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Abstract Surface water contamination can often be
reduced by passing runoff water through perennial
grass filters. Research was conducted in 2006 to
2008 to evaluate the size of cool season grass
filters consisting primarily of tall fescue (Festuca
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arundinacea Schreb) with some orchard grass
(Dactylis glomerata L.) relative to drainage area
size in reducing runoff sediment and phosphorus
(P). The soil was Pohocco silt loam Typic Eutro-
chrepts with a median slope of 5.5 %. The grass
filters occupying 1.1 and 4.3 % of the plot area
were compared with no filter with four replica-
tions. The filters were planted in the V-shaped plot
outlets which were 3.7x11.0 m in size. The filter
effect on sediment and P concentration was deter-
mined from four natural runoff events when nearly
all plots had runoff. Filter effect on runoff volume
and contaminant load was determined using total
runoff and composites of samples collected from
12 runoff events. Sediment concentration was re-
duced by 25 % with filters compared with no filter
(from 1.10 to 1.47 gL "), but P concentration was
not affected. The 1.1 and 4.3 % filters, respective-
ly, compared with having no grass filter, reduced:
runoff volume by 54 and 79 %; sediment load by
67 and 84 % (357 to 58 kgha'); total P load by
68 and 76 % (0.58 to 0.14 kgha'); particulate P
(PP) load by 66 and 82 % (0.39 to 0.07 kgha™');
and dissolved reactive P (DRP) load by 73 and 66 %
(0.2 to 0.07 kgha™"), respectfully. A snowmelt runoff
event had 56 % greater DRP concentration compared
with rainfall-induced runoff events. Grass filters re-
duced sediment and P load largely by reducing runoff
volume rather than reducing concentration. Well-
designed and well-placed grass filters that occupy 1.0
to 1.5 % of the drainage area and intercept a uniform
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flow of runoff from a drainage area can reduce sediment
and nutrient loss in runoff by greater than 50 %.

Keywords Sediment - Grass filter - Tall fescue - Water
quality

1 Introduction

Contamination of surface waters with sediment and
nutrients carried in runoff from agricultural fields de-
grade water quality which can result in a critical envi-
ronmental impact. Agricultural land has been identified
as the leading source of N, phosphorus (P), and sediment
loading to surface waters, contributing to eutrophication
that affects nearly 50 % of the lakes and reservoirs in the
United States (USEPA 2003; Gitau et al. 2005). This
pollutant loading is associated with runoff and soil ero-
sion (Culley and Bolton 1983).

Vegetative filter strips, riparian buffers, and grass
filters placed to intercept runoff from a field can be
used to reduce water pollution from agricultural run-
off. Grass filters remove sediment and both sediment
bound and dissolved nutrients from surface runoff by
increasing deposition through adsorption of sediment
and nutrients, reduced runoff velocity, and increased
infiltration (Daniels and Gilliam 1996; Schmitt et al.
1999; Abu-Zreig et al. 2003; Dorioz et al. 2006).
Filters remove primarily larger sediment particles of
sand and silt, while clay particles may be only partially
removed depending on the strip width and water flow
rate (USDA-NRCS 2002; Nighman and Harbor 1997).
Runoff reduction due to infiltration while passing
through a filter strip can account for much of the
reduction in sediment and soluble nutrients reaching
surface waters (Dosskey et al. 2007). Blanco-Canqui
et al. (2004) found 53 % of soluble N and P to be
removed from runoff with 0.7-m-wide fescue filter
strips, mainly because of increased infiltration and
adsorption to organic matter and clay. Clausen et al.
(2000) found that grass filter strips reduced nitrate
concentration in leachate by 35 % and N and P con-
centration in runoff by >70 %. Dillaha et al. (1989)
reported that filtration is more significant for the larger
soil particles, aggregates, and manure particles, while
adsorption is probably more significant with respect to
the removal of soluble pollutants. Dosskey et al. (2002)
estimated that riparian buffers on four different farms
could remove 41 to 99 % of the sediment from field
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runoff if the runoff is uniformly distributed over the
entire buffer area. However, this performance will vary
depending on conditions of the buffer and flow through
the buffer, and the trapping may be reduced when flow
is not uniformly distributed (Helmers et al. 2008).

The effectiveness of grass filters is related to in-
coming sediment and nutrient load, flow rate, grass
height and density, and strip width (Dillaha et al.
1986), as well as degree of submergence (Wilson
1967). Using the process-based VFSMOD model,
Dosskey et al. (2008) found that slope and soil texture
were the most important site factors in determining
filter strip width. Grass filter strip effectiveness is
reduced when runoff inundates the filters as often
occurs where flow is concentrated (Blanco-Canqui et
al. 2004; Dosskey et al. 2002). Topography and micro-
relief of fields and riparian zones often prevent uni-
form distribution of runoff across filters and buffer
areas.

Schmitt et al. (1999) compared 7.5- and 15-m filter
strip (mixed grass—shrub—tree) widths and found that
doubling filter strip width doubled infiltration and
dilution but did not increase sediment deposition.
Moreover, Gharabaghi et al. (2002) found that the first
5 m of the grass filter strip width were critical for
sediment removal with most particles >40 pm cap-
tured within the first few meters of the grass filter
strip. However, Neibling and Alberts (1979) found
91 % of incoming sediment was deposited in the first
0.6 m of the filter strip. Mankin et al. (2007) demon-
strated that adequately designed and implemented
grass—shrub riparian buffers with widths of only 8 m
improved water quality, particularly with adequate
infiltration which accounted for >75 % of the total
soluble solids removal, >90 % of the total P removal,
and >90 % of the total N removal.

Liu et al. (2008) developed a regression equation
between sediment removal and the two variables of
slope and buffer width and found that a 10-m width
was near optimal for sediment trapping and that trapping
efficiency was greater on a 9 % slope compared with
greater or lesser slopes, although the R? values on their
functions point to much unexplained variability. Previ-
ous studies by Fox and Sabbagh (2009) attempted to
develop general statistical relationships between sedi-
ment and/or nutrients trapping as functions of buffer
physical characteristics such as width and slope, but
due to a lack of consideration for hydrological process-
es, they cannot predict strong relationships between the
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variables. Gumiere et al. (2010), in review of numerous
studies, found, however, that filter area slope and width,
at least not wider than 4 m, were not related to sediment
removal, agreeing that to the finding of Neibling and
Alberts (1979) that most incoming sediment was depos-
ited in the first 0.6 m of the filter strip.

Much research has been conducted on composition
and width of riparian buffers and filter strips. Howev-
er, size of grass filters, designed and placed to inter-
cept uniform runoff flows from a field, relative to
drainage area size has been less investigated (Helmers
et al. 2002). Buffers and filter strips commonly occupy
a significant part, ranging from 2 to 67 %, of the
drainage area in studies reviewed by Liu et al.
(2008). There is a large information gap concerning
the size of well-placed filter areas relative to the drain-
age area.

There is a need for additional plot scale studies on
grass filter. This is because of the variation of the
magnitude of trapping efficiency for a given buffer
area ratio with site conditions such as slope, soil
texture, and field practices that also determine the
magnitude of the runoff load from a field and the
trapping capability of a grass filter. Watershed plan-
ners often express desired levels of impact in terms of
a percentage reduction of runoff and nutrient load that
is required to meet some regulatory limit; thus, a
useful quantitative design model, based on such runoff
plot studies, would identify the buffer area ratio of
filter strip that achieves that percentage. The objective
of this research was to determine the effect of size of
perennial cool-season grass filter areas relative to the
drainage area size in reducing runoff volume as well as
the concentration and loading of sediment and P from
a test high soil P with field under natural precipitation
conditions.

2 Materials and Methods
2.1 Study Site and Experimental Design

The effectiveness of grass filters in reducing P and
sediment loading to surface waters was evaluated at
the University of Nebraska Agricultural Research and
Development Center (41°10'34” N, 96°25'51" W).
The elevation above sea level was 345 m (1,132 ft).
The runoff facility was established in 1998 on an
irrigated Pohocco silt loam derived from upland loess

(fine—silty, mixed, mesic Typic Eutrochrepts; texture
280 gkg ' sand, 580 gkg ' silt, and 140 gkg ' clay).
The soil Bray-1 P is 180 ppm, SOM is 3.2 %, and soil
pH is 6.9.

The runoff plot dimension was 3.7 mx11.0 m plus
a V-shaped downslope end to direct flow to an outlet
pipe for runoff and sediment collection. The slope for
individual plots ranged from 4 to 7 %, with a median
slope of 5.5 %. Each plot was enclosed with a 15-cm-
wide metal barrier set approximately 7 cm into the
ground to prevent entry or loss of runoff. Runoff was
channeled to a 5-cm pipe and conveyed to a 450-L
tank. A 22-L bucket was placed within the tank at the
outlet to accommodate accurate measurement of small
runoff events (Fig. 1). A second 450-L tank was
connected via an overflow tube to the first tank to
accommodate very large runoff events. The tanks were
calibrated to relate depth of measurement to volume.

Grass filters were established in the V-shaped outlet
part of the plots (Fig. 5) and occupied 0, 1.1, and
4.3 % of the drainage area. The grass filters were
established by transplanting sod from the surrounding
field that was composed of a 70:30 mixture of tall
fescue and orchard grass in March 2006. Grass estab-
lishment was by transplanting rather than sowing to
achieve earlier establishment of effective grass filters
(Fig. 2). Overall, cover of the V-shaped area with grass
filter was reasonably uniform by the time the experi-
ment was conducted (Fig. 3). Regular maintenance
was done to ensure growth of grass and there is no
artificial lip between the sod and field. No corn or

Fig. 1 Runoff tanks for collecting water samples after each
runoff event
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Fig. 2 Planting fescue grass
at runoff plots. a V-shaped
area of grass 1.5 m wide
before planting. b V-shaped
area after transplanting Fes-
cue grass. ¢ Fescue grass
0.75 m in the first year of
2006

soybean was planted in the grass area. There were four
replications.

Tillage for all plots consisted of preplant disk till-
age. Soil bulk density was 1.12 Mgm > at 0-5 cm

Fig. 3 Experimental plot di-
agram showing the V-
shaped of grass filter area
and connected pipe that di-
rect runoft from plot to run-
off tanks

Metal V-shaped where
grass filters is planted
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depth and soil porosity was 58 %. Corn (Zea mays L.)
and soybean [Glycine max (L.) Merr.] were planted in
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Nha'. Corn and soybean varieties were glyphosate
[N-(phosphonomethyl) glycine]-tolerant and weeds
were controlled with application of glyphosate as
needed. The site was irrigated with a center pivot.
Irrigation did not cause runoff directly but may have
contributed to some runoff events because of higher
soil water content and slower infiltration compared
with nonirrigated conditions. The precipitation was
700 mm plus 346 mm applied in irrigation in 2006
and 803 mm plus 215 mm applied in irrigation in 2007
(Fig. 4). All runoff events occurred from March
through August and were associated with rainfall or
snowmelt.

2.2 Runoff Sample Collection and Analysis

Runoff volume was calculated from the measured depth
of collected runoff in the tank using calibrated equa-
tions. A 1-L sample was taken after thorough stirring of
the runoff and sediment in the tank and stored at 4 °C
until sediment and P analyses were performed. Runoff
samples were collected from 12 runoff events (Table 1).
Composites of all samples weighted according to plot
runoff volume for each event were formed for 2006 and
2007 and analyzed for sediment and P concentration. A
volume of 250 mL of composite samples was calculated
as follows:

A
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e Cumulati in plus irrigation, f’
30 umulative rain plus irrigation, mim 300 c
g
o I_/J 1700
g 60 600 é
3 1500 &
> 2
S 40 400 %
= 2
2 1300 F
l =
20 200 g
I + 100 ©
0 ' t t ; ; f t t t — = 0
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B
120 1200
100 - 1000 g
1S
£ 80 800 £
4 S
E 3
2 60 600 g
=] -
2 o
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E =
a g
20 200 3
0 — —_— I Ay
Jan-07 Feb-07 Mar-07 Apt-07 May-07 Jun-07 Jul-07 Aug-07 Sep-07 Oct-07

Date

Fig. 4 Cumulative rainfall and irrigation and runoff volume for a 2006 and b 2007 events
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Table 1 Characteristics of run-

off events at the University of Date Amount (mm) Peak intensity Mean runoff Runoft depth

Nebraska Agricultural Research (mmh ) volume® (m*ha ') (mm)

and Development Center, east

central Nebraska at Mead 3/31/2006 41 41 25.8 5.07
7/12/2006 89 30 24.2 4.11
7/14/2006 41 31 43.7 5.94
8/8/2006 140 25 57.6 9.61
9/21/2006 48 15 37.4 6.93
9/27/2006 43 17 15.7 2.72
4/25/2007 104 11 252 5.11
5/7/2007 109 18 90.6 12.48
8/7/2007 58 26 12.9 3.25
8/20/2007 61 28 49.5 6.21

Standard error of the mean is 8/29/2007 32 24 4.6 0.73

2.1 and sample standard devia- 9/25/2007 38 20 2.6 0.40

tion is 25.13

Composite sample

_ Z Runoff volume in each event % 250
B Total runoff’ volume from all events ’

Sediment and P load were calculated by multiply-
ing runoff volume by concentration. In addition, run-
off samples for four events in which most plots had
runoff were analyzed separately to determine filter
effect on contaminant concentration.

Sediment concentration was gravimetrically de-
termined by drying 10 mL of unfiltered runoff
sample at 104 °C. Total P was determined on
unfiltered runoff samples using the perchloric/nitric
acid extraction (HCIO4,—HNO;) digestion method
(Olsen and Sommers 1982). Dissolved reactive P
(DRP) in runoff was determined after filtration of
a 100-mL sample to <0.45 um (Pote and Daniel
2000). The difference between total P and DRP
was considered particulate P (PP), and dissolved
unreactive P was included in this difference. All P
fractions were measured colorimetrically at 880 nm with
a Spectronic 601 spectrophotometer (Milton Roy,
Rochester, NY, USA) according to Murphy and Riley
(1962).

2.3 Statistical Analysis

Analyses of variance were conducted for runoff vol-
ume as well as P and sediment concentrations and
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loads using the PROC MIXED procedure for repeated
measures (SAS Institute 2003). Treatments were fixed
effects, and years, replications, and events were ran-
dom effects. Treatment effects on runoff were consid-
ered significant at P<0.1. A combined ANOVA for
two runoff events in 2006 and one in 2007 and a
separate ANOVA for a snowmelt event in 2008 were
conducted to determine treatment effects on contami-
nant concentration. The snowmelt event was analyzed
separately as the ground was frozen and the filter grass
was cut short (10 cm) in the previous fall. Snow event
separation from runoff events in the statistical analysis
is necessary to eliminate the impact of runoff sample
analysis results on snowmelt samples, .i.e., the differ-
ences which can arise for P and sediment results
between snowmelt and runoff samples. During
snowmelt sampling, the ground is frozen, which
will impact on amount of runoff, DRP due to
infiltration, and slow movement of snowmelt com-
pared with runoff events. Meanwhile, the grass
was cut before winter and collection of snowmelts
samples. In this case, grass performance will be
different in the two situations. Therefore, including
runoff events and snowmelt events in the same
statistical model without separating their impact
will result in biased output of P and sediment load
and concentration. The PROC MIXED procedure
was also used for the composite samples made up
from the 12 runoff events of 2006 and 2007 to
determine the filter effect on contaminant concen-
trations and loads.
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3 Results and Discussion

Runoff events occurred during spring and summer
months (Table 1). Runoff volume was related to the
amount of rainfall but not to 1-h peak rainfall intensity.
In Table 1, the rainfall intensity varies over the duration
of rain events. The majority of the rain events were of
light to moderate intensity ranging from 11 to 41 mmh ™"
(Table 1). Although the amount of rain can be high in
some events as in August 8, 2006 (140 mm), the amount
of generated runoff wasn't significant (57.6 m*ha') due
to low rainfall intensity in addition to the effect of grass
filters of reducing runoff velocity and increase infiltra-
tion. Petrovic (1990) and Erickson et al. (2001) reported
that little runoff was generated from turf grass surfaces
compared to other land covers under natural precipita-
tion. Heavier rainfall usually translates into more impact
on the soil surface resulting in larger amounts of sedi-
ment being dislodged and carried away with runoff
water. In Table 1, the event occurred on March 31
2006 with an amount of only 41 mm, resulting in about
26 m>ha ! because the intensity was 41 mmh™'. How-
ever, on the April 25, 2007 event, the amount was
104 mm but the intensity was only 11 mmh™', which
resulted in runoff volume of only 25 m*ha .

The volume of runoff, P concentration, and sediment
loads were low compared to what might be expected in
the field with longer slopes (Fig. 4; Table 2). Slope

Table 2 Grass filter area, as percent of drainage area, effect on
runoff volume as well as on sediment, and P concentrations for
three rainfall-induced runoff events in 2006 and 2007 and a

length affects runoff volume because longer slopes offer
a greater surface area to collect precipitation, increasing
potential runoff volume and nutrient movement. Also,
increasing slope length allows the runoff velocity to
increase. However, grass filters might reduce velocity
and increase infiltration. In Table 2, runoff volume was
significantly reduced by 64 % with grass filters occupy-
ing 4.3 % of the area (from 72.4 m*ha ' t0 26.2 m*ha ")
and only 39 % (72.4 to 44 m>ha ) with grass filters
occupying 1.1 % of the drainage area.

This is a constraint of runoff plot studies and
the results need to be interpreted in terms of
relative effects of treatments rather than absolute
effects on runoff volume and pollutant load. Storm
characteristics such as rainfall intensity and dura-
tion can impact the runoff generation. Studies of
rainfall records show that actual storm distribu-
tions and durations can vary considerably from
event to event. A rainfall may be evenly distrib-
uted over a time period or can vary widely within
that same period. Its duration can also be long or
very short. These different types of rain events can
produce extremely different runoff volumes and
peak discharges.

Limited comparisons of sediment and P loss dynamics
from agricultural fields under snowmelt and rainfall run-
off conditions exist despite significant differences in un-
derlying particle detachment and transport processes

snowmelt event in 2008 that followed the fall cutting of filter
grass. Eight additional runoff events where many plots did not
have runoff were excluded from this analysis

Grass filter area Runoff Sediment Total P Dissolved P Particulate P

%

o Snow Three Snow Three Snow Three Snow Three Snow Three
event events event events event events event events event events
(m’ha ") (gL (mgL™)

0 34.6 72.4a° 1.76 1.47a 2.92 2.83 2.54 1.34 0.38 1.48

1.1 86.6 44.0a 2.38 1.05b 4.80 2.81 4.29 1.40 0.51 1.40

43 40.0 26.2b 0.89 1.11b 3.89 2.82 3.24 1.48 0.65 1.42

Event means

Jul 06 26.7b 1.10a 3.78a 1.19b 1.30

Aug 06 38.0b 0.60b 3.17a 1.41b 1.26

May 07 78.0a 1.20a 1.53b 0.79b 0.75

Mar 08* 54.5ab 1.42a 4.00a 3.45a 0.53

No letter means that no significant differences among treatments

# Snowmelt event

®Means within treatment and event columns with the same letter are not significantly different at P<0.1
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during these two periods. The results in this section
consider separating the analyses of four runoff events
(three rainfall and one snowmelt events), where nearly
all runoff plots generated runoff to the water tanks. Com-
posite samples were taken to represent all 12 events
where missing runoff samples in the tanks were pre-
sented. Represented samples were analyzed for sediment
and P load and concentration.

3.1 Three Rainfall and One Snowmelt Runoff Events

The filter strip treatments did not affect mean P con-
centrations for the three rainfall events and one
snowmelt-induced runoff event in which most plots
had runoff (Table 2). Runoff volume was reduced by
39 and 64 %, respectively, with 1.1 and 4.3 % area of
grass filters compared with no filter for the rainfall
events. Sediment concentration was reduced by 29 %
with 1.1 % area of grass filter while 4.3 % area of
grass filters for the rainfall events. Runoff volume and
concentrations of sediment and P were not affected by
grass filter treatments during the snowmelt event. The
results from the rainfall events are in agreement with
Magette et al. (1989) who reported that grass filters
were less efficient in reducing DRP compared with
sediment concentration. The snowmelt event delivered
more DRP than rainfall events, possibly because of
less infiltration with the snowmelt event attributed to
frozen soil as well as lack of vegetative growth. Sim-
ilar results, that the majority of P in snowmelt water is
dissolved P (DP) rather than PP, were reported by
Jasen et al. (2011). Because of the soil surface under-
neath, the melting snowpack may become saturated,
such that runoff flows through the base of the snow-
pack toward streams. Infiltration rate and surface stor-
age capacity depend on the soil's physical conditions.
In the snowmelt active season, vegetation is rare and
the infiltration rate is limited due to the frozen surface
soil (Li and Simonovic 2002). Another study by Gint-
ing et al. (1998) showed that snowmelt runoff is not as
erosive as runoff caused by rain, but loss of water
soluble contaminants can be substantial.

3.2 All Runoff Events
Grass filters reduced annual runoff volume, based on all
12 runoff events over 2 years, by 54 and 79 %, respec-

tively, with 1.1 and 4.3 % grass filter area (Table 3). The
filter effect on runoff volume was greater with all 12
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events considered than for the four selected events con-
sidered above because the filter strips prevented runoff
in many plots in the other eight events.

Loadings were reduced but concentrations were not
significantly reduced with grass filters. The grass fil-
ters of 1.1 and 4.3 %, respectively, reduced loading by
67 and 84 % for sediment, 73 and 66 % for DRP, and
66 and 82 % for PP (Table 3).

The linear effect of filter width was significant for
runoff volume as well as sediment and total and PP
loading but runoff volume and loadings were not
significantly different for grass filters of 4.3 % com-
pared with 1.1 % of the drainage area. This becomes
more meaningful when considering the land area oc-
cupied by each grass filters (Fig. 5). Grass filters that
occupied 1.1 % filter removed 69 % of the sediment,
while the additional 3.2 % of plot area occupied by the
4.3 % filter removed an additional 18 % only. There
was a slightly greater reduction in sediment load com-
pared with the reduction in runoff volume indicating a
net sediment filtering effect. This is consistent with
Fox and Sabbagh (2009) who found that a 60 %
reduction in flow results in a mean reduction of sedi-
ment delivery of 80 %.

Under natural conditions, where unbounded runoff
plot is presented, it will be a challenge to determine
the quantity of runoff. Since the contributing areas of
bounded plots are artificially defined, the quantity of
runoff, sediment, and P load can be estimate based on
the collected runoff and precipitation data. Generally,
small field plots are assumed to provide uniform con-
ditions to investigate hydrologic processes by elimi-
nating the heterogeneities arising out of topographical
factors, soil, surface cover, and climatic. In this study,
the runoff plots have been developed under natural
condition, to obtain data involving hydrologic and
erosion processes, so, it is hypothesized that the used
runoff plot represents local climate, soil, and plant
conditions. This runoff plot scale is useful in providing
experimental data involving rainfall, surface runoff,
and soil erosion, which can be used as reference in
modeling conception, calibration, and validation.
However, there can be limitations of models attempt-
ing to simulate these complexities (Nearing 2004).

Infiltration is expected to be the main mechanism of
grass filters for reducing runoff P as found for filter
strips by Dosskey et al. (2007) although Self-Davis et
al. (2003) found that filters may be more effective at
trapping sediment than reducing runoff. Increased
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Table 3 Effect of grass filter radius on runoff volume as well as
on concentration and load of sediment and total, particulate, and
dissolved reactive P over 12 runoff events in 2006 and 2007.

Four runoff events are where nearly all plots delivered runoff
samples. Eight additional runoff events where some plots did
not have runoff were included in this analysis

Ratio of grass Runoff Sediment Total P Dissolved P Particulate P

filter to drainage

area (%) (m’ha 'year ') (gL') (kgha 'year ') (mgL') (gha'year ') (mgL') (gha'year') (mgL ') (gha 'year')
0 188a® 1.47 287a 2.55 473a 0.96 160a 1.59 314a
1.1* 87b 1.53 93b 2.63 151b 1.25 43b 1.38 108b

43 39 1.21 47b 2.82 112b 1.30 54b 1.52 58b
Linear effect ** NS ’ NS ** NS ** NS "

Year

2006 94 1.23 85 2.46 167b 1.21 54b 1.25 114b
2007 118 1.46 204 2.65 329a 1.01 121a 1.63 208a

Year x treatment effects were not significant
NS no significant difference
#The ratio of grass area to the drainage area %

® Means within treatment and year columns with the same letter are not significantly different at P<0.1
* P<0.05 (statistically significant difference); = P<0.01 (statistically significant difference)

infiltration in the filter area promotes sediment deposition
by reducing sediment transport capacity of the remaining
runoff (Hayes et al. 1984; and Lee et al. 1989). Saturated
hydraulic conductivity and water infiltration rates are

Fig. 5 V-shape outlet where
grass filter was planted

Runoff direction

important to reducing runoff (Rachman et al. 2004b;
Gilley et al. 2000) and soil bulk density is often reduced
and macroporosity increased with soil under perennial
grass (Rachman et al. 2004a). Filters are expected to be

wdB

V- Shape
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relatively ineffective in cases of slow water infiltration
such as with frozen, saturated, or compacted soils or soils
of weak aggregation.

Modeling sediment and nutrient transport through
grass filter barriers is needed to understand and predict
pollution transport. While equations have been devel-
oped to estimate effectiveness of grass filter for trap-
ping sediments (Tollner et al. 1977; Foster 1982;
Flanagan et al. 1989), validation of equations with
field and plot data is scarce. A modeling study by
Haan et al. (1994) showed that increased slope steep-
ness increases runoff velocity, resulting in decreased
sediment deposition by barriers; also, increased slope
length and steepness produces higher overland flow
velocities and correspondingly higher erosion. Foster
(1982) stated that sediment transport through grass
strips diminishes exponentially with increasing grass
width.

Comparison of grass filter performance during
snowmelt and runoff events allows an identification
of different flow components and runoff-generating
mechanisms. Therefore, the awareness of the dynamic
and complex grass filter during two periods is of
importance for the development of proper manage-
ment strategies.

4 Summary and Conclusion

This study was conducted to evaluate grass filter area
relative to the drainage area for reducing sediment and
P loss in runoff. Grass filters trapped sediment and
nutrients effectively by increasing infiltration and re-
ducing runoff. Pollutant load was reduced by 54 to
79 % but P concentration was not affected by the
filters. Increasing grass filter size to 4.3 % compared
with 1.1 % of the drainage area did not significantly
reduce sediment and nutrient load. The results dem-
onstrate that much less of the drainage area is needed
for well-placed filter areas than commonly used for
buffer or filter strips to achieve similar reductions in
flow and sediment and nutrient loading. Land area can
be efficiently used for surface water protection using
grass filters that occupy 1-1.5 % of the drainage area
if designed and placed to intercept a spatially uniform
flow of runoff. However, filter strips could be less
effective for trapping sediment, nitrogen, and phos-
phorus if flow is not uniform. Dosskey et al. (2002)
found that on farms where the concentrated flow was

@ Springer

substantial, estimated trapping efficiency was greatly
limited; meanwhile, with better flow distribution
through existing buffer areas, sediment retention was
greatly improved.
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