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RESEARCH REPORTS

Architectural Approaches for Biological Filtration of Nutrients
In Golf Course Runoff Water

Eric Miltner, Gwen Stahnke, William Johnston, and Geoffrey Rinehart
Washington State University

Construction of golf courses has become
much more scrutinized, monitored, and
regulated over the past decade. Much of
this attention relates to the potential envi-
ronmental impact of a proposed develop-
ment. Irrigation water requirements and
water quality have been at the forefront for
quite some time. Issues now receiving
greater scrutiny include preservation of
wildlife habitat, wetland preservation and
mitigation, and storm water retention. In
addition, in the Pacific Northwest in par-
ticular, sand topdressing and/or building
courses with extensive sand caps to allow
for winter play is becoming the norm.
Recent innovations in golf course design
and engineering are attempting to address
both environmental quality and playability
concerns. Some of the most recent innova-
tions include surface features such as con-
structed wetlands, buffer strips, and graded
filter strips or "bioswales" designed to fil-
ter nutrients from water before it leaves the
site. Although constructed wetlands are not
a new idea, applying this technology for
golf course runoff filtration is. This project
studies the effectiveness of this technolo-
gy.

This project is being conducted at a golf
course on the Olympic Peninsula. A natural
18-acre lake surrounded by wetland is the
drainage basin for 16 of the golf course’s
18 holes. The entire golf course was con-
structed with a 6 to 10 inch deep sand cap.
In addition, "bioswales" (mounded berms),
"wet cells" (low-lying graded areas that
seasonally contain water) and artificial
wetlands were included at edges of fair-
ways and in roughs. These features were
designed to intercept runoff water and
allow for uptake of nutrients from the

water by plants and soil microorganisms.
Soil solution samplers were installed up
gradient, within, and down gradient from
selected bioswales, wet cells, and wet-
lands. Samples are collected periodically
and analyzed for inorganic nitrogen and
orthophosphate (soluble phosphorus), two
potentially important pollutants of surface
and ground water. 

On 13 different dates between May 2002
and November 2003, 314 individual sam-
ples were collected. Most of these (256)
contained below 1 part per million (ppm)
nitrate-nitrogen. Only 14 had nitrate levels
above the EPA drinking water threshold of
10 ppm.  Of the 260 samples analyzed for
orthophosphate, 211 were below the sur-
face water quality threshold of 0.05 ppm.
Some samples indicated accumulation of
nitrate-N in down slope areas, including
bioswales and un-maintained buffers locat-
ed between fairways and constructed wet-
lands. This indicates that soil solution and
nitrate is accumulating in low-lying areas,
as predicted. We have installed additional
samplers that we hope will lead to a better

understanding of these nitrate accumula-
tions. Nitrate concentrations have been
dramatically lower in locations further
down gradient from these accumulations
(within wetlands or in soil on banks of
lake). This indicates that effective filtering
may be occurring in these features as
designed. Sampling will continue through
the spring of 2004.

Summary Points:

w For the vast majority of samples,
nitrate-nitrogen and orthophosphate
concentrations have been well below
the recognized water quality thresholds.
w Nitrate-nitrogen concentrations have
been elevated in certain low-lying tem-
porary collection areas. Down gradient
from these areas, concentrations have
always been greatly decreased in com-
parison.
w The sand-capped fairways do not
appear to be creating high mobility
potential for nitrogen or phosphorus.
w Bioswales, buffers, and wetlands
constructed on the course appear to be
helping to maintain high surface water
quality in the natural lake.     

Objectives:
To monitor the effectiveness of biological filtration techniques that were intentionally incorporated into the design and construction of a golf
course. Nitrogen and phosphorus concentrations in soil solution and surface water are being monitored in several locations, including:
1. moderately sloped drainage basins in fertilized fairways
2. low-maintenance grass buffers, bioswales, and low-lying "wet cells" that seasonally contain standing water
3. constructed wetlands and a natural central wetland and lake that capture surface drainage from most of the golf course.

Start date: 2002
Project duration: 2 years
Total funding: $17,700

Grass buffer and artifical wetland designed to filter contaminants from water before
flowing into natural wetland and lake.

RESEARCH REPORTS

Comparison of Primer, Respond, and Tricure Wetting Agents on a
Putting Green

Geoffrey Rinehart and Eric Miltner, WSU Puyallup

Localized dry spot (LDS) commonly
appears on golf greens and other turf areas
as small roughly circular patches of water-
stressed turf. Spots sometimes coalesce to
form large areas. At the minimum, LDS
results in increased labor costs because
hand watering is required to suppress
symptoms. At its worst, LDS can result in
dead turf.  LDS has been most commonly
associated with sandy soils, excessive
thatch, decomposing organic matter, and
exudates produced by basidiomycete
fungi. All of these conditions are often
present on sand-based golf greens. Wetting
agents, or soil surfactants, have traditional-
ly been used to moderate these problems.
Wetting agents may assist water in more
thoroughly and uniformly wetting the soil,
thereby reducing the occurrence of LDS.   

Wetting agents were the topic of discussion
in a monthly meeting of the WWGCSA in
the spring of 2001. Several superintendents
shared their experiences in using various
products in a number of locations on their
courses. All reported positive results, at
least to some degree. In order to directly
compare these different products and their
effects on water infiltration, we conducted
a study at the WSU Puyallup Turfgrass
Research facility during the summer of
2001. This experiment was established on
a  90% sand / 10% peat (by volume) put-
ting green seeded to ’L-93’ creeping bent-
grass in 1998. The turf was maintained at
0.135" and irrigated with approximately
0.1" water daily, except when rainfall
occurred. This green did not have a severe
localized dry spot problem, but did have
clearly visible variability with regards to
the appearance of water stressed turf.
Three wetting agent treatments were
applied monthly: Tricure (Mitchell
Products, Millville, NJ) applied at 3

oz./1000 ft2; Respond (Service Chemicals,
Daventry, England) applied at 4 oz. /1000
ft2; and Primer (Aquatrols, Cherry Hill,
NJ) applied at 6 oz./ 1000 ft2. There was
also a non-treated control. These rates and
the monthly application interval were
within the manufacturers’ recommended
guidelines for each of the products.
Treatments were applied in a solution of 2
gallons of water per 1000 ft2 and irrigated
immediately afterwards with approximate-
ly 1/8" water to wash the products off the
leaf surface. Applications were made on
June 22, July 30, and August 28, 2001. 

Measurements were made using a Turf-Tec
dual-ring infiltrometer. This instrument
was chosen because it is readily available
and is used by many golf course superin-
tendents. This instrument measures the rate
at which water penetrates the soil profile.
Seven minute and five minute infiltration
measurements were made in two different
locations on each plot every other week
throughout the study. 

To analyze the results, all measurements
were first normalized to express infiltra-
tion as "inches/hour". The five minute and
seven minute measurements for each plot
were averaged together. Statistical analysis
was conducted (analysis of variance), com-
paring infiltration rates for all wetting
agents and the untreated plots on each
measurement date. 

Mean infiltration rate measurements dur-
ing the study ranged from 14.0 - 50.2 inch-
es per hour. Infiltration rates appeared to
increase 2 - 3 weeks following an applica-
tion, indicating possible positive effects of
the wetting agents. Infiltration rates
decreased after approximately 4-5 weeks,
presumably due to surfactant degradation.
Although trends indicate that plots treated
with any of the surfactants demonstrated
higher water infiltration rates than untreat-

ed plots, none of these differences were
statistically significant. The infiltration
measurements were quite variable, not
only among treatment plots, but also with-
in a given plot. This is not surprising since
soil characteristics can be highly variable,
even in sand-based media that appear to be
homogenous. This natural variability
makes it difficult to measure differences
that might be induced by externally
imposed treatments. Visual observations,
however, indicated that all of the wetting
agents improved the uniformity of appear-
ance of the plots compared to the untreated
control. Whether or not infiltration rates
are truly affected, wetting agents may
improve the uniformity of wetting of the
soil profile, improving irrigation efficien-
cy. This saves water with every irrigation
application, and can help reduce or elimi-
nate the need for hand watering. 

The pilot project described in this report
was important in establishing the need for
more research on this issue. We have
received funding from the Golf Course
Superintendents Association of America to
evaluate ten different wetting agents over
two years. We are measuring both turfgrass
appearance and water penetration rates at
various depths in the soil profile. This proj-
ect should result in more detailed informa-
tion on the effectiveness of wetting agents. 

Summary Points:

w Infiltration rates appeared to
increase 2-3 weeks following an appli-
cation before decreasing after approxi-
mately 4-5 weeks, presumably due to
surfactant degradation.
w Trends indicate that plots treated
with any of the surfactants demonstrat-
ed higher water infiltration rates, but
none of these differences were statisti-
cally significant.
w Visual observations indicated an
increase in the uniformity of appear-
ance of turf treated with wetting agents.

Objectives:
To evaluate wetting agent effects on water infiltration on a creeping bentgrass green using an infiltrometer that is popularly used by superin-
tendents.

Start date: June 2001
Project duration: 1 year
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