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I. Participants:
Primary Investigator: Catherine O’Reilly, Hydrogeology Program, Department of GeographyGeology, Illinois State University.
Co-Investigator: Shalamar Armstrong, Adjunct Professor, Crops and Soil Science Program,
Department of Agriculture, Illinois State University. Bill Perry, School of Biological Science,
Illinois State University.
Project Collaborators: Michael Plummer, Coordinator; Dan Schaefer, Director of Nutrient
Stewardship, Illinois Fertilizer and Chemical Association; Kent Bohnhoff, McLean County
USDA; Caroline Wade, Nutrient Watershed Manager, Illinois Council on Best Management
Practices (CBMP).
Graduate Student: Ben Bruening, Hydrogeology Program, Department of Geography-Geology,
Illinois State University
II. Background:
Within the Mississippi River watershed, nitrogen loss from agricultural land use is a major
contributor to reduced water quality and the hypoxic zone in the Gulf of Mexico. Locally, high
nitrate loading to Lake Bloomington has consequences for the drinking water of Bloomington,
IL. The contributing drainage area of Lake Bloomington is greater than 90% agricultural land
use and seasonal nitrate concentrations of this drinking water reservoir have exceeded EPA
nitrate standards of 10 mg/l at least 16 years between 1990 and 2008. There is a critical need to
more effectively control nitrogen losses from these agriculture fields to increase the
sustainability of row crop agriculture, decrease the degradation of local drinking sources, and
reduce the loading of nitrate from the Upper Mississippi River Basin to the Gulf of Mexico. Our
project focuses on the potential role of cover crops to improve nitrogen retention in the fields and
reduce nitrogen loading to surface water systems.
III. Project objectives:
1. Our main objective is to determine whether cover crop application will decrease nitrogen,
phosphorus, and suspended sediment loads in streams.
Specifically, our goals are to test our expectations that:
a. The effect of cover crops on stream water quality will be greatest during fall and
winter.
b. The effect of cover crops on stream water quality will be greatest during storm
events.
2. An additional objective is to provide information and outreach for local farmers on the use
and effectiveness of cover crops.
3. A final objective is to include a final report at the conclusion of this project to address each
of the objectives stated above.
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Note: This report contains only preliminary data and should not be used or shared for any
purpose outside of the context of this report.

IV. Outcomes and activities over the last year:
Farmer information and cover cropping
We have acquired information about the management practices from the 2016 year. In both the
reference and the treatment watershed, the dominant crop was soybean.
Cover crops were planted over 757 acres, as they were in fall 2015. We also planted a different
combination of cover crops for one farmer this year. This farmer, for Field 1, requested that we
plant annual rye instead of cereal rye in combination with radish (Figure 1). As with the previous
year, the greatest cover crop growth and N uptake occurred in Field 1. Field 1 is also the largest
field within the watershed and the closest to the tile drain. At this point we cannot determine if
annual rye was a better cover crop choice than cereal rye.

Field 1

Field 2
Field 4

Field 3

Red=Radish/Oats

Red=Radish/Oats
Orange=Radish/ Annual Rye
Yellow=Cereal Rye/Radish
Green=Radish/
Annual Rye

Figure 1. Left – Fields used for cover cropping within the treatment watershed. Right – Distribution of cover crop
types during fall 2016 planting.
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Cover crop biomass and N uptake
Cover crops were planted in fall of 2016 in the treatment watershed. In December, cover crop
samples were collected systematically using a 25-30 acre grid across the entire treatment
watershed. We used the same approach we had used the year before, using the grid that had been
developed using GIS techniques that resulted into georeferenced sampling points across the
watershed. Our research team used GIS applications on an iPad to locate the sampling within the
watershed and at each sampling point above ground biomass was collected and placed in brown
paper bags. Each cover crop sample was then dried, weighed, ground, sieved, and prepared for
total nitrogen analysis using dry combustion method. Total nitrogen uptake by the cover crop
was then determined by multiplying total dry weight of the collected cover crop biomass times
the percent nitrogen of the cover crop biomass. After both dry weight biomass and cover crop
uptake were determined, data from the two measure were displayed on map of the watershed
(Figures 2 and 3).

Figure 2. Cover crop biomass variability across the treatment watershed.
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Figure 3. Cover crop N uptake variability across the treatment watershed.

Cover crop growth during fall 2016 was robust (Figure 4). During the fall 2016, average seeding
of cover crop on a watershed scale resulted in 886 lb/acre of aboveground biomass and 110 lb
N/acre sequestered within the cover crop biomass. These numbers are substantially greater than
those from the 2015-2016 fall season cover crop, where we had 388.47 lb/acre of aboveground
biomass and 16 lb N/acre sequestered within the cover crop biomass. That the fall cover crop
biomass was twice has high but the amount of N sequestered was seven times as high suggests
that just a small increase in fall cover crop growth could have a substantial impact on N
retention.
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Figure 4. Aerial image of a section of the cover cropped watershed during fall 2016. The sampling location is at
the orange arrow

Water sampling
Preliminary data on water quality
Below is a summary of some of the preliminary results (Figure 5 -9). These results show total
phosphorus and nitrate concentrations and loads. The chemistry data include data from the first
year, when we were collecting samples only every two weeks, as well as samples collected from
the automated stations starting in February 2016. Cover crop periods begin in September of each
year and end in early April. We found that discharge was variable and increased during storm
events (Figure 5). Discharge, normalized for watershed area, was lower at the treatment
watershed during the cover cropped period in fall 2016.
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Figure 5. Discharge at the reference watershed (blue) and the treatment watershed (red), normalized by the
acreage in each site. Discharge was much lower at the treatment watershed when cover crops were growing in fall
2016.

Figure 6. Total phosphorus concentrations in the tile water from the reference watershed (blue) and the treatment
watershed (red). Cover crops did not appear to influence total phosphorus concentrations.
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Total Phosphorus Loading (kg/ha day)

Figure 7. Nitrate concentrations in the tile water from the reference watershed (blue) and the
treatment watershed (red). Nitrate concentrations seem to be lower in spring when cover crops
are planted.

Figure 8. Total phosphorus loading in the tile water from the reference watershed (blue) and
the treatment watershed (red). Total phosphorus loading is driven by sediment mobilized
during storm events and cover crops did nto appear to reduce this.
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Figure 9. Nitrate loading in the tile water from the reference watershed (blue) and the treatment
watershed (red). Cover crops had a substantial impact on decreasing nitrate loading during the
period of robust cover crop growth in fall 2016, but did not appear to have a strong impact on
loading during fall 2015 when cover crop growth was not as strong.

Key Results:
• High resolution data collected from automated monitoring stations is key to
understanding loadings. This is primarily because most of the total phosphorus and
nitrate losses appear to occur during storm events.
• Total phosphorus losses do not seem to be influenced by cover crop treatment. This could
be because total phosphorus measurements include phosphorus bound to sediments, and
sediments move into the tile drains during storm events. Increased turbidity of the tile
drain water during storm events is evidence for this sediment input. It is possible that
cover crops may reduce overland losses of sediment and total phosphorus, but this is not
something that we are currently measuring as we are focusing on tile water only.
• Nitrate losses do appear to be reduced substantially by cover cropping when cover crop
growth is robust. During the fall 2016 cover crop grow, there was a significant reduction
in the loss of nitrate. This reduction in nitrate loss was primarily due to lower discharge.
These findings are consistent with other studies that have shown a reduction in discharge
due to cover cropping.
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Outreach and Exposure
We have participated in a wide range of outreach activities, typically done in partnership with
Dr. Armstrong’s Central Illinois Discovery Farm. We also wrote an article about our project for
McClean County Soil and Water Conservation District’s newsletter.
Professional Presentations:
1. Bruening, B.G., C. O’Reilly, V.E. Heath, S.D. Armstrong, and W.L Perry. Influence of
cover cropping on nutrient loading from tile-drained agricultural watersheds. Geological
Society of America Annual Meeting, October, 2016.
2. Bruening, B.G., C. O’Reilly, V.E. Heath, S.D. Armstrong, and W.L Perry. Influence of
cover cropping on nutrient loading from tile-drained agricultural watersheds. Upper
Mississippi River Conference, October, 2016.

V. Budget:
We were able to utilize almost our entire budget towards, travel, sample analysis, personnel, and
equipment.
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