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I. The effect of cover crops on surface water quality: A paired watershed experiment in 
the Lake Bloomington watershed 

 
II. Cooperators and Locations 
Cooperators 
1. Primary Investigator: Catherine O’Reilly, Hydrogeology Program, Department of Geography-

Geology, at Illinois State University. Expertise: surface water quality, impacts of land use on 
streams, climate change 

2. Co-Investigator: Shalamar Armstrong, Crops and Soil Science Program, Department of 
Agriculture, at Illinois State University. Expertise: agronomy, soil science 

3. Co-Investigator: Bill Perry, School of Biological Sciences, Illinois State University. Expertise: 
water quality analyses, high-frequency data management and analysis 

4. Co-Investigator: Wondwosen Seyoum, Hydrogeology Program, Department of Geography-
Geology, at Illinois State University. Expertise: hydrological models, groundwater 

5. Contractors: Nathan Thompson, Agricultural Economics, Department of Agriculture, Purdue 
University. Expertise: agricultural economics 

6. Collaborators: Dan Schafer, IFCA Director of Nutrient Stewardship, Expertise: Best 
Management Practices, farmer outreach. Bob Fish, Certified Crop Advisor, Expertise: Best 
management practices, farmer outreach.  

 
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: 
The goal of this project is to understand how cover cropping at large spatial scales affects 
nutrient loss, without altering other farming practices. Our objectives are as follows: 
 

1. To determine nitrogen and phosphorous losses by comparing tile drainage water quality 
from two watersheds, one of which is cover cropped.  

2. To relate patterns in nutrient loss to cover crop biomass, nutrient uptake and soil 
nitrogen. 

3. To compare differences in the effectiveness of cover cropping after soybeans relative to 
after corn. 
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4. To develop a hydrologic model of the cover cropped watershed that can be used to 
explore alternative farming practices and climate change impacts. 

5. To conduct an economic assessment of large-scale cover crop implementation. 
6. To provide information and outreach for local farmers on the use and effectiveness of 

cover crops. 
7. A final objective is to include a final report at the conclusion of this project to address 

each of the objectives stated above. 
 
IV.  Outcomes and activities 
Below we provide a brief summary of our activities over the last 6 months.  
 
Cover crops 
We planted oat/radish and cereal rye/radish similar to fall 2015, with cereal rye/radish 
dominating in area (Figure 1). Planting was done on 14 and 15 September, 2017. A few days 
afterwards, we got good rainfall of around 1 inch, but this was followed by a generally dry fall. 
In addition, some of the fields had corn standing very late, which impacted the establishment of 
the cover crop by shading. We sampled the cover crop on November 14, 2017. These samples 
are in the process of being analyzed for biomass and N. This task will be completed by the end 
of spring, 2018. This will be the first time we have repeated this combination at this scale.  
 
Although we have not analyzed the cover crop samples yet, it appears that fall cover crop 
biomass was relatively low. However, during this time there was no tile flow. In the spring, we 
expect good growth of the cereal rye, and should be able to see an impact of this growth on 
spring nutrient loss, once the tiles are flowing again.  

Figure 1: Map of the cover crop combinations used on the treatment watershed: cereal 
rye/radish and oat/radish, representing both 2015 and 2017 cover cropping. 
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Using remote sensing to understand spatial patterns in cover crops 
We have been working to estimate cover crop biomass and N uptake at smaller scales using 
remote sensing. Typically, we have determined cover crop biomass using point samplings that 
broadly represent the different fields in the treatment watershed (Figure 2). We then 
interpolate between these data points to generate estimates for the entire watershed (Figure 
2). This method generally assumes that there is not much spatial variation in cover crop 
biomass. Intensive sampling would be required to investigate spatial variation, which is not 
easily done at the watershed scale.  

 
Figure 2: (left) Sampling locations for cover crop biomass and N uptake. These locations 
represent multiple points across the fields within the treatment watershed. (right) Spatially 
interpolated estimates of cover crop biomass over the 2015-16 winter. (The low biomass orange 
areas received radish/oats, whereas the high biomass areas received radish/cereal rye.) 
 
Remote sensing, however, provides a possible approach to collect spatially resolved data on 
cover crops. Using Landsat 8, a MS student at Purdue University has compared common 
satellite-derived indices of vegetation to our actual measurements. Soil adjusted vegetation 
index (SAVI), enhanced vegetation index (EVI), and triangular vegetation index (TVI) were 
strongly linearly correlated with cover crop biomass and cover crop biomass, (average R2 of 
0.77, 0.78, 0.76, respectively; Figure 3) and N uptake (average R2 of 0.68 for all 3 vegetation 
indices, Figure 4).  
 
 



 5 

 
 

Figure 3: Linear relationships between common remote sensing vegetation indices and cover 
crop biomass for three different time periods of measurement. The best performing were SAVI, 
TVI, and EVI.  
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Figure 4: Linear relationships between common remote sensing vegetation indices and cover 
crop biomass for three different time periods of measurement. The best performing were SAVI, 
TVI, and EVI. 
 
These results were then applied to estimate cover crop biomass and N uptake across the 
watershed (Figures 5 and 6). Cover crop biomass and N uptake estimated using SAVI were +/-
15% of observed values. Cover crop biomass and N uptake estimated by the SAVI method were 
86% and 85%, 93% and 94%, 107% and 98% of the ground observed value during 2016 spring, 
2016 fall and 2017 spring, respectively. 
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Figure 5: Estimated cover crop biomass for Spring 2016, comparing SAVI remote sensing 
estimates to two interpolation methods based on the point sampling.  
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Figure 6: Estimated cover crop biomass for Spring 2016, comparing SAVI remote sensing 
estimates to two interpolation methods based on the point sampling.  
 
Ultimately, the remote sensing approach shows is that there is a lot of spatial variation in the 
cover crop biomass and N uptake. This is most obvious when looking at the spring 2016 results. 
Common methods of interpolating between points samples (Krieging and Inverse Distance 
Weighting) do not show large variations at small scales (SAVI Method). This spatial variation 
may be due to differences in soil characteristics. These results indicate that remote sensing 
approaches have potential to  
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Water quality 
We had a particularly dry late summer and fall. The tiles actually stopped running in late 
summer, this is the first time we have ever seen these tiles dry (this is why the figures do not 
have any data since July). Precipitation events during fall/early winter were not extensive 
enough to saturate the soil and lead to tile flow. Our tiles remain dry. 
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Figure 7. Dissolved phosphorus (top), ammonium (middle) and nitrate (bottom) concentrations 
in the water from the treatment and reference watershed. EPA drinking water limit is 10 mg/l 
for nitrate-N. The lack of data since July 2017 is because the tiles have not been flowing due to 
dry conditions.  
 
The water quality data indicates that cover cropping appears to be effective. In early spring 
(April), N concentrations are generally lower from the treatment site than the reference site.  
The response may take time, as soil conditions change through regular cover cropping - the 
treatment site may be shifting towards reduced N losses overall. In contrast, cover cropping 
may be contributing in some way to increasing P losses; this may be caused by changes in the 
soil, and is something we are investigating in more detail. Hydrology continues to be an 
important influence – the larger size of the treatment watershed means that this watershed 
does discharge more water. Cover cropping appears to be reducing the amount of water lost. 
We are in the process of conducting more detailed analyses of these data for publication.  
 
Hydrology and modeling 
Our goal is to create a model of the treatment watershed that will allow us to explore the 
impact of different types of management strategies, cover crops, and changes in climate. Our 
first step in constructing this model is to better understand the subsurface hydrology of the 
watershed. To do this, we need to understand the groundwater system as part of creating 
boundary conditions for the model, and we will do this by establishing wells within the 
watershed so that we can measure the water table, delineate groundwater flow directions, and 
analyze water quality data. To accomplish this, first, we delineated the surface boundary of the 
treatment watershed using a digital elevation model with 5 m resolution obtained from the 
USDA spatial data gateway. Once the watershed was delineated, we used DEM, satellite data, 
and google earth time series imagery to begin to identify and locate potential tile drains in and 
surrounding the watershed. The DEM allowed us to create precise surface contour lines of the 
watershed, to help identify natural flow paths. Comparing satellite data of the wet season and 
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google earth imagery of the dry season allowed us view moisture differences in the soil created 
by the tile drains and then trace the major drainage lines. Using the completed tile drain map, 
we have proposed ten potential drilling sites to install the wells. We are planning to select 
fewer wells and install these wells in the spring. 
 
In addition, we have downloaded and formatted hydro-meteorological data (e.g., water quality 
data, precipitation, discharge data), spatial data including soil data form the Soil Survey 
Geographic Database (SSURGO), and land use land cover data from National Land Cover 
Database 2011 (NLCD 2011) required to set up the hydrologic model.  
 
Other products and activities 

• Ben Bruening officially completed his MS in hydrogeology in August 2017. His thesis work 
focused on the effect of cover cropping on water quality.  

• Two posters were presented at the Geological Society of America conference: 
o Morales, A., A.L. Watson, W.L. Perry, and C.M. O’Reilly. Analyzing the influence of 

precipitation on buffer zone tile drain systems in central Illinois. Geological Society of 
America Annual Meeting, October, 2017. 

o Watson, A.L., C.M. O’Reilly, W.L. Perry. V.E. Heath, and B.G. Bruening. Effects of 
precipitation on nutrient storage in a cover cropped agricultural watershed. Geological 
Society of America Annual Meeting, October, 2017 Geological Society of America Annual 
Meeting, October, 2017. 

• We continue to work on writing two manuscripts for peer-reviewed publication that we 
expect to have submitted by the end of the academic year.  

• We are finalizing contracts with farmers for spring 2018 termination 

• We are in the process of preparing for soil sampling, estimated to occur in April, 2018, 
which will be done by United Soils, Inc. using the same grid as previously. 

• Kennedy Farm Drainage will be replacing the AgriDrain that was damaged in a car accident.  
 
Outreach and education 
Dr. Armstrong and O’Reilly had the opportunity to learn more about cover crops in practice by 
interacting with the Illinois Farm Bureaus’ SWAT team, where they also gave a presentation 
(January 25, 2018). In particular, the farmers who used cover crops said that they had not seen 
any real effect of them until after about 6-8 years.  


