Department of Crop Sciences
AW-101 Turner Hall

1102 South Goodwin Avenue
Urbana, IL 61801

Project

P1/CO-Pls
Start Date

Summary

Objectives

UNIVERSITY OF ILLINOIS
AT URBANA-CHAMPAIGN

NREC Annual Report
February 12, 2016

An agronomic assessment of soil nitrous oxide emissions in lllinois: increasing nutrient
utilization while reducing impacts on air quality

Cameron Pittelkow, Maria Villamil, Emerson Nafziger
January 1, 2015

This project has completed its first year of funding. Two field experiments were
conducted at the University of lllinois Research and Education Center in Urbana to
monitor soil nitrous oxide (N,O) emissions in response to N fertilizer source, tillage, and
crop residue management practices in corn production systems. Gas samples were
collected weekly and soil inorganic N concentrations, moisture, and temperature were
monitored throughout the growing season. Although findings are preliminary after one
year of data collection, results for the N source trial indicate that enhanced efficiency N
sources did not reduce N,O emissions or increase yield relative to the anhydrous
ammonia treatment. In fact, one enhanced efficiency treatment (injected UAN +
Instinct) increased N,O and yield-scaled N,O emissions relative to the other N sources.
For the tillage and residue removal experiment, the dominant practice of conventional
tillage with residue incorporation resulted in low N,O and yield-scaled N,O emissions
compared to residue removal, yet residue removal with conventional tillage resulted in
the highest yields in 2015. Overall, N,O emissions on a yield-scaled basis were
significantly higher for this treatment compared to the common practice of
conventional tillage with residue retained, suggesting a balance between high yields and
low yield-scaled N,O losses may be difficult to achieve.

The overall goal of this project is to assess nitrogen (N), tillage, and residue management strategies for
minimizing yield-scaled nitrous oxide (N>O) emissions while increasing nutrient utilization and crop
productivity in IL corn production systems. Specific objectives are as follows:

1. Evaluate N,O emissions, crop N uptake, and crop yields in response to N fertilizer management
practices aimed at increasing N use efficiency.



2. In aseparate experiment, quantify the effects of tillage and residue management practices on
N,O emissions, crop yield, and N use efficiency.

3. In both experiments, evaluate N,O 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 N,O
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.

Gassamplingchambers

Acrylic chambers were constructed at a local plastics shop in Champaign during February and March
2015. Each chamber has two parts —a chamber base that is inserted into the soil and remains in place
throughout the growing season and a chamber lid which is placed on top of the base during gas sample
collection. Gas sampling ports, vent tubes, reflective insulation (to minimize temperature fluctuations
inside the chamber during gas sampling) and weather seals were added to chamber lids during the final
step of chamber construction.

Photo caption: a) chamber base installation between crop rows, b) chamber lid with sampling port, vent tube, reflective
insulation and weather seal clamped to base in field.

Experimenal sitesand methods

Two separate experiments were conducted to measure soil N,O emissions, soil inorganic N
concentrations, and yield. The first experiment investigated the effects of N source. Treatments of
anhydrous NHs, UAN + a nitrification inhibitor (nitrapyrin - sold as Instinct), ESN, and SuperU were
applied at 180 Ib N/ac at planting in addition to a zero N control. The initial plan was for this experiment
to be located within Dr. Nafziger’s ongoing N management program funded by NREC. However, in order
to facilitate treatment applications and allow for gas sampling to occur in adjacent plots throughout the
growing season, an independent N source experiment was established.

Treatments were arranged in randomized complete block design and applied in plots 20 feet wide by 50
feet long. The experiment planted on April 30%", 2015. Fertilizer applications coincided with planting and
collection of N,O gas samples began May 6. Soil samples at 0-10 cm depth were collected weekly to
measure soil N availability. Plant and grain samples were collected at physiological maturity on
September 21, 2015. Total corn biomass and grain yields were determined and N concentration values



are currently being analyzed. As shown below, emissions were expressed as a function of crop yield to
evaluate yield-scaled cumulative gas emissions occurring during the full growing season.

The second experiment utilized a long-term study on tillage and residue removal practices initiated by
Dr. Nafziger, also currently funded by NREC. This continuous corn experiment was planted on April 29,
2015. Treatments comparing tillage/no-till practices with either residues fully removed or retained were
selected for measuring N,O emissions, representing four treatments total. On May 14™" (V2), UAN was
injected at a rate of 180 Ib N/ac in all plots. In the following days, gas collection chambers were installed.
Collection of N,O emissions began May 21 and continued through September. Data on soil N, plant and
grain samples, and N uptake were collected as above, with plots being harvested on October 1.

Soil moisture, air temperature, and rainfall were monitored daily in both experiments. These
experiments will continue for two additional seasons (2016 and 2017). Apparent N recovery efficiency
will be determined in order to identify treatments that enhanced nutrient utilization while reducing
nitrous oxide losses.

Personnel

This project includes 50% support for a research assistant, undergraduate hourly labor, and a MS
student. Ben Baechle joined our group as a research assistant in May 2015. Ben has an undergraduate
degree from UIUC and previously conducted field research for two years at the Bioenergy Farm. Along
with help from two undergraduate research assistants, Ben contributed to all aspects of this project (gas
sampling, vial preparation, sample analysis on GC, soil sampling, soil extractions, and colorimetric
analysis of soil extracts on auto-analyzer). In August 2015, Rebecca Graham began working on this
project as a MS student. Rebecca recently completed a degree in soil science from Cal Poly and has
conducted soil greenhouse gas research as an intern at the Regional Approaches to Climate Change for
Pacific Northwest Agriculture project at Oregon State University.

First yearresults N source trial

Photo caption: a) UAN + Instinct (nitrapyrin) application in N source experiment, b) N,O sample collection following treatment
application and planting.
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Fig. 1 Daily nitrous oxide emissions measured in the N fertilizer source experiment throughout the 2015 growing season.
This trial was planted on April 30t with N treatments applied at planting.
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Fig. 2 Soil moisture data at 0-5 cm and 0-10 cm soil depths. Sensors were located in two positions, in-row and between-row.

Rainfall measurements were collected at the field site.
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Fig. 3 Cumulative soil N,O emissions measured over the entire growing season for the N source experiment. Bars with the
same letter are not significantly different at p < 0.05.
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Fig. 4 Corn grain yield for the N source experiment. Bars with the same letter are not significantly different at p < 0.05.



Yield-scaled N,O emissions
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Fig. 5 Cumulative soil N,O emissions expressed on a yield-scaled basis (i.e. total N,O emissions divided by yield) for the N
source experiment. Bars with the same letter are not significantly different at p < 0.05.
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Fig. 6 Total soil N availability for the 0-10 cm soil depth measured at each gas sampling event in the N source experiment.



Photo caption: a) 1 meter soil core following harvest, b) filtration of soil N extractions, and c) Smartchem auto-analyzer used for
determining soil N concentrations.

ummaryof results for N source experiment

Soil N,O emissions were variable across treatments during the growing season (Fig. 1). Emissions
remained relatively low across all treatments following N fertilizer application at planting. Warmer
temperatures combined with increased precipitation occurring at the end of June (Fig. 2) resulted in
peak emissions occurring in the ESN and UAN + Instinct 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 N,O emissions were observed, with the lowest emissions occurring
in the unfertilized check, and the highest emissions occurring in the injected UAN + Instinct treatment
(Fig. 3). All N treatments significantly increased yields relative to the check plot, with no differences in
yield occurring among N sources (Fig. 4). When emissions were integrated with yields, yield-scaled N,O
emissions were significantly highest in the UAN + Instinct treatment, with no significant differences
observed among the other treatments, including the check (Fig. 5). Thus, for year one of this
experiment, enhanced efficiency N sources did not reduce N,O emissions or increase yield relative to
the anhydrous ammonia treatment. In fact, the evidence suggests that some enhanced efficiency
fertilizers may increase emissions, as UAN + Instinct increased N,O and yield-scaled N,O emissions
relative to the other N sources.



First year resultsTillage and residue removal trial

Caption: a) No-till plot with residue b) Conventional tillage plot with residue removed.
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Fig. 7 Daily nitrous oxide emissions and precipitation (green bars) measured in the tillage and residue removal experiment

throughout the 2015 growing season. This trial was planted on April 29t with N application occurring on May 14, 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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Fig. 8 Cumulative soil N,O 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). Bars with
the same letter are not significantly different at p < 0.05.
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Fig. 9 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). Bars with the same letter are not significantly different at p < 0.05.



Yield-scaled N,O emissions
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Fig. 10  Cumulative soil N,O emissions expressed on a yield-scaled basis (i.e. total N,O 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). Bars with the same letter are not significantly different at p < 0.05.
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Fig. 11  Total soil N availability for the 0-10 cm soil depth measured at each 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).
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Results summaryor tillage and residue removag¢xperiment

Soil N2O emissions were variable across tillage and residue removal treatments during the growing
season (Fig. 7). Emissions remained relatively low across all treatments following N fertilizer application
on May 14™, but increased rapidly at the end of June due to warmer temperatures combined with
increased precipitation, particularly in the residue removal treatments. Despite the presence of rainfall
events in August and September, emissions remained low during this period and leading up to harvest.

Significant differences occurred for cumulative N,O emissions, with the lowest emissions observed in

the conventional tillage plus reside retained treatment and the highest emissions in the conventional

tillage plus residue removal treatment (Fig. 8). Despite all treatments receiving the same amount of N
fertilizer, yields differed by approximately 30 bu/ac between treatments (Fig. 9). The highest yielding

treatment was conventional tillage plus residue removal and the lowest yielding treatment was no-till
plus residue removal (Fig. 9).

When emissions were integrated with yields, yield-scaled N,O emissions were lowest for the
conventional tillage plus residue retained treatment, equaling less than half that of the conventional
tillage plus residue removal treatment (Fig. 10). Although these results are preliminary and further work
is needed to confirm any findings from this year, it appears that the current, dominant practice of
conventional tillage plus residue incorporation results in low N,O and yield-scaled N,O emissions
compared to the practice of residue removal, particularly when combined with conventional tillage.
However, conventional tillage with residue removal also resulted in the highest yields. Overall, yield-
scaled N,O emissions were significantly higher for this treatment compared to conventional tillage with
residue retained.
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