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ABSTRACT

This project was instrumental in developing two field projects for collecting water quality data on
the effectiveness of grass and riparian filters for mitigating agricultural surface runoff. The project
areas were located in the Coastal Plain and Piedmont physiographic regions of North Carolina.
Replicate grass buffers of 4 m and 8 m were monitored during natural rainfall events and com-
pared to water quality data from agricultural fields and runoff filtered by two riparian buffers of 4
m and 8 m lengths. The monitoring and comparisons consisted of surface runoff, sediment yields
and nitrogen and phosphorus during 1990 and 1991. Other measurements included the amount of
sediment trapped in each filter along with chemical analysis of filter vegetation and soils. Results
of the collected data are reported and analyzed. Although, the results are of a preliminary nature,
they provide a good starting point to evaluate the effectiveness of planted grass filters versus nat-
ural riparian buffer for trapping surface runoff, sediment and nutrients. These results are discussed
and initial conclusions are presented.
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SUMMARY AND CONCLUSIONS

At both the Piedmont and Coastal Plain sites, runoff volumes from the field edge collectors were
generally reduced as they passed thorough the grass buffers. In fact, several small rainfall events
produced flow from the field which never reached the end of the buffers. The natural grass
(mostly crab grass) initially present on the buffers were not as effective in reducing runoff volume
as the fescue sod planted later. The riparian vegetation plots reduced runoff volumes for most of
the smaller storm events. However, for the larger storm events the runoff volumes from the ripar-
ian areas were often large and comparable to the field edge runoff.

All filters were effective in removing sediment from the agricultural runoff. For most storms, this
reduction was 80 to 90%. Although the riparian areas were less effective in reducing total runoff
volume than the grass filters, in almost all cases, the sediment load from the riparian plots was
small. The sediment filtration capacity of the riparian plots is comparable to the grass buffers.
However, we did find that the riparian plots were much more fragile and susceptible to channel-
ization and concentrated flow.

Comparison of chemical loads from the grass filters did not yield as consistent results as the sedi-
ment yields. The reductions in chemical loads were dependent on time of year and site. Neither
the grass buffers nor the riparian areas were very effective in removing phosphorus in solution
(orthophosphate). Removal of total phosphorus and total Kjeldahl nitrogen was very variable
between storms and between plots. However, approximately 50% of these constituents was
removed in the 4 m filters. Generally the 8 m filters were more effective in removing all potential
contaminants from the runoff water but doubling the filter length almost never doubled the grass
or riparian filter effectiveness for removal of any constituent.
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RECOMMENDATIONS

Although the collected database does provide a starting point for evaluating the effectiveness of
grass and riparian filters, it does not provide enough information to provide definitive answers for
the original objectives of this WRRI research project or such questions as:

1) What length of grass filter is required for a given source area?
2) Can natural riparian zones be as effective as planted grass filters?
3) How often should the grass filters be leveled and re-seeded?

The third question is often discussed but few grass filters are installed with definite plans for
maintenance. Our data indicates that grass buffers can be very effective, but there are also indica-
tions that the effectiveness may be lost if they are not maintained. As the filters accumulate more
and more sediment, the chances are greatly increased that water will accumulate at the edge of the
filter and create channels as it breaks through the sediment barrier.

While definitive answers to these questions require additional information, some tentative recom-
mendations can be made. Because the natural vegetative riparian areas we studied seem more
fragile and susceptible to channelization than the planted grass filters, an ideal buffer would seem
to include both grass and trees. The grass filter would slow and spread the initial runoff and
remove coarse sediments. This area can also be reworked as necessary. The runoff from the grass
filters would have lower transport capacity, velocity, and probably more readily infiltrate in the
forested filter. The forested area provides long term stability to the area and may be more effective
in removal of nitrate from the subsurface flows. Although exact widths cannot be recommended
from this report, an 8 m grass buffer with an 8 m forested buffer is a good starting point.






INTRODUCTION

Because of concerns about agricultural sources of pollution, much research has been conducted
on best management practices (BMPs) for nonpoint source pollution control. One of the most pro-
moted BMPs is vegetative filter strips (VFSs). VFSs are being promoted by many state and fed-
eral programs. The U. S. Department of Agriculture - Soil Conservation Service (USDA-SCS)
has guidelines for VFS installation, but they have little data on their effectiveness for sediment
and nutrient removal. Research by Dillaha et al. (1987) shows that VFS are ineffective under cer-
tain conditions. In many cases, it appears that VFSs are being installed in areas with soils and geo-
morphic conditions where they are ineffective.

In addition to constructed VFS, naturally vegetated or riparian areas are found adjacent to many
streams. In the early 1980's three groups in the United States independently initiated work on the
removal of nitrogen (N) from shallow groundwater by riparian vegetation. The results obtained
were amazingly similar for field research conducted in three different states. Jacobs and Gilliam
(1985) observed in the North Carolina Coastal Plain that nitrate in subsurface water decreased
from levels greater than 10 mg-N/L to less than 1 mg-N/L while passing through a 50 m riparian
zone. They estimated that of the 35 kg-N/ha/yr entering the riparian zone only 5 kg-N/ha/yr left
the watershed in stream flow. Lowrance et al. (1984), working in the Georgia Coastal Plain, found
that of the 52 kg/ha/yr of N entering a riparian ecosystem, only 13 kg/ha/yr left in stream flow.
Peterjohn and Correll (1984) estimated the removal of 45 kg/ha/yr of nitrate-N from subsurface
flow through a riparian zone in Maryland. Similar observations were reported for pastureland in
New Zealand (Cooke and Cooper, 1988).

When riparian areas are present in a watershed, much of the sediment leaving agricultural fields is
removed from the surface flows. Cooper et al. (1987) estimated that approximately 90% of the
sediment leaving agricultural fields in a North Carolina watershed was deposited in the riparian
zones. Most of the sediment was deposited within 100 m of the field edge indicating that rela-
tively narrow buffers adjacent to streams may be effective for sediment removal. Lowrance et al.
(1986) also measured sediment accumulation in a riparian zone in Georgia and concluded that
riparian ecosystems are important sinks for sediments.

Phosphorus (P) is also removed in riparian zones but apparently less effectively than either N or
sediment. Cooper and Gilliam (1987) estimated that only about 50% of the P entering riparian
areas they studied was trapped. Lowrance et al. (1984) measured lower retention of P in their
riparian areas than for other elements studied. Phosphorus removal in the riparian areas of the
New Zealand watersheds (Cooke, 1988) was also less than N removal. Although riparian areas
may be less effective in removing P than other potential contaminants, P trapping is still very
important because P is generally the limiting nutrient in freshwater bodies.

Research on grass VFSs has reported high sediment trapping efficiencies as long as flow is shal-
low and the VFSs are not inundated with sediment. However, trapping efficiency decreases dra-
matically at higher runoff rates (Barfield et al., 1979). Several short-term experimental studies
have quantified the effectiveness of grass VFSs in reducing sediment, nutrients and other contam-
inants in runoff (Dillaha et al., 1987; Dillaha et al., 1988; Magette et al., 1989; Young et al., 1980).
These short-term studies reported that VESs were effective for sediment and sediment-bound pol-



lutant removal with trapping efficiencies exceeding 50% if flow was shallow. Reports on this
project by Parsons et al. (1990 and 1991) have found similar results for grass buffers. Dissolved
nutrients, however, were not removed as effectively and several studies reported higher dissolved
nutrient concentrations in VFS effluents than in the influent runoff (Dillaha et al., 1989; Magette
et al., 1989). This was attributed to the limited assimilative capacity of VFSs for some nutrients.
VES plots with concentrated flow, similar to that expected under field conditions, were reported to
be much less effective than the experimental shallow flow plots used in most VFES research (Dil-
laha et al., 1989).

Existing grass VFS on 18 farms in Virginia were studied and found to be extremely variable in
their VFS effectiveness for sediment removal (Dillaha et al., 1989). Most VFSs in hilly areas were
ineffective because runoff usually crossed the VFSs as concentrated flow. In flatter regions, VES
were more effective because slopes were more uniform, and more runoff entered the VFSs as
shallow dispersed flow.

PURPOSE AND OBJECTIVES

This study was initiated to provide quantitative data on the effectiveness of VFSs on removing
sediment and nutrients as influenced by: (1) soil and geomorphic conditions, (2) type of vegeta-
tion, and (3) hydrologic features of site and various runoff events.

The original objectives of this project were very ambitious. These include:

1. To test the effectiveness of selected VFS for the removal of sediments and nutrients
(primarily N and P) from agricultural runoff water.

2. To determine if plant type (grass or trees) influences the effectiveness of the VFS.

3. To determine the influence of soil and geomorphic features on effectiveness of VFS.

4. To determine if existing models can be used or modified to predict effectiveness of
VFS under a range of conditions.

In this report, we have considered the following modified objectives:

1. A description of the experimental setup to monitor effects of natural and planted vegeta-
tive filter strips on the reduction of sediment and nutrients from agricultural surface
runoff.

2. A comparison of the performance natural vegetative buffers versus planted grass buffers
for filtering sediment and nutrients.

3. Some data showing the fate of sediment and nutrients in natural and planted filter strips.-

The analysis in this project report includes experimental data from 1990-1991.



METHODS
Site Locations and Properties

The vegetated filter research was conducted in both the Piedmont and Coastal Plain of North
Carolina. These sites are representative of not only the two major agricultural areas of North
Carolina and many Atlantic Coastal states but also areas where most urban nonpoint source con-
taminants originate. The Piedmont site is in Wake County on NCSU Research Farm Unit 9 which
has topography and soils typical of the lower Piedmont. The Coastal Plain site is on the Cunning-
ham Research Farm near Kinston, North Carolina. This site has topography and Norfolk-Rains
Soil Association typical of the middle and lower Atlantic Coastal Plain.

Both sites occupy gentle valley slopes that grade downward to a concave foot-slope in a riparian
area. Figure 1 shows a cross-section for the Coastal Plain site from the field area through the
riparian buffer. The soils at the Piedmont site are on a dissected high terrace and are within the
State Soil Series. At the Coastal Plain site, the soils in the cultivated area are within Norfolk and
Goldsboro Soil Series. The soils in alluvium in the Coastal Plain riparian filters are within the
range of the Myatt series. Descriptions of soils at both sites are in Appendix 1.
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Figure 1. Cross-section of Coastal Plain site showing the relative slopes in the cultivated, grass
filter and riparian filters. The Piedmont site is similar except slopes in the forested filter plots are
about 12%.

Plot Characteristics

The Piedmont site occupies a gentle linear slope with an average slope of 3.6% in the cultivated
areas and slightly steeper slopes in the grass filters (Table 1). The wooded filter plots are very
steep. This increase in slope from the cultivated areas to the vegetated buffers is common in the
North Carolina Piedmont. The grass filters in the Piedmont site were a field border that received
runoff and sediment from higher cultivated areas.



The Coastal Plain site occupies a gentle linear to concave head slope. The cultivated area has an
average slope of 1.9 percent (Table 1). The grass filters have slopes less than 1.5% and slopes in
the riparian filters are less than 1%. The sharp increase in slope between the grass filter and the
riparian area in Figure 1 is post-settlement alluvium deposited at a field border. The grass filter
area was part of the cultivated field, and the old field border is about the end of the 8.4 m plots.

Both the Piedmont and Coastal Plain study areas have a sloping cultivated area 27.4 m wide and
36.6 m long. A 9 m traffic area borders the sides and top. A ridge and furrow on the upslope edge
of the plots prevents addition of surface water from higher areas. A 9 to 12 m lower border
includes the grass filter strips. There are two sets of plots and each set contains a field edge collec-
tor and 4.2 m and 8.4 m grass filter plots. The riparian buffer plots in the Piedmont study area
were on a forested slope and the Coastal Plain area has a cut-over forest riparian area. Figure 2a
shows the plan view of the cultivated area, filter strips and sampling devices for the Coastal Plain
study area. The Piedmont study area layout was similar and is shown in Figure 2b.

Table 1: Average Slope of Cultivated and Filter Plots at the Piedmont and Coastal Plain Sites

% Slope
Flots Piedmont Clglzsi:fl
Cultivated Plot 3.6 1.9
Grass Filter (Length in m)
4.2 Set 1) 6.3 08
4.2 (Set 2) 42 14
8.4 (Set 1) 52 0.7
8.4 (Set 2) 4.8 1.1
Riparian Filters (Length in m)
42 124 0.8
8.4 164 0.7

The 27.4 m width of the cultivated area allowed four cultivated rows for each of six runoff plots.
Two buffer rows were on the outside of the cultivated plot area. The crop rows were planted up
and down hill and bedded to prevent runoff from crossing from one cultivated plot to the next.
Soil preparations and bedding were done just before planting to prevent winter runoff from cross-
ing plot boundaries. Plastic edging prevented runoff from crossing over in the lower 3 m of the
cultivated part and throughout the grass or riparian filter.

Plastic rain gutters were installed to collect runoff from two cultivated plots at the field edge, and
at the end of two 4.2 m and 8.4 m grass filters. Pipes carried the runoff to HS flumes (see Chapter
2 in Brakensiek et al. 1979) for volume measurement and sampling. Plywood spreaders delivered
the runoff to the upslope portion of the two riparian plots (Figure 3) Gutters at the downslope end



of the riparian plots collected the runoff. HS flumes measured the runoff volume and samplers
collected runoff for water quality measurements.
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Figure 2. Schematics showing the runoff plots, flumes and samplers and filters.



We had the option to route any combination of direct field runoff or runoff filtered by the 4.2 and
* 8.4 m buffer plots through the riparian areas. This enabled quantifying both the water quality and
quantity of the surface water entering and exiting the riparian plots. Figure 3 shows the layout for
the grass filters and Figure 4 for the riparian plots.
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Figure 3. Schematic of surface water quality collection system from the grass filters and the field
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Figure 4. Details of surface water collection system in the riparian areas.

Instrumentation

A Campbell Scientific CR10 portable datalogger at each site monitored rainfall, surface runoff
and activated the water samplers. An on-site tipping bucket rain gage continuously monitored by
the datalogger records rainfall totals and 5 minute intensities. Passive rainfall collectors at the
same site served as backup for the tipping bucket rain gage.

HS flumes (0.15 m (0.5 ft) depth) were used to measure the quantity of runoff from each plot. A
potentiometer - float assembly (Figure 5) was used to monitor water levels in the HS flumes. A



bridge circuit with a 2 volts DC excitation was used with the potentiometers to convert water lev-
els in the flumes to voltages between 0 and 2 volts DC (Figure 6).

Piped Inflow Float-Potentiometer
From Assembly
Source Area

Counter
Weight

Flume OQutflow

Figure 5. Flume showing the potentiometer-float measurement assembly.
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Figure 6. Details of Datalogger hookup for float measurements and sampler activation.




The datalogger monitored the potentiometer voltages at 30 second intervals. Using calibrations
for each flume the voltages were converted to flume water levels. Recorded flume stage levels
were converted to flow rates using laboratory measured stage-discharge relationships for each
flume. During a runoff event, these changes trigger the discrete samplers (American Sigma
Designs Model Streamline Portable Sampler) to pump a 500 ml sample from the flume outflow
for water quality analysis. The samplers could take up to 24 discrete samples during the rainfall-
runoff event at a maximum frequency of 1.5 min. The trigger from the datalogger activated an
incoming pulse to the sampler to initiate a sample from the outflow of the flume.

Sample Handling and Analyses

Removal of samples from the field was as soon as possible after each runoff event. The sample
bottles were numbered and stored in a cooler at 35 degrees C until analyzed. All samples had total
sediment measured, but sediment chemistry was only determined for major events with a suite of
samples from each plot. The events sampled for chemical analyses represented critical periods
such as a major storm, or runoff after planting and fertilization. If possible, sediment chemistry
was determined monthly during the growing season. About one-third of the samples from selected
runoff events had total silt + clay, Kjeldahl nitrogen (TKN), NH,4, NOjs, total phosphorus (TP),
P0,-P in solution (orthophosphorus) and Cl measured. The samples for chemistry analysis were
selected based on the runoff hydrograph. Those selected were the first measured point with a sam-
ple, some on the rising limb of the hydrograph, at the hydrograph peak, and those on the falling
limb. If the hydrograph had more than one peak, all peaks were sampled using the same criteria.

Runoff samples collected in the field were transported to the laboratory within 18 hours of each
run-off event and stored at 4° C until analysis. Unpublished data here have shown insignificant
changes in NO3-N and NH,4-N concentrations in runoff samples placed in a refrigerator within 24
hours of runoff event.

The sample was poured through sieves to separate the sand from silt and clay after gentle hand
shaking for 15 seconds for dispersion. Total sample weight less total sediment determined vol-
ume of water. An aliquot of the sieved mixture was dried and weighed to determine amount of silt

+ clay. The dried sand fraction included varying amounts of silt + clay that was not water dispers-
able.

Runoff samples were filtered through Whatman no. 42 filter paper which gave a clear filtrate on
which NO3-N, NH,-N and PO,-P were determined. The procedure of Lowe and Hamilton (1967)
was used for nitrate, ammonium was determined using the procedure of Smith (1980) and ortho-
phosphate was determined by the Murphy and Riley (1962) method. An aliquot of stirred whole
sample was taken for digestion by Kjeldahl procedure. Digestion was in a solution of H,SOy,
K,SO, and CuSO, at 350° C for 6 hours after solution cleared (total digestion time approx. 10
hours). Digest was brought to a volume of 100 mL and an aliquot was taken for determination of
total P using same colorimetric method described above. Ammonium was distilled from another
aliquot, collected in boric acid and titrated to obtain total Kjeldahl nitrogen (TKN) of runoff sam-
ple.



Cropping Patterns and Filter Vegetation

The rotations in the plots were corn and soybeans planted on beds with the rows parallel to the
slope. Bedding and fertilization was done at standard rates just before planting. Harvesting was by
combine starting at the top of the plots and going to the grass filters. The combine backed to the
upper border area before moving to the next unharvested strip. This procedure retained the runoff
integrity of the beds throughout the winter months.

Filter vegetative cover in the grass filter area during the summer and fall of 1990 was largely crab-
grass (about 90% cover) at both sites. Renovation of both sites consisted of aerating the filters and
seeding with Kentucky 31 Fescue was done in the fall of 1990. The grass cover has been near
100% since replanting. Reseeding of small areas was done each fall as needed. The grass was cut
periodically to about 15 cm to prevent lodging.

The riparian buffers at the Piedmont site were located in an established mixed hardwood-pine
stand. The understory can be characterized by a dense litter layer with volunteer vines (such as
poison ivy) and small saplings. At the Coastal Plain site, the riparian area was typical of Coastal
Plain clear-cut area four years later. The 4.2 m riparian filter has a natural cover of dog fennel, an
early pioneer vegetation in cut-over areas. However the 8.4 m Coastal Plain riparian filter had a
fescue cover because of plot disturbances during project installation and land leveling to allow
even distribution of the runoff through the plot.

Filter Area Measurements and Sampling

Bimonthly biomass samples were taken to determine biomass production along with the uptake of
nitrogen and phosphorus over the year by the filter vegetation. Changes in nutrient levels within
the filters and the lower portion of the cultivated field area were determined with soil samples
from the filters and cultivated plots. These samples were taken to be representative of sediment
deposition in the top 5 cm of the soil profile.

The amount and location of changes in the filters from sediment deposition were determined by
detailed topographic surveys of the plots. The amount of sediment deposited was calculated from
the elevation changes in the plot. Spring and fall measurements of 54 ground elevations in six
rows from the 4 meter filter and 90 from 10 rows in the 8 meter filter were used to quantify eleva-
tion changes. Similar grid densities were used to record elevations in the lower 3 m of each plot in
the cultivated area in the spring and fall. Each elevation measurement point was assumed to repre-
sent the area around the point. From this area and the change in elevation, a volume of deposited
sediment was computed.



RESULTS AND DISCUSSION
Sediment Properties in Field and Filter

Soil sampling in the spring of 1992 showed distinct changes in phosphorus and nitrogen within
the cultivated and filter areas (Tables 2 and 3). Soil nitrogen and phosphorus decrease from the
upper to the middle of the Coastal Plain plots before increasing through the grass filters. The large
nutrient increase at 7.5 meters in the grass filters was located near the boundary of the old field.
Considerable accumulation of nutrients occurred in the borders. There was some evidence of
nutrient accumulation in the filters after only a year of filtering runoff. The Coastal Plain riparian
filters had moderate to high nitrogen content but low phosphorus compared to the background.

Table 2: Coastal Plain Site Soil Sample Data. Sampled 3/2/92.

Total Nitrogen Total' Kjeldahl Total

Location Nitrogen Phosphorus

mg/g

upper plot row 0.48 0.52 041
upper plot track 0.46 0.46 0.41
middle row 0.50 0.49 0.23
middle track 0.38 0.35 0.18
lower row 0.55 047 0.24
lower track 0.77 0.76 0.32
grass filter Im 0.83 0.81 0.35
grass filter 3.5 m 0.88 091 0.39
grass filter 7.5 m 1.28 1.14 0.62
grass no add. 0-6 m? 0.64 0.62 0.28
Grass no add. 8-12 m® 1.24 1.33 0.53
riparian 4 m 1.87 2.00 0.16
riparian 8 m 1.80 1.88 0.33
riparian background 2.16 295 0.63

a. No runoff added to area from field rows.

Both nitrogen and phosphorus were relatively uniform throughout the Piedmont cultivated area
but increased sharply 1 m into the filter (Table 3). There was little change in phosphorus through
the grass filters, but nitrogen increased with distance from the field edge. The nitrogen content of
the filters was higher than the adjacent grass area of the old field border that did not receive field
runoff. Apparently, there was considerable increase in nitrogen after two years of filtering agricul-
tural runoff. The wooded slopes and riparian foot-slope sites had moderate phosphorus contents.
These areas had received sediment from the higher fields for some time prior to the initiation of
this experiment yielding one possible explanation.
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Table 3: Piedmont Site Soil Sample Data, Sampled 3/2/92.

Total Nitrogen Tot:# Kjeldahl Total

Location itrogen Phosphorus

mg/g

upper plot 0.64 0.57 0.38
middle plot 0.61 0.62 0.36
lower plot 0.58 0.58 0.32
lower track 0.60 0.60 0.33
grass filter 1 m 1.03 1.06 0.50
grass filter 3.5 m 1.50 1.60 0.61
grass filter 7.5 m 2.13 222 0.58
grass 0-6 m® 1.27 1.16 0.51
grass 8-12 m? 1.56 1.64 0.50
wooded slope 4 m 1.23 1.30 0.31
wooded slope 8 m 1.79 1.83 0.28
wooded slope check 1.56 1.56 0.27
riparian foot slope 1.87 1.79 0.31

a. No runoff added to area from field rows.

Sediment Deposition in Filters

Figure 7 shows the sediment deposition in both sets of grass filter plots (Figure 2). Deposition in
the Piedmont site ranged from about 0.4 m3 in the 8 m grass filter in set 1 to about 0.7 m> in the 8
m grass filter in set 2. There was little relationship to length of filter. Deposition at the Coastal
Plain site was less than the Piedmont site. This may be attributed to the sandy soils at the Coastal
Plain site and that the slope is less than the Piedmont site. The deposition was not uniform across
the plot, although the largest amount of sediment usually was within 2 m of the field edge (Figure
8). The major exceptions were the 8 m filters at the Coastal Plain site where major amounts of
sediment accumulated between 5 and 7 m from the field edge.

The spring and fall elevation measurements in the lower 3 m of the cultivated area above the plots
show sediment accumulation. Bedding equipment started at the field edge and moved upslope.
This partially redistributed the sediment that was accumulated during the previous year. Cultiva-
tion from 1990 to the spring of 1992 has moved more material upslope than subsequent erosion
deposited in the lower 3 m of the Coastal Plain site. At the Piedmont site there was a gain in the
lower 2.5 m of the field (Table 4). There was a gain in sediment in the lower 2.5 m across the six
plots, but a net loss by removal of material from the 3.5 m segment. While these data give some
indication of the processes operating at the lower part of the runoff plots, the variability is large
and major conclusions are risky. Table 4 is evidence, however, that sediment accumulates at and
upslope from the field edge in appreciable amounts. The accumulations should increase in time
because the filters are accumulating sediment and act as a rising base level.
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