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A B S T R A C T

Urban and suburban lawns make up a large share of land use in the US. Maintaining lawns to fulfill aesthetic
norms has environmental consequences. In this analysis, we examine household decisions to apply nitrogen-
containing lawn fertilizer. Using survey data of 298 households in Nashville, Tennessee, we first examine the
prevalence of fertilizer use and the rate of annual nitrogen applied. We find that the resulting distribution is
skewed, with the top 20% of the sample applying 56% of the total share of nitrogen. In contrast to this subset of
“intensive” fertilizers, 93% of households applied at or below levels recommended by landscaping professionals,
challenging the assumption that the over-application of fertilizer is widespread. We employed multi-level
modeling to examine the relative importance of household- and block-level characteristics on fertilizer use and
the intensity of use. Consistent with prior work, we find that the desire for a green lawn is a significant predictor
of fertilizer use. However, we also find that living on a wealthy block and living near others who value a green
lawn independently predict fertilizer use. In addition, we observe that intensive fertilizing households tend to be
less wealthy than others on their block, suggesting the possibility of an aspirational dimension to fertilizer use.
Finally, we find evidence that environmental concern is associated with less intensive fertilizer use, suggesting
that households may be willing to take some steps to mitigate the impact of their lawn care on the environment.

1. Introduction

Lawns take up more space in the United States than most staple
crops (Milesi et al., 2005). Depending on how they are managed, lawns
can provide some environmental benefits including carbon sequestra-
tion and the management of storm water runoff (Bandaranayake, Qian,
Parton, Ojima, & Follett, 2003; Brabec, Schulte, & Richards, 2002;
Milesi et al., 2005). Yet, maintaining turfgrass to fulfill today’s aesthetic
norms often requires intensive irrigation, mowing, and the application
of chemicals, which can result in a multitude of environmental impacts
(Kjelgren, Rupp, & Kilgren, 2000; Priest, Williams, & Bridgman, 2000;
Reid, Pollard, Sullivan, & Shaw, 2010).

In this analysis, we focus on the use of nitrogen-containing lawn
fertilizer. Multiple studies have demonstrated a link between the use of
fertilizer for lawn maintenance and subsequent eutrophication and
pollution impacts on local water bodies (e.g., Barth, 1995; Frank,
O’Reilly, Crum, & Calhoun, 2006; Guillard & Kopp, 2004; Lake, 2002;
Shuman, 2002). Nitrate resulting from fertilizer contributes to algae
blooms that can kill and displace aquatic wildlife (Anderson, 2007;
Carpenter et al., 1998; Heisler et al., 2008). Over-fertilizing also

aggravates pest problems and accelerates the growth of grass, requiring
more mowing and irrigation (Buss, 2007; UCIPM, 2016). Other analyses
reveal the contribution of lawn fertilizer to greenhouse gas (GHG)
emissions. The production of a typical nitrogen fertilizer product results
in approximately 5.3–7.6 kg (kg) of carbon dioxide equivalents per kg
of nitrogen produced (Wood & Cowie, 2004). Therefore, a standard 40-
pound bag of lawn fertilizer comprised of 32% nitrogen produces
31–44 kg of carbon dioxide equivalents; roughly equal to driving an
average passenger vehicle in the U.S. for over 70 miles (Environmental
Protection Agency., 2016). Fertilized lawns are also net contributors to
climate change through the direct emission of nitrous oxide, a powerful
greenhouse gas (Gu, Crane, Hornberger, & Carrico, 2015).

Given these findings, the factors that motivate household-level lawn
management decisions, and fertilizer use in particular, could provide
important insights into how to reduce the environmental impacts of
lawns. This is particularly true of those who over-fertilize. Not only are
these individuals using a carbon-intensive product; but intensely man-
aged lawns (involving above average use of fertilizer and irrigation)
have a 70% higher global warming potential from direct emissions
compared to lawns that are not fertilized or irrigated (Gu et al., 2015).
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Furthermore, lawn management intensity has a nonlinear relationship
with GHG emissions and diminishing returns on the productivity of the
crop (Gu et al., 2015). Recognizing this, a number of government and
industry outreach efforts have attempted to educate households re-
garding best practices in fertilizer use and other lawn management
behaviors (Environmental Protection Agency., 2004; Frank, 2005;
Southeast Oakland County Water Authority (SOCWA), 2011; USFWS.,
2000); urging households to use the correct amount of fertilizer
(USFWS, 2000), to pay close attention to package instructions (USFWS,
2000), or to hire a lawn care provider so as not to over-fertilize
(University of Florida IFAS Extension, Florida-Friendly Landscaping
Program, & Florida Department of Environmental Protection, 2015).

Despite the significant environmental repercussions of lawn care
behavior, there is relatively little data regarding how much fertilizer
households actually apply to their lawns (for exceptions, see Fissore
et al., 2012; Fraser, Bazuin, Band, & Grove, 2013; Martini, Nelson,
Hobbie, & Baker, 2013). Furthermore, we know little about the char-
acteristics of households that apply fertilizer most intensively relative
to their peers. This paper attempts to fill this gap by leveraging a unique
data set that contains self-reported information about lawn manage-
ment practices among households nested within neighborhoods in the
Nashville metropolitan area. With these data, we can examine hetero-
geneity in fertilizer use and the intensity of use, as well as the house-
hold and neighborhood level correlates of these behaviors. More spe-
cifically, this paper addresses the following research questions:

(1) What is the distribution of the amount of Nitrogen-containing fer-
tilizer applied by households?

(2) What is the relative importance of aesthetic preferences, environ-
mental concern, and perceived neighborhood lawn care norms on a
household’s use of fertilizer and the intensity of fertilizer use?

(3) After taking into account household level variables, to what extent
do aesthetic preferences, environmental concern, and lawn care
norms aggregated to the block level predict household fertilizer use
and the intensity of fertilizer use?

1.1. Correlates of lawn fertilizer use

Research on lawn management behavior has revealed a multitude of
factors that influence lawn care decisions. Individual aesthetic pre-
ferences, ease of maintenance, and income are often cited as driving
forces behind household lawn care behavior (Fraser et al., 2013;
Larson, Casagrande, Harlan, & Yabiku, 2009; Martin, Peterson, &
Stabler, 2003; Templeton, Yoo, & Zilberman, 1999; Templeton,
Zilberman, & Yoo, 1998). Many individuals enjoy lawn care as a hobby
or creative outlet (Harris, Martin, Polsky, Denhardt, & Nehring, 2013).
Other work has stressed the importance of the social context in which
these decisions are made, with a focus on norms connected to social
class and neighborhood etiquette (Fraser et al., 2013; Larson et al.,
2009; Nassauer, Wang, & Dayrell, 2009; Robbins, 2007). To large
segments of the American public, keeping a green, well-manicured lawn
is understood as an act of stewardship towards one’s neighborhood,
family, and broader community. As argued by Robbins and colleagues,
lawn care decisions should not be thought of as acts that simply satisfy
individual preferences, but rather morally-significant behaviors that
relate to one’s position within a broader community context (Robbins,
Polderman, & Birkenholtz, 2001; Robbins & Sharp, 2010). Larsen and
Harlan (2006) have demonstrated that preferences for alternative lawn
aesthetics are stratified along socioeconomic lines. More specifically,
middle and high-income households prefer desert landscapes and low-
income households prefer grass (Larsen & Harlan, 2006). Several stu-
dies have also shown a tendency for households to mimic the land-
scaping preferences and decisions of their nearby neighbors (Hunter &
Brown, 2012; Julien & Zmyslony, 2001; Nassauer et al., 2009;
Zmyslony & Gagnon, 1998, 2000), leading to the conclusion that
neighborhood norms have a substantial impact on homeowner

preferences and behaviors related to lawn care.
Socioeconomic and peer influences on lawn care practices are well

documented (as described above); however, we know relatively little
about the influence of pro-environmental values on fertilizer use. Given
the environmental impacts of fertilizer, the desire to maintain a green
lawn may be in conflict with concerns about environmental protection.
Prior research suggests that a majority of households believe that lawn
fertilizer is harmful to the environment and to human health (Meyer,
Behe, & Heilig, 2001). However, existing literature suggests that en-
vironmental concerns play a negligible role in lawn management de-
cisions (Nielson & Smith, 2005; Yabiku, Casagrande, & Farley-Metzger,
2007). Researchers have speculated that this is due to the counter-
vailing pressures to fulfill obligations to one’s neighbors, overwhelming
environmental concerns (Nielson & Smith, 2005). However, Suh and
colleagues (2016) found that the perception that lawn fertilizer has a
negative impact on the environment positively predicted the use of
organic fertilizer. Although their analysis did not examine whether
environmental perceptions predicted fertilizer use in general, this
finding may suggest that some households take steps to mitigate en-
vironmental impacts by choosing products that they perceive to cause
less environmental damage, even if not choosing to avoid the use of
fertilizer altogether.

1.2. Research objectives & contributions to existing literature

The analyses presented below make several contributions to the
existing literature. First, like other recent analyses, we examine the
relative influence of aesthetic preferences, environmental concern, and
neighborhood norms of lawn care on the decision to apply nitrogen-
containing lawn fertilizer. We extend prior work by responding to ap-
peals to consider the multi-scalar influences on lawn management de-
cisions (Chowdhury, Larson, Grove, & Polsky, 2011; Cook, Hall, &
Larson, 2012). As such, we measure these variables both at the
household and block levels, allowing us to disentangle the relative
importance of a household’s preferences and beliefs from block-level
norms surrounding those same preferences and beliefs.

We also advance existing literature by focusing not only on the
decision to apply fertilizer, but also the intensity of fertilizer use. Other
work suggests that the distribution of fertilizer application rates is
skewed (Fissore et al., 2011, 2012). This, coupled with empirical evi-
dence that intensely fertilized lawns have a disproportionate impact on
environmental outcomes (Gu et al., 2015), suggests that the subset of
households that fall at the high end of the distribution may deserve
special attention. Recently, Martini and colleagues (2013) examined
characteristics of households in Minneapolis/St. Paul that apply ferti-
lizer as well as the characteristics of high fertilizing households. They
found that high fertilizing households were better educated, more
strongly believed that fertilizing produces an attractive lawn, and more
strongly valued having an attractive property. They also found sig-
nificant differences in fertilizer usage across communities, above and
beyond these household level characteristics, suggesting contextual
characteristics may also play a role in fertilizer use and intensity of use.
However, an in-depth analysis of the community characteristics was
beyond the scope of their analysis.

2. Methods

2.1. Overview of methodology and analyses

These data were collected as part of the Nashville Yard Project, an
interdisciplinary study designed to examine the psychological, social,
and institutional influences on lawn management behavior within the
Richland Creek Watershed (references omitted for double-blind review).
The Richland Creek Watershed covers 28.5 square miles of urban and
suburban neighborhoods in the Nashville metropolitan area (see Fig. 1).
The neighborhoods located within the watershed represent a diverse
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range of residents in terms of race, income, education, and home
ownership (see Table 1). Survey data were collected using in-person
interviews of 379 residents nested within 60 blocks. Although both
open- and closed-ended response were collected, the analyses presented
below include only data collected from closed-ended survey questions.
All interviews were conducted in the spring and summer seasons be-
tween 2011 and 2012. This research received Institutional Review
Board approval.

2.2. Sampling, recruitment, & data collection

Households were selected using a two-stage cluster randomized
sampling procedure. We started with a list of 100 city-defined neigh-
borhoods. Neighborhoods that included fewer than 10 parcels (e.g.,
those with large condominium complexes) were excluded from the
sampling frame, and those that were very large were subdivided ac-
cording to logical boundaries (e.g., major streets). This produced a
sample of 60 neighborhoods. Next, we randomly selected a single parcel
from within each neighborhood and, using this parcel as an anchor,
constructed a “face block” of side-by-side or facing households by se-
lecting the 9 contiguous parcels to the left or right of the anchor
household and the 10 contiguous parcels directly across the street.
When possible, intersecting streets were avoided to ensure that a face
block was situated on the same block. The face blocks in our final
sample are made up almost entirely of single-family homes with the
occasional duplex or other small multifamily unit, with a mean of 1.03
dwellings per parcel.

All 20 households on a face block were invited to participate and
those that agreed were interviewed once. Data collection took place
over the course of two years (2011–2012), during the spring and fall
seasons when households would be most likely to use lawn fertilizer.
Prospective participants first received a mailed letter describing the
study and inviting them to participate. Those who wished to participate
were asked to schedule an interview by e-mail or phone. During year
one of the study, we followed-up with those who did not respond to the
mailed letter first by phone and then up to twice in person. Households
that had an unlisted phone number were followed up in-person up to
two times. Because we found that in-person follow-ups were more ef-
fective than phone calls, during year two we used only in-person follow-
ups up to two times per household. Of the 1222 households invited to
participate, 379 agreed to an interview for a response rate of 31%.
There was a 0% response rate in two of the 60 face blocks, shrinking the
number of clusters to 58.

When scheduling the interviews, we asked to speak to the person

Fig. 1. Map of watershed boundaries with selected blocks. Location of blocks
are randomly offset to protect anonymity.

Table 1
Description of key study variables and descriptive statistics of sample households and population.

Variable Description Sample (households) Population1

Average2/% SD (range) Average Range

Age Median age in years of interview respondent 56 15.64 (19–90) 34 < 5–85+
College degree % of respondents 25 years and older (N=293) who have earned a bachelor’s degree

or higher
74.7% 35.40%

Property value Median appraised value of land+ buildings in 2009 in $100,000 units 386.10 301.59 (60–2500) 167.50 < 0.20–1000+
Lawn size Median lawn size (hectares) 0.08 0.22 (0.00–2.31)
Homeowner Household owns (or is purchasing) their home 87.12% 49.50%3

Aesthetic Importance How concerned are you about the appearance of your lawn? How important is it to
you to have a lush, green lawn? (0= not at all to 3= very much); Alpha= 0.69

1.94 0.73 (0–3)

Environmental Concern How personally worried are you about…? [the environment, water pollution, air
pollution, exposure to chemicals, climate change] (0= not at all to 3= very much);
Alpha= 0.88

2.32 0.70 (0–3)

Perceived lawn norm How important do you think lawn care is to your neighbors? Do you think that many
people on your block would disapprove if you did not keep up the appearance of your
lawn? Do you think many people on your block would approve of you fertilizing your
lawn? (0= not at all to 3= very much); Alpha= 0.69

2.13 0.69 (0–3)

Fertilizer Use Coded as 1 if the household reported that they or a hired lawn care provider or self-
applied nitrogen-containing fertilizer within the prior 12months.

53.36%

Annual Nitrogen
Application

Total nitrogen applied to lawn within the prior 12months (kg/ha) 48.324 107.36
(0–1158.27)

Note: Sample size: Households= 298, blocks= 46; For all variables consisting of two or more items the composite is an average of all items. SD= Standard
Deviation; Alpha=Cronbach’s Alpha indicating inter-item consistency.

1 Census data acquired from the American Community Survey. Data include households in the Nashville-Davidson Metropolitan Area, spanning 5-Year Estimates
for 2009–2013. Total population of the Nashville-Davidson area is 614,908.

2 Average is the mean unless otherwise indicated in the variable description.
3 % homeowners acquired by dividing the total number of owner-occupied housing units (134,176) by all housing units (275,536) available in the Nashville-

Davidson Area.
4 Values shown do not adjust for outliers. With outliers adjusted: Mean=43.95, SD=73.76, range= 0.00–492.00).
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responsible for most of the lawn care decisions in the household. If this
person was not available, we spoke with someone else in the household
with knowledge of how the lawn is maintained. The interviewers con-
sisted of twelve trained graduate students. The interviews lasted ap-
proximately 30–45min and were conducted at the respondent’s home.
Those who participated received $20 to thank them for their time.

2.3. Measures

Table 1 provides a summary of the key variables used in these
analyses, including a description of how they were measured, de-
scriptive statistics, and inter-item consistency. For all closed-ended
questions, the interviewer read the question to the respondent and
asked him or her to select from a set of pre-established response options
(shown in Table 1). Property values were retrieved from Davidson
County’s publicly available property appraisal and assessment database,
and reflect assessments conducted in 2009.

We measured two outcome variables: fertilizer use (N Use) and
fertilizer use intensity (N Intensity). To construct these variables, we
asked the household if they had applied fertilizer to their lawn in the
previous 12months or had hired a company to do so. Households that
responded yes were coded as having fertilized. For those that reported
applying fertilizer themselves, we asked to see the bag if it was avail-
able to record the nitrogen content of the product. We also collected
information about how many times the household applied fertilizer
over the course of the year and approximately how much of the bag that
they used for each fertilizer application. This information coupled with
details about the size of the bag and the nitrogen content of the product
allowed us to estimate the total amount of nitrogen applied within a
year. For those that used a lawn care provider, we asked for the name of
the individual or company, information about the services provided,
and how often their lawn was serviced.

As is common with self-reported information about past behaviors,
the estimates of N application were complicated by limited recall.
Those who said that they self-applied fertilizer within the last year
(n=90) reported using 115 fertilizer products. For 22.6% of products,
participants had the container in their home allowing the interviewer to
record the nitrogen content directly from the package. For an additional
8.7% of products, the respondent was able to report sufficient detail for
it to be identified from a list of available products in local retail stores.
For 42.6% of products, the respondent could provide some basic details
(e.g., turfbuilder, weed and feed, liquid miracle grow), but not enough
for the specific product to be located. In these cases, a standard as-
sumption was made across common descriptors based on products
available and their prevalence. An additional 26.1% of the sample was
unable to provide any information about the product except whether it
was liquid or dry. In these cases, we assumed the most commonly used
wet and dry products in the area. See the Supplementary Materials for
more detail about these procedures.

We estimated the size of each lawn using aerial photography made
available by the Nashville Planning Department by taking the total size
of the lot less any areas covered by structures, impervious surfaces (e.g.,
driveway, sidewalk, patio), and other non-grassy landscaping. The
households in our sample had lawns ranging from<0.01 to 2.31 ha in
size. The mean lawn was 0.16 ha (median= 0.08, standard devia-
tion=0.22). This information was used to derive a measure of the kg of
nitrogen applied per hectare of lawn per year by each household. A
more detailed description of the completeness of data collected and the
procedure for estimating N content is provided in the Supplementary
Materials.

3. Results

3.1. Respondents

Descriptive statistics about our sample and comparison information

for the larger Nashville-Davidson County community are provided in
Table 1. The respondents in our sample were highly educated with
nearly 74% holding a college degree. They were also relatively well-off
as indicated by a median property value of $386,900. Over 87% of
respondents were homeowners. The mean lot size of households in the
sample was 0.19 ha compared to approximately 0.13 ha per parcel in
Nashville-Davidson County (Cho, Kim, & Roberts, 2011; 2014).

Because our analyses incorporate information aggregated to the
block level, blocks for which there were fewer than three households
that responded (k= 12 blocks, n= 22 households) were removed from
data analysis. An additional 59 households did not provide complete
data on key variables and were dropped from the analysis. This left
n= 298 households within 46 blocks available for analysis. The
number of households per block was 4–13, with a mean of 7.62 and a
median of 7.

3.2. Household nitrogen application behavior

Approximately 53.36% of the sample applied lawn fertilizer. This
included 30.20% who self-applied and 31.21% who hired a lawn care
provider. A small percentage (7.7%) did both. Among those who re-
ported applying fertilizer, the mean number of applications per year
was 2.58 (median= 2.0; SD=1.87). The mean quantity of Nitrogen
applied per fertilizer application event was 35 kg of Nitrogen per hec-
tare (kg N/ha; median= 26; SD=40). Over the course of a year,
households that used lawn fertilizer applied approximately 91 kg N/ha
(median= 52; SD=134). The distribution of total annual nitrogen
application was significantly skewed in the positive direction, with a
small proportion of households applying very large quantities of ferti-
lizer. As can be seen in Fig. 2, those at the high end of the distribution
accounted for a disproportionately large share of the total annual ni-
trogen applied by the sample. Households in the top 20% of the dis-
tribution applied approximately 56% of all nitrogen applied by
households in the sample. A more conservative estimate that corrects
for outliers (see Supplementary Material) returned a similar result, in
this case the top 20% of the distribution applied 52% of the nitrogen in
Fig. 2.

3.3. Household and neighborhood influences on fertilizer application

We used a series of multi-level models to explain variability in the
two outcome variables. N Use was a simple binary variable coded as 1 if
the household had applied fertilizer within the prior 12months
(n= 159) and 0 if no fertilizer was applied (n=139). N Intensity was a
three-level categorical variable that reflected the total amount of fer-
tilizer applied within this same period. Households that did not apply
fertilizer formed a group of non-fertilizers (n=139), those who fell
within the top 20% of fertilizer appliers (≥124 kg/ha) were coded as
intensive fertilizers (n=33), the remaining households (n= 126) were
classified as moderate fertilizers. It is important to note that local ex-
tension agents and fertilizer product labels recommend applying
∼196 kg/ha annually, which is above the threshold of 124 kg/ha that
we use to distinguish between intensive and moderate fertilizers. In
relation to these recommendations, only 7% of households over-applied
N (see Section 4). Nevertheless, we adopted a cutoff of 124 kg N/ha as
the threshold for intensive fertilizers because it was a natural break-
point in the distribution of annual N application (see Fig. 1) and it al-
lowed us to maintain sufficient statistical power in the models pre-
sented below.

Both sets of models included key demographic variables (age,
whether the home is owned or rented, and property value), as well as
three key variables that are of theoretical interest: preference for
keeping a well-manicured lawn (aesthetic importance), environmental
concern, and the perception that one’s neighbors would disapprove of a
poorly kept lawn (neighborhood lawn norm). Although education is
included in Table 1, it was omitted from the regression models because
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it was tightly correlated with property values and had relatively little
variance at Level 2. All analyses were conducted using SPSS’s (version
24) GENLINMIXED command.

The primary objective of these analyses was to understand the
contextual effects of neighborhoods in relation to household-level ef-
fects. Therefore, we ran a series of random-intercept models that in-
cluded both household (level 1) and neighborhood (i.e., block; level 2)
level variables. All level 1 variables were centered around the block
mean and the level 2 predictors were the block-level means of each
variable. Setting up the model in this way allowed us to examine the
relationship between household characteristics and fertilizer use con-
trolling for block level effects, as well as to assess whether block-level
characteristics accounted for a significant proportion of variance above
and beyond the household level predictors (level 2; Hofmann & Gavin,
1998; Raudenbush & Bryk, 1986, 2002). We also explored a series of
random slope models by allowing each level 1 predictor to vary across
clusters. However, in all cases, the random effect was near zero and the
model was a poorer fit than the random intercept model, as judged by
the AIC and BIC estimates. Therefore, only the random intercept models
are reported below.

3.3.1. Fertilizer use
The intraclass correlation coefficient (ICC) based on a null model

predicting N Use was 0.18 and the variance of the level 2 intercept
(variance (σ2= 0.74, p=0.02) indicated that there was significant
variability in fertilizer use between neighborhoods. The full model re-
sults are summarized in the left-hand side (Model 1) of Table 2. After
including the level 2 predictors, the ICC dropped to 0.04 and the var-
iance of the level 2 intercept suggested that the unexplained level 2
variance was not significantly different from zero (σ2= 0.14,
p=0.16). At the household level, only aesthetic importance sig-
nificantly predicted N Use. Households that reported a greater concern
about lawn appearance were significantly more likely to apply fertilizer
(Odds Ratio (OR)= 1.84). Block-level aesthetic importance also sig-
nificantly and positively predicted N Use (OR=3.16), suggesting that
living among neighbors who value a well-manicured lawn significantly
predicts fertilizer use above and beyond the household’s own pre-
ferences. Finally, block-level property values were positively related to
fertilizer application (OR=2.32).

3.3.2. Fertilizer intensity
We next examined predictors of fertilizer use intensity. The right-

hand side of Table 2 (Model 2) presents the results of a set of random
intercept models with a multinomial logistic link function. The outcome
was the three-level categorical variable N Intensity. By setting moderate
fertilizers as the reference group, these models predict the likelihood of

being an intensive or non-fertilizer, relative to a moderate fertilizer.
The ICC based on a null model predicting N Intensity was 0.18 for

non-fertilizers vs. moderate fertilizers, and the level 2 intercept term
suggested a significant degree of between-neighborhood variability
(σ2= 0.73, p=0.02). When the level 1 and level 2 predictors were
added to the model, the ICC dropped to 0.04 and the variance of the

Fig. 2. The area in dark grey shows the cumulative
amount of N applied by the sample (refers to Y axis).
The black bars plot the percent households according
to how many kilograms of nitrogen per hectare
(kg N/ha) they applied in a year (refers to z axis). The
area in light grey plots the share of total N applied by
each segment of the sample (refers to Z axis).

Table 2
Summary of binary logistic, random intercept model predicting fertilizer ap-
plication.

Model 1: N Use Model 2: N Intensity (ref=Moderate)

Coeff SE Non-Fertilizer Intensive Fertilizers

Coeff SE Coeff SE

Fixed
Intercept −6.01 1.93 6.74** 1.90 0.22 2.35
Level 1 (group mean centered)
Age 0.00 0.01 0.01 0.01 0.02 0.01
Homeowner 0.49 0.48 −0.72^ 0.39 −0.90 0.98
Property values

(100 k)
0.94 0.67 −1.29 0.62 −1.90** 0.66

Aesthetic
importance

0.64** 0.20 −0.60** 0.20 0.21 0.39

Perceived lawn
norm

−0.38 0.25 0.49 0.25 0.49 0.38

Environmental
Concern

−0.13 0.22 0.02^ 0.23 −0.50 0.26

Level 2 (block mean)
Age 0.01 0.02 −0.02 0.03 −0.01 0.03
Homeowner 0.92 1.17 −1.17 1.14 −0.95 1.25
Property values

(100 k)
0.84 0.41 −0.84^ 0.48 −0.08 0.64

Aesthetic
importance

1.15 0.55 −1.18 0.57 −0.09 0.71

Perceived lawn
norm

0.31 0.59 −0.29 0.50 0.22 0.70

Environmental
Concern

0.33 0.54 −0.39 0.53 −0.29 0.80

Random
Intercept 0.15 0.08 0.14 0.08 0.18 0.21

Summary Statistics
ICC (95% CI) 0.04 0.04 0.05
AIC 1366.30 2423.63
BIC 1369.94 2430.79

Notes. Households= 298, Blocks= 46; CI= Confidence Interval;
BIC=Bayesian Information Criteria; ICC= Intraclass Correlation Coefficient;
^p < 0.10, **p < 0.01; ICC of null models: Model 1=0.18, Model 2 (Non-
fertilizer)= 0.18, Model 2 (Intensive Fertilizers)= 0.01.
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level 2 intercept term became non-significant (σ2= 0.14, p=0.36),
indicating that there was no significant unexplained variability at the
neighborhood level. Five level 1 variables significantly distinguished
between the non-fertilizer and moderate fertilizer groups. Non-fertili-
zers had significantly lower property values (OR=0.28). They also
scored significantly lower on aesthetic importance (OR=0.45) and
higher on perceived lawn norm (OR=1.63). In addition, non-fertilizers
tended to have marginally higher levels of environmental concern
(OR=1.02) and were marginally less likely to own their home
(OR=0.49). At the block level, mean property values (OR=0.43) and
mean aesthetic importance (OR=0.31) were both negatively asso-
ciated with membership in the non-fertilizer group.

The ICC based on the null model predicting intensive fertilizers vs.
moderate fertilizers was 0.01 and the variance of the level 2 intercept
was not significant (σ2= 0.02, p=0.68). As would follow from this
result, there were no level 2 variables that significantly distinguished
between intensive and moderate fertilizers and the variance of the in-
tercept in the full model was not significant (σ2= 0.18, p=0.18).
However, two level 1 variables significantly distinguished between in-
tensive and moderate fertilizers. Intensive fertilizers had lower property
values (OR=0.15) and scored lower on environmental concern
(OR=0.61).

4. Discussion

These analyses generated several important insights regarding the
factors that influence lawn maintenance. First, some important con-
clusions can be drawn from the distribution of total annual nitrogen
application. Like other studies conducted elsewhere in the United States
(Fissore et al., 2011; Law, Band, & Grove, 2004; Polsky et al., 2014;
Robbins et al., 2001), we found that just over half of the sample (53%)
applied lawn fertilizer. These data also suggest that the mean household
in this sample applied fertilizer less frequently and in smaller quantities
than instructed by the product label or lawn management experts. La-
bels on the three most commonly used fertilizer products in our sample
recommended fertilizing “four times a year” (two products) or “every
8 weeks” (one product) with an amount that yielded 39–51 kg N/ha per
application. The University of Tennessee (UT) Agricultural Extension
Service recommends basing fertilizer application on soil test informa-
tion; however, they also provide a set of generic guidelines to apply
approximately 49 kg N/ha four times a year, for a total annual appli-
cation of 196 kg N/ha (Savoy & Samples, 1999). Although it may be
true that the mean household in this sample applied more fertilizer than
what is recommended by water quality experts, these data challenge the
assumption that households are over-applying fertilizer as compared to
levels recommended by fertilizer retailers and extension services. When
we compare the application rates observed in this sample with the re-
commendations that households are most likely to encounter—package
instructions or extension recommendations—households appear to be
at or below those recommended levels. For instance, 93% of the
households in this sample that fertilized applied at or below the UT’s
extension service’s recommendation of 196 kg N/ha. The implication of
this finding is that encouraging households to more closely follow ex-
pert or package recommendations, the approach used by many out-
reach organizations, may actually increase total nitrogen application if
households were to abide.

Despite the abovementioned findings, these data are consistent with
earlier work conducted elsewhere that has found that the distribution of
fertilizer application rates is heavily skewed in the positive direction
(Fissore et al., 2012). Those in the top 20% of the distribution of annual
nitrogen application (omitting non-fertilizing households) accounted
for 56% of the total share of nitrogen applied by the sample1. As such,

there may be value in targeting households at the top of the distribution
to reduce nitrogen pollution. However, because many of those in this
“intensive fertilizer” group apply less than what is recommended on the
package or by extension experts, the strategy of encouraging adherence
to expert recommendations is unlikely to succeed even among this
group. If the goal is to reduce fertilizer use, approaches that encourage
avoiding fertilizer altogether or reducing the amount applied relative to
a household’s current level may be preferable.

These data also provide new insight into the constellation of
household and community level factors that influence fertilizer usage.
Like prior work, we find that a household’s aesthetic preference is an
important factor in its decision to apply fertilizer (Fraser et al., 2013;
Larson et al., 2009). However, these data also reveal that living on a
block where others hold this view has a strong and independent effect
on fertilizer use. In other words, simply living near others who value a
well-manicured lawn increases the likelihood that a household will
apply fertilizer. This finding speaks to the importance of neighborhood
context in landscaping decisions and is consistent with a large literature
that demonstrates that households often mimic the landscaping pre-
ferences and decisions of nearby neighbors (Hunter & Brown, 2012;
Julien & Zmyslony, 2001; Nassauer et al., 2009; Zmyslony & Gagnon,
1998, 2000). It is noteworthy that although block-level aesthetic im-
portance predicted fertilizer usage, perceived neighborhood norms
(measured at levels 1 and 2) did not. Perceived neighborhood norms
captured the household’s perception that others on the block approve of
fertilizer usage and would disapprove of an unkempt lawn. Although
the average household moderately to strongly endorsed these beliefs, it
was not the perception that neighbors would approve or disapprove of
one’s lawn that was related to the use of fertilizer, but rather living near
others that care about the appearance of their own lawns. In other
words, the ways in which neighbors influence one another in their lawn
management practices may be relatively indirect. Households do not
seem to be responding the perception of scrutiny from their neighbors;
rather, and much in line with Robbins and Sharp’s (2010) concept of
the moral economy of lawn care, they are participating in constructing
an aesthetic that is collectively valued by a community.

Perceived lawn norm did significantly predict intensity of fertilizer
use, but not in the expected direction. Non-fertilizers perceived a
stronger lawn norm compared to those on their block who moderately
applied fertilizer. The fact that perceived lawn norms was negatively
related to moderate fertilizer use may be indicative of a feeling of guilt
or scrutiny among those who choose not to fertilize that is not present
among those who do. Whether this sense of scrutiny compels house-
holds to adjust their lawn management practices in ways that impact
the environment is not clear from these data. Longitudinal research
would be needed to examine how these perceptions affect behavior
over time.

These analyses also provide us with a more nuanced understanding
of the relationship between property values, a proxy for wealth, and
fertilizer use within the Nashville context. First, we found that a
household’s property value relative to others on its block was not re-
lated to the decision to apply fertilizer, but it was related to the in-
tensity of fertilizer use. Model 2 revealed that households that apply
fertilizer most intensively tend to have lower property values relative to
their neighbors. We also found that, controlling for a household’s own
property value, living on a wealthy block has a positive and in-
dependent impact on the likelihood that a household will use fertilizer.
Consistent with other work, these findings suggest that the role of so-
cioeconomic class in lawn management practices in Nashville goes
beyond simply having the economic resources to maintain a lush, green
lawn. In short, our data suggest that a household is most likely to fer-
tilize not if it is wealthy, but if it is located on a wealthy block; and a

1 For comparison’s sake, the 7% of households that over-applied relative to the re-
commended rate of 196 annual kg N/ha accounted for 38% of the N applied by the

(footnote continued)
sample.
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household is likely to apply more fertilizer than its neighbors if it its
home is valued less than its neighbors. Nassauer theorized that house-
hold landscapes are “public portraits” of the household, representing
“neighborliness, hard work, and pride” (Nassauer, 1995, p. 162). Grove,
Locke, and O’Neil-Dunne (2014) took this a step further in arguing that
landscaping decisions are heavily influenced by what is considered to
be prestigious for a particular social group (i.e., “the ecology of pres-
tige”). Like other forms of conspicuous consumption, landscaping is
used to acquire status or to prove membership to a particular com-
munity (Grove et al., 2006, 2014; Veblen, 1899). Following from these
theoretical traditions, we interpret this finding as an attempt by
households to communicate their compliance with class-based norms,
and these results suggest that those motivations may be greater for
those who are closer to the margins of such a group.

Finally, these analyses revealed that environmental concern was not
significant in models predicting the decision to fertilize. This is con-
sistent with past research citing no or weak effects of environmental
values on lawn care preferences or behavior (Nielson & Smith, 2005;
Yabiku et al., 2007). It may be that any concerns about the negative
effects of lawn chemicals on the environment are trumped by other
considerations such as personal preferences or social relationships. On
the other hand, Martini et al. (2013) found a strong negative relation-
ship between the use of lawn fertilizer and the specific belief that fer-
tilizer causes pollution; but no relationship between more general
concern about water quality and fertilizer use. This raises the question
of whether most households understand the potential environmental
impacts of lawn fertilizer enough to conceptually link fertilizer use to
their own environmental values. Robbins and colleagues (Robbins &
Sharp, 2010; Robbins et al., 2001) found a positive relationship be-
tween water quality concern and fertilizer use. Drawing on qualitative
data from household interviews, Robbins and Sharp (2010) cite a re-
current theme that social concerns far outweigh environmental values
in lawn care decisions. However, but they also found evidence that
some residents feel connected with nature through lawn care and,
therefore, apply lawn chemicals as an act of “constructing” environ-
ment (Robbins & Sharp, 2010).

The results from our second set of models examining fertilizer in-
tensity suggests a different story regarding the role of environmental
concern. Those who apply fertilizer intensively reported less concern
for the environment than those who fertilized moderately or not at all.
Households may, in fact, be mitigating the environmental impacts of
their lawn management choices by reducing the amount of fertilizer
that they apply. This suggests that environmental concerns may play a
larger role in lawn management decisions than previously thought. The
many competing motivations that affect lawn care decisions (e.g., social
obligations, environmental concerns, personal preferences) necessarily
require compromise; yet, households may be more open to modifying
their behavior if they can achieve a lawn that will fulfill these other
needs. Those conducting outreach in this area should consider targeting
lower impact product choices, the timing of fertilizer application, the
intensity of use, or other management behaviors that could influence
the environmental impacts of a lawn while accommodating the per-
sonal preferences and social obligations that lawns fulfill. This early
evidence suggests that some households may be amenable to con-
sidering such strategies.

5. Limitations

Although these analyses offer interesting insights into lawn man-
agement decisions, there are important limitations of these data that
should be taken into consideration. First, our estimates of fertilizer
application behavior are based on self-report. Although we took mea-
sures to improve accuracy, self-report is inherently prone to error in
recall or social desirability bias. For this reason, these results should be
interpreted with caution. Second, the sampling approach used here
allowed us to examine households within the context of their neighbors

on the same block, and to ensure that the selected blocks were eco-
nomically diverse and spatially distributed throughout the study area.
However, this approach likely resulted in sampling bias. Households
living in less dense and economically better off neighborhoods are
overrepresented, leading to a more affluent sample with larger prop-
erties than the population in the Nashville-Davidson Metropolitan area.
Similarly, we achieved a 31% response rate which, although not unu-
sual for surveys in recent years, raises additional concerns about non-
response bias (Baruch & Holtom, 2008; Curtin, Presser, & Singer, 2005;
Tourangeau & Plewes, 2013). It is possible that households that did not
have the time, economic resources, or interest in lawn care were less
likely to agree to an interview. In short, these data should not be in-
terpreted as a representative sample of Nashville or the Richland Creek
Watershed, but rather a snapshot into the household and community
level dynamics that shape lawn management practices within a rela-
tively diverse sample in the Nashville community.

Furthermore, it is well known that residential land use practices
vary widely throughout the United States. Monoculture turf grass
dominates the residential Nashville landscapes as it does throughout
much of the southeastern and midwestern United States (Milesi et al.,
2005). However, aesthetic preferences, social norms, and sociopolitical
contexts vary dramatically throughout the country. For example, re-
search in the Phoenix area suggests that desert or oasis landscapes are
preferred to lawns and are associated with higher socioeconomic status
(Larsen & Harlan, 2006). As such, we would expect the social and
economic forces that shape landscaping choices manifest in different
ways from place to place, directing households to adopt behaviors that
have very different environmental footprints. For these reasons, the
findings from this research are likely most relevant to urban and sub-
urban spaces that share a similar climate to Nashville, as well as his-
torical patterns of settlement and development. Nonetheless, we believe
that these data complement existing studies conducted elsewhere, as
well as those that employ different methodologies. We encourage fur-
ther research that examines how landscape preferences and behavior
vary across space and time to improve our understanding of this phe-
nomenon.

6. Conclusions

In this paper we examined household decisions to apply nitrogen-
containing lawn fertilizer and the intensity of fertilizer application. We
established that the distribution of annual fertilizer application is
highly skewed in the positive direction; the top 20% of the distribution
was responsible for over 56% of the total nitrogen applied by the
sample. However, although these individuals were intensive fertilizers
relative to others in the sample, only 7% of households who fertilized
applied more nitrogen per year than expert recommendations, chal-
lenging the assumption that over-fertilization is widespread in
Nashville, TN. Our analyses also examined the influence of demo-
graphic characteristics, aesthetic preferences, environmental concern,
and neighborhood lawn norms on household fertilizer use. These
findings revealed that the contextual effects of the neighborhood ex-
plained significant variance above and beyond the characteristics of the
household. Living in close proximity to others who are concerned about
the appearance of their lawns had a significant positive impact on the
likelihood of fertilizing. In addition, although household property va-
lues were unrelated to the application of fertilizer, households were
more likely to apply fertilizer if they lived on a wealthy block, and they
were more likely to fertilize intensively if they had lower value homes
than their neighbors. This set of seemingly paradoxical findings speaks
to the symbolic importance of lawn management practices in a
household’s pursuit of membership in prestigious social groups. Finally,
like other research, these data suggest that concern for the environment
is unrelated to the decision to use fertilizer; however, environmental
concern was associated with less intensive fertilizer use. There may be
opportunities to mitigate the impacts of lawns on the environment
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through the modification of lawn management practices. When making
lawn management decisions, households must straddle a number of
competing personal preferences and social obligations. Behavioral
modifications that assist a household in optimizing across these,
sometimes competing, interests may hold the most promise in miti-
gating environmental impact.
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