NREC report Feb 10, 2020
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 GeographyGeology, 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 GeographyGeology, at Illinois State University. Expertise: hydrological models, groundwater
5. Contractors: Nathan Thompson, Agricultural Economics, Department of Agriculture, Purdue
University. Expertise: agricultural economics
6. Collaborators: 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 few months.
Cover crops
The weather this fall was not very favorable. However, we were able to plant cover crops on
9/20/19. We had planted oat/radish and cereal rye/radish similar to the previous years.
Total cover crop biomass and nitrogen uptake
Due to the early cold spell and how late we planted the cover crop, biomass in fall 2020 was
very low and patchy (Fig 1). Farmers also harvested late, so the cover crop did not get much
light, and typically does not achieve as much biomass.

Figure 1a: Cover crop biomass on 25 October 2019 in one of the fields.
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Figure 1b: Farmers noted that cover crop biomass seemed to be very patchy and had done well
in areas where the corn had not grown well (due to the wet spring) (photo by C. Brown).

Soil sampling
The soil data from last spring has been organized and some preliminary analyses have been
done. These show that the organic matter concentration in higher in the treatment watershed
than in the reference watershed, but at this point we do not know whether it is related to cover
cropping. Other analyses suggest that the soil nutrient concentrations primarily reflect fertilizer
application from the previous fall, and do not provide any evidence for changes over time in
association with cover crop application. This is to be expected, since the project has only been
operating for 4-5 years, and it can take much longer to change soil characteristics.
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Water sampling and instrumentation
We have continued to analyze our tile water quality data. The timeseries dataset illustrates
several points (Fig 2):
• There are regular periods where the tiles flow is very low or there is no flow. These
periods typically occur in late summer, and can extend into fall and early winter. These
periods are also periods where we have very little to no rainfall.
• Tile flow is highly variable, reflecting storm events.
• Tile flow does occur in early winter, prior to complete thaw, possibly .
• The discharge/amount of water leaving the cover-cropped watershed has not changed
much over time, while more water is leaving the reference watershed. Both 2017 and
2019 had very high amounts of spring precipitation in Illinois.
• Phosphorus loss is linked to high precipitation events. The extended wet spring of 2019
increased the loss of phosphorus in both watershed. Phosphorus is lost primarily in
conjunction with soil particle erosion. In extreme events we have found that tile water
gets muddy and turbid, indicating the soil particles are discharged through tile; these
events are when we find the greatest total phosphorus losses.
• In the first few years of the study (2016, 2017), nitrate losses were greater from the
cover cropped watershed than the reference watershed, presumably because this
watershed is larger.
• In the later years of the study (2018, 2019), nitrate losses from the cover cropped
watershed are similar or less than those of the reference watershed.
Thus, after several years of cover cropping, nitrate losses now appear to be lower and less
variable in the cover cropped watershed than in the reference watershed.
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Figure 2. The amount of water, total phosphorus, and nitrate lost from each watershed daily
over the time period of this study. Periods when no water is lost are times when the tiles were
not flowing (e.g. mid-2017-early 2018; mid-2018, and mid-2019), and thus there is also no
phosphorus nor nitrate losses.
.
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Since there are clear seasonal patterns in tile flow and agricultural activity, we delineated a year
into three periods:
1. Jan – April: winter-spring, a period of generally high discharge and high nutrient
concentrations with no corn/soybeans
2. May – August: spring-summer, during this time, corn/soybeans are growing and tiles are
still flowing
3. Sept – December: fall-winter, tiles are often not flowing, harvest occurs and fertilizer
may be applied.
We compared the total amount of water, phosphorus and nitrate lost within each season
across the period of the study (Fig 3).
Discharge (volume of water) (top row of Fig 3):
• Discharge remains higher over the years from the larger (cover cropped) watershed,
basically regardless of season.
• Discharge is greatest during the winter-spring and lowest during fall-winter.
• Within each season, there are no major changes in discharge over the years of the
project
Phosphorus (middle row of Fig 3):
• Phosphorus loss is relatively similar in all seasons.
• Within each season, there have not been any trends in phosphorus losses over the
course of the project.
• Spring 2019 was associated with very large phosphorus losses, probably due to the
amount and timing of rainfall.
Nitrate (bottom row of Fig 3):
• Nitrate losses are generally highest and the most variable in the spring-winter (Jan-April)
and lowest in the fall-winter.
• Nitrate losses have changed over time in two seasons. In winter-spring, nitrate losses
from the cover cropped watershed initially were greater than those of the reference
watershed, but after two years, nitrate losses from the cover cropped watershed were
similar to or lower than the reference watershed. A similar pattern occurred in summer,
whereby the cover cropped watershed initially had higher nitrate loss but is now similar
to the reference watershed.
• Nitrate losses did not change over time in the fall-winter (Sep-Dec). This is likely due to
the fact that in general, there is very little tile flow during this period.
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Figure 3. Total seasonal losses of water (discharge), phosphorus, and nitrate relative to acreage
over the course of the project years.
In summary, our water quality analyses indicate that nitrate losses from the cover cropped
watershed are now reduced relative to the reference watershed. We attribute this reduction in
N loss to the cover crop application.
Modeling of Cover Cropped Watershed
The model has been calibrated and validated; thus, our model replicates what has been
happening in the watershed over the past few years and can be used to explore how water
quality might be different under other conditions. Our next steps are to generate scenarios that
we can run using the model. We will solicit input from NREC and the farmers on what might be
meaningful scenarios. Possible scenarios include:
• What is the optimal percentage of the watershed that needs to be cover cropped to
achieve at 40-50% reduction in nutrient loss?
• What frequency of cover cropping is needed to maintain a reduction in nutrient loss.
Would it be possible to only cover crop after corn, for example?
• Changing crop and/or cover crop types.
• To what extent does cover cropping reduce losses when fertilizers are fall-applied?
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•

How will nutrient losses change with warmer and wetter winters and springs?

Outreach and education
• We are had a meeting on July 18, 2019, with several of the farmers and managers from
treatment watershed, along with Bob Fish and Jackie Kraft of McLean County Soil and
Water. We met at the Towanda Community Center. The goals of this meeting were to
provide those farmers with data associated with their individual fields, to give them
summary results so far, and to hear any feedback or concerns they might have. Farmers
were interested in what we found, and we seemed to have more interactions with them in
the fall during cover cropping (e.g. sharing photos).
• Results from this project are being incorporated into models being developed as part of the
new watershed management plan.

Other activities
• We presented at the Geological Society of America in September.
• We have begun collaborating with Dr. Rob Rykherd on the soil chemistry data. Dr. Rhykerd
has expertise in this area and these data were not being used for other analyses.
• We will be conducting the socio-economic analyses this spring. One of the farmers has a set
of yield data that would allow us to determine the relative economic costs and benefits of
cover cropping. We also have the option to use the model to explore costs and benefits.
• Our manuscript regarding the reduction in nutrient loss and improved water quality is in the
final stages and will be submitted before the end of spring 2020.
• We received a no-cost extension. This will allow us to ensure that the cover crop that was
applied in fall 2019 can be terminated.
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