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protection of
e groundwater

and surface
waters from nutrient contamination
is an environmental issue and public
concern. Specifically, nitrate (NOg")
and phosphates (HPO4™, HoPOy")
continue to receive much attention.
Urbanization results in more and con-
nected, impervious surfaces (roads,
parking lots, rooftops), fewer pervious
ground covers (forests and fields), less
water infiltration and greater runoff.
As the volume of runoff increases, the
potential for pollution of surface waters
with nutrients, sediments and other
compounds also increases.

In 2005, based on satellite imagery,
total turf area in the U.S. was estimated
to be 40.3 million + 9.6 million acres
(Milesi et al. 2005). Lawns and road-
sides account for the greatest and

second-greatest amounts of man-
aged turf, respectively. There are an
estimated 70 million detached single-
family homes nationwide (U.S. Census
Bureau 2010). If the average home-
lawn size ranges from 1/4 to 1/3 acre,
this represents about 17.5 to 23
million acres.

Lawns are a highly visible and very
important component of an urban
environment. When properly sited,
designed, installed and managed,
they form a dense, perennial and
erosion-resistant vegetative cover
capable of absorbing carbon dioxide
and water at low mowing heights.
They also generate oxygen, cool
the air in summer, trap dust and
organic compounds (which are then
degraded by soil microorganisms)
and contribute organic matter to
the soil.
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The need for fertilizer
Soils in which turfgrasses are maintain-
ed seldom provide enough nitrogen
(N) and may lack adequate phosphorus
(P) or potassium (K) to support healthy
lawns. As a result, supplemental gran-
ular or foliar applications of fertilizer
containing N, P and/or K are often
recommended. These three essential
mineral nutrients vary in ionic, plant-
available form and movement within
soils (Table 1). A basic soil test per-
formed in a soil-testing laboratory will
determine soil phosphorus, potassium
and pH levels. Fertilization and liming
guidelines based on soil-test results most
often accompany the soil test results.
Many people believe that lawn
fertilization contributes substantially
to nutrient runoff in urban areas.
This perception has led to proposals
to limit inputs and reduce the size



of lawns. In an effort to reduce the
amounts of suspended solids and nu-
trients in urban runoff and to comply
with the U.S. Clean Water Act, some
states and municipalities have enacted
legislation restricting lawn fertiliza-
tion. For example, in 2005, Minnesota
became the first state to ban most turf
applications of P-containing fertilizers.
Michigan, North Carolina, Virginia,
Washington and Wisconsin have, or
are considering, enacting similar bans.
In January 2011, New Jersey passed
the most restrictive law (The New
Jersey Fertilizer Law, A2290) to date,
limiting applications of both N and P
to lawns.

According to research conducted
within the last 20 years, stormwater run-
off from a healthy, dense lawn growing
on soils of even moderate compaction
and slope rarely occurs. In all but very
intense rainfall occurrences, stormwater
runoff from a healthy, dense lawn is at
or near zero. Most notable exceptions
include 1) very steep slopes, 2) satu-
rated or 3) frozen soils and 4) severe
soil compaction.

A research summary

This summary is based on a much more
comprehensive article by Drs. Stier and
Soldat, titled “Lawns as a Source of
Nutrient Runoft in Urban Environ-
ments,” published in the Fall 2011
issue of the Watershed Science Bulletin,
journal of the Association of Watershed
and Stormwater Professionals (the
references cited below are listed on
page 34).

® According to a three-year
study conducted in the area of
Baltimore, Maryland, N deposits
from the atmosphere averaged
10 Ibs. per acre, compared to 12.8
Ibs. per acre from fertilizers, as
potential inputs to the watershed
(Groffman et al. 2004).

¢ Kentucky bluegrass and peren-
nial ryegrass are able to absorb
70% to 80% of an application of
50 Ibs. soluble N per acre within
24 hours and almost all of the ap-

plied N within 48 hours following
application (Bowman et al. 1989).

® According to sales data, Scotts
Miracle-Gro estimates that about
50% of U.S. homeowners fertilize
the lawn (Augustin 2007). On
average, the number of annual
fertilizer applications of about 50
Ibs. N per acre per application was
1.8, including an estimated 10
million lawns receiving profes-
sional lawncare treatments. This
frequency of application of N is
much lower than that usually rec-
ommended by most University
Extension turf professionals.

In 1999, it was estimated that the

atmosphere deposits 0.36 lbs. P per

acre per year (UN Environment
Programme 1999).

¢ In Wisconsin, a conventionally
recommended lawn fertilization
program of 130 lbs. N per acre
per year, using a 27:1.3 N:P ferti-
lizer, would supply 6.2 Ibs. P per
acre per year. Researchers at the
University of Wisconsin (Soldat
and Petrovic 2008) found a range
of 0 to 17 1bs. P per acre per year
reported in turf field-plot research
projects, with typical losses from
established turf of about 0.4 1bs.
P per acre per year. This com-
pares to annual P losses from
native prairies of about 0.18 Ibs.
P per acre, from conventionally
tilled agricultural systems of about
1.69 Ibs. P per acre and from con-
struction sites of more than 11.5
Ibs. P per acre (Daniel et al. 1979;
Sharpley 1995).

¢ In many cases, runoff is reduced
as the stand density of a lawn
increases. The contiguous mass
or matrix of aerial shoots of turf-
grass plants creates a “tortuous
pathway,” slowing the flow of water
and allowing greater infiltration
(Linde et al. 1995; Kussow 2008).
In one investigation conducted
on a mixture of cool-season turf-

grasses, runoff was reduced three-
fold when infiltration increased
as shoot density increased in
response to fertilization (Easton
and Petrovic 2004).

Returning clippings to the lawn
as it is mowed does not appear to
contribute to P runoft (Bierman

et al. 2010).

Surface roughness coefficients
are commonly used by civil engi-
neers to predict the potential of
surfaces to contribute to overload
water flow. High coefficient values
reflect a potential for less runoff.
In a simulated rainfall experiment,
pavement had a low roughness
coetficient (about 0.01); Short
grass prairie, a value of 0.15; and
both bluegrass and bermuda-
grass sod, a value of about 0.4
(Engman 1986).

Most or all of the runoff from
lawns can occur when soils are
frozen or saturated (Kussow 2008;
Steinke et al. 2007). A study eval-
uating the effect of prairie and
turf buffer strips on runoff from
concrete slopes revealed that a
vegetative buffer twice the size of
the sloped (5%) concrete area
reduced annual runoff by more
than 60%, compared to a 1:1
concrete-to-buffer design (Steinke
et al. 2007). However, the 1:1
concrete-to-buffer design was
effective, allowing less than 1.5%
of precipitation to run off during
non-frozen conditions. Most of
the runoff from both prairie and
turf plots occurred when soils
were frozen, at which time runoff
totals for both types of vegetation
were similar.

Many naturalized areas in a home
landscape have a rough texture
and are capable of retaining pre-
cipitation. A properly designed
and sized, bermed rain garden
(flat-bottomed depression planted
with trees, shrubs and native veg-
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Table 1. Symbol, lonic Form and Relative Soil Mobility of Thirteen Essential Plant Mineral Nutrients.

Major
Nutrient

Symbol

lonic Form(s)
Common
Absorbedy

|
By Plants

Relative

Mobility in Soil

Nitrogen N NH4*, NO5 NH,4* Immobile;
NO;3;™ Mobile

Phosphorus P H,PO,, HPO,% Mainly Immobile

Potassium K K* Somewhat Mobile

Calcium Ca Ca?* Mainly Immobile

Magnesium Mg Mg?* Immobile

Sulfur S 5@ Very Mobile

Boron B BO;> Mobile

Chlorine a cr Mobile

Copper Cu Cu?* Immobile

Iron Fe Fe2* Fe’* Immobile
Manganese Mn Mn2* Mobile
Molybdenum Mo MoO,> Somewhat Mobile
Zinc Zn Zn? Immobile

! Soil texture, structure, pH, clay type and organic-matter content influence nutrient retention and/
or plant availability in scil (Roberts 2000). For example, sandy soils usually hold fewer nutrients
and have higher water-infiltration rates than soils high in clay (e.g., clay, clay loam, sandy clay
and silty clay). The availability (solubility) of boron, copper, iron, manganese, phosphorus and zinc
for uptake by plants is reduced in soils having a very high pH. Other nutrients (including calcium,
magnesium, potassium and sulfur) are readily available for plant uptake from soils with a high pH.
Montmorillonite clay is capable of holding more nutrient cations (positively charged ionic form)
than illite or kaolinite. The nutrient-holding capacity of a soil most often increases as the organic-
matter content increases.

etation) or turf swale can intercept
flowing water before it reaches
an impervious surface (Asleson
et al. 2007; Schneider 2007).

Soil compaction may contribute
to runoff. A study of 15 lawns in
central Pennsylvania revealed that
a soil’s condition, structure and
history may be more likely to af-
fect water infiltration rates in lawns
than the texture (percent sand,
silt and clay) of the soil (Hamilton

and Waddington 1999). The
researchers noted that the condi-
tion, structure and history of a soil
are largely a function of construc-
tion practices before planting.

Recent research in an upper Mid-
west lawn demonstrated that, in
some cases and over time, the
effect of pre-plant soil compaction
on the rate of water infiltration
may be less of a problem than
perceived (Kussow 2008). A silt
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loam soil with a 5% slope was
intentionally compacted using a
vibratory roller before an addi-
tional 3 inches of silt loam topsoil
was placed on top of the com-
pacted area and either tilled or
left in a layer before seeding
Kentucky bluegrass. By year two
of the study, runoff amounts from
both compacted and non-com-
pacted plots were similar (e.g., 1.2
to 1.5 inches of runoff annually
from 25.2 total inches of annual
precipitation).

Core aerification of established
turfgrasses growing in compacted
soils can improve the speed at
which water moves into soil
(Partsch et al. 1993; Stier 2000).
The growth of turfgrass roots,
freezing and thawing of soil and
the activity of soil macro-organisms,
including earthworms, can also
improve infiltration (Easton et
al. 2005).

The loss of sediment from healthy
lawns is often very low (Soldat and
Petrovic 2008) and is unrelated
to the level of P in soil unless it is
unusually high (Soldat et al. 2009).
The small but consistent level of
soluble P in runoff waters from
turt probably originates from plant
tissue (Soldat et al. 2009).

When reactive P loss from unfro-
zen turf fertilized for three years
with a high P:N (1:2) fertilizer was
compared to reactive P loss from
unfrozen turf receiving a low P:N
(1:27) fertilizer, a K:N fertilizer and
no fertilizer annually, a significantly
greater reactive P loss (0.1 Ib. P per
acre) from turf receiving the high
P:N fertilizer occurred in the first
year only (Bierman et al. 2010). In
the second and third years of the
study, reactive P losses from non-
fertilized turf were greater than
those from any of the fertilized
turfs. The researchers attributed
this increase to limited density and
higher runoff volumes compared
to fertilized turfs.
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Final thoughts
Runoff from lawns is typically 5% or
less of precipitation if the soil is not
saturated or frozen and the lawns are
not maintained on severe slopes. Nutri-
ent loads in runoff from urban areas
appear to be directly related to runoff
volume, which can be reduced by
maintaining a dense lawn and, possi-
bly, by creating swales of turf and/or
bermed rain gardens between vege-
tated sites and paved areas designed
to concentrate and funnel runoff
into storm sewers or surface waters.
Nitrogen and P should not be ap-
plied to turfs when soils are saturated
or frozen, or when turfgrasses are not
actively growing or are dormant. Phos-
phorus should be applied in accord-
ance with soil-test recommendations.
If turf is irrigated, water should not
be allowed to “pool” on the lawn sur-
face for long periods of time or to
move onto impervious surfaces such
as driveways, sidewalks and roads.
Similarly, fertilizer granules lying on
impervious surfaces after fertilizing
should be brushed or blown back
into the lawn. %
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