
 

2018	Mid-Year	Report		
Summary	Sheet	

	
Grantee	Information	

Project Title: 
A Long-term Evaluation of Nitrogen Application Timing and Cover Crops Impacts on the Fate and Availability 
of Nitrogen Fertilizer and Crop Production on Tile Drained Fields Cereal Rye Ahead of Corn: N Catch and Release 

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

 

Institution: Purdue University and Illinois State University 

Primary Investigator:  Shalamar Armstrong 
 

NREC Project # 2018-3-882186-86 2017-3-360350-314 2014-3-882664-38 
 

    
Is your project on target from an IMPLEMENTATION standpoint?  ☒ Yes ☐ No 
If you answered “no” please explain:     

 

 

Is your project on target from a BUDGET standpoint?  ☐ Yes ☒ No 
If you answered “no” please explain:     
We have been approved for a no cost extension to complete our sample and data analysis. A portion of the funds not used during 
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I. A Long-term Evaluation of Nitrogen Application Timing and Cover Crops Impacts on the Fate 
and Availability of Nitrogen Fertilizer and Crop Production on Tile Drained Fields   

II. Cooperators and Locations 
Primary Investigator:  
Shalamar Armstrong, Adjunct Assistant Professor of Soil Science and Agronomy, Illinois State University 
and Assistant Professor of Soil Conservation and Management, Purdue University 
Email: sarmstro@purdue.edu, Phone: 765-496-0256 
 
Co-Investigators: 
Catherine O’Reilly, Associate Professor of Geology, Department of Geography-Geology, Illinois State 
University. Email: cmoreil@ilstu.edu, Phone: (309) 438-3493 
Cameron Pittelkow, Assistant Professor of Agronomy, Department of Crop Sciences, University of Illinois, 
Email: cmpitt@illinois.edu, Phone: (217) 244-9591 
Nathanael Thompson, Assistant Professor of Ag Economics, Department of Agricultural Economics, Purdue 
University, Email: thomp530@purdue.edu, Phone: (765) 494-0593 
Corey Lacey, Ph.D. Candidate, Purdue Agronomy Department 
Michael Ruffatti, Support Scientist, Illinois State University, Agriculture Department 
 
Project Collaborators:  
Dan Schafer, Certified Professional Agronomist, Certified Crop Adviser;  
 
Farmer and Industry Advisory Board: 
Phillip Brown, Participating Farmer; 
Mike Kelly, Advising Farmer and President of the SWCS; 
Robert Fish, Certified Crop Advisor; 
Mclean County Soil and Water Conservation Society 
Illinois Natural Resources Conservation Service 
 
Location: Lexington, IL is the location of the Illinois State University Nitrogen Management Research Field 
Station (NMRFS).  
 

III. Objectives  

Specific objectives: 
1. Quantify the impact of N application timing (fall and spring) and cover crop inclusion on corn and 

soybean N uptake and yield, distribution of soil N, and nitrate loss through tile drainage. 
2. Investigate the impact of N application timing and cover crop inclusion on N2O flux during the year. 

3. Utilize 15N methods to identify whether cover crops primarily take up soil or fertilizer N. 

4. Determine the impact of cover crops on the fate and availability of fall and spring applied fertilizer N 
(mineralization, immobilization, nitrification, conversion to soil OM, leaching, and plant uptake) using 
15N methodology. 

5. Utilize 15N methods to determine the synchrony of the timing and quantity of cover crop residue N 
release and corn and soybean N demand. 

6. Develop an economic model to evaluate the value/risk of cover crops based on five years of agronomic 
and environmental data. 
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IV. Activities and Preliminary Findings 
 

 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

V. Cover Crop Biomass Analysis 
 

Fall 2017/Spring 2018Cover Crop Biomass 
Analysis  

Biomass  (lb/A) 419.3 

N Uptake (lb/A) 13.9 
 
• The cover crop planted was a mixture of Daikon Radish and Cereal Rye (8%/92%). Total biomass was 

419.3 lb/A, which was below our average (1200 lb/A). This lack of biomass is due to a significantly colder 
fall with temperatures recorded down to -22 degrees. Thus, despite N application timing fall cover crop 
biomass among treatments were less than 100 lb/A. The nitrogen analysis of the cover crop biomass 
revealed that the cover crop scavenged approximately 14 lb N/A, which is also drastically lower than our 
60 lb N/A at this particular field. 

Water Sampling Events 2018 
Rainfall Event 1 25-Mar 
Rainfall Event 2 2-Apr 
Rainfall Event 3 14-Apr 
Rainfall Event 4 9-Jun 
Rainfall Event 5 21-Jun 
Rainfall Event 6 30-Nov 
Rainfall Event 7 31-Dec 

Air/Soil Sampling  
 2018 

Event 1 24-Apr 
Event 2 1-May 
Event 3 8-May 
Event 4 16-May 
Event 5 23-May 
Event 6 31-May 
Event 7 6-Jun 
Event 8 14-Jun 
Event 9 25-Jun 
Event 10 5-Jul 
Event 11 11-Jul 
Event 12 16-Jul 
Event 13 31-Jul 
Event 14 8-Aug 
Event 15 23-Aug 
Event 16 20-Sep 

Field Activities 
Soybean 

2018  
Cover Crop Plant Sampling Apr-20 
Cover Crop Termination Apr-25 
Soil Sampling (0-80 cm) May-02 
MST Sampling   
Soybean Planting May-07 
V4 Soybean Plant Sampling Jun-25 
R2 Soybean Plant Sampling Jul-30 
R4 Soybean Plant Sampling   
R6 Soybean Plant Sampling Sep-10 
R8 Soybean Plant Sampling Sep-20 
Cover Crop Planting Sep-06 
Corn Grain Harvest Sep-28 
Soil Sampling (0-80 cm)   
Cover Crop Biomass Sampling Oct-30 
Fall Anhydrous Application - 
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 VI. Cover Crop Impact on Water Quality 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Although cover crop biomass production and precipitation were significantly less relative previous 
years in the study, it seems that cover crops’ impact on water quality remained consistent. Total nitrate 
nitrogen loading from tile water was reduced by 50-66%, with the largest reduction coming from the 
Fall applied treatment.  
 

• The analysis of the flow weighted tile water nitrate nitrogen concentrations, confirmed the total load 
reduction by cover crops. In 2018, the flow weighted nitrate nitrogen concentrations were much lower 
relative non-cover crop treatments (top graph). The flow weighted analysis also revealed that the 
effectiveness of cover crops to reduce the concentration of tile water increased with time. Also, we 
observed greater nitrate nitrogen concentrations on average in the corn year, where N applications are 
made relative to the soybean years. However, in both corn and soybean growing seasons, cover crops 
effectively reduced N loss. When considering the total nitrate nitrogen load across the entire study, 
cover crop reduced nitrate nitrogen loading by 46-49% over a 3.5 year period, while averaging only 
1200 lb/A/year of biomass.  

49-49% Reduction 
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VII. Cover Crop Impact on Air Quality 

 
 

• The figure above captures our analysis of the influence of both N fertilizer application timing and the 
inclusion of cover crops on N2O soil emissions. In 2017, our first year of observation there were 8 air 
sampling events and in 2018 we executed 16 sampling events. 

• Key preliminary findings are as following: In the corn year, the base line N2O flux was greater relative to 
the soybean year. In the soybean year, a significant spike in the N2O flux occurred at 6/27 for only the 
cover crop treatments in 2018 (soybean year). According to other microbial studies performed in my 
research program, this peak in N2O coincides with a peak in microbial activities in response to carbon from 
the decomposition of cover crop residue. Additionally, the 2018 peak soil N2O flux coincides with a 
reduction in corn N uptake, for corn planted in cereal rye residue.  
 

VI. Cover Crop Impact Soybean Yield 
•  Similar to the 2016 soybean yield analysis, there was 
no significant difference among treatments in 2018. This 
trend has occurred in 2 consecutive growing seasons and 
is confirmed in the literature. 
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VIII. Cover Crop Impact  
 
Two 15N projects 

1. The Cereal Rye N Release Study (CRNRS) investigates the fate of N released from decomposing 
cereal rye residue using enriched 15N cereal rye shoots.   

2. The Fertilizer Study (FS) investigates the impact of fertilizer N timing and cover crops on the fate of 
fertilizer N into the soil and following corn crop using labeled 15N anhydrous ammonia.  
 

 

 
Year 1 (2017-2018) 

Date Activity Project 
Completed 

 
  

9/15/17 Cereal rye was drilled in the 
microplots 

Both 

11/27/2017 Fall AA Applied Fertilizer Study 
2/1/2018 Sampling of cover crop Roots 

and Shoots 
Fertilizer Study 

3/27/2018 First Nursery 15N Application CR N Release 
Study 

4/10/2018 Second Nursery 15N Application CR N Release 
Study 

4/13/2018 Spring AA Applied Fertilizer Study 
4/19/2018 Third Nursery 15N Application CR N Release 

Study 
4/29/2018 Cover crops terminated Both 
4/30/2018 Removed above ground biomass 

from Nursery plots 
Both 

5/7/2018 15N Labeled and unlabeled CR 
Residue placed in micro-plots 

CR N Release 
Study 

5/7/2018 Soil samples Collected from 
Micro-plots 

CR N Release 
Study 

5/19/2018 Soil Samples Collected Both 
5/19/2018 Corn and Soybean Planted Both 
6/27-
28/2018 

Vegetative Plant and Soil 
Sampling 

Both 

7/1/2018 Sidedress 180lb/A of urea CR N Release 
Study 

7/28/2018 Early Reproductive Plant and Soil 
Sampling 

Both 

9/18/2018 Corn and Soybean Harvest Both 
10/24/2018 Cereal Rye N Planted  Both 
11/21/2018 Fall AA Applied Fertilizer Study 
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A-Micro-plot established in 
non-labelled cereal rye by 
removing the above ground 
shoot biomass (15N obj. 1) 
B-15N labelled biomass placed 
in the micro-plot (15N obj. 1) 
C-Corn planted within the 15N 
labelled micro-plot (15N obj. 1) 
D-Corn plants emerging and 
decomposition of the 15N 
micro-plots (15N obj. 1)  
E and F- Fall labelled 15N 
being applied in the micro-plot 
(15N obj. 2) 

 

 
 
 
Preliminary findings presented in this report are associated with the Cereal Rye Nitrogen Release Study 15N 
objective 1. 
 

• The Cereal Rye Nitrogen Release Study was designed to answer the questions “How much cereal rye 
residue N is used by the following cash crop (Corn or Soybean)? To answer this question growing cereal 
rye was enriched with labelled and traceable nitrogen (15N) and was tracked into the cereal biomass, into 
the soil after cereal rye residue (shoots) decomposition, and into the following cash crop. 
 

• In the spring, cereal rye was terminated prior to the elongation (boot stage) 3 weeks before plating the 
cash crop. Corn was planted into 1,038 lbs/A of enriched cereal rye residue that contained 21 lbs/A of N 
within the residue. Soybean was planted into 864 lbs/A of enriched cereal rye residue that contained 17 
lbs/A of N. Both corn and soybean were planted on 30 inch rows. Difference in residue amount reflected 
the actual difference in cereal rye growth within soybean and corn residue. More cereal rye growth in 
soybean residue relative to in corn residue. This trend is consistent with other studies in my program, 
especially when the cereal rye seed is drilled. Corn and soybean yields within the 15N micro-plots were 
215 and 58 bu/A, respectively.  
 

•  Initial results from our study suggest that corn planted into cereal rye uses approximately 10% of the N 
within the cereal rye residue and soybean planted into cereal rye uses approximately 7% of cereal rye 
residue N (Figure A below). Thus, on average cash crops following cereal rye utilized a minimum of 9% 
of the N from cereal rye residue. We consider this 9% to be an underestimate, simply because we only 
examined the contribution from cereal rye shoots and did not measure the potential root contribution. 
More specifically, we also determined that in both corn and soybean, a greater mass of cereal rye N is 
partitioned into the grain compared to the stover. Thus, on average approximately 2% of the cereal rye N 
utilized by the cash crop is return back to the soil as stover, which drives N cycling and soil health. Another 

A B 

C D 

E F 
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key finding of this study, is that by cash crop harvest approximately 93% of the cereal rye N remains in 
the soil (Figure B below). This study is being replicated in Indiana through a leveraged source of funding 
and resulted in very similar findings. Cash crop utilized approximately 11% of cereal rye N, a greater 
mass was partitioned in the grain versus the stover at harvest, and approximately 91% of cereal rye is in 
the soil at cash crop harvest. 
 

• Future analysis from this study, will allow us to quantify the progress of cash crop cereal rye N uptake 
and residue N release to the soil. In the fertilizer study (15N objective 2) we will determine if there a 
difference in cover crop interaction with fertilizer N applied in the fall versus the spring. Using 15N 
techniques, we will also investigate the impact of fertilizer application timing (fall and spring) on N use 
efficiency of corn with and without the presence of a cereal rye cover crop. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B 

A 



9 

V. Publication, Outreach and Education (Engaged over 5000 farmers in 2018 within the Corn Belt 
region) 

 
Publications 
Ruffatti, M.D., R. Roth, C. Lacey, and S.D. Armstrong. 2019. Impacts of nitrogen application timing 
and cover crop inclusion on subsurface drainage water quality. Agricultural Water Management 211:81-
88. 
 
Roth. R., M.D. Ruffatti, P.D. O'Rourke, and S.D. Armstrong. 2018. A cost analysis approach to 
valuating cover crop environmental and nitrogen cycling benefits: A central Illinois on-farm case study. 
Agricultural Systems, Agricultural Systems 159:67-77. 
 
 
Invited Presentations 
The impact of cover crops on nitrogen fate and availability in corn and soybean systems. 2018. North 
Central Extension Industry Soil Fertility Conference, Des Moines, IA 
 
Cover crops and nitrogen management impacts on cash crop yield and water quality on multiple scales. 
2018. American Society of Agronomy Sustainable Agronomy Conference, Madison, WI. 
 
Cover crop inclusion impact on the availability and fate of nitrogen. 2018. Illinois certified crop advisor 
conference. Normal, IL 
 
Cover crops and nitrogen management impacts on cash crop yield and water quality on multiple scales. 
2018. University of Wisconsin Discovery Farms Conference, Wisconsin Dells, WI 
 
Soil biology’s impact on nutrients cycling. 2018. Monroe City, MO 
 
What are the implications of crop residue on cash crop nitrogen uptake? 2018. 2nd Annual North East 
Missouri Soil Health Workshop, Monroe City, MO 
 
The availability and fate of nitrogen in a cover crop soil health management system. 2018. Mid MO Soil 
Health Seminar, Boonville, MO 
 
Outreach and Education 
 
Hamilton County PARP, Hamilton, IN February 2018  

Midwest Cover Crop Conference, Fargo, ND, March 2018 

Michael Starkey Cover Crop and Soil Health Seminar, March 2018, Indianapolis, IN 

Dean Allen Farm Cover Crop Field Day, Bryan, OH, June 2018 

Illinois Sustainable Ag Partnership: Risk Management Conference, Normal IL, June 2018 

Soil Health Seminar, Boone County IN, December 2018  


