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Nutrient Movement from
the Lawn to the Stream

re lawns a significant source of nutrients to

urban streams? The answer to thisfrequently

asked question appearstobe“maybe.” Onthe
one hand, over-fertilization of home lawns has been
frequently cited asanimportant and controllabl e nutri-
ent sourcewithin urbanwatersheds, and hasbeenakey
element of many local outreach and pollution preven-
tion campaigns. On the other, turfgrass researchers
report that well-tended lawns produce minimal runoff
and nutrient export. Inthisarticle, weexploretheques-
tionof whether nutrientsaremovingfromthelawntothe
stream, by examining three areas:

¢ Trendsinurbanfertilizer use
* Research on the nutrient cycle in urban lawns
¢ Actual nutrient levels recorded in urban steams

Thearticle beginswith an analysis of recent trends
in lawn fertilization recommendations, and then sum-
marizeswhat we know about actual fertilizer applica-
tions and behavior by the homeowner and lawn care
companies.

Next, the nutrient cycle of the lawn is described,
including major inputs, storage components, and out-
puts of nitrogen and phosphorus. Potential nutrient
inputsincludefertilizer applications, atmospheric depo-
sition, runon from impervious areas such as rooftops,
irrigationwater with elevated nutrient content, fixation,
and decomposition of clippings|eft on the lawn. Stor-
age componentsincludesoil, thatch, and standing turf.
Potential outputsincludevolatilization, denitrification,
runoff, leaching, and clippings not |eft on the lawn.

Lastly, the article reviews monitoring data from
nearly 40 residential watersheds across the country to
detect whether nutrient levels in urban streams are
elevated during storm events, in relation to other land
uses or nutrient sources.

TrendsinUrban Lawn Fertilization

Historical Fertilizer Use

Fertilizer usemushroomed after WorldWar 11 along
with the chemical industry. Fertilization rates recom-
mended by turf researchers and garden writers also
grew sharply duringthisperiod. A typical recommenda
tion prior to 1940 was 44 poundsof nitrogen* fertilizer
per acreper year (Jenkins, 1994).

By the 1965 edition of the popular America’ sGar-
denBook, recommendedfertili zationrateshad climbed
t0283 poundsnhitrogen per acreannually. Somefertilizer
recommendationsduringthe1970swereashighas348
poundsper acreper year (Jenkins, 1994). By 1984, EPA
estimated nearly amillion tons of chemical fertilizers
were applied yearly across the nation’ s lawns—more
than Indiaapplied to all itsfood cropsin the sameyear
(Bormann, 1993).

Inrecentyears, thetrendtoward ever greater fertili-
zation has begun to change. Part of thisis due to the
recognition that excessnutrientscan degradethewater
quality of streams, lakes, and estuaries. Also, hardier
grasses such as fine fescues and native buffalograss
have become more popular in response to growing
water shortages. Thesetough grasseshavelower nitro-
gen requirements than other grasses (Schultz, 1989).
Lastly, turf research documented that lawn clippings
can providesignificant nutrient valueand hel ppromote
dense and vigorous grass. |n response to these trends,
some extension agents are now recommending lower
nitrogen fertilization rates. For example, according to
the Northern Virginia Soil and Water Conservation
Digtrict a good rule of thumb is to use half of the
manufacturer’ srecommended application—generally
less than 44 Ibs/acre in any single application. Other
current extension and garden literature recommenda-
tionsrangefrom 87 to 174 Ibs/acrelyear of nitrogen.

*

Lawn feeding recommendations are often expressed in terms of nitrogen since this nutrient keeps grass green and
soft by promoting rapid leaf growth. The vast majority of retail lawn fertilizers are “complete” fertilizers, meaning
they contain nitrogen, phosphorus, and potassium. Nitrogen stimulates leaf growth; phosphorus enhances stem
and root strength (as well as promoting flowering); and potassium encourages seed-ripening and stress-tolerance.
Phosphorus and potassium also impart insect and disease resistance. The percentages vary, from nitrogen-heavy
formulas such as 29-3-4 to more even-handed formulations such as 10-6-4, or 10% nitrogen, 6% phosphorus, and

4% potassium by weight.
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Table 1: Summary of Lawn Care Surveys

Lawn care
study Wisconsin Virginia Maryland Maryland Minnesota
Reference Kroupa & Aveni, Kroll and Smith et al., Dindorf,

Associates, 1995 1994 Murphy, 1994 1993 1992
Homes 204 100 484 403 136
surveyed
Proportion 54% 79% 38% 87% 85%
of homes (69% home- (85% home- (18% had
that use owner applied) owner applied) soil tested)
fertilizers less than 20%

had soil tested

Number of 24 no data 1 (37%); no data no data
applications reported 2 (31%); reported reported
per year 3-4 (16%)

Homeowner Fertilization Behavior

Surveys suggest that roughly 70% of al lawnsare
regularly fertilized, regardless of whether additional
nutrientsareneeded (Table1). For example,inMinne-
sota, 85% of respondentsreported using fertilizers, but
only 18% had their soil tested to confirm the need
(Dindorf,1992). Likewise, 79%0f Virginiahomeowners
used fertilizers, but lessthan 20% had their soil tested
(Aveni, 1994).

Few homeownershbother to contact thelocal exten-
sionofficefor recommendedfertilizationrates. | nstead,
most rely onthelocal hardware store or garden center.
Infact, asurvey in Virginiafound that product |abels
werethenumber oneinformationsourcefor homeowners,
whileCooperativeExtension Servicerankedlast (Aveni,
1994). Label directions vary in terms of specificity.
Whileall labelsindicate how many square feet the bag
should cover, eachtakesadifferent approacheson how
often the product should be applied. Some specify two
or threeapplicationsper year. Othersgivenofreguency
at al and say “may beapplied at any season.” Interest-
ingly, theinstructionsfor bagged fertilizer fail to men-
tion soil tests.

Depending on the type of lawn care product, a
homeowner might apply anywherebetween 44 and 261
Ibs. nitrogen/acreand from four to 26 1bs. phosphorus/
acreeachyear. Still, thisbegsthe question of whether
or not homeownersfollow packagedirections. Thereis
very littleactual dataon homeowner application rates.
A survey of homeowners in Long Island found an
averageapplicationrateof 107 Ib. nitrogen per acreper
year (Morton, 1988.) In a Wisconsin survey, 66% of
homeowners reported applying exactly the amount

recommended, 31% reported using less, and only 3%

reported using more than the recommended amount
(Kroupaand Associates, 1995.) Whilethat i sanencour-
aging statistic, it must be remembered that it isaself-
reported one(i.e. without verification).

What about homeowners who rely on others for
their lawn care? About two-thirds of all homeowners
performtheir ownlawn care, withlawn carecompanies
servicingtherest. Still, insomemoreaffluent neighbor-
hoods, asmany as 50% of lawns may be managed by a
service. Fromthemid 1960sto themid 1980s, thelawn
careserviceindustry grew at arateof 25t0 30% per year
(Jenkins, 1994).

Lawn care companies usualy offer a variety of
service plans, but the most common isabasic service
plan that consists of fiveto eight visits per year. Most
visitsaredual -purpose, in that fertilizer and pesticides
are both applied. Unless a customer specifically re-
guestsasoil test or aspecial applicationrate, mostlawn
companies give every lawn serviced by the company
the same rate of fertilization. Morton (1988) reported
that many commercial lawn care servicesapply 194 to
258 Ibs/aclyr of nitrogen.

Homeowner surveysalsoindicatethat spring fertili-
zation is till common in cool-season grass regions.
Somehomeownersevenreportedfertilizinginwinter. In
any event, homeownersand lawn care companies may
not alwaysapply fertilizer at theoptimal time. Still, no
matter how muchfertilizerisappliedtothelawn, thekey
guestion iswhether enough of it findsitsway to urban
streams to cause water quality problems.

TheNutrient CycleintheUrbanLawn

Thenutrient cyclein anintensively managed lawn
is quite complex, and consists of many interacting
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inputs, outputs and storage components. A better
understanding of the urban lawn nutrient cycle can
identify important nutrient pathways, and hel pestimate
the potential for nutrient export. A schematic of the
major elementsof thenitrogen and phosphoruscycleis
showninFigurel.

In the absence of fertilization, nitrogenisfoundin
three mgjor formsin the urban lawn (Figure 1a). The
largest quantity of nitrogenispresent in organic form,
either inthe soil, thatch or grassitself. Thelargereser-
voir of organic nitrogen, however, cannot be taken up
by plant roots until it is converted into more soluble
inorganic forms, such as nitrate and ammonium. The
process is facilitated by microbes and bacteriawithin
the soil that are continually breaking down organic
nitrogen into ammonia, and ultimately, into nitrate.
Most grass plants prefer to take up nitrate nitrogen,
although some species (especially on acid soils) can
takeupammonia-nitrogenaswell. Sinceinorganicnitro-
gen is quite soluble, it moves with soil water and can
leach out of theroot zone. Thelast formisatmospheric
nitrogen gaswhich is present in the pore spaces of the
soil and can be converted into inorganic nitrogen by
nitrogen-fixing bacteria found in leguminous plants
(such as clover).

The phosphorus cycle on urban lawns is slightly
lesscomplex (Figure 1b). Phosphorusisprimarily found
in two forms: phosphate (PO,) and other forms of
soluble phosphorus (that has weathered from rocks or
been released during the decomposition of organic
matter), and organic phosphorus (that is contained in
organic matter in the soils, thatch and grass itself).
Phosphateispresentinsmall quantities, andistakenup
directly by grassroots, whileorganic phosphorusisnot
available for plant uptake until decomposers break it
down into solubleforms.

Much of our knowledge of each pathway in the
urbannutrient cycleisderived from experimental plots
rather than field monitoring. In addition, most studies
have focused on asingle component of the lawn nutri-
ent cycle (e.g. applied fertilizer, leaching), rather than

attempting to model the full dynamics of the turfgrass
cycle. Thus, we haveavery dim understanding of how
inputs shift nutrients from one component to another,
or how rates of transport are controlled. The schematic
does suggest that internal storage components such as
soil, thatchand clippingsareamajor element of thecycle
and will influence the pollution potential of a given
fertilization or watering regime. Thisal so suggeststhat
estimatesof theamount of fertilizer neededfor turfgrass
should credit supplemental nutrient sources such as
atmosphericdeposition, thatch, mulched clippings, and
irrigationwater.

Input 1. Fertilizer Application

As aready discussed, there is some uncertainty
about actual fertilizationratesfor homelawns. Still, itis
clear that fertilization rates can approach significant
levels. Table2 offersacomparisonof fertilizationrates
among several land uses. It showsthat nitrogenamounts
commonly applied by homeownersrival thoseapplied
to golf fairways and crops. Lawn care services appear
to apply morenitrogen than isused on cropland or golf
courses. Home lawns, however, receive less phospho-
rus inputs than other crops.

Input 2: Atmospheric Deposition

The contribution of airborne nutrients to the lawn
has long been ignored even though studies in the
Washington metropolitan area estimate 17 Ibs/ac of
nitrogenand 0.7 |bs/ac of phosphorus(MWCOG, 1983).
Sources of airborne nutrientsinclude power plant and
vehicleemissions. Atmospheric depositionto surfaces
other than the lawn may also reach the lawn through
runon.

Input 3: Runon from Impervious Areas

Impervious surfaces collect nutrients from atmo-
spheric deposition, pet wastes, and blown in organic
matter. These nutrients are easily washed off the sur-
facesinstormwater runoff. When runoff fromimpervi-

Table 2: Comparative Chemical Application Rates in Pounds/acrel/year in Maryland

(Klein, 1990)
Home Home
Golf lawn lawn
Chemical Cropland* fairway Greens (do it yourself) (lawn service)
Nitrogen 184 150 213 44-261 194-258
Phosphorus 80 88 44 15 no data
Pesticides 5.8 37.3 45.1 7.5 no data

* Corn/soybean rotation.
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ous areas flows onto lawns, this runon becomes a
nutrient source. Rooftops are probably the greatest
sourceof runon, and they can supply moderate concen-
trationsof nitrogenand phosphorus. Bannerman (1994),
for example, reported total phosphorus levels of 0.15
mg/l in residential roof runoff. Thomas and Greene
(1993) reported nitratel evel sof 0.1t00.3mg/l inrooftop
runoff.

Input 4: Nutrient Content in Irrigation Water

Many Midwestern municipalitiesare experiencing
rising nitratelevelsin public water supply wells. Exner
and colleagues(1991) irrigated Nebraskaturf plotswith
municipal water every third day regardless of rainfall
from mid-May through late August. The amount of
nitrogendeliveredintheirrigationwater wascal cul ated
to be 176 Ibs’'ac—morethan theturfgrassrequiredina
full year. Whiletheirrigationlevel in Exner’ sstudy was
designed to beexcessive, theresultsdo suggest that the

nutrient content inirrigation water can beasignificant
input to the lawn in some regions.

Input 5: Nutrient Fixation by Plants

Atmospheric nitrogen (N, gas) is not usable by
plantsuntil itisfixed, combined with oxygen or hydro-
geninto compoundswhich plantscan assimilate. Bac-
terialivinginthe soil (Clostridium) and ontheroots of
certain plants (Rhizobium) are able to fix nitrogen.
Clover, one of the rhizobium-bearing plants, can pro-
videupto 30% of alawn’ syearly nitrogenrequirement
(Olkowski, 1991).

Input 6: Decomposition of Clippings

Petrovic (1990) reviewed nitrogen recovery from
clippings. Recovery compares the amount of nitrogen
present in clippings with the amount applied through
fertilization. For example, if 10 Ibs of nitrogen were
appliedtooneacreof turf, andif theresultant clippings
contained 10 Ibs of nitrogen, nitrogen recovery would
be 100%. Petrovic reports that recovery percentages
vary withgrassspecies, rateof fertilization, andtherate
at whichthenitrogen containedinthefertilizer becomes
available. Forexample, at similar fertilizationrates, 99%
recovery wasobservedinperennia ryegrasscompared
to60% recovery increeping bentgrass. Asfertilization
ratesincreaseabovetheoptimum, thepercent recovery
declines. For fertilizersthat release most of their nitro-
genwithinoneyear, recovery percentagesranged from
25t060%. Recovery a sovarieswith soil type, but there
is less information available. One study found a 9%
recovery differenceinsiltloamvs. clay loam (Petrovic,
1990).

Researchersat the University of Connecticut Agri-
cultural Station usedradioactivenitrogentotrack what
happened to applied nutrients when grass clippings
wererecycled. They found that nitrogen fromtheclip-
pings was incorporated into new grass growth within
aweek. After three years, nearly 80% of the applied
nitrogen had been returned to the lawn through the
clippings (Schultz, 1989). The Rodale Institute Re-
search Center reportsthat an acreof clippingsprovides
an average of 235 pounds of nitrogen, 210 pounds of
potassium, and 77 pounds of phosphorus (Meyer,
1995). Thus, if al clippingsarereturnedtothelawn, they
can meet much of the nutrient requirement.

Sorage Component 1: Soil Storage

Soil isthelargest reservoir of nutrientsinthelawn,
although most nutrients arefound in organic formand
arenot readily availablefor plant growth. Soil testsin
New Jersey found very high phosphorus levelsin the
soil of 80%of residential lawns(Liptak, 1992), but runoff
studies have not examined the impact of long-term
phosphorus buildup. In most regions, soils generally
contain enough phosphorus to grow healthy lawns
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without any added fertilizer (NVSWCD, 1994). How-
ever,almostall retail lawnfertilizer productsdocontain
phosphorus. Somelocal soil conservation districtsare
now offering special no-phosphorusformulafertilizers
tohomeowners. Ingeneral, most expertsagreethat most
lawn soil contains enough phosphorus to meet plant
demand.

A soil’s ability to store nitrogen in organic forms
risesasorganic matter increases. An undisturbed lawn
usually adds organic matter (and thusincreases nitro-
gen storage) until equilibrium is reached. One study
showed that nitrogen accumulated rapidly in the sur-
face layer for the first 10 years, and then was little
changed after 25 years (Petrovic, 1990). Thissuggests
that prior fertilization history or soil testing areimpor-
tant for determining appropriatefertilization ratesand
reducing the potential for nitrogen leaching.

Sorage Component 2: Thatch Sorage

Thatchisabrownlayer of plant partswhichrestson
top of the soil. Thatch is composed of dead roots,
stolons, and rhizomes. The amount of thatch presentis
highly variable, since thatch buildup can be caused by
poor soil conditionsand/or poor lawn management. In
casesof extremethatch buildup, alawvnmay actually be
rootedinthethatchlayer rather thantheunderlying soil.
Somestudiesprovidenitrogenrecovery datafor stems,
leaves, roots, and “debris’ combined, but they do not
report the amount of thatch present. In general, how-
ever, little data are available on nutrient storagein the
thatch layer. One study reported a14 to 21% recovery
rate of applied nitrogen in the thatch layer (Petrovic,
1990).

Output 1: Volatilization

Someof theinorganic nutrientsapplied tothelawn
never reach plants. I nstead, they volatilizeandreturnto
the atmosphere, often during or shortly after fertiliza-
tion. Petrovic (1990) reviewedliteraturereportingtotal
atmospheric losses of applied nitrogen which ranged
from zeroto 93% of applied nitrogen. Highest rates of
volatilization are associated with applications of urea
fertilizers. Ureaappliedtoturfgrassoftenresultsinmore
volatilizationthan ureaapplied to baresoil. Volatiliza-
tion also increases with greater thatch levels and de-
clineswhenturf isirrigated.

Output 2: Denitrification

Under the right conditions, some soil bacteriacan
denitrify, or convert nitratesto molecular nitrogen(N.)
which returns to the atmosphere. The question is how
much nitrateislost to denitrification rather than leach-
ingor plant uptake. Limited studiesof lawn denitrifica-
tionindicatethat if soilsaresaturated and temperatures
are high, significant denitrification can occur. For ex-
ample, Petrovic (1990) reports that 45% of applied

nitrogenonsiltloamand 93%onsilt soil denitrified, and
was lost to plants.

Output 3: Surface Runoff

Relatively littlemonitoring dataisavailabletochar-
acterizeloss of nutrientsin surface runoff from lawns.
Only one study has measured phosphorus concentra-
tionsinlawnrunoff (Bannerman, 1994). ThisWisconsin
study found total phosphorus concentrations were as
high as 2.6 mg/l in lawn runoff, ranking as the highest
urban source areafor that nutrient. Three studies have
detected nitrate in surface runoff from turfgrass plots.
Morton et al. (1988) detected nitrate at oneto 4 mg/1
from simulated lawns in Rhode Island, but noted that
runoff only occurred twice during histwo year study,
once during arain on snow event and the second time
during avery intense storm. Gross and his colleagues
(1990, 1991) found minimal nitrateconcentrationsinhis
Maryland turfgrass test plots, except when fertilizer
applicationscoincidedwithlargestormevents. Hipp et
al. (1993) reported a 3% nitrate loss in test lawns in
runoff from a storm two days after fertilization, but
found negligible concentrationsin xeriscaped plots.

The scarcity of nutrient runoff from grass reflects
the fact that surface runoff isarelatively rareeventin
turfgrass research. Well maintained turfgrass seldom
produces surface runoff, except during uncommonly
intense storm events. Test plots also have ideal soil
conditions. The same controlled and well-managed
conditions probably do not exist at al home lawns.
Many lawn soilsarehighly compacted, and haverunoff
coefficientsrangingfrom0.05t00.25(seearticle129).1n
addition, thetravel distancefor runoff betweenthelawn
and animperviousareamay also be short. Certainly, it
isnot hardtofind homelawnswith compacted soil, bare
spots, steep slopes, channel flow, thin turf, and fertil-
izedsidewalks.

Output 4: Subsurface Leaching

Turfgrassresearchershaveperformed morestudies
onthepossibleextent of nitrateleachingfromsimulated
urbanlawns(for asummary, seearticle 132). Leaching
occurs when excess inorganic nitrogen moves below
theroot zone, andtravel sinsolutionthrough soil water,
eventfully reachingastream or movingintodeepground-
water. Theexperimentsspecifically examined someof
the poor management factorsthought to occur onhome
lawns, most notably over watering and overfertilization.
In controlled studies, the average concentration of
leached nitrateunder homelawnsthat werenot fertilized
was about 0.5 mg/l. Leachate from lawns that were
overfertilizedrangedfrom 1to4 mg/l intheexperiments.

The greatest leaching occurred when lawns were
overfertilized and overwatered at thesametime. Inthis
situation, high nitrogen inputs are more susceptible to
leaching because the overwatering sharply increases
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percolationthroughthesoil. Thehighest ratesof nitrate
leaching have been recorded from golf courses that
have been continuously fertilized for many decades
(Cohen et al., 1990). Average concentrationsof 1to 6
mg/l wererecorded intest wells. In most cases, nitrate
leaching is also very pronounced in sandier soils that
have rapid infiltration rates. Densely populated Long
Island relies on groundwater that is overlain by sandy
soils, and groundwater nitrate concentrations there
haverisensignificantly over thelast 30years. Leaching
of fertilizersisthought to be asignificant contributing
source(Bormannetal., 1993).

Output 5: Clippings

Grasses rapidly take up inorganic nitrogen and
phosphorus and incorporate them into biomass. When
lawnsaremowed, thishiomassisharvestedintheform
of clippings. Over thecourseof ayear, the20to 30lawn
“harvests’ canremoveasignificant quantity of organic
nutrientsfrom thelawn—up to 235 poundsof nitrogen
and 77 Ibsof phosphorusper acreare“lost” inclippings
(Meyer, 1995). If the clippings are left in place (or
mulched by a composting lawn mower) the organic
nutrientsarereturnedtothesoil andthatchlayer, where
somefractioniseventually transformedintomoreavail-
ableinorganic forms. In this case, clippings becomea
nutrient storage component. If, on the other hand,
clippings are bagged and exported as yard waste, the
nutrients contained in clippings become an output. In
addition, any clippings that are discharged from the
lawn to the driveway or street al so represent an output
of nutrients from the system.

Nutrient Concentrationsin Urban Streams

Thebrief review of thelawnnutrient cyclecertainly
indicatesthepotential for leaching or runoff of nutrients
asalossmechanism. Thekey questioniswhether these
nutrient losses are great enough to increase nutrient
level swithinurban streams, either during runoff events
orindry weather flow. Oneindirect meansof answering
thisquestionistolook at the actual nutrient concentra-
tionsin streamsthat drain residential watersheds that
might be influenced by lawn care activity. Nutrient
levelsin urban streams, of course, represent acompos-
ite of many different sources and pathways, of which
lawn careisbut one. For example, washoff of deposited
nutrientsfromimperviousareasisthought to beamajor
source of nitrogen and phosphorus during storms
(MWCOG, 1983). Someinsightsabout thepossiblerole
of lawncaremay haveinregardtostreamnutrientlevels
can be gained from an analysis of the runoff from
residential watersheds.

Some indication of the typical concentrations of
nitrate and total phosphorus in stormwater runoff are
evident in Figures 2 and 3. These graphs profile the
average event mean concentrations (EMCs) in storm
runoff recorded at 37 residential watersheds or

catchments across the United States. The sites repre-
sent avery broad geographic base, and include runoff
monitoringdatafrom 15 states(WA, SD,VA,NC,MD,
IL,MI,WI,MN,KS,FL,CO,GA, TX,CA). Thisdatabase
includes12NURPand 25 post-NURPrunoff monitoring
studies, that collectively sampl ed several hundredindi-
vidual stormevents. Most of theresidential watersheds
werelessthan 200 acresin size.

Theaverage nitrate EMC isremarkably consistent
among the residential watersheds—with most clus-
teredtightly aroundtheaverageof 0.6 mg/l, andarange
of 0.25 to 1.4 mg/l. While the nitrate concentrations
during storms are high enough to be considered mod-
erately eutrophic, thedatado not suggest much of alink
between lawn care and stream quality during storms.
Indeed, researchershave shown that washoff of nitrate
deposited onimpervioussurfacesfromtheatmosphere
can account for nearly al of the observed concentra-
tions(MWCOG, 1983). Thefact that stormnitratecon-
centrations do not appear to be heavily influenced by
lawn careactivitiesmay only reflect thefact that nitrate
leaching would be expected to impact stream quality
during periods of dry weather flow.

Theconcentration of total phosphorusduringstorms
isalso very consistent, withamean of 0.30mg/l, and a
rather tight rangeof 0.10t0 0.66 mg/I (Figure2). About
40% of the observed phosphoruswasfound in soluble
formsthat arebiologically available. Phosphorus con-
centrations of thismagnitude are generally considered
tobemoderately eutrophic, and arecomparabletothose
seeninagricultural streams(Smithetal., 1992). Itisquite
possible that the elevated phosphorus concentrations
seen in residential storm runoff could be partly influ-
enced by lawn care activities, asthe only other major
source, atmospheric deposition, generaly can only
account for about aquarter of the observed TP concen-
tration (MWCOG, 1983). Whether theremaining phos-
phorusis adirect result of fertilization, or an indirect
result of erosion of phosphorus-rich organic matter
(clippings, pollen, leaves or soils), or some other un-
known pathway isamatter of conjecture.

We know next to nothing about nutrient dynamics
in urban streams during periods of dry weather. This
monitoring gap prevents us from detecting whether
nitrate concentrations are in fact elevated by lawn
leaching during the non-growing season (when nitrate
leaching is typically highest). A cursory sample of
nitrate trends does indicate that levels were typically
higherinbaseflow (0.72to2.2mg/l) than duringstorms,
but thesampl esizeistoo small todraw any firm conclu-
sions. | nterestingly, thehandful of baseflow total phos-
phorus observations indicate that TP levels drops
sharply during dry weather periods(0.02t0 0.07 mg/l).

The USGS has recently completed a national as-
sessment of nutrient levels at over 300 urban, agricul-
tural, range and forest watersheds (Smith et al., 1992).
Most of the samples were collected during baseflow
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conditions, although somestorm datawereincludedin
their summary statistics. Urban streamswerefound to
have the second highest nitrate and total phosphorus
levels, second only toagricultura streams. Inparticular,
urban phosphorus levels were frequently as high as
thosefoundinmany agricultural areas, except for inten-
Sive row crops.

Our historical approach to monitoring, however,
has never allowed usto really test the hypothesis that
urbanlawnfertilizationdirectly contributesto elevated
nutrient|evelsinstreams. Systemati c monitoring of dry
weather nitrateconcentrationsof urban streams, coupled
withdetailed watershed surveysof residential fertilizer
usewould permit atest whether theselinksexist. Simi-
larly, amoreexperimental sampling program might de-
tect the source of total phosphorus in urban storm
runoff. Thesampling approach couldinvolvetest plots
of fertilized and unfertilized lawns adjacent to streets,
withanexperimental devicethat all owstheinvestigator
todlow or block lateral movement of organicmatter from
the lawnsto the street. M ore targeted monitoring pro-
grams are clearly needed to define the lawn/stream
nutrient interactions.

Nutrient Impacts

Althoughtheroleof urbanlawn careremainssome-
what of amystery, anumber of conclusionscanbemade
about nutrient concentrationsin urban streams. Onone
hand, monitoring hasnever shownasingleexceedance
of the 10 mg/I nitrate criteria for drinking water, and
therefore, urban runoff isnot much of arisk to potable
water supplies. On the other hand, concentrations of
total nitrogen and phosphorus in urban runoff are
certainly high enough to trigger eutrophication (or
over-enrichment) in nutrient sensitive surface waters.
In this respect, urban watersheds that drain to olig-
otrophicor mesotrophiclakes(wherephosphorusisthe
limiting nutrient) or poorly flushed coastal waters and
estuaries(wherenitrogenislimiting) appear to bemost
vulnerable to eutrophication. The impact of elevated
nutrient levels on small streams and their substrates
have not been extensively explored, but several re-
searches have reported changesin periphyton growth
in urban streams.

Needed Resear ch

For all the runoff research done on experimental
turfgrassplots, weknow very little about actual lawns.
There are more real world data on complex natural
ecosystems such as forests and wetlands than on the
comparatively simple lawn. Experimental results are
extended to homelawnswithout benefit of basicinfor-
mation on the differences between homeowner-man-
aged lawns and professionally-managed test plots.
Simple small watershed studies in different regions
could provideval uableinformation onimportant char-
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Figure 3: Total Phosphorus Concentration in Stormwater

Runoff (37 Residential Watersheds Across U.S.)

acteristics such as soil condition, turf density, thatch
levels, slopes, and plant diversity. Ideally, such studies
would also take place in communities of varying eco-
nomic characteristics. Evenwithout actual runoff data,
abetter characterization of lawnswould aidinterpreta-
tion of the existing body of experimental results.

Summary

We are presently unableto accurately quantify the
impact lawns have on stream water quality. Nonethe-
less, techniquesareavail ableto minimizethepotential
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for nutrient and pesticide exports from turf areas. Re-
quiring no construction or engineering, these tech-
niques can in fact save homeowners time and money.
The prudent course, therefore, isto help homeowners
adopt thisnew approachtolawncare. Seealsoarticles
126, 130, 131 and 132.
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