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Understanding the
Environmental Impact of
Landscape Maintenance

Turf area in US = 2% total land area

Doug Soldat, Ph.D.
Dept. of Soil Science
University of Wisconsin-Madison
www.turf.wisc.edu
djsoldat@wisc.edu
@djsoldat
Milesi et al., 2005

Photo credit: Gaylord Institute for Environmental Studies

Southeast Glacial Plains
USGS comparison of several urban
and rural watersheds
Watershed

Sediment Load

Phosphorus Load

kg/ha

kg/ha

Rural

Median: 113
Range: 15 - 6,000

Median: 0.50
Range: 0.07 – 3.2

Urban

Median: 455
Range: 60 – 1,600

Median: 0.56
Range: 0.23 – 2.1

Adapted from Corsi et al., 1997

Turf Watershed P Loss (kg/ha)
0.33

Most turf studies find 3 – 16 kg/ha/yr
One TX study reported ~100 kg/ha/yr

0.02 – 0.08

Reference
King et al. 2001
Winter and Dillon 2006

0.51

King et al. 2007

0.26

King and Balogh 2008

Adapted from Soldat and Petrovic, 2008
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Phosphorus is an urban problem,
nitrogen is an agricultural problem.

Urban Runoff Sources of Sediment
Construction sites = 60,000 Lbs./Acre

Increasing Percentage of
Turf Coverage

Photo credit: University of Nebraska

Source: UWEX, DNR
Polluted Urban Runoff: A Source of Concern

Urban Runoff Sources
• Construction sites = 60,000 Lbs./Acre

Original Graph
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University of Michigan Study
(Lehman et al., 2009)
• 36 mi2 watershed in Ann Arbor, MI with a P ban
vs. upstream watershed w/o P ban
• 5 kg/day P reduction (28%) May – Sept (other
months not monitored)
– Second year = 17% reduction

• “New P ordinance could have accounted for this
reduction, but was a piece of a larger effort to
reduce P runoff”

“The magnitudes of the TP reductions are
generally greater than DP reductions, even
though DP accounted for 56% (SE= 3%) of TP
at all sites during the reference period and
60% (SE=3%) of TP in 2008. This suggests that
the main effect has been reduction in the
particulate P load of the river.” Lehman et al., 2009
Construction differences?

David Thompson
The Contractors Report

David Thompson
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David Thompson
The Contractors Report
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My Predictions:
Water quality from suburbanizing watersheds will improve
New Housing Starts: Midwest
– Average 2003-2005:
– Average 2008:

350,000
135,000

Water quality from urban watersheds will decline at a rate
proportional to the amount of road construction projects

A Dense Ground Cover is Good
for the Urban Environment
•
•
•
•
•

Reduces runoff
Reduces sediment losses
Reduces nutrient losses
Sequesters Carbon
Increases Groundwater Recharge
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P loss from urban watersheds
• Nine runoff collection plots installed on three
landscapes
High Maintenance Low Maintenance
Turf
Turf

3 fertilizer apps

Wooded Land
Block 2 = Medium Runoff Potential

No fertilizer

No fertilizer

• Runoff collected from all (77) events >0.1 mm
Easton, 2006
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0.025
High Maint.
Low Maint.
Wooded

a
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Total P mass loss - kg ha event

Block 3 = High Runoff Potential

W.S. Area = 820 Acres

Runoff potential most important
factor in predicting P loss
0.02

Block 1 = Low Runoff Potential

a
b

0.015

b

Bierman et al., 2010

• Three year study of runoff under various clipping
management and fertilizer regimes
– Unfertilized turf had greater runoff P than fertilized
turf (zero P)
– Zero P fertilized turf had less runoff P than turf
fertilized with a complete fertilizer

0.01
c

c

0.005
d

c

0
High
Easton, 2006

Medium

Low

Tree Leaf
Phosphorus
• P in street runoff (Waschuch et al.,
1999)

– Madison, WI
– No trees = <0.1 ppm P
– 80% tree canopy = 0.8 ppm
P

• Weekly street sweeping 
P runoff by 42% (Shapiro and
Pfannkuch, 1973, Univ. Minn.)

Photo: B.P. Horgan

Runoff Potential

Storm Water Runoff, Lake Wingra,
WI (Kluesner and Lee, 1974)
“This study indicated that the amount of runoff from the
storm sewer basin could be accounted for by summing the
area of streets in the basin (and in some cases driveways
also). Thus, unless fertilizers were carelessly strewn on the
impervious surfaces, it seems unlikely that the home
gardener would be guilty of adding appreciable amounts of
nitrogen or phosphorus to urban runoff with the types of
soils found in Madison.”
Kluesner, J.W., and G.F. Lee. 1974. Nutrient loading from a separate storm sewer in Madison,
Wisconsin. J. Water Poll. Control Fed. 46(5):920-936.
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Change in Mass Export (kg/ha/yr)
Parameter

Traditional Subdivision

Low-impact Design Subdivision

% Change Compared To Control Watershed
Total Kjeldahl N

+76,361***

-33*

Total Phosphorus

+46,582***

+249**

Total Suspended Solids

+64,323***

+85*

Copper

+8,900***

-50

Lead

+163

-79**

Zinc

+8,650***

-81**

*,**,*** indicate statistical significance at 0.05, 0.01, and 0.001 levels, respectively

$36,562

$118,837
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Carbon and Nitrogen

Dierkes et al.,2002

Source: Gaussoin and Shearman, 2003; Gaussoin et al., 2006

Pouyat et al., 2009

Baltimore, MD

Pouyat et al., 2009

Denver, CO

Qian et al. 2003: Long-term effects of clipping and nitrogen
management in turfgrass on soil organic carbon and nitrogen
dynamics

Law et al. (2004): Average lawn in Baltimore receives 96 kg/ha annually
(2 applications)
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Baltimore Urban Ecosystem Study
(Pickett et al., 2008)
“Lawns … have features that can increase N retention. For
example, they have permanent cover and low soil
disturbance, and they photosynthesize and take up water and
nutrients for a much longer portion of the year than do
forests or agricultural ecosystems. Data from the Baltimore
Ecosystem Study plots show that nitrate leaching and nitrous
oxide flux from the soil to the atmosphere are not markedly
higher in lawns than in forest. Perhaps even more interesting,
variation among the lawns was not related to fertilizer input.
Nutrient cycling in lawns is complex, and the effects of lawns
on water quality are probably less negative than anticipated.”

Century Model Simulation

Qian et al. 2003

• “Total leachate [nitrogen] recovery was 0.23%
over the 2-yr period [1990-1991]… Whether
the N was applied in the spring or late fall,
rapid uptake and immobilization of the
[applied nitrogen] resulted… A wellmaintained turf intercepts and immobilizes
[nitrogen] quickly making leaching an unlikely
avenue of N loss from a turf system.“
(Miltner et al., 1996)

Time for a Paradigm Shift?
• Ag model of N leaching = catastrophic events
(lots of soluble N, low plant density, lots of
rain, low soil organic N)
• Soil nitrogen saturation losses are the main
concern for N in urban areas
– Little soluble N, high plant density
– Potential for high soil organic N
– Soil test for N is plausible?

Long-term turfgrass
Leaching study from
Michigan State
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(Miltner et al. 1996)
(Frank et al. 2006)
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Often quoted line from an often
quoted study:
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Leaching reported minimal from both treatments for 1990-1991

Baltimore Urban Ecosystem Study
(Pickett et al., 2008)
“Lawns … have features that can increase N retention. For
example, they have permanent cover and low soil
disturbance, and they photosynthesize and take up water and
nutrients for a much longer portion of the year than do
forests or agricultural ecosystems. Data from the Baltimore
Ecosystem Study plots show that nitrate leaching and nitrous
oxide flux from the soil to the atmosphere are not markedly
higher in lawns than in forest. Perhaps even more interesting,
variation among the lawns was not related to fertilizer input.
Nutrient cycling in lawns is complex, and the effects of lawns
on water quality are probably less negative than anticipated.”
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Milesi et al., 2005

University recommendations lead to ~10 teragrams/yr
EPA says 800 million gallons of gas are burned each year in the name of lawn
maintenance (2.2 teragrams/year of carbon)
•Carbon cost of fertilizer, water, NOx, Sox, carbon cost of equipment, etc?

Closing the Urban Water Cycle
North Branch of Chicago River

WWTP

WATER: Alternative sources are the
only justifiable source for
recreational/aesthetic irrigation
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• Avg. fertilizer contains 3% P2O5, or
1.3% P, equivalent of dumping 42
bags (50 lbs.) of lawn fertilizer into
lake daily or 15,442 bags annually

www.warmus.com

• Avg. daily discharge: 2.5 x 107 L
• TP concentration: 0.5 mg/L
• Daily TP Load: 12.5 kg (27.5 lbs)

• Using wastewater as
irrigation will reduce volume
discharged into lake and
therefore reduce P load

www.warmus.com

Turfgrass as the solution to
water quality?

Wastewater treatment
plant example

Alternative Irrigation Water Source Case Study
Subdivision

I-94 Runoff
(high salt and
hydrocarbons)

I-94

Wetland Stormwater Filter
A Natural Solution

Increasing depth of holding ponds
increased a 5 day supply to a forty
day supply
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Summary

Summary

1. Some management in urban systems is often
better for the environment than no
management.

4. Soil health and quality is tightly linked to water
quality. We need to improve soil conservation
and remediation practices in the urban
environment.

2. Phosphorus fertilizer is rarely required by turf,
but I do not expect the phosphorus bans to
noticeably affect water quality.

5. Alternative energy sources will further improve
carbon costs of lawn maintenance.

3. Nitrogen fertilization may be at a tipping point,
and improved soil tests for more accurate
recommendations are needed

6. Water and irrigation management will be our
greatest future challenge. Irrigating landscapes
with potable water is (will be) indefensible.
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