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Project Assessing synergies and tradeoffs of recommended BMPs to reduce nutrient losses 

Participants Cameron Pittelkow, Laura Christianson, Rabin Bhattarai 

Length 4 years (January 1, 2016 – December 31, 2019) 

Summary This project has completed its third year of funding. Project activities occurred as 
proposed for 2018 and spending was on track with the requested budget. Baseline data 
collection occurred during 2017 and a peer-reviewed paper describing the experimental 
approach and research questions has recently been accepted for publication. After the 
first treatments were implemented following the 2017 harvest (i.e. cereal rye cover crop 
and fall N treatments applied with strip tillage), 2018 was the first year of treatment 
comparisons. All 16 individually drained plots were implemented with automatic water 
samplers for continuous water quality monitoring throughout 2018. Bioreactor 
monitoring occurred successfully throughout 2017 and 2018. Soil N2O emissions were 
measured weekly during the growing season, along with soil and crop N dynamics at key 
growth stages within each plot. Project accomplishments for 2018 are presented below 
include an analysis and interpretation of preliminary results for drainage N losses, soil 
N2O emissions, and crop yield.  

 
1. Objectives 

The overall goal of this project is to evaluate whether current BMPs for reducing nitrate loss 
may also result in agronomic and environmental tradeoffs that have not been previously considered 
(e.g. negative impacts on crop productivity, nutrient utilization, tile drainage P losses, and/or N2O 
emissions). A replicated tile drainage research site combining in-field and edge-of-field practices is 
currently being established at the UIUC Dudley Smith Research Farm near Pana, IL to address the 
following objectives: 

1. Determine the effects of combining recommended water quality BMPs on tile drainage nutrient 
losses, field N and P balances, and fertilizer use efficiencies.  
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2. Considering a best case scenario (e.g. 4R nutrient stewardship + cover crops + bioreactor), assess 
whether synergies are occurring among practices, and/or there is an upper limit to nutrient loss 
reductions. 

3. Using plots without fertilizer inputs as a baseline, assess the relative contribution of soil vs. fertilizer 
sources to annual N and P losses for continuous corn production systems.  

4. Evaluate whether recommended BMPs reduce nitrate losses but increase N2O emissions.  

5. Evaluate whether cover crops and bioreactors reduce nitrate losses but increase tile drainage P losses 
under certain conditions.  

6. Assess crop yields and relative cost efficiencies of recommended BMPs.  

7. Evaluate (through modeling) how environmental tradeoffs can be managed at the landscape and/or 
watershed-scale using different combinations of BMPs.  

8. Communicate results to agricultural community stakeholders through field days and extension events.  

9. Include a final written report at the conclusion of this project to address each of the objectives stated 
above.  

 

    

        

Figure 1. Dudley Smith experimental site showing individually replicated tile drainage plots approximately 2 acres 
in size (upper left). In 2018, the first nitrogen treatments were applied (upper right). Baseline data collection 
occurred during the 2017 growing season including soil samples for inorganic nitrogen following harvest (lower 
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left). Automatic water samplers are used to monitor tile drainage nitrate losses over the winter/spring and into the 
growing season (lower middle). Chambers are used to measure soil N2O emissions (lower right).  
 
 
2. Accomplishments 

To establish this experiment, individually replicated tile drainage research plots and a bioreactor 
were successfully installed at the Dudley Smith farm in Sept/Oct 2016 (Figure 1). This represented a 
delay in the project compared to the original timeline, which was largely caused by purchasing logistics 
at UIUC. Tile installation costs were covered by the College of ACES, and the cost estimate was large 
enough that the contract had to go out for public bid. The ACES Office of Research remained very 
dedicated to this project throughout this process, particularly through the leadership of Dr. Vickie 
Jarrell. With the support of the College, the bid/procurement steps were successfully navigated, and tile 
drainage and bioreactor installation occurred rapidly following bid approval at the institutional level.  
 

Due to this delay, the project timeline has shifted one year, meaning the 2018 growing season is the 
first year of data collection assessing treatment impacts. Following the 2017 harvest, cover crops and N 
management treatments were successfully imposed. An updated timeline reflecting this change is 
shown in Figure 2. Otherwise, project setup and implementation has been consistent with the originally 
proposed plan, with the following accomplishments in 2018: 
 

• A field day providing an update of project activities was conducted at the site February 15, 
2018. The attendance was good and the research team presented results for 2017. The crowd 
was interested and the research team received excellent questions and feedback (see Fig. 2).  

• A drone flight was conducted on June 15, 2018 (corn growth stage V7) to assess in-field 
variability of crop health and N uptake. 

• A field day providing an update of project activities was conducted at the site on June 20th (see 
Figs. 3 and 4). 

• Sampling for N2O emissions and water quality occurred throughout 2018 and preliminary results 
are shown below (see Figs. 5-7). 

• Grain yield was harvested by combine on October 17, 2018 and the yield monitor results are 
presented below (see Figs. 8-9) 

• Research on the bioreactor has been ongoing since 2017. Results indicate the bioreactor is 
operating well with around 62-64% N removal for water treated in the bioreactor (see Fig. 10-
11). 

• The first graduate student to work on this project, Ms. Hannah Dougherty, graduated in 
December 2018. She will continue to study bioreactors as a Fulbright Fellow in New Zealand.  

• Two posters were presented at the Illinois Nutrient Loss Reduction Workshop at UIUC in Nov 
2018, one on the bioreactor and one on the field experiment.  

• A peer-reviewed paper describing the experimental approach and research questions addressed 
in this study has recently been accepted for publication in a Special Issue on Smart Farming in 
the journal Frontiers in Sustainable Food Systems. The abstract is now posted online. 
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Figure 2. PhD student Giovani Preza-Fontes (PhD student) presents at the Dudley Smith winter grower meeting in 
February 2018. 

 
 

 
Figure 3. Four-year project timeline detailing site installation, field agronomic practices, water quality monitoring, 
and crop modeling activities. While 2020 is not included in the current budget, unused funds for 2016 will be 
allocated towards data collection in 2020 by applying for a no-cost extension at the conclusion of the project. 
Numbers in the figure indicate the following milestones, #2 growing season for baseline water quality and soil N2O 
monitoring, #4 cover crop and N treatments first imposed, #5 first annual assessment of N and P losses under 
different treatments, #6 first annual assessment of N2O emissions under different treatments, #7 modeling 
portion with calibration and validation of field- and watershed- scale models. 
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Figure 4. Top: Cameron Pittelkow presents an update at the June 20th, 2018 field day at the Dudley Smith 
experimental site, along with two graduate students (Hannah Dougherty and Giovani Preza Fontes). Photo credit: 
Amada Cole. Bottom: During the field day a demonstration of the sampling equipment at the experimental plots 
was provided to those who were interested.  
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3. Benefits to environment, crop production, and economics of Illinois Agriculture 

Results from this project will provide much-needed information on the potential positive and 
negative impacts of water quality BMPs that growers are being encouraged to adopt as part of the IL 
NLRS. This experiment is the first of its kind spanning in-field nutrient management, in-field cover crop 
management, edge-of-field remedial practices, and modeling to provide a holistic assessment of 
promising pathways for reducing nutrient losses while maintaining crop production goals and economic 
profitability in Illinois agriculture. 
 
4. Summary of activities during the 2017-2018 water year 

The 2017-2018 water year corresponds to the period from October 1, 2017 to September 30, 
2018. In addition, this also corresponds to the first year that treatments were imposed at the Dudley 
Smith Farm. The four treatments and their respective nitrogen (N) management (time of application and 
fertilizer source) are described in the table below. 

 
Table 1. Description of nitrogen (N) management practices for each treatment. 

Treatment N Rate  Fall N‡ Pre-plant N§ Side-dress N§ 

 - - - - - - - - - - - - - - lb ac-1 - - - - - - - - - - - - - - - 

Control 0 - - - 

Conventional 200 120 80 - 

4R 200 - 80 120 

4R + CC† 200 - 80 120 

†Cereal rye cover crop planted after corn harvest and terminated two weeks before corn 
planting. 
‡N application using 82% Anhydrous Ammonia. 
§N application using 28% Urea Ammonium Nitrate 
 
The cereal rye cover crop was drilled on October 31, 2017, with a target seeding rate of 60 lbs 

ac-1 on a 7.5-inch rows using a john Deere no-till drill. On April 27, 2018, aboveground biomass was 
sampled from a 10.7 ft2 area to estimate cover crop dry matter production and N concentration. On 
April 30, 2018, the cover crop was killed by spraying Roundup PowerMaxx at a rate of 1 qt ac-1. 

The Fall N application for the Conventional treatment was performed on November 28, 2017. 
On the same day, all plots were strip-tilled and fall N was injected below the soil surface. The pre-plant 
and side-dress N application for the 4R and 4R+CC treatments were done on May 2 and June 7, 2018, 
respectively. 

Corn was planted on May 11, 2018, with a target plant density of 35,000 plants ac-1. Corn was 
planted following the strip-till path with 30-inch row spacing. The corn hybrid was Wyffels W7976RIB, 
with 112-115 maturity stage. After physiological maturity (growth stage R6), grain and biomass N 
concentration was determined by hand-harvesting plant samples from a 75 ft2 area within each plot.  
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Grain moisture was measured with a grain analyzer (Model GAC 2000, DICKEY-John Corp., Springfield, 
IL), and grain yields were corrected to 15.5% moisture content. 

Drainage flow was continuously monitored in all plots using a 6712 Full-size Portable Sampler 
equipped with a 720 probe flow module (Teledyne ISCO, Nebraska, NE). The Samplers were set to take 
daily water samples from tile drains. The drainage samples were analyzed for nitrate (NO3) and dissolved 
phosphorus (P) (within 20 days; method 10-107-106-1-J, Lachat QuickChem 8500 series, Loveland, CO). 
Nitrate and P loads were estimated by multiplying NO3-N concentrations by discharge volumes for each 
sampling event and summing across the 2017-2018 water year. 

Measurements of N2O were done using the closed-static chamber method according to the 
USDA-ARS GraceNET Project Protocols. Gas samples were taken from Fall N application in 2018 to corn 
harvest in 2018, with more intense sampling during the corn growing season. After corn planting, gas 
samples were taken twice a week until July, and once a week in August. From September to before corn 
harvest, gas samples were taken twice a month. 

Grain yield was harvested by combine on October 17, 2018. Cereal rye was planted similar to 
the previous year in the 4R + cover crop treatment within two weeks of harvest. Unfortunately, due to 
continuous periods of cold, wet weather throughout fall, the Conventional treatment did not receive fall 
N application as planned. Similarly, soil conditions remained too wet for strip tillage to be performed. 
The research team has been monitoring soil conditions and will apply the anhydrous ammonia to the 
Conventional treatment as soon as possible this spring, including strip tillage on all treatment plots.  
 
5. Preliminary results 

Total annual precipitation was 44.3 inches at the Dudley Smith Farm, which was 3.2 inches 
greater when compared to the 30-year average (1981-2010). Overall, it was a relatively dry winter 
(November, December, and January) and wet spring (Feb and March) and summer (June, July, and 
August) (Figure 1). Precipitation amounts in February and March were 2.2 and 1.1 inches greater than 
the 30-year average. Total precipitation in June was 10.5 inches compared to 4.5 for the 30-year 
average. 

 
Figure 5. Daily and cumulative precipitation during the 2017-2018 water year at Dudley Smith Farm. 
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At the end of the 2017-2018 water year, drainage volume, NO3 and P loads, and flow-weighted 
NO3 concentrations were not significantly affected by N treatments at alpha = 0.05. The treatment 
means for these variables are shown in Figure 6. 

Cereal rye had poor establishment before winter, with high variability within each plot, likely 
due to little precipitation after planting coupled with low air and soil temperatures. At cover crop 
termination in spring, cereal rye biomass production and N content ranged from 119 to 1020, and from 
4.2 to 35.7 lbs ac-1, respectively. When averaged across plots, total biomass production and N content 
was 567 and 20 lbs ac-1, respectively. Cereal rye is widely used in IL with the goal of capturing residual N 
during the winter and spring, with previous research showing that this cover crop can accumulate from 
22 to 45 lbs N ac-1, on average, in aboveground biomass. However, as our research confirms, early 
seeding and good establishment is crucial to realize the potential benefits of a winter cover crop. 

 
Figure 6. Mean (± standard deviation) drainage volume (A), nitrate load (B), flow-weighted nitrate 
concentration (C), and phosphorus load (D) of the first year of treatment application. 

 
Daily (dN2O) and cumulative (cN2O) N2O emissions are shown in Figure 7. Overall, dN2O 

emissions were low (< 15 g N2O-N ha-1 day-1) throughout the year, except early in the corn growing 
season (Figure 3A). There were two periods of highest fluxes: in May and then June to mid-July. Twenty 
days after pre-plant UAN application, dN2O emissions rapidly increased for all treatments, except for the 
control (zero N). The highest spike occurred in the 4R treatment, where dN2O emissions increased from 
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1.5 to 102 g N2O-N ha-1 day-1. After side-dress application, dN2O emissions were considerably higher in 
the 4R and 4R+CC treatments when compared to the Conventional treatment. For instance, on July 2nd, 
2018, dN2O emissions reached up to 300 and 200 g N2O-N ha-1 day-1 for 4R and 4R+CC treatments 
compared to 17 g N2O-N ha-1 day-1 for Conventional.  

Total cN2O emissions at the end of 2017-2018 water year were significantly affected by N 
treatments. The Control treatment had the lowest cN2O (1.9 lbs N ac-1), whereas there was no significant 
difference among the remaining treatments, with cN2O ranging from 4.4 to 7.9 lbs N ac-1 (Figure 7B). 

 
Figure 7. Mean daily (dN2O) and cumulative (cN2O) nitrous oxide (N2O) emissions for each N treatment 
during the 2017-2018 water year at Dudley Smith Farm. (1 = Fall N application; 2 = pre-plant N 
application; 3 = side-dress N application) 
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Corn grain yield was significantly lower for the Control treatment (105 bu ac-1) (Figures 8 and 9). 
However, no significant difference was seen among the remaining treatments, with grain yield ranging 
from 210 to 224 bu ac-1. This range is similar compared to Christian County average yield in the previous 
two years (2016 and 2017 had average yields of 207 and 220 bu ac-1, respectively) (USDA-NASS). County 
average yield data for 2018 is not yet available for comparison.  

 
Figure 8. Corn grain yield in 2018 (average of 4 replicate plots approximately 2 ac each in size). 
 

 

 
Figure 9. Grain yield map at the Dudley Smith Farm in 2018. Treatments labels are depicted for 

each plot. 
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Bioreactor performance was monitored throughout 2017 and 2018. The bioreactor (LWD: 16.8 x 
10.7 x .91 m; drainage treatment area: 14.2 ha) included two flow-routing baffles. It was installed in 
October 2016 and a series of potassium bromide conservative tracer tests were performed on this new 
design during 2018 as well as at three conventionally designed bioreactors to evaluate how the baffles 
impacted bioreactor hydraulic functioning. This new bioreactor had greater effective volume, lower 
dispersion, and less short circuiting compared to the conventionally designed bioreactors (Figure 10). 
However, this did not necessarily translate into improved NO3-N removal.  

Overall N load reductions of 23-24% at the edge of the field were similar to many other 
published studies for bioreactors without baffles. There was 62-64% N removal for water treated in the 
bioreactor which translated into removal rates of 1.30-1.25 g N m-3 d-1 which were also similar to other 
studies (Figure 11). Additionally, while this bioreactor was relatively wide to maximize the percentage of 
flow treated, only 40-41% of the annual flow volume was treated. While the baffles did not lead to 
increased N removal compared to conventionally designed bioreactors, they did improve bioreactor 
volume utilization, and thus, the idea of bioreactors with baffles is an idea meriting further exploration 
at additional sites. 
 

 
Figure 10. Treatment tracer testing curves (a: Advanced Bioreactor tests 1, 2, 3 at the Dudley Smith 
Farm) versus control curves (b: NERF, IL Farm Bureau Henry Co., Mercer Co.) with concentrations 
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normalized to the highest outflow bromide concentration for each test. Dashed vertical line indicates 
1.0 cumulative pore volume when a theoretically ideal tracer test would peak. 
 

 
Figure 11. Bioreactor influent and effluent nitrate-N concentrations (a), bioreactor and bypass flow rate 
(b), and cumulative nitrate-N loads (c) for monitoring in 2017 and 2018. 
 
 
 
 


