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The Impacts of N Source on the Flux of Greenhouse Gases  
in a Wheat Cropping System

Katy Smith, Dept. of Math, Science & Technology, University of MN, Crookston

Research Questions

1.  Evaluate wheat yield and protein content as impacted    
     by different sources of N.
2.  Evaluate gaseous losses of N containing compounds  
     (N2O) and greenhouse gases (CO2, CH4, and N2O) as  
      impacted by different sources of N.

Results

Research Question1:  Overall yield and protein contents 
were not impacted significantly by different sources of N; 
however a protein increase was noted in the 2009 growing 
season for the ESN nitrogen source.
Research Question 2:  Overall the 3 years of the study, the 
nitrogen source NSN had a significantly higher CO2 flux 
than did the Control treatments.  All other N sources (ESN, 
SuperU, Urea) did not result in significantly higher CO2 
emissions over the unfertilized control.  In addition, NSN 
had significantly higher CH4 emissions than did the unfertil-
ized control when averaged across all years.  All other N 
sources (ESN, SuperU, and Urea) had CH4 emissions that 
were not significantly different from the unfertilized control.  
Interestingly, the N2O emissions were not significantly im-
pacted by N source when averaged across the three years 
of the study, although significant differences were noted in 
the 2009 growing season.  

Application/Use

   Our results indicate that N source can impact the green-
house gas emissions leaving a wheat cropping system in 
NW Minnesota; although the greenhouse gases that were 
significantly impacted were not those one would expect in 
that the source of nitrogen didn’t  significantly impact the 
N2O emissions across the three years of the study.  How-
ever, we also noted no change in yield or protein content 
for the majority of the study, indicating that the choice of N 
source can influence the contribution of a particular field to 
greenhouse gas emissions.

Materials and Methods

   The experimental design will be a randomized complete 
block with four replications of all treatments.   Designated 
plots will be sampled for gas emission weekly initiating after 
the spring fertilizer application and wheat planting and con-
tinuing the entire growing season.  Preliminary data was 
collected during the 2009 growing season. This proposal 
is requesting funding to repeat the study in 2010 ensure 

variability in climate is accounted for in interpretation of the 
results.   Wheat yields of each treatment will be determined 
with a plot combine. Grain protein will be determined us-
ing NIR.  Estimating fluxes of greenhouse gases involves 
placing bases in each plot that stay in that location for the 
remainder of the growing season.  On each sampling date 
chamber tops are placed on the bases and air samples are 
pulled at 15 minute intervals for 45 minutes.  These sam-
ples are placed in gas tight vials using a syringe .  Once 
collected, the concentration of the greenhouse gases in 
the sample is quantified using a gas chromatograph (GC) 
equipped with a thermal conductivity detector (TCD), flame 
ionization detector (FID), and an electroconductivity de-
tector (ECD).  This procedure is used by a GRACeNET, a 
group of USDA ARS scientists monitoring greenhouse gas 
emissions across the country, whom the PI worked with for 
two years prior to joining the University of Minnesota.  In 
addition to the greenhouse gases we also propose to mea-
sure NH3 emissions from these soils.  Measurement of NH3 
involves placing a glass tube on the inside of the gas cham-
ber that is coated with an oxalic acid solution that serves as 
a sink for NH3.  These data will be used to estimate losses 
of gaseous N-containing compounds as affected by various 
sources of N as well as the potential contribution of some 
of the environmentally friendly N sources towards reducing 
greenhouse gas emissions from agricultural fields.

Related Research

   The PI is linked to other similar research activities through 
involvement with the GRACEnet group of USDA ARS; in 
addition the PI and collaborator have engaged in this type 
of work in Sugarbeets starting in the 2012 growing season.

Recommended Future Research

   Further investigations as to what specifically causes in-
creased CO2, CH4, and N2O emissions and how we can 
reduce those emissions while continuing to maintain or in-
crease the yields and protein content of the wheat.
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