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ABSTRACT
Nitrogen management in crops can be challenging due to nitrogen transformations and losses in soil. Nitrate nitrogen can be lost through leaching when nitrogen input exceeds crop nitrogen demand. Nitrification inhibitors are used to temporarily slow the nitrification process by reducing the abundance of nitrifying bacteria. Herbicides can also generate non-target effects on soil microorganisms and can be used as an alternative to slow the nitrification process. Several studies have been conducted in laboratory settings to observe the effects of herbicides on nitrification and nitrate leaching. However, the effect of herbicide on nitrification in field corn (Zea mays) production remains uncertain. To determine the effects of nitrification inhibitors, herbicides, and nitrogen sources, we conducted a two-year field experiment at the University of Nebraska-Lincoln South Central Agricultural Laboratory. Treatments were laid out in a split-plot factorial design with 4 replications. The main plot included 3 herbicide treatments. The subplot included 5 nitrogen fertilizer treatments. Herbicide applications did not affect nitrification rate. Anhydrous ammonia and urea with inhibitor had variable effects on nitrification across both years. Nitrogen sources had a significant effect on nitrification. Anhydrous ammonia retained ammonium concentrations at significantly higher levels when compared to urea in both years. Herbicide use increase crop yield, while nitrogen inhibitors and nitrogen sources had a variable effect on crop yield in both years. 
INTRODUCTION
	Nitrogen (N) fertilizer inputs can be lost to the environment through several pathways (Peng et al., 2015). Nitrogen loss through nitrate leaching is of major concern because it not only reduces nitrogen use efficiency (NUE) and crop yield but also affects drinking groundwater quality in Nebraska. Nitrification inhibitors can temporarily inhibit nitrification and slow the rate of conversion of ammonium to nitrate and improve crop N uptake. Similarly, herbicides could also generate non-target effects on soil microorganisms, including those involved in N reactions (Zhang et al., 2018).
A comparative effect of nitrification inhibitors, herbicides and nitrogen sources has not yet been studied at field scale. The objectives of this study were 1) to evaluate the effect of nitrogen sources, nitrification inhibitors, and pre-emergence herbicides and their interaction on nitrification, and 2) quantify the impact of nitrification inhibitors, herbicides and nitrogen sources on crop nitrogen availability, NUE, corn N uptake, and grain yield. We hypothesized that like nitrification inhibitors, a pre-emergence herbicide application will reduce soil nitrification and improve nitrogen use efficiency and crop yield. 

MATERIALS AND METHODS
A two-year (2020 and 2021) field research experiment was conducted at the University of Nebraska-Lincoln (UNL) South Central Ag Lab near Clay Center, Nebraska. Each year, corn was grown following soybean at a different site. Both sites had silt-loam soil. The research plots were arranged in a split-plot design with four replications. Three herbicide treatments were the main plot treatments including a) No pre-emergence herbicide, b) Acuron (active ingredients: Atrazine/bicyclopyrone/mesotrione/s-metolachlor, c) Resicore (active ingredients: Acetochlor/mesotrione/clopyralid). Each main plot had the following five nitrogen treatments as subplots: 1) no fertilizer, 2) anhydrous ammonia with a nitrification inhibitor (N-serve), 3) anhydrous ammonia with no inhibitor, 4) urea with a nitrification inhibitor (Guardian, Instinct II), 5) urea with no inhibitor. An economical optimum nitrogen rate (EONR) of 168 kg ha-1 was used for all treatments receiving nitrogen inputs. Herbicide, and nitrogen treatments were applied on the corn planting date. All plots received post-emergence glyphosate and dicamba/tembotrione. 
To determine nitrification, weekly soil samples at 0-10 and 10-20cm were collected from April to July of each year. Soil samples were extracted using 2MKCL (Jones & Willett, 2006) and analyzed for NO3-N and NH4-N using Griess-Illosvay reaction with vanadium chloride (III) as a reducing agent and the Berthelot reaction, respectively (Hood-Nowotny et al., 2010). Data were analyzed using SAS 9.4. PROC GLIMMIX procedure was used to run ANOVA. Significant treatment differences were assessed through Tukey-Kramer test.
RESULTS AND DISCUSSION
Across both years, herbicides did not affect nitrification rates in all nitrogen treatments (data not shown). This was contrary to previous lab studies where herbicides decreased nitrification rates. One possible reason for this difference could be the use of higher herbicide rates in lab studies, while we used the recommended herbicides rates in the field. We found a variable effect of nitrification inhibitors on nitrification rates during the growing season. 
In the year 2020, anhydrous ammonia with inhibitor had significantly higher soil NH4+-N concentration at four out of 8 sampling times while it had significantly lower NO3--N release 50% of the sampling dates (Figure 1A, 1B). In the year 2020, nitrification inhibitor did not significantly affect nitrification rates but had significantly lower nitrate release across 5 of 8 sampling times (Figure 1C, 1D). 
Nitrogen sources had a significant effect on nitrification rates. Anhydrous ammonia with and without inhibitor retained significantly higher NH4+-N content than urea with and without inhibitor (Figs. 1). Urea fertilizers with and without inhibitors resulted in significantly higher NO3--N concentration than anhydrous ammonia with and without inhibitors (Figures 1). 
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Figure 1. The effect of nitrification inhibitors and nitrogen sources on soil NH4+-N and NO3--N concentrations during year of 2020 (A,B) and 2021 (C,D).
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Figure 2. The effect of nitrification inhibitors and nitrogen sources on corn grain yield during two years of study at South Central Ag Lab, University of Nebraska-Lincoln, Lincoln NE.
Anhydrous ammonia with and without inhibitor resulted in significantly higher corn grain yield than urea with and without inhibitor in 2020, but no significant N sources effect was found in 2021 (Figure 2). Urea with inhibitor yielded 528 kg ha-1 more corn grain yield than urea without an inhibitor in 2021.

CONCLUSION
Nitrogen source had a significant effect on soil nitrification rates (Anhydrous Ammonia < Urea) and potential N losses during the early season, compared to nitrification inhibitors. Though previous lab studies have shown that herbicide reduces nitrification, our field study does not agree with previous findings. Nitrification inhibitors had a variable effect on crop yield as Urea with inhibitor resulted in a higher yield than Urea with no inhibitor in 2021. N source can significantly impact crop yield compared to nitrification inhibitors.
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