our image of what a typical American home looks like. If people could appreciate lawns
with clover and dandelions, learn to accept patchiness, and plant more gardens and native plants,
lawns would not require as much, if any, turf fertilizer. Increasing the visibility of the issue of lawn
maintenance through educational programs in schools and public advertizing would create an
awareness that is currently lacking. Many people do not understand the chemicals they apply to
their lawns, the potential for runoff and leaching, where the chemicals end up, and their impacts on
the environment. Even if people do have an understanding of the negative effects of excess
nutrients in waterways, they may not think that curbing lawn fertilizer use is important because it
is not as significant a culprit as agricultural fertilizer. Raising awareness that lawn fertilizer is a
contributor to the degradation of the Chesapeake Bay and that every person has the ability to
reduce his environmental impact could affect individual behavior of lawn maintenance.

Unfortunately, this change in mind-set and behavior might take some time to accomplish. A
quicker way to reduce the amount of lawn fertilizer nutrients entering waterways is to enact
stricter legislation governing lawn maintenance behavior. Ten states currently lead the way in the
effort to reduce non-essential nutrient input to ecosystems - their legislation limits the amount of
fertilizer legally applied to lawns and aims to reduce the amount that runs off. As Tom Fisher, a
professor for the University of Maryland specializing in nutrient cycling in aquatic systems, stated:
“nitrogen and phosphorus are the cause of eutrophication, and all non-essential uses need to be
eliminated” (CREB, 2010).

The data suggest that the maintenance of a homogenous, bright, green lawn negatively
affects water quality. As suburban landscapes continue to replace agricultural land across the
Eastern Seaboard it will become increasingly important to understand and mitigate the negative
environmental effects on the Chesapeake Bay of maintaining a uniform green lawn. Strict lawn
fertilizer laws regulating lawn maintenance behavior can contribute to the effort to achieve

healthier water bodies and a healthier Chesapeake Bay.
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APPENDIX

Case Study: Maryland Fertilizer Use on Lawns versus Cropland

Turfgrass is often called an urban/suburban crop, one that requires similar care to that of
agricultural crops (Dewar, et al.,, 2011). Cropland is one of the largest contributors to nutrient
loading in the Chesapeake Bay (Fisher et al., 2010); however, turf lawns often receive comparable
amounts of fertilizer (Guillard and Kopp, 2004). The state of Maryland provides an ideal study area
for better understanding the extent of nutrient application to residential lawns in comparison to
that of agricultural fields; central Maryland has some of the highest percentages of land area
covered by turf in the entire Chesapeake Bay watershed while the Maryland section of the
Delmarva Peninsula is heavily agricultural (Figure 1). A comparison of the amount of fertilizer
applied on these different land types provides perspective on the scope of lawn fertilizer use.

Phosphorous is usually the limiting growth factor in freshwater lakes and rivers while
nitrogen is usually the limiting factor in estuaries and coastal systems (Berner and Berner, 1996;
Easton and Petrovic, 2004; Branham, 2008); for this reason, I focus on nitrogen fertilizer. In order
to estimate the amount of nitrogen fertilizer applied to home lawns and to crops in the state of
Maryland I multiplied recommended fertilizer application rates with the acreage of land in
turfgrass and in crops.

An estimation of Maryland turf acreage came from Peter Claggett of the U.S. Geologic Survey
and the Chesapeake Bay Program. His methods are detailed in the Chesapeake Stormwater
Networks’ paper “The Clipping Point” by Tom Shueler. The State of Maryland recently enacted the
Maryland Lawn Fertilizer Use Act, restricting the application of nitrogen to no more than 2.5 Ibs of
total nitrogen on 1,000 ft2 annually (Maryland General Assembly, 2011). Calculating this amount in
acres, the recommended amount of turf fertilization is 108.89 lbs of nitrogen per acre per year (122
kg N ha'l yr-1). Multiplying this maximum legal turf fertilization rate by the estimated Maryland turf
acreage of 992,487 provides the maximum amount of nitrogen that can be legally applied to

turfgrass in Maryland: about 108.1 million pounds (Table 4).

Table 4: Recommended Pounds of Nitrogen Application
Per Year to Maryland Turf

992,840 108.89 108,110,348
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The calculation of the total number of acres in the state of Maryland came from the U.S.
Census Bureau, 2010. Data on acres of Maryland land devoted to particular harvested crops came
from the U.S. Department of Agriculture’s 2007 Census Publications (USDA, 2007). The
recommended nitrogen application rates per crop are listed in the Maryland Department of
Agriculture’s Nutrient Management Manual under Section 1: Nutrient Recommendations by Crop
(MDA, n.d.). Multiplying an individual crop’s recommended nitrogen application rate by the acres of
land growing that crop provides an estimate of the total amount of nitrogen applied to Maryland
farm land growing that particular crop. Adding the total recommended nitrogen applications for all
Maryland crops provides an estimate of the total amount of nitrogen applied to all farm land in the
state. The Maryland Department of Agriculture currently recommends that about 83.1 to 152.7
million Ibs of nitrogen be applied to farm land every year (Table 5).

Table 5: Recommended Pounds of Nitrogen Application Per Year to Maryland Crops (data from MDA, n.d.)

2007 Census of Agriculture Crops Recommended N by | Acres Harvested Total Recommended N in MD
Grown in MD Crop (Ibs acre™yr) in MD (Ibs acre™ yr™)

Corn for Grain 140 460,137 64,419,180

Soybeans for Beans 0 386,604 0
Forage' 0-250 223,390 0-55,847,500
Wheat for Grain, all 50 - 1202 166,713 8,335,650 - 20,005,560
Corn for Silage/Greenchop 120 63,979 7,677,480
Barley for Grain 50-1003 34,288 1,714,400 - 3,428,800
Vegetables for Sale unknown# 30,376 unknown
Sorghum for Grain 75 4,895 367,125
Orchards unknown 4,542 unknown
Potatoes 125 - 1505 2,964 370,500 - 444,600
Oats for Grain 30-100¢ 2,338 70,140 - 233,800
Sorghum for Silage/Greenchop 120 -150 1,008 120,960 - 151,200
Sunflower Seed 50 596 29,800
Tobacco 60-90 423 25,380 - 38,070
Sweet Potatoes 50-75 107 5,350 - 8,025
Total - 1,382,360 83,135,965 - 152,651,140
1Forage: land used for all hay, haylage, grass silage, and greenchop, excluding acres of corn and sorghum for
silage/greenchop.

2This range was derived from the categories "Wheat, barley, rye, oats: lodging not expected (70-100), lodging
expected (50-80)", "Intensive crop Management wheat: 100-120", and "Intensive Crop Management wheat
double-crop soybean: 100-120".

3 This range was derived from "Wheat, barley, rye, oats: lodging not expected (70-100), lodging expected (50-
80)".
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4These fertilizer application rates are unknown because the 2007 Census of Agriculture category includes
many types of crops.

5 This range includes potatoes grown in "sandy loams & loamy sands" and in "loams & silt loams".

6 This range was derived from "Wheat, barley, rye, oats: lodging not expected (70-100), lodging expected (50-
80)" and "Spring oats: 30-60".

Notes: if acres were planted with more than one type of crop during the year, that acreage was counted for
each crop. "Acres Harvested" does not include the acres of land that were planted but not harvested.

The law specifies that up to 108.1 million pounds of nitrogen can be applied to Maryland
lawns each year. The Maryland Department of Agriculture recommends that between 83.1 and
152.7 million pounds of nitrogen be applied to farmland every year. It is notable that the maximum
nitrogen application rate for Maryland turf lies within the lower range of the recommended
nitrogen application rate for crops. If all Maryland homeowners applied the maximum amount of
nitrogen allowed by law, the amount of nitrogen applied to turf lawns would be within the range of
that applied to farmland.

However, estimating nitrogen application in Maryland by using recommended nitrogen
fertilization rates for turfgrass and farmland does not take into account the fact that many fertilizer
operations may not follow the recommendations and may apply more or less. Many people do not
apply fertilizer to their lawns and those who do may not apply the maximum legal amount. The
Maryland fertilizer law also specifies restrictions on the type of nitrogen used, whether slow- or
quick-release, and this affects the rate of leaching or runoff. However, these calculations represent
commonly approved standards of nitrogen fertilizer application to turf and crops and can be used
as a starting point for estimating the amount applied to both types of land. These estimations show
that the amount of nitrogen fertilizer applied to home lawns is not insignificant in comparison to

the amount applied to agricultural cropland.

Drawbacks to Methodology
The Nutrient Management Manual lists a range of nitrogen application rates for some crops

and a single recommended rate for others; the total recommended nitrogen application for all
Maryland crops was calculated using first the low rates and then the high rates of fertilization (see
Table 2).

The 2007 Census of Agriculture provides acreage for “Acres Harvested;” this does not
include the acres of land that were planted but not harvested (see Table 2). Therefore the
calculation of total recommended nitrogen application for crops in the state of Maryland is lower

than in reality due to the omission of those acres that were planted and fertilized but not harvested.
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Three categories of crops grown in Maryland as listed by the 2007 Census of Agriculture are

” o«

“Forage,” “Vegetables for Sale,” and “Orchards;” these categories include many types of crops and
therefore it is difficult to estimate their fertilizer application rates. The recommended nitrogen
applications for “Vegetables for Sale” and “Orchards” are listed as “unknown;” land in both these
categories exists in relatively minimal acreage compared to mass-produced crops, so the fertilizer
applied will be minimal as well (see Table 2). Forage land is land used for all hay, haylage, grass
silage, and greenchop, excluding acres of corn and sorghum for silage/greenchop; therefore,
various grass species are the primary crop grown on forage land (see Table 2). The Maryland
Nutrient Management Manual lists 20 categories of grasses and their recommended nitrogen
fertilization rates. Presenting this range of recommended fertilization rates reduces the accuracy of

the estimated total fertilization recommendations for Maryland crops due to the high variability in

rates and the unavailability of data on acres of specific grass species used for forage.
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