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Introduction
• Nitrous oxide is a potent stratospheric ozone depleting greenhouse gas 

with a global warming potential approximately 300 times that of 

carbon dioxide.

• Agricultural soils are responsible for a majority of global N2O 

emissions a result of soil management practices.

• Results documenting the impact cover crops on soil N2O emissions 

have varied.

► Parkin and Kasper (2006) observed no significant difference 

between no-till and no-till + cover crop treatments.

► Preza-Fontes et al. (2022) observed nearly a 50% increase in soil 

N2O emissions with the addition of cereal rye to in season N 

fertilization.

• Crop rotations of corn-soybean have been observed to reduce soil N2O 

emissions by approximately 40% compared to monoculture corn 

(Behnke et al., 2018)

• Thies et al. (2019) observed significantly higher soil N2O emissions in 

systems fertilized in the early spring compared to the fall. 

Need for Research

Although soil N2O emissions in agricultural systems has been widely 

studied, there is a need to understand N dynamics in cover cropped tile-

drainage systems. Understanding the balance of the N-budget in these 

systems will assist in identifying management practices that may mitigate 

greenhouse emissions and reduce nitrate loss, while sustaining crop yields.

Objectives
• To assess the effects of spring and fall applied fertilization on 

cumulative and daily soil N2O emissions in a tile-drainage system.

• To evaluate the magnitude of cumulative and daily soil N2O emissions 

with and without the inclusion of cover crops in a tile-drainage 

system.

• This study was conducted on an approximately 10 ha tile drainage 

system at the Illinois State University Nitrogen Management Research 

Field Station located east of Lexington, IL (40°38′25.9″N 

88°43′11.2″W) during the 2017 and 2018 growing seasons.

• Drummer and El Paso, and Hartsburg silty clay loams are the 

dominant soil series, which are poorly drained.

• Randomized complete block design with three replications.

• Five treatments consisted of: Fall-applied fertilization with and 

without cover crops (FCC, F), spring-applied fertilization with and 

without cover crops (SCC, S), and a zero control (ZC) which received 

no fertilization or cover crops.

• Corn was grown in 2017, and soybean in 2018.

• Cover crop termination occurred on April 12th in 2017, and April 25th

in 2018.

• Soil N2O emissions were measured using the closed-static chamber 

method (Parkin and Venterea, 2010) on 9 and 12 samples dates in 

2017 and 2018, respectively.

• Cumulative soil N2O emissions were estimated using linear 

interpolation between sampling times.

• Precipitation and air temperature data were collected from a weather 

station located at the experimental site.

• Year and treatment effects for daily and cumulative soil N2O 

emissions were determined using PROC MIXED and PROC 

GLIMMIX, respectively. A significance level of α=0.10 was used for all 

statistical analyses. All analyses were conducted using SAS 9.4 (SAS 

Institute).

Results

• Precipitation was higher in 2018 (484 mm) compared to 2017 

(451 mm) (Figure 1) while temperature trends were similar 

(Figure 2)

Figure 1: Daily and cumulative rainfall amounts 

for the A) 2017 and B) 2018 growing seasons.
Figure 2: Average daily temperature for the A) 2017 

and B) 2018 growing seasons.

Figure 3: Daily nitrous oxide flux relative to cover crop termination for each treatment in during the A) 2017 

and B) 2018 growing seasons. Vertical bars represent standard deviation.
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• Emissions observed in 2018 (soybean) were significantly (two-

fold) greater than emissions in 2017 (corn). This is contrary to 

most studies which have found greater soil N2O emissions under 

corn (Bavin et al., 2009; Parkin and Kaspar, 2006; MacKenzie et 

al., 1997)  due to high N fertilization. The observations in our 

study could be attributed to a few different factors. Higher 

rainfall amounts coupled with low cover crop biomass, cover 

crop N uptake, and the N-release from root exudates of the 

soybean potentially decreased its N-demand, leaving excess N 

available for gaseous loss. 

• Across the two years, average cumulative soil N2O emissions 

were 3.6 kg N2O-N ha-1. This is approximately 7% of the average 

N uptake of 48 kg N ha-1 (data not shown) by the cover crop. 

Over the same period, the use cover crops reduced NO3
- losses 

via tile drainage by 2 kg NO3
- -N ha-1, which is roughly 60% less 

than NO3
- losses without cover crops (data not shown). 

• Fertilization timing did impact cumulative soil N2O emissions. In 

2017, the highest cover crop biomass of the study was recorded. 

The decomposition of cover crop biomass and delayed nutrient 

release may have minimized fertilizer effects across growing 

seasons.

Conclusions

• Cover crop inclusion in tile-drainage systems reduces 

nitrate loss without significantly increasing soil N2O 

emissions.

• Fertilization timing with and without cover crops does not 

significantly impact soil N2O emissions.

• Soybean following corn can potentially increase 

cumulative soil N2O emissions in cover cropped systems.
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Figure 5: Cumulative nitrous oxide emissions comparing treatments with and without cover crops, and the 

zero control in A) 2017 and B) 2018. Vertical bars represent standard deviation.

Figure 4: Cumulative nitrous oxide emissions for each treatment in A) 2017 and B) 2018. Vertical bars represent 

standard deviation.

Figure 6: Cumulative nitrous oxide emissions comparing fertilization timing in A) 2017 and B) 2018. 

Vertical bars represent standard deviation.

• Average N2O emissions were highest in ZC in 2017, and in FCC in 

2018. Both also had the highest variability in those years (Figure 4).

• Cover cropped treatments yielded 1.8 and 3.8 kg N2O-N ha-1 in 

2017 and 2018, respectively (Figure 5).

• Cumulative N2O emissions were greater in 2018 for both fall 

and spring fertilization compared to 2017 (Figure 6).
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