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Summary

This project has completed its second year of funding. Two field experiments were
successfully established in April 2016 at the University of Illinois Research and Education
Center in Urbana Following the same protocols as year 1. Soil nitrous oxide emissions
(N2O), yield, and soil N availability in response to N fertilizer source, tillage, and crop
residue management practices were quantified. Budget expenditures largely align with
requested projects funds and overall spending is on track. Preliminary results from 2015
and 2016 were shared as part of a presentation on sustainable N management at the
2016 Agronomy Day at UIUC, and at the American Society of Agronomy meetings in
Phoenix, AZ in November 2016.

1. Objectives
The overall goal of this project is to assess nitrogen (N), tillage, and residue management strategies for
minimizing yield-scaled nitrous oxide (N2O) emissions while increasing nutrient utilization and crop
productivity in IL corn production systems. Specific objectives are as follows:
1. Evaluate N2O emissions, crop N uptake, and crop yields in response to N fertilizer management
practices aimed at increasing N use efficiency.
2. In a separate experiment, quantify the effects of tillage and residue management practices on
N2O emissions, crop yield, and N use efficiency.
3. In both experiments, evaluate N2O emissions as a function of crop yield to identify practices that
minimize air quality impacts per unit of crop production.
4. In both experiments, assess soil N availability and environmental factors that regulate soil N2O
emissions, particularly early in the growing season, to better understand crop management
options for minimizing nutrient losses to the atmosphere.
5. Include a final written report at the conclusion of this project to address each of the objectives
listed above
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2. Accomplishments
•
•
•

•
•
•

Two field experiments were successfully established in April 2016 (Figures 1 and 2)
In both experiments, GHG chamber bases were installed and gas sampling was initiated within a
week following N fertilizer application.
Gas samples were collected twice per week and soil samples once per week from each
experiment (Figures 1 and 2) through mid-July, after which gas samples were collected once per
week and soil sampling every other week until harvest
Soil moisture and temperature were monitored daily in both experiments.
Samples were successfully processed and analyzed in the lab within a week of field collection.
MS student (Rebecca Graham) is conducting her thesis research on this project and presented
her results at the American Society of Agronomy meetings in Phoenix, AZ in November 2016.

Figure 1. Experimental site for measuring nitrous oxide emissions in response to N source.

3. Benefits to environment, crop production, and economics of Illinois Agriculture
Reducing N2O emissions from crop production without negatively impacting yields is a major challenge
facing Midwest agriculture. At the conclusion of the study, results will help guide N2O emission
reduction efforts in corn systems by:
•

Determining whether ‘enhanced efficiency’ N fertilizer sources are capable of producing a winwin situation by improving N uptake and yields, while at the same time reducing N2O emissions.
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•
•

•

Similarly, identifying whether no-till and residue removal practices represent viable strategies
for minimizing N losses in the form of N2O emissions compared to ‘baseline’ conditions.
Together, these experiments will help identify crop management practices that increase the
utilization of applied N fertilizer, which has important economic and environmental implications
for Illinois crop production.
Importantly, results will inform future research needs by showing one of the following: 1) That
promising strategies are available which can relatively easily be incorporated to a program (e.g.
N source choices, no-till, or residue removal practices), or conversely, 2) That the alternative
management strategies studied here do not produce better outcomes than conventional
practices, suggesting that more transformative approaches are needed if N2O emissions are to
be reduced in Midwest maize production.

Figure 2. Photos demonstrating gas sampling, glass vials for gas analysis, auto-analyzer for soil N determination, GC for gas
analysis, and biomass sampling at harvest in the N source experiment.

4. N source trial – 2016 results
Soil temperature and precipitation were variable during the 2016 growing season (Fig. 3). Soil nitrous
oxide emissions remained relatively low across treatments following N fertilizer application, except for
NH3 injection which had elevated emissions starting in mid-May (Fig. 4). Increased precipitation in May
and warmer temperatures combined with increased precipitation in June resulted in peak emissions
occurring in these months across all treatments (Fig. 4). Injected NH3 at planting and ESN had the
highest daily flux rates, while emissions were similar across the other treatments. Despite the presence
of rainfall events in early August and September, emissions remained low during this period and leading
up to harvest. During this time, there was a slight trend of higher emission with SuperU.
Significant differences in cumulative N2O emissions were observed, with the lowest emissions occurring
in the unfertilized check, and the highest emissions occurring in the NH3 treatment (Fig. 5). All N
treatments significantly increased yields relative to the check plot, with UAN + Instinct resulting in
significantly lower yields among N sources (Fig. 6). When emissions were integrated with yields, yield-
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scaled N2O emissions were significantly higher in the NH3 treatment compared to the other treatments
including the check (Fig. 7).
When assessing results for 2016 compared to 2015, several preliminary conclusions can be drawn. In
general, enhanced efficiency fertilizer (EEF) sources evaluated here did not improve yield compared to
NH3 injection. For nitrous oxide emissions, in 2015 UAN+Instinct and ESN had the highest emissions,
whereas in 2016 NH3 injected had the highest emissions. In both years, yield-scaled emissions for
SuperU were not different from the control. A preliminary assessment shows that soil N concentration
did not explain variation in N2O emissions. Further research is necessary to understand the contrasting
results for 2015 and 2016, but in general these findings suggest EEFs may not consistently reduce N2O
emissions in corn-soybean rotations in east central Illinois.

Figure 3. Daily soil temperature and rainfall for 2016 in the experiment evaluating N source impacts on N2O emissions.
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Figure 4. Daily nitrous oxide emissions in the N source experiment in 2016.

Figure 5. Cumulative nitrous emissions and yield-scaled emissions in the N source experiment in 2016.
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Figure 6. Corn yield as affected by N source treatments in 2016.
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Figure 7. Total soil N availability as affected by N source in 2016 (top) and correlations between soil N availability and N2O
emissions in 2016. Percentages on each panel show the relative amount of variation in N2O emissions explained by each
variable.
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5. Residue removal and tillage trial – 2016 results

Figure 8. Experimental site for residue removal and tillage trial. Photos show example of chamber base insertion, a chamber
during gas sampling event in plot with residue retained, and an example plot with reside removed (left to right).

Soil N2O emissions were variable across tillage and residue removal treatments during the 2016 growing
season (Fig. 9). Emissions began to increase across all treatments following N fertilizer application on
May 16th, and reached peaks during late June due to warmer temperatures combined with increased
precipitation, particularly in the conventional tillage treatments. Despite the presence of rainfall events
in August and September, emissions remained low during this period and leading up to harvest.
Significant differences in cumulative N2O emissions were observed, with the lowest emissions observed
in the no-till plus reside removal treatment (RR-NOTILL) and the highest emissions in the conventional
tillage plus residue removal treatment (RR-CONV) (Fig. 10). Yield differences were also significant with
approximately 40 bu/ac difference between treatments, which received the same amount of N fertilizer
(Fig. 12). Both conventional tillage plus residue removal treatment (RR-CONV) and conventional tillage
plus residue retained treatment (R-CONV) produced the highest yields, while no-till plus residue
retained treatment (R+NOTILL) yield the lowest. Yield-scaled N2O emissions had the similar trend
between treatments with the cumulative N2O emissions. Lowest yield-scaled N2O emissions was found
in RR-NOTILL treatment, and highest was produced by RR-CONV treatment (Fig. 13).
Combing the preliminary results for 2015 and 2016 shows an opposite trend was found each year. In
2015, conventional tillage plus residue retained practice produced the lowest cumulative and yieldscaled N2O emissions as well as second highest yield. However, in 2016, no-till plus residue removal
treatment resulted in low cumulative and yield-scaled N2O emissions, though the yield was also among
the lowest. It was noticeable that in both years, conventional tillage plus residue removal treatment
contributed to the highest cumulative and yield-scaled N2O emissions, while also producing the highest
yield relative to other treatments. With these contradictory results, further work is needed to confirm
any findings from the previous years.
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Daily N2O emissions and rainfall
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Figure 9. Daily nitrous oxide emissions and precipitation (green bars) measured in the tillage and residue removal experiment
throughout the 2016 growing season. This trial was planted on April 19th with N application occurring on May 16th. Labels refer
to the following treatments: residue retained + conventional tillage (R+CONV), residue retained plus no-till (R+NOTILL), residue
removal plus conventional tillage (RR-CONV), and residue removal plus no-till (RR-NOTILL).
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Figure 10. Cumulative soil N2O emissions measured over the entire growing season for the tillage and residue removal
experiment. Labels refer to the following treatments: residue retained + conventional tillage (R+CONV), residue retained plus
no-till (R+NOTILL), residue removal plus conventional tillage (RR-CONV), and residue removal plus no-till (RR-NOTILL).
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Corn yield
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Figure 11. Corn grain yield for the tillage and residue removal experiment. Labels refer to the following treatments: residue
retained + conventional tillage (R+CONV), residue retained plus no-till (R+NOTILL), residue removal plus conventional tillage
(RR-CONV), and residue removal plus no-till (RR-NOTILL).
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Figure 12. Cumulative soil N2O emissions expressed on a yield-scaled basis (i.e. total N2O emissions divided by yield) for the
tillage and residue removal experiment. Labels refer to the following treatments: residue retained + conventional tillage
(R+CONV), residue retained plus no-till (R+NOTILL), residue removal plus conventional tillage (RR-CONV), and residue removal
plus no-till (RR-NOTILL).
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Figure 13. Total soil N availability measured at every other gas sampling event in the tillage and residue removal experiment.
Labels refer to the following treatments: residue retained + conventional tillage (R+CONV), residue retained plus no-till
(R+NOTILL), residue removal plus conventional tillage (RR-CONV), and residue removal plus no-till (RR-NOTILL).

6. Budget
All expenditures for this project are occurring as anticipated. One exception is that we are analyzing gas
samples in our lab instead of sending them out for a fee, meaning that some funds in the Services
category have been shifted to the Materials and Supplies and Salaries and Wages categories in order to
perform sample analysis at UIUC. A preliminary budget analysis is provided below for the cumulative
expenditures to date (January 1, 2015 to Feb 13, 2017). However, a finalized budget for this period will
be sent from the UIUC Grants & Contracts Office to Julie Armstrong later in Feb 2017 when charges are
finalized in the University accounting system.
Project Budget (Jan 1, 2015 to Feb 13, 2017)
Line Description
Salaries and Wages
Fringe Benefits
Equipment
Travel
Materials and Supplies
Publications and Printing
Services
Total Indirect Costs
Total

Budget

Expenditures

Encumbrances

Balance

85,721.00
20,638.00
0

104,004.44
7,131.05

712.41
45.67

-18,995.85
13,461.28

0

0

0

4,125.00

3,146.48
21,128.19

0
0

978.52
-6,223.19

0

0

425

1,825.65
15,059.70
152,295.51

0
84.22
842.3

14,086.35
602.08
4,347.86

14,905.00
425
15,912.00
15,746.00

157,485.67
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