
The primary objective of this effort is

to assess the watershed scale hydrologic

and surface water quality impact from a

well managed golf course. Once baseline

conditions are determined, we hope to

change the management or introduce best

management practices that will reduce the

transport of nutrients and pesticides. 

The study site is located on

Northland Country Club (NCC) in Duluth,

MN. The site is a near ideal hydrologic and

water quality research area, as the study

site has only one inflow location and one

outflow location. The study area is located

along a stream on the northeastern part of

the NCC golf course. This area forms a

discrete drainage area composed of six

complete holes, three partial holes and

unmanaged areas of mixed northern hard-

woods and bedrock outcroppings. Water

quality enhancement or degradation

between the inflow and outflow point is

contributed by the course. 

The inflow to the course origi-

nates from a low-density housing and

forested area comprised of approximately

80 ha. Eventually, all surface drainage on

the golf course migrates toward Lake

Superior.  The deep to moderately deep

clayey soils over bedrock have some

increased risk of surface runoff. A regime

of integrated management practices

(mechanical, cultural, biological, and

chemical) to control fertility, pests, irriga-

tion, and turf growth conditions are used to

maintain the expected level of turf quality

and optimize the total use of fertilizer and

pesticides. Grasses on the course are pri-

marily creeping bentgrass (Agrostis
stolonifera L.) and Kentucky bluegrass

(Poa pratensis L.). 

Initiated in 2003, surface and sub-

surface water chemistry data have been

collected during the growing season (April

15 - November 15) from a 21.8-ha sub-

area of the Northland Country Club Golf

Course in Duluth, MN. The assessment

includes analyses of hydrology, nutrients

(ammonium, nitrate, total nitrogen, dis-

solved reactive phosphorus, and total

phosphorus) and pesticides (2,4-D and

chlorothalonil). 

Automated collection systems

with bubbler technology were installed and

discharge is recorded on a 10-minute time

interval during the growing season.

Discharge is measured with 3-ft H-flumes

located in the stream at the inlet and outlet

points. For the 4-year period of record

(2003-2006), the average discharge-coeffi-

cient was 0.48. Water samples are collect-

ed based on a flow proportional sampling

scheme which allows both base flow and

storm event sampling. 

During the 2003 through 2006

growing season, a combined total of 516

samples at the inlet and 705 samples at the

outlet have been collected.  Nutrient load

attributed to the course was 0.02 kg ha-1

per year NH4-N, 0.62 kg ha-1 yr-1 NO3-N,

0.14kg ha-1 yr-1 DRP, 3.15 kg ha-1 yr-1 TN,

and 0.22 kg ha-1 yr-1 TP. Measured pesti-

cide load was 5.0 g ha-1 yr-1 2,4-D and 10.9

g ha-1 yr-1 chlorothalonil. Nitrogen loss

was approximately 7.3% of applied N

while phosphorus loss was approximately

1.1% of applied P during the same period.

Less than 1.0 % of the applied

chlorothalonil and 2,4-D were lost in sur-

face flow. Roughly 30 to 50% of the nutri-

ent and pesticide loads were cycled

through the subsurface drain lines prior to

entering the surface flow. 

In 2007, the superintendent initi-

ated a no-phosphorus fertilizer program. In

2008, we plan to introduce surface amend-

ments to enrich the buffer areas around the

stream and tile surface inlets to combat the

phosphorus and pesticide transport. 
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Objectives:

1.  The primary objective of this effort is to assess the watershed-scale hydrologic and surface water quality impact 

from a well managed golf course.

2007 USGA Turfgrass and Environmental Research Summary

Summary Points

Hydrologic and water quality data have

been collected at the inlet and outlet since

April 2003 and from subsurface tile

drainage outlets since April 2004. 

Varying degrees of nutrient concentra-

tions have been detected in the surface and

subsurface flows.

Nitrogen and phosphorus loadings

from the course are generally less than

loadings reported for agriculture. 

Turfgrass pesticides exiting the course

in surface flow have been detected at a

range of concentrations.

Nutrient and pesticide transport in sub-

surface drainage accounts for a consider-

able fraction of the total transported

amounts.

51



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU ([Based on 'AP_Press'] Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


