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Abstract
The purpose of this project is to determine the impact that cultural management strategies have on greenhouse gas 
emissions which are known to contribute to global climate change. An ongoing field study evaluating fertilizer source (Urea, 
Encapsulated Polyon, and Milorganite), turfgrass species (Agrostis stolonifera and Poa pratensis), and site location (soil 
moisture regime) on greenhouse gas (carbon dioxide [CO2], methane [CH4], and nitrous oxide [N2O]) emissions was 
initiated in June 2013. Samplings occurred weekly throughout the summer and fall of 2013 and will continue through 2014. 
Gas samples were taken using a vented closed gas chamber that was placed over the plots for 40 minutes following the 
USDA-ARS GRACEnet methods. Soil temperature, soil moisture, canopy greenness, and turfgrass quality were also 
collected. Results from 2013 show a trend (p<0.1) indicating higher CO2 emissions on the green than on the two rough 
sites. Methane (CH4) emissions were significantly (p<0.05) higher in the control than in the encapsulated polyon treatment 
across all sites. Site location also showed significant (p<0.001) influence on N2O emissions; although treatment effects were 
not significant.  The rough in the dry location showed significantly higher N2O emissions than the other two sites; this trend 
was consistent across sampling dates. Soil temperature and soil moisture were found to be significant predictors of CO2 and 
N2O emissions. Site location was significant (p<.0001) for canopy greenness on all sampling dates in 2013 except for two 
dates in September following fertilization. Fertilizer source was significant on four of the sampling dates where turfgrass
quality was significantly (p<.0001) higher for the Milorganite and Urea treatments compared to the control. The results from 
this study will provide information about turfgrass management practices that minimize greenhouse gas losses for cool-
season turfgrasses which can be utilized to evaluate the environmental efficacy of our current cultural management 
practices.

Introduction
The concentration of carbon dioxide (CO2) in the atmosphere is increasing at an unprecedented rate, due primarily to fossil 
fuel burning and land use change. The increased awareness of this global problem has led to increased pressure by society 
to minimize the impacts of elevated atmospheric concentrations of greenhouse gases (GHG). 

Nutrient cycling on golf courses has the capacity to sequester GHG through the accumulation of soil organic carbon (QIAN 
and FOLLETT, 2002; MILESI et al., 2005). However, cultural management practices can offset sequestration by mitigating 
GHG emissions directly (fertilization) or indirectly (maintenance equipment) (BARTLETT and JAMES, 2011).

Fertilizer application, irrigation, and other turfgrass management practices have the potential to contribute to emissions and 
mitigation of greenhouse gases, leading to uncertainties in the net contribution of turfgrass ecosystems to climate change 
(ZHANG et al., 2013). Fertilization of turfgrass has been shown to increase soil nitrous oxide (N2O) emissions ranging from 
0.5 to 6.4 kg N ha-1 yr-1 (GUILBAULT and MATTHIAS, 1998; KAYE et al., 2004; BREMER, 2006; GROFFMAN et al., 2009; 
LIVESLEY et al., 2010; TOWNSEND-SMALL and CZIMCZIK, 2010; ZHANG et al., 2013). MAGGIOTTO et al. (2000) found 
that urea-based fertilizers minimized N2O emissions and indicated that long-term effects of slow-release urea based 
fertilizers still need to be studied.

Choice of fertilizer release (fast versus slow release) and mechanism of fertilizer break-down needs to be considered as a 
method for mitigating GHG emissions. Therefore, the purpose of this project was to determine the impact of fertilizer source 
(Urea, Encapsulated Polyon, and Milorganite), turfgrass species (Agrostis stolonifera L. and Poa pratensis L.), and site 
location (soil moisture regime) have on GHG (carbon dioxide [CO2], methane [CH4], and nitrous oxide [N2O]) emissions and 
overall turfgrass quality. 

Materials & Methods

• This project was located at Lincoln Park Golf Course in Grand Forks, North Dakota (USA). Three sites were selected 
based on cultural intensity, turfgrass species, and soil moisture regime. Plot size was 0.61 m x 0.61 m and treatments 
were replicated four times.

• Site 1 - Creeping bentgrass (Agrostis stolonifera L.) practice putting green consisting of a sand-based root 
zone. 

• Site 2 - Kentucky bluegrass (Poa pratensis L.) rough with low soil moisture. 
• Site 3 - Kentucky bluegrass (Poa pratensis L.) rough with high soil moisture. 

• Plots were fertilized May through October with an annual nitrogen (N) rate of 245 kg N ha-1 yr-1. 
• For May, September, and October, a rate of 49 kg N ha-1 was applied to each plot. For June, July, and August, 

24.5 kg N ha-1 was applied to each plot. 
• Three sources of fertilizer were used: Urea (46-0-0), Encapsulated Polyon (30-0-15), and Milorganite (5-2-0). 

Urea is a fast-release N source whereas both Encapsulated Polyon and Milorganite are slow-release N 
sources. Milorganite is a natural organic fertilizer. 

• Monthly applications were applied the first week of each month throughout the growing season.
• GHG sampling was initiated on 6/5/2013 and occurred weekly until 10/26/2013. 

• At each sampling date, gas samples were taken using a vented closed gas chamber that was placed over the 
plots for 40 minutes following the United States Department of Agriculture-Agricultural Research Service 
Greenhouse gas Reduction through Agricultural Carbon Enhancement network (USDA-ARS GRACEnet) 
methods (FOLLETT, 2010). 

• Samples were taken from the same location throughout the summer as the anchors for the gas chambers 
were tamped into the ground flush with the soil surface at the beginning of the season (Photo 1). 

• To ensure a good seal, the tops of the gas chambers were also tapped in after they were placed over the 
anchors (Photo 2). 

• Gas samples were taken at 0, 20, and 40 minutes post closure of the chamber (Photo 3). This method allows 
gas concentrations to build up inside of the chamber, and a flux rate of the gases from the surface to be 
calculated based on the change in concentration over time. 

• At each sampling date air temperature, soil temperature, soil moisture, turfgrass quality and canopy greenness data were 
collected. 

• Turfgrass quality was on a visual rating of 1 to 9 where 1=bare soil, 6=minimally acceptable, 9=optimum 
uniformity, density, and greenness. 

• Canopy greenness was assessed using a CM 1000 (NDVI Meter; Spectrum Technologies) chlorophyll meter.

Photos

Photo 1: Anchors for each plot were tamped into the soil at the beginning of the study to provide a base for the gas chambers. Photo 2: Prior to sampling for greenhouse gases, the 
gas chambers were tapped onto the anchors to create a good seal. Photo 3: Gas samples were taken at 0, 20, and 40 minutes post closure of the gas chamber and anchor.

Results to Date

Summary & Conclusions

References

• Results show a trend indicating higher CO2 emissions on the green and wet rough than on the dry rough. For the green, 
there were four dates that showed statistical differences between treatments (Figure 1a & Figure 6). Milorganite had 
significantly higher flux than Polyon and Urea on July 17. On August 7, all fertilized treatments showed significantly higher 
flux than the unfertilized treatments. Milorganite also showed significantly higher flux than Polyon on August 27. Urea and 
the Polyon had significantly higher emissions than the other treatments on September 4.  Similarly, on the wet rough there 
were seven dates showing statistically significant differences (Figure 1c & Figure 6). Polyon had the highest CO2
emissions on 5 sampling dates, and was significantly higher than at least one other treatment on those dates (7/3, 8/14, 
9/4, 9/14, and 10/17). On three of the sampling dates (9/4, 9/26, 10/17) urea was either not statistically different from the
highest flux rate or was the highest flux rate.  Milorganite had significantly higher emissions than Polyon on August 21. 

• Methane (CH4) emissions were not significantly different between treatments for any of the site locations. 

• Nitrous oxide (N2O) emissions was highest for the wet rough site location where Polyon had a higher emission rate than 
the other treatments on July 24 and August 21 (Figure 2c & Figure 6). 

• Soil temperature and soil moisture were found to be significant predictors of CO2 and N2O emissions (Figure 3). 

• Site location was significant for canopy greenness on all sampling dates in 2013 except for two dates in September 
following fertilization (Figure 4). 

• Fertilizer source was significant on four of the sampling dates where turfgrass quality was significantly higher for the 
Milorganite and Urea treatments compared to the control (Figure 5). 

The results from this two-year field study will provide information about turfgrass management practices that minimize 
greenhouse gas losses for cool-season turfgrasses which can be utilized to evaluate the environmental efficacy of our 
current cultural management practices.

• Soil temperature and soil moisture were found to be significant predictors of CO2 and N2O emissions.

• Carbon dioxide (CO2) emissions was highest in the green and wet rough site locations where Polyon and Urea treatments 
tended to show significantly higher emissions than other treatments.

• Nitrous oxide (N2O) emission was higher for the wet rough than the other site locations where Polyon tended to show 
significantly higher emissions than other treatments.

Acknowledgements
• This project is supported by USGA, Minnesota Turfgrass Foundation, University of Minnesota Crookston Office of 

Academic Affairs, and University of Minnesota Extension Northwest Regional Sustainable Development Partnership.
• Undergraduate students who worked on this project: Amber Suchy, Wade Wallace, Andrea Ramponi, Gylatso Gurung, 

DeAndrea O’Connell, Constantin Adelakoun.

• BARTLETT, M.D. and I.T. JAMES, 2011: A model of greenhouse gas emissions from the management of turf on two golf courses. Science of the Total Environment. 409:1357-1367.
• BREMER, D.J., 2006: Nitrous oxide fluxes in turfgrass: Effects of nitrogen fertilization rates and types. J. Environ. Qual. 35:1678-1685.
• CLOUGH, T.J., S.C. JARVIS, E.R. DIXON, R.J. STEVENS, R.J. LAUGHLIN, and D.J. HATCH, 1999: Carbon induced soil denitrification of 15N labelled nitrate in 1m deep soil columns. 

Soil Biology and Biochemistry, 31: 31-41.  
• FOLLETT, R.F. (ed.), 2010: Sampling Protocols. USDA_ARS. Web-based book. Available at: www.ars.usda.gov/research/GRACEnet 69p.
• GROFFMAN, P.M., C.O. WILLIAMS, R.V. POUYAT, and L.E. BAND., 2009: Nitrate leaching and nitrous oxide flux in urban forests and grasslands. J. Environ. Qual. 38:1846-60.
• GUILBAULT, M.R. and A.D. MATTHIAS, 1998: Emissions of N2O from Sonoran Desert and effluent-irrigated grass ecosystems. J. Arid Environ. 38:87–98.
• KAYE, J.P., I.C. BURKE, and A. MOSIER, 2004: Methane and nitrous oxide fluxes from urban soil to the atmosphere. Ecol. Appl. 14:975-981.
• LIVESLEY, S.J., B.J. DOUGHERTY, A.J. SMITH, D. NAVAUD, L.J. WYLIE, and S.K. ARNDT, 2010: Soil-atmosphere exchange of carbon dioxide, methane and nitrous oxide in urban 

garden systems: Impact of irrigation, fertiliser and mulch. Urban Ecosyst. 13:273–293.
• MAGGIOTTO, S.R., J.A. WEBB, C. WAGNER-RIDDLE, and G.W. THURTELL, 2000: Nitrous and nitrogen oxide emissions from turfgrass receiving different forms of nitrogen fertilizer. 

J. Environ. Qual. 29:621–630.
• MILESI, C., S.W. RUNNING, C.D. ELVIDGE, J.B DIETZ, B.T. TUTTLE, and R.R NEMANI, 2005: Mapping and modelling the biogeochemical cycling of turf grasses in the United States. 

Environ Manage. 36:426–38.
• QIAN, Y.L. and R.F. FOLLETT, 2002: Assessing soil carbon sequestration in turfgrass systems using long-term soil testing data. Agron. J. 94:930-935.
• RICHARDSON, D., H. FELGATE, N. WATMOUGH, A. THOMSON, and E. BAGGS, 2009: Mitigating release of the potent greenhouse gas N2O from the nitrogen cycle-could enzymic

regulation hold the key?  Trends in Biotechnology 27:7: 388-397.
• SMITH, K., 2010: Nitrous Oxide and Climate Change. Earthscan Ltd, United Kingdom.
• TOWNSEND SMALL, A. and C.I. CZIMCZIK, 2010: Correction to “Carbon sequestration and greenhouse gas emissions in urban turf ”. Geophys. Res. Lett. 37:L06707.
• VIETEN, B., F. CONEN, A. NEFTEL, and C. ALEWELL, 2009: Respiration of nitrous oxide in suboxic soil. European Journal of Soil Science 60, 332-337.  
• ZHANG, Y., Y. QIAN, D.J. BREMER, and J.P. KAYE, 2013: Simulation of nitrous oxide emissions and estimation of global warming potential in turfgrass systems using the DAYCENT 

model. J. Environ. Qual. 42:1100-1108.

a. 2013 CO2 Flux in Green

Jun  Jul  Aug  Sep  Oct  Nov  

um
ol

 C
O

2 m
-2

 m
in

-1

0

200

400

600

800

1000

1200

UREgreen 
POLgreen 
MILgreen 
UNTgreen 

b. 2013 CO2 Flux in Dry
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c. 2013 CO2 Flux in Wet
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Figure 1. a) CO2 flux by fertilizer treatment for the green during the 2013 
growing period. b) CO2 flux by fertilizer treatment for the dry rough during the 
2013 growing period. c) CO2 flux by fertilizer treatment for the wet rough 
during the 2013 growing period. (URE=Urea, POL=Polyon, MIL=Milorganite & 
UNT=Untreated control).

a. 2013 N2O Flux in Green
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b. 2013 N2O Flux in Dry

Jun  Jul  Aug  Sep  Oct  Nov  

um
ol

 N
2O

 m
-2

 m
in

-1

-0.04

-0.02

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

UREdry 
POLdry 
MILdry 
UNTdry 

c. 2013 N2O Flux in Wet
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Figure 2. a) N2O flux by fertilizer treatment for the green during the 2013 growing 
period. b) N2O flux by fertilizer treatment for the dry rough during the 2013 growing 
period. c) N2O flux by fertilizer treatment for the wet rough during the 2013 growing 
period. (URE=Urea, POL=Polyon, MIL=Milorganite & UNT=Untreated control).

Figure 3.  Soil temperature and soil moisture plotted against soil CO2 and N2O 
flux.  The black dots represents the data points and the matrix represents the 
model generated using SAS to explain 99.99% of the data.  CO2 = 
[(0.09201)*temperature + (0.05011) moisture + 1.29697]^4; N2O = [(-
0.000316)*temperature + (-0.0002943) moisture + 0.13343]^(-1/3) – 2.
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Figure 4: Canopy 
greenness (NDVI) 
by turfgrass area 
(WRO=Wet Rough, 
DRO=Dry Rough, 
GRE=Green) in 
2013.

Figure 6. The three fertilizer sources and the impact each had on soil CO2 and N2O flux by location.  The largest separations noted are between the wet and dry treatments; although the green behaved similarly to the 
wet site for the CO2 flux and the dry site for the N2O flux.  
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Figure 5: 
Turfgrass quality 
(1-9 visual scale; 
9=Best, 
6=Acceptable, 
1=Worst) for all 
site locations by 
fertilizer treatment 
(UNT=Untreated, 
URE=Urea, 
POL=Polyon, 
MIL=Milorganite) 
in 2013.
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