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The Impacts of N Source on the Flux of Greenhouse Gases 
(CO2, CH4, N2O) and NH3 in a Wheat Cropping System
Katy E. Smith, Department of Math, Science, and Technology,

 
U of M, Crookston

Research Question

    We are evaluating the impact of various nitrogen 
sources in a wheat cropping system on the emis-
sions of greenhouse gases (CO2, CH4, N2O) to  
determine if there are differences in emissions  
between the different N sources.

Results
 
General:

The 2009 growing season tended to have ad-
equate moisture.  Temperatures were below normal 
for the majority of the growing season.  The cool 
temperatures along with the spring flooding (causing 
a delay in planting) did delay physiological develop-
ment and maturity resulting in delayed harvests.  
The plots were harvested on September 1, and the 
final gas sampling date was August 24.  

Soil CO2 Flux:
When averaged across the growing season, N 

source and N rate did not significantly impact soil 
CO2 flux.  Significant differences were found on only 
2 of the 15 sampling dates (7/27 and 8/4) between N 
fertilizer sources.  On the two dates that showed sig-
nificant differences, the ESN treated plots had sig-
nificantly higher soil CO2 flux than some of the other 
treatments, but not the control.  This is most likely 
because the ESN is a slow release fertilizer and 
would have had still been releasing nitrogen at this 
point in the season which would have stimulated mi-
crobial mineralization of soil organic matter and thus 
resulted in a slightly higher, yet significantly differ-
ent, soil CO2 flux.  Although the difference between 
treatments on these dates was significantly different, 
the magnitude of the difference was relatively small 
(Figure 1) and thus did not impact the overall results 
indicating that N source did not significantly impact 
soil CO2 emissions during the season.  

Figure 1.  2009 Daily CO2 Flux.  Control= no treat-
ment; ESN=environmentally smart nitrogen; NSN-
nutrisphere N; SuperU=Urea with agrotain mixed in a 
pelletized form; Urea

Soil CH4 Flux:  
When averaged across the growing season, 

neither N source or N rate significantly impacted 
soil CH4 emissions.  As with the soil CO2 flux, there 
were two sampling dateswith significant differences 
(7/7 and 7/27).  The trend of significance was not the 
same on the two dates with urea having significantly 
higher CH4 flux than all other treatments on 7/7 and 
with the Control having a significantly higher CH4 flux 
on 7/27 (Figure 2).  In all cases, the emissions of CH4 
across treatments was very low and often negative 
indicating the CH4 emissions had very little impact on 
the global warming potential of this system regard-
less of N source of N rate.
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2009 Daily CH4 Flux
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Figure 2.  2009 Daily CH4 Flux.  Control= no treat-
ment; ESN=environmentally smart nitrogen; NSN-
nutrisphere N; SuperU=Urea with agrotain mixed in a 
pelletized form; Urea

Soil N2O Flux:  
When averaged across the entire growing season; N 
source, N rate and the interaction between N source 
and N rate showed significant differences in soil N2O 
flux.  Data showed that when the urea was used as 
the N source, it had significantly higher (0.08686 
umol m-2min-1; p<0.05) than the Super U (0.02596 
umol m-2min-1), Control (0.00636 umol m-2min-1), and 
ESN (0.00558 umol m-2min-1) treatments, but was not 
significantly different from the NSN (0.04041 umol 
m-2min-1 treatment).  N rate also showed significant 
differences in soil N2O flux with the 120 lbs N A-1 
showing significantly higher (0.06144 umol m-2min-1; 
p<0.05) than the 60 lbs N A-1 and the control.  In 
addition, the interaction between N source and N 
rate was significant with the Urea applied at the full 
recommended rate being significantly higher than all 
other treatments.  

Several statistically significant differences existed 
throughout the growing season.  Significant differ-
ences were found on 10 of the 15 sampling dates.  
These differences were found in the first 8 sampling 

                                                                           

dates (5/18, 5/27, 6/1, 6/9, 6/15, 
6/24, 6/29, 7/7) and again later 
in the growing season (7/20, 
7/27) (Figure 3).  The majority 
of the sampling dates early in 
the season showed the Urea 
100 (Urea applied at 100% of 
recommended rate) to have the 
highest soil N2O flux followed 
by the NSN 100 (Nutrisphere 
nitrogen applied at 100% of the 
recommended rate).  The trend 
on 7/20 was not consistent with 
the other sampling dates in 
that the ESN treatment showed 
significantly higher soil N2O flux; 
although the magnitude of this 
difference was very small.  The 
lsd on this date was 0.0025.  
So, the ESN 100 flux was 
0.004892 umol m-2min-1 and the 
control was 0.01559 umol m-

2min-1.  These differences can-
not be seen in Figure 3 due to the small magnitude of 
the difference.  In addition, significant differences were 
observed on 7/27 with the NSN 50 having significantly 
higher N2O flux than any other treatment.  This trend 
is also not consistent with results observed earlier in 
the season in that typically the treatments at the 100% 
of the recommended rate had higher soil N2O flux.  

2010 Data:  
I am still in the process of analyzing 2010 data and will 
include this data in my final report.  I am requesting a 
no-cost extension to complete the laboratory analysis.
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Figure 3.  2009 Daily N2O Soil Flux.  Control= no 
treatment; ESN=environmentally smart nitrogen; 
NSN-nutrisphere N; SuperU=Urea with agrotain 
mixed in a pelletized form; Urea.

Cummulative N2O fluxes for the 2009 growing 
season were calculated using linear interpolation 
between adjacent sampling dates and stepwise add-
ing consecutive dates (Figure 4).  As can be seen in 
this Figure, despite the significantly higher fluxes of 
non-consistent treatments later in the season, the 
cumulative flux shows that the urea applied at 100% 
of the recommended rate showed significantly higher 
seasonal soil N2O fluxes than all other treatments.  
The environmentally friendly products all showed 
reduced soil N2O emissions.  Within the environmen-
tally friendly products, the NSN showed the highest 
N2O emissions, followed by Super U and finally the 
ESN product.
Application/Use

2009 Daily N2O Soil Flux
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Cummulative 2009 N2O-N Losses
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  This data in combination with the data Dr. Albert 
Sims collected on the same plots will begin to ad-
dress the question of how the environmental friendly 
products impact emissions of greenhouse gases 
in comparison to conventional fertilizers and what 
impact utilizing these sources will have on the wheat 
yield.  This will allow growers to make decisions 
regarding the costs and benefits of utilizing these 
alternative nitrogen soruces.  

Materals and Methods

   The experiment was conducted at one location 
on a Glyndon vfsl.  The experimental design was a 
RCBD with four blocks (replications).  The previous 
crop at both sites was soybean.  Residual soil nitrate-
N was 24 lbs. N A-1.  Knudson HRSW was planted 
at 1.6 million seed A-1.  Individual plot size was 25-ft 
long and 5-ft wide accommodating 10 seed rows 
spaced 6-inches apart.  Plots were sampled for gas 
emissions weekly initiating after the spring fertilizer 
application and wheat planting and continued until 
harvest.  Estimating fluxes of greenhouse gases 
involved placing bases in each plot that stayed in that 
location for the remainder of the growing season.  On 
each sampling date chamber tops were placed on 
the bases and air samples were pulled at 15 minute 
intervals for 45 minutes.  These samples were placed 
in gas tight vials using a syringe.  Once collected, the 
concentration of the greenhouse gases in the sample 
was quantified using a gas chromatograph (GC) 
equipped with a thermal conductivity detector (TCD),
flame ionization detector (FID), and an electrocon-
ductivity detector (ECD).  The TCD detector detects 
the CO2, the FID detector detects the CH4, and the 
ECD detector detects gaseous N as N2O.  Concen-
tration of these gases was quantified by comparison 
to standards which are also analyzed using the 
GC.  Flux rate was determined by the change in gas 
concentration over time and fitting the data to either a 
linear or curvilinear model.  This procedure is used by 
a GRACeNET, a group of USDA ARS scientists moni-
toring greenhouse gas emissions across the country

Treatments were four N sources at two N rates plus 
a 0-N control.  The two N rates were 60 and 120 lbs 
N A-1 representing half and full recommended rates 
for a 65 bushel yield goal.  The four N sources were 
commercially available urea, environmentally smart 
nitrogen (ESN), Nutrisphere (NSN), and SuperU.
Statistical analysis was done using the general linear 

Figure 4.  Cummulative soil 
N2O-N losses in the 2009 growing 
season.  .  Control= no treatment; 
ESN=environmentally smart 
nitrogen; NSN-nutrisphere N; 
SuperU=Urea with agrotain mixed 
in a pelletized form; Urea. 

Cummulative 2009 N2O-N Losses
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model of SAS.  The results of CO2 and CH4 did not 
show a significant interaction between our main ef-
fects; however the N2O data had a significant interac-
tion between the N source and the N rate; therefore 
graphs of CO2 and CH4 data are averaged across 
rate, whereas graphs of N2O data are not.  Means 
were identified as different using the least significant 
difference test at an alpha level of 0.05.

Economic Benefit to a Typical  
500 Acre Wheat Enterprise

   Varies by the nitrogen source and price of N 
fertilizer.  On 500 acres the urea would loose ap-
proximately 1.45 tons of nitrogen as nitrous oxide; 
whereas the ESN for example would loose 0.11 Tons.  
Assuming the cost of urea is $1000/Ton and the cost 
of ESN is $1240/Ton, the urea treatment would have 
lost $1450/500 acres and the ESN treatment would 
have lost $136.40/500 acres.

Related Research
 

   I have several ongoing projects in Alabama (where 
I live previously) related to this project.  In addition, 
I have submitted a proposal to the USDA ALFI 
program requesting funds to examine these issues 
further.

Recommended Research
 
    Three years of data for this project would be ideal 
to characterize the behavior of these nitrogen sourc-
es with regards to greenhouse gas emissions.  So, in 
addition to completing the analysis of the 2010 data, 
I believe another year of collecting data would be 
warranted as 2009 and 2010 growing seasons were 
very different.  In addition, I am interested in looking 
at not only different types of fertilizers, but different 
methods and timings of the applications to see not 
only how they impact the gas emissions, but also the 
yield.  I am also interested in examining the impact of 
the grain crops (wheat, barley, oats) would have on 
the emissions of greenhouse gases when introduced 
into the traditional corn soybeans rotation.  These 
grasses have been reported to have antimicrobial 
properties and thus have the potential to reduce 
emissions as a residue in the soil as compared to 
other residues in the soil.


