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The two-stage saturated buffer: Integrating the use of cover crops into
saturated buffer designs for nitrogen mitigation

Jon Schoonover, Professor of Physical Hydrology, Southern Illinois University
Karl Williard, Professor of Watershed Management, Southern Illinois University
Dwight Sanders, Professor of Agribusiness Economics, Southern Illinois University

Background and Objectives

The U.S. EPA ranks sediment and nutrient pollution as two of the top three pollutants to inland
waters in the US and identifies agriculture as one of the main contributors. Thus, nutrient and
sediment management in row crop agriculture remains one of the agricultural community’s
biggest challenges and concerns. Water quality impairment from agricultural runoff has received
growing attention and requires immediate action to adapt or develop best management practices
(BMPs) to reduce impacts on the environment. It is imperative that the agricultural community
takes a proactive stance in nutrient and sediment management in order to prepare for potential
nutrient regulation. To date, there have been many BMPs proposed to attenuate nutrients and
trap sediments along the field borders and within agricultural fields. This project was designed
to blend two proven BMPs into one design that will focus on nitrogen reduction from tile drained
fields. In tile drained systems nitrogen can easily be lost both to groundwater via leaching and
through the tile outlet directly to the stream. Our design will assess nitrogen export from fields
using a new, untested approach. Water quality data from this project will provide additional
evidence to the effectiveness of saturated buffers and cover crop BMPs.

This project will quantify nitrate-N leaching from 3 drainage scenarios in a tile-drained system:
1.) a control (i.e., a grassed buffer with no tile diversion), 2.) a standard saturated buffer (i.e., a
diversion draining through a grassed buffer), and 3.) a two-stage saturated buffer that drains into
both a cover crop strip (stage 1, diversion 1) and a grassed buffer (stage 2, diversion 2) (Figure
1). This is a unique and untested design that will help guide the development of future
agricultural BMPs.

Objectives

1.) Compare nitrate leaching among drainage tiles managed with a grass strip (control), a
saturated buffer with a grass strip (treatment 1), and a saturated buffer with a grass strip coupled
with a cover crop strip (treatment 2).

2.) Estimate runoff volumes reaching the tile outlet among the three aforementioned drainage
scenarios.

3.) Quantify the economic costs and benefits associated with the control and two saturated buffer
treatments.

Location

Research will take place on a privately owned farm in Union County, IL. The farm is over 5,000
acres, most of which is currently tile drained. The farmer is a key constituent in the agricultural
community and is constantly striving to improve upon his water and nutrient management. His
generous participation and active role in Illinois agriculture will be critical to establishing an
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excellent demonstration site and to provide a catalyst for the adoption and consideration of
saturated buffers by other farmers. Three fields and tile outlets have been chosen and will
remain in a corn and soybean rotation throughout the study (Figure 2).

Project Timeline

The proposed project will span 3 years. The initial year focused on collecting tile drainage from
multiple tile lines to facilitate site selection by determining similarities in nutrient export and
flow rates from the outlets. Once the 3 tile lines were selected, a 50 ft wide strip of a non-
leguminous cover crop (Cereal Rye) was planted at the leading edge of the 50 ft grass strip in the
two-stage buffer treatment. The cover crop chosen was a non-legume species to promote
nitrogen scavenging and nutrient retention near the saturated buffer and upslope of the diverted
tile water. Control structures and lateral tile lines were installed February 13, 2017 and the
groundwater monitoring wells were installed shortly thereafter on May 17, 2017. The row crop
fields will be rotated between soybeans and corn, and are currently in a soybean year (2018).
Water quality and quantity will be monitored from the tile lines as well as in the monitoring
wells during the final two years of the project. This project is currently at the end of the second
year.

2017 Accomplishments

Summary

Randy Lange and John Gale (A researcher and M.S. student) have continued to collect
semimonthly water samples from the control structures and monitoring wells from the three
treatments (Figure 1). Prior to installation of the control structures at Outlet 1 (2-stage buffer)
and Outlet 2 (Standard buffer), average flow rates among the 3 tiles outlets were similar and
ranged between 1.9 to 3.3 L s (30-53 gpm). Since installation in May 2017, the preliminary
data have shown that the control structures stabilized outflow variability and reduced outflow
volumes (Figure 3). This reduction in outflow is important to note because although the nutrient
concentrations have not been significantly impacted by the saturated buffers, the outflow volume
has been reduced and will ultimately minimize the nitrogen loading to the receiving stream.
However, there was evidence of a single event in a late January of 2017 that generated higher
outflow volumes in the two-stage system compared to the standard saturated buffer and the
control. During this snowmelt event, the 1000 ft lateral tile lines appeared have reverse flow and
drain the buffer area which contributed to the high outflow levels. In the future, this reverse
flow, or draining off of the buffer vegetation will be closely monitored.

After the stop logs were installed in the control structures (May 2017) it became evident that tile
water was being effectively dispersed across the vegetated buffers. Nitrate-N concentrations
have increased in the groundwater monitoring wells proving that the system functioned properly
(Figure 5-7). Although the increased nitrate-N concentrations coincided with fertilizer
applications, the wells in the cover crop and grass buffers had higher nitrate-N concentrations
than the field wells. This was due to the lateral lines in the saturated buffer systems conveying
water towards the wells in the vegetated buffers (Figure 5-7). The predominate form of nitrogen
leaving the fields has been in the nitrate form. Average nitrate-N concentrations in the
monitoring wells during 2017 ranged from < 1 mg L in the grass strip at the control site to over
15 mg L in the grass buffer and cover crop vegetation in the two-stage buffer (the Drinking
Water Standard is 10 mg L). Although nitrate-N concentrations haven’t changed significantly
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in the outflow from 2016, the reduction in outflow alone will greatly reduce the load of nitrate-N
leaving entering the stream via the tile outlets. Average ammonium-N levels have been ranging
from 0.02-0.20 mg L™ (Figure 8) and Dissolved Reactive Phosphorus (DRP) average
concentrations from the 3 tile outlets ranged from 0.03-0.05 mg L™ for 2017 (Figure 9).
Jacqueline Crim has been providing laboratory and database management support for the
research.

Challenges

The primary challenge has been the weather. Following heavy spring rains, the region
encountered dryer conditions than normal for much of the year in 2017. Droughty conditions
reduced the tile outflows to minimal levels.

Outreach

There is great interest in saturated buffer designs and the utility of cover crops in agriculture.
We introduced the new two-stage saturated buffer design at the U of | Extension Day and
presented year one preliminary data at a Conservation Cropping Seminar in Carbondale, IL.
Data was also presented at the 49" Southern Illinois Fertilizer and Pesticide Conference, the
NREC meeting at SIU in March 2017, at Belleville Field Days, on Illinois News Network radio ,
at the ILFB meeting in Chicago, IL, and at the Universities Council on Water Resources annual
national conference in Ft. Collins, CO.

Outreach and published/submitted work

e Water quality benefits and challenges of conservation practices.
Karl Williard, Jon Schoonover, and Gurbir Singh
2018 lllinois Association of Drainage Districts Annual Conference, Bloomington, IL,
January 18, 2018.

e Integrating the use of cover crops into saturated buffer designs for nitrogen mitigation.
Jon Schoonover and Karl Williard
Annual Farm Bureau meeting, Chicago, IL., December 2, 2018.

e Water quality benefits and challenges of cover crops
Karl Williard, Jon Schoonover, and Gurbir Singh
Madison County Cover Crop Field Day, Highland IL, December 7, 2017.

e The effects of cover crops and saturated buffers on water quality in southern Illinois.
Gurbir Singh, Jon Schoonover, and Karl Williard
Southern Illinois University Annual Belleville Field Day, July 13, 2017.

e Riparian Buffers and Cover Crops: Tools to Address Water Quality.
Karl Williard, Jon Schoonover and Gurbir Singh.
Conservation cropping seminars, January 26, 2017, Carbondale, IL. Available

e The Effects of Cover Crops on Water Quality & Nutrient Cycling in Southern Illinois.
Karl Williard, Gurbir Singh, Jon Schoonover, and Rachel Cook.
University of Illinois Extension Ewing Agronomy Field Day, July 2016.
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Figure 2. Field tile outlet locations at privately owned farm in southern lllinois.
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Rainfall and Average Outlet Flowrate
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Figure 3. Rainfall and average flow rates for the 3 studied tile outlets at the Burnett Farm in southern
Illinois. Control structures were installed in February 2017 and were operable in May 2017.
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Figure 4. Nitrate-N concentrations for the 3 studied tile outlets at the Burnett Farm in southern lllinois.
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Average Nitrate-N: Outlet 1 Wells
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Figure 5. Nitrate-N concentrations in the groundwater monitoring wells at the 2-stage saturated buffer.
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Figure 6. Nitrate-N concentrations in the groundwater monitoring wells at the standard buffer.
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Average Nitrate-N: Outlet 3 Wells

8.0
20 .—/

— 6.0

Nitrate-N (mg/L
N w S (9]
o o o o

1.0

>

00 e

DR W W
\q,\ \,\9\&‘\ Q,\&\&\ \,\9\ N ,]y‘\

A A A A A
'\/\'\, \'\, \'\r Y %\'\, b'\’ S ’»\'\,
Ng &

S\ '\\'\’ v\\’ DN
Q<,,\ o">\ \c’ Q<<>\Q Qco\ Q<<,\f1’ Qco\']’ AN /\\'\’ 6\\\’ AV

==@==TField Wells === Grass Buffer Wells

Figure 7. Nitrate-N concentrations in the groundwater monitoring wells at the control.
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Figure 8. Ammonium-N for the 3 studied tile outlets at the Burnett Farm in southern lllinois.
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Figure 9. Dissolved Reactive Phosphorus (DRP) for the 3 studied tile outlets at the Burnett Farm in
southern lllinois.
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