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Project An agronomic assessment of soil nitrous oxide emissions in Illinois: increasing nutrient 

utilization while reducing impacts on air quality 

PI/CO-PIs Cameron Pittelkow, Maria Villamil, Emerson Nafziger – University of Illinois 

Length 3 years (January 1, 2015 – December 31, 2017) 

Summary This project completed its third and final year in 2017. Two field experiments were 

successfully established in April at the University of Illinois Research and Education 

Center in Urbana Following the same protocols as years 1 and 2. Soil nitrous oxide (N2O) 

emissions in response to N fertilizer source, tillage, and crop residue management 

practices were quantified. Gas samples were collected twice per week and soil samples 

once per week, weather permitting. Budget expenditures largely aligned with requested 

projects funds. Project results were most recently shared at the International American 

Society of Agronomy meetings in October 2017. Interpretation of results is provided 

below with a focus on summarizing the three years of data. The findings of this project 

will be written up for publication in peer-reviewed journals in 2018.   

 

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. 
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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 

2. Accomplishments 

• Two field experiments were successfully conducted in 2017 (Figure 1). 

• 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 (Figure 2). 

• Soil moisture and temperature were monitored daily in both experiments. 

• Plots were harvested for grain yield, total crop N uptake, and N recovery efficiency. Cumulative 

N2O emissions were evaluated on a yield-scaled basis. 

• One MS student in my lab (Rebecca Graham) successfully completed her thesis research based 

on field results for the N source portion of this experiment in 2015 and 2016. Rebecca defended 

her thesis in June and graduated in August.  

• A postdoc in my lab (Mingwei Yuan) is analyzing results from the residue/tillage field 

experiment. She presented this work at the ASA-CSSA-SSSA meetings this November in Tampa, 

Florida.  

• Rebecca and Mingwei will both write a manuscript for publication during 2018.  

 

      

       
Figure 1. Experimental site for measuring nitrous oxide emissions in response to N source. 
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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. This field potion of this study has concluded and results are being analyzed 

statistically and written up for publication. It is our goal that findings will help guide N2O emission 

reduction efforts in corn systems by:  

• Determining whether ‘enhanced efficiency’ N fertilizer sources are capable of producing a win-

win situation by improving N uptake and yields, while at the same time reducing N2O emissions. 

• 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. Results and Discussion 

Tillage and Residue Removal Experiment 

Summary  

In this study we evaluated cumulative soil nitrous oxide (N2O) emissions, grain yield, and yield-scaled 

N2O emissions in continuous corn (Zea mays L.) for four treatments: chisel-till (CT) or no-till (NT) with 

either residues retained (R+) or fully removed (RR-). Combing the three-year results, the study revealed 

that year significantly influenced soil N2O losses and crop yield response (p<0.05). Specifically, the 
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rainfall intensity strongly affected the magnitude of cumulative N2O emissions across the three growing 

seasons, yet this response also depended on tillage system. Cumulative soil N2O emissions were 

significantly affected by a year by tillage interaction, but did not respond to the tillage and residue 

management treatments on their own, or their two-way interactions. Among the environmental factors 

and soil N availability besides rainfall, soil NO3
- concentrations were also found well correlated with the 

daily N2O fluxes. Over the three years, no-till reduced the crop yield by 9% compared to CT, but this 

response was variable with a year by tillage by residue management interaction being detected for crop 

yield. These results indicate the complex interactions between environmental factors and management 

practices on soil N2O emissions and crop yield, suggesting that tillage and residue effects on N2O 

emissions and yield cannot be easily predicted or accounted for when considering N2O mitigation 

potential for continuous corn systems in Illinois.  

 

 
Experimental site for tillage and residue removal trial at South Farms in Urbana, IL. Photos moving left to right show an example 

of chamber base insertion, a chamber during gas sampling event in plot with residue retained, and a plot with reside removed.  

 

Results 

Variation of environmental factors 

Average monthly precipitation and air temperature during the anticipated peak N2O emission periods of 

June, July, and August from 2015 to 2017 were compared to the 20-yr average (1996-2016) (Fig. 3). June 

2015 and 2016 had unseasonably high rainfall, and 2015 had the wettest June on record, while 2017 was 

much drier in all three months than the 20-yr average. The 2015 growing season was cooler than 

average, while 2016 was warmer than average, especially in June and August.  

 

The effects of tillage and residue removal on soil temperature and water content varied by year. Soil 

water content fluctuated with rainfall events throughout the season (Fig. 4). No-till on average had 0.31 

m3 m−3 soil water content throughout the season in 2015 and was 0.03 m3 m−3 higher than CT, while 

there were no significant differences between residue removal treatments on soil water content 

observed. Residue retention and NT had the lowest soil water content from 9 June in 2016 throughout 

the season, around 0.06 m3 m−3 lower than other treatments averaged across the growing season. In 
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2017, no significant difference between tillage and residue removal treatments on soil water content 

was observed.  

 
Figure 3. Average monthly rainfall and air temperature during the peak N2O emission periods (June, July, and 

August) from 2015 to 2017 compared to the 20-yr average (1996-2016). 

 

During the 2015 growing season, soil temperature in R+ and CT treatment was significantly higher than 

other treatments, approximately 7°C higher when averaged across the season, while no difference was 

found among other treatments. Before 21 June in 2016 and 17 July in 2017, when the corn canopy had 

not completely covered the soil surface, soil temperatures for CT were around 3°C and 2°C higher 

than NT treatments in 2016 and 2017, respectively. 

 

Soil N2O emissions 

Temporal variation in soil N2O emissions followed similar patterns in 2015 to 2017 (Fig. 5). Emissions 

generally remained lower during the beginning and end of the growing season, with the highest 

emissions occurring from middle June through early July. Periods with elevated N2O coincided with high 

daily rainfall events, though large variability was observed between tillage and residue management 

treatments. In 2015, the highest flux rate was observed on 17 June with RR- and NT practice, while R+ 

and CT combination was associated with higher emissions earlier in the season. In 2016, the two highest 

peaks occurred on mid-June with RR- and CT, with several small peaks from late May to early June also 

occurring with R+ and CT. Similar to 2016, the greatest flux was also found in RR- and CT practice in 

2017, with some elevated emission with R+ and CT practice earlier in the season. 

 

Cumulative soil N2O emissions were significantly influenced by year and a year by tillage interaction 

(Year×T), while no residue management effect was detected (Table 1). The 2015 season produced the 

highest N2O emissions, intermediate in the 2016 season, and lowest in 2017. The wettest June on record 

and cooler temperature possibly contributed to the greatest N2O emissions in 2015, while the lower 

rainfall in June to August than the 20-year average might result in the lowest N2O emissions in 2017. 



7 

Although cumulative N2O emissions did not respond to tillage effect in 2015, a contrasting response was 

observed in 2016 and 2017, with higher emissions in CT than NT in 2016 and the opposite in 2017. 

 
Figure 4. Trends of soil water content (m3 m-3, a-c) and soil temperature (° C, d-f) sampled from between rows at 

10 cm from 2015-2017 affected by two tillage (chisel-till [CONV] and no-till [NOTILL]) and residue management 

(residue retained [R+] and residue fully removed [RR-]) treatments. 

 

 
Figure 5. Trends of daily soil N2O fluxes (g N2O ha-1 d-1, a-c) and total mineral N concentrations (NO3

-+NH4
+, ppm, d-

f) from 2015-2017 affected by two tillage (chisel-till [CONV] and no-till [NOTILL]) and residue management (residue 

retained [R+] and residue fully removed [RR-]) treatments. Bars represented standard errors. 
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Soil inorganic N dynamics 

High levels of total inorganic N (NO3
-+NH4

+) were observed from late May through late June in 2015 and 

2016, and from early June to early July in 2017, which generally coincided with the elevated N2O 

emissions except for 2015 (Fig. 5). Similar to soil N2O emissions, concentrations of total N started to 

decline after early July throughout the season across all treatments in the three growing seasons. 

However, the response of soil inorganic N concentrations to the tillage and residue management 

practices was different from that of soil N2O emissions.  

 

Soil NO3
-, NH4

+ and total N intensity were only affected by year and a year by tillage interaction (Table 1). 

The three parameters were significantly lower in 2015 due to the different sampling method that only 0-

10 cm surface soil samples were collected in 2015 relative to the 20 cm sampling depth in 2016 and 

2017. The highest soil N intensities were found in the 2017 growing season, and no tillage effect was 

found in all parameters. Soil NO3
- intensities were similar between CT and NT in all three season, while 

soil NH4
+ intensities responded to tillage effect differently in 2015, as did total N intensity in 2015 and 

2016. 

 

Table 1. Main and interactions effects of year and tillage on cumulative N2O (g N2O ha-1), soil NO3
- intensity (g N kg-1 

d), soil NH4
+ intensity (g N kg-1 d), and soil total inorganic N (TN) intensity (g N kg-1 d).  

Treatments  Cumulative N2O 
Soil NO3

- 

intensity 
Soil NH4

+ 

intensity 
Soil TN intensity 

Year Tillage (T) g N2O ha-1 g N ka-1 d g N ka-1 d g N kg-1 d 

2015  8124a 0.50b 0.30b 0.80c 

2016  4250b 1.63b 0.84ab 2.48b 

2017  2596c 3.77a 1.70a 5.47a 

      

2015 CT 8144a 0.37b 0.11a 0.49d 

 NT 8103a 0.63b 0.49b 1.11c 

2016 CT 5884ab 1.72b 0.79ab 2.62b 

 NT 2617bc 1.55b 0.79ab 2.33bc 

2017 CT 2059c 4.21a 1.83a 6.05a 

 NT 2596bc 3.33a 1.57a 4.90a 

*Column values within each specific level of analysis (i.e. year or year×tillage interaction) followed by different 

letters are significantly different (p < 0.05). 

 

Grain yield and yield-scaled N2O emissions 

Year and tillage had significant effects on grain yield (Table 2). There was also a strong year by tillage by 

residue removal interaction detected (Year×T×R, Table 3). The 2015 season had the greatest yield, 

followed by 2016 and 2017 seasons. Conventional tillage produced 8.8% higher yield than NT averaged 

across the three seasons. Residue management by itself did not affect grain yield, but it interacted with 

year and tillage. Residue retained combined with CT produced higher yield than other combinations in 

2015, whereas the CT treatments had greatest yields in 2016 regardless of residue management. 

Residue removal combined with NT in both 2016 and 2017 produced the lowest yields across the three 

seasons. When integrating yields with N2O emissions, we found that yield-scaled N2O emissions were 
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only influenced by year, meaning that tillage and residue removal effects, or their interactions, were not 

detected (Table 2).  

 

Table 2. Main effects of year and tillage on yield-scaled N2O emissions (g N Mg yield-1) and grain yield (Mg ha-1). 

Main effects   Yield-scaled N2O Yield 

Year 2015  429a 12.15a 

 2016  207b 12.11ab 

 2017  152c 10.75b 

     

Tillage CT  ------ 12.18a 

 NT  ------ 11.15b 

*Column values within each specific level of analysis (i.e. year or tillage) followed by different letters are 

significantly different (p < 0.05). 

 

 

Table 3. Interaction effects of year, tillage, and residue management on grain yield (Mg ha-1).  

Tillage Residue 2015 2016 2017 

CT R+ 13.14a 12.82a 10.57ab 

CT RR- 12.26ab 12.86a 11.46ab 

NT R+ 11.30ab 12.24ab 10.96ab 

NT RR- 11.92ab 10.51b 10.00b 

*Column values within each year followed by different letters are significantly different (p < 0.05). 

 

In this study, cumulative N2O emissions, yield-scaled N2O emissions, grain yield, and soil N intensity were 

all significantly influenced by year, indicating that the seasonal variations of environmental factors 

strongly determined the responses of soil N losses and crop production. Specifically, the monthly rainfall 

in June and July, when peak N2O fluxes occurred, were closely related to the cumulative N2O emissions 

of the growing season. Importantly, soil N2O emissions were not influenced by tillage on its own, but 

were influenced by a year by tillage interaction. The N2O emission responses to tillage varied by year, 

being unchanged between CT and NT in 2015, higher with CT in 2016, but higher with NT in 2017. These 

N2O responses could be partially attributed to the contrasting soil moisture and temperature conditions 

resulted from different tillage/residue management treatments across the three seasons. This result 

highlights the fact that yearly variations of environmental factors can strongly interact with tillage 

effects, leading to great variability of soil C/N availability as well as aeration and drainage conditions and 

soil temperature, further influencing N2O emission. 

 

Our results also indicated that residue removal practices had no significant influence on cumulative or 

yield-scaled N2O emissions. This is of particular interest as the N contained in crop residues is assumed 

to stimulate N2O emissions. The influence of residue management on N2O emissions is complicated by 

many factors including the timing of incorporation and fertilizer application and environmental 

conditions, as well as tillage impacts which can greatly alter soil temperature and moisture as described 

above. However, we did not observe any tillage by residue management interaction for cumulative or 

yield-scaled N2O emissions in this study. While surprising to some extent, these findings do agree with 
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earlier research on this topic from other regions. Together these result suggest that complex 

interactions between management practices and environmental conditions control the N2O response in 

continuous corn systems in Illinois. Yet because alterations of residue-N transformation, C availability 

and soil physical conditions can change so dramatically across years, tillage and residue effects on N2O 

emissions are not consistent or easily predicted, preventing any simple recommendations from being 

made in terms of tillage or residue management options to consistently mitigate soil N2O emissions in 

continuous corn systems. 

 

 

Nitrogen source experiment 

 

In this separate field experiment, four different N fertilizer sources were compared for their effects on 

soil N2O emissions, crop N uptake, and yield: anhydrous ammonia (AA), ESN, Super U, and UAN + 

nitrapyrin. Similar to the residue and tillage experiment, soil temperature and precipitation were 

variable during the 2017 growing season, with relatively large precipitation events occurring in late April 

and May (Fig. 6).  

 

 
Figure 6. Daily soil temperature (white symbols) and precipitation (black bars) during the 2017 growing season at 

the Crop Sciences Research and Education Center experimental site in Urbana, IL.  

 

Over the course of the growing season, N2O emissions from AA were highest earlier on, whereas ESN 

had the largest spike in emissions (Fig 7). However, AA also resulted in large emission peaks later in the 

season when emissions from other treatments were relatively low. Significant differences in cumulative 

N2O emissions were observed, with the lowest emissions occurring in the unfertilized check, SuperU, 

and UAN + nitrapyrin plots. The highest emissions occurred in the NH3 and ESN treatments (Table 4).  
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Figure 7. Daily N2O emissions as influence by N source during the 2017 growing season.  

 

In terms of crop productivity, all N treatments significantly increased yields relative to the check plot 

(Table 5). When emissions were integrated with yields, yield-scaled N2O emissions were lowest in the 

check, SuperU, and UAN + nitrapyrin plots compared to the other treatments. There was no 

improvement in crop N uptake or N recovery efficiency (NRE) according to N source in 2017 (Table 6). 

 

When assessing results for the final year of this study compared to the previous two years, several 

preliminary conclusions can be drawn. In general, enhanced efficiency fertilizer (EEF) sources evaluated 

here did not improve yield compared to NH3 injection. Nitrous oxide emissions were variable among 

treatments each year: in 2015 UAN+Instinct and ESN had the highest emissions, whereas in 2016 NH3 

had the highest emissions, and 2017 NH3 injected and ESN had the highest emissions. In two of three 

years, yield-scaled emissions for SuperU were significantly lower than ESN and NH3 injected. In terms of 

environmental factors regulating emissions, statistical analysis shows that soil N concentration did not 

explain the large variation in N2O emissions among treatments or years.  

 

In additional to environmental impacts, an important consideration in evaluating N fertilizer sources is 

the economic costs compared to conventional N inputs. Simple returns to N fertilizer in this experiment 

were calculated by subtracting fertilizer costs from grain yield revenue in fertilized compared to 

unfertilized control plots (Table 7). Fertilizer prices for each N source were estimated by the Illinois 

Fertilizer & Chemical Association based on information from commercial retailers in Central Illinois: 

$0.73 kg N-1 of AA, $1.13 kg N-1 of SuperU, $1.25 kg N-1 of ESN, and $1.14 kg N-1 for UAN + Instinct 

(nitrapyrin). The average corn grain price for 2015 and 2016 was based on average price data from 

University of Illinois Farmdoc. The returns to N for the fertilized treatments were only different in 2016 

for the UAN + nitrapyrin treatment, due to lower yields in this year combined with a higher cost of N.    
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Table 4. Effects of N source on cumulative N2O emissions and N fertilizer induced emission factor for each year of 

the experiment. Within each column, values followed by the same letter are not significantly different.  

Treatment 
Cumulative N2O-N    Emission Factor  

2015 2016 2017   2015 2016 2017 

 
---kg N2O-N ha-1--- 

 
----------%---------- 

Check 0.72 c* 1.19 c 3.13 c 
 

- - - 

ESN 3.17 a 2.98 b 6.25 ab 
 

1.22 b 0.94 b 2.03 ab 

AA 1.55 b 6.28 a 9.78 a 
 

0.59 bc 2.57 a 4.6 a 

Super U 1.48 b 2.68 b 3.06 c 
 

0.38 c 0.52 b 0.53 a 

UAN + nitrapyrin 5.37 a 1.55 bc 3.86 bc   2.32 a 0.28 b 0.83 a 

 

 

Table 5. Effects of N source on grain yield and yield-scaled N2O emissions for each year of the experiment. Within 

each column, values followed by the same letter are not significantly different.  

Treatment 
Maize Yield   Yield-Scaled Emissions 

2015 2016 2017   2015 2016 2017 

 
--- Mg ha-1--- 

 
-g N2O-N Mg yield-1- 

Check 7.3 b 10.2 c 8.2 b  99.4 bc 118.1 b 386.9 abc 

ESN 15.7 a 15.0 a 12.7 a 
 

202.2 ab 198.7 b 497.3 ab 

AA 15.3 a 15.1 a 13.1 a 
 

101.9 bc 415.5 a 761.36 a 

Super U 16.4 a 14.8 a 12.3 a 
 

90.4 c 180.9 b 250.2 c 

UAN + nitrapyrin 15.8 a 11.9 b 11.8 a   340.5 a 130.5 b 327.5 bc 

  

 

Table 6. Effects of N source on crop N uptake and N recovery efficiency (NRE) for each year of the experiment. 

Within each column, values followed by the same letter are not significantly different.  

Treatment 
Crop N uptake   NRE 

2015 2016 2017   2015 2016 2017 

 
--- kg ha-1--- 

 
----------%---------- 

Check 83.4 c* 151.2 c 102.3 b 
 

- - - 

ESN 209.1 a 282.0 a 196.0 a 
 

62.4 a 64.4 a 46.5 

AA 189.6 b 260.8 ab 187.6 a 
 

52.7 b 53.9 ab 42.3 

Super U 197.5 ab 281.7 a 186.3 a 
 

56.6 ab 64.7a 41.7 

UAN + nitrapyrin 202.0 ab 212.4 bc 196.9 a   58.8 ab 30.4 b 47 
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Table 7. Effects of N source on returns to N fertilizer for each year of the experiment. Within each column, values 

followed by the same letter are not significantly different.  

Treatment 2015 2016 2017 

 --------- $ ha-1---------  

ESN $980 a $423 a $355 a 

AA $1030 a $541 a $510 a 

Super U $1108 a $421 a $328 a 

UAN + nitrapyrin $989 a $102 b $222 ab 

 

In general these findings suggest there may be some promise to the mitigation potential of EEFs in 

reducing soil N2O emissions while maintaining grain yields, but further research is necessary to confirm 

whether these trends persist under different soil or crop management conditions. Our results do not 

support the conclusion that EENFs consistently reduce N2O emissions in corn-soybean rotations in east 

central Illinois, as significant reductions were only observed for some of the EENF treatments compared 

to AA, and only in two of three years. The detailed findings of this project will be written up for 

publication in a peer-reviewed journal in 2018.  

 

5. Budget analysis 

The majority of expenditures for this project occurred as anticipated. One exception is that we analyzed 

gas samples in our lab instead of sending them out for a fee, meaning that some funds in the Services 

category were shifted to the Materials and Supplies and Salaries and Wages categories in order to 

perform the gas concentration analysis at UIUC.  

A preliminary budget analysis is provided below for the cumulative expenditures to date (January 1, 

2015 to Feb 5, 2018). A finalized budget for this period will be sent from the UIUC Grants & Contracts 

Office to Julie Armstrong when charges are finalized in the University accounting system. A no cost 

extension has been applied for to use the remaining funds to support personnel who will help write up 

this data for publication in 2018.  

Project Budget (Jan 1, 2015 to Feb, 2018) 
 

Line Description Budget Expenditures Encumbrances Balance 

Salaries and Wages 136,430.00 152,718.70 0 -16,288.70 

Fringe Benefits 32,440.00 13,427.79 0 19012.21 

Equipment 0 0 0 0 

Travel 6,400.00 4,250.00 0 2,150.00 

Materials and Supplies 17,717.00 25,591.61 473.67 -8,348 

Publications and Printing 425 0 0 425 

Services 24,348.00 3,569.56 0 20,778 

Total Indirect Costs 24,194.00 22,170.84 52.62 1,970.54 

Total  242,076.53 221,728.50 526.29 19,821.74 

 


