The Effects of Fertilizer Sources on the Mitigation of Greenhouse Gas Emissions
from Creeping Bentgrass Greens and Kentucky Bluegrass Roughs
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Abstract

CO. Flux N,O Flux Figure 3. Soil temperature and soil moisture plotted against soil CO, and N,O
P h t ? flux. The black dots represents the data points and the matrix represents the
O OS model generated using SAS to explain 99.99% of the data. CO, =

[(0.09201)*temperature + (0.05011) moisture + 1.29697]*4; N,O = [(-
0.000316)*temperature + (-0.0002943) moisture + 0.13343]*(-1/3) — 2.

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
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moisture regime) on greenhouse gas (carbon dioxide [CO,], methane [CH,], and nitrous oxide [N,O]) emissions was E i
initiated in June 2013. Samplings occurred weekly throughout the summer and fall of 2013 and will continue through 2014. z ™ } 3
Gas samples were taken using a vented closed gas chamber that was placed over the plots for 40 minutes following the ’ e
USDA-ARS GRACEnNet methods. Soil temperature, soil moisture, canopy greenness, and turfgrass quality were also
collected. Results from 2013 show a trend (p<0.1) indicating higher CO, emissions on the green than on the two rough Torperagy. o © 00
sites. Methane (CH,) 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 N,O emissions; although treatment effects were e — -
not significant. The rough in the dry location showed significantly higher N,O emissions than the other two sites; this trend e . oy R ¢ . | seeme o e
was consistent across sampling dates. Soil temperature and soil moisture were found to be significant predictors of CO, and Ty, B I EEE Y e S y T | 3 | S-Aoceptable,
N,O emissions. Site location was significant (p<.0001) for canopy greenness on all sampling dates in 2013 except for two TR . Ve - W - = 0700 I I l ' | I | | | | | | CRE=E ) : I " {=orsh forall
dates in September following fertilization. Fertilizer source was significant on four of the sampling dates where turfgrass e R B, O e - P ) riizerveatment
quality was significantly (p<.0001) higher for the Milorganite and Urea treatments compared to the control. The results from | G B s . e ., Ty Ure-urea
this study will provide information about turfgrass management practices that minimize greenhouse gas losses for cool- : : | a7 _ 4y B 11 lorsanie)
season turfgrasses which can be utilized to evaluate the environmental efficacy of our current cultural management | | g
practices. Gos charmbers were appec onto the anahors o create 8 good seal. Photo 3 Ges Saples ware taken at 0. 20, and 40 minuics post oosuro of th gas ohamber and anchr
Introduction Results to Date

The concentration of carbon dioxide (CO,) in the atmosphere is increasing at an unprecedented rate, due primarily to fossil * Results show a trend indicating higher CO, emissions on the green and wet rough than on the dry rough. For the green, o
fuel burning and land use change. The increased awareness of this global problem has led to increased pressure by society there were four dates that showed statistical differences between treatments (Figure 1a & Figure 6). Milorganite had ] . ] .
to minimize the impacts of elevated atmospheric concentrations of greenhouse gases (GHG). significantly higher flux than Polyon and Urea on July 17. On August 7, all fertilized treatments showed significantly higher O O

flux than the unfertilized treatments. Milorganite also showed significantly higher flux than Polyon on August 27. Urea and Y e " e )8
Nutrient cycling on golf courses has the capacity to sequester GHG through the accumulation of soil organic carbon (QIAN the Polyon had significantly higher emissions than the other treatments on September 4. Similarly, on the wet rough there 0 o o]
and FOLLETT, 2002; MILESI et al., 2005). However, cultural management practices can offset sequestration by mitigating were seven dates showing statistically significant differences (Figure 1c & Figure 6). Polyon had the highest CO, R e : < e A
GHG emissions directly (fertilization) or indirectly (maintenance equipment) (BARTLETT and JAMES, 2011). 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 Urea N,O Flux Encapsuisted Polyon N;O Flux Milrganite N0 Fiux
Fertilizer application, irrigation, and other turfgrass management practices have the potential to contribute to emissions and highest flux rate or was the highest flux rate. Milorganite had significantly higher emissions than Polyon on August 21. " - " ] .
mitigation of greenhouse gases, leading to uncertainties in the net contribution of turfgrass ecosystems to climate change o R . o .
(ZHANG et al., 2013). Fertilization of turfgrass has been shown to increase soil nitrous oxide (N,O) emissions ranging from « Methane (CH,) emissions were not significantly different between treatments for any of the site locations. O o]
0.5t0 6.4 kg N ha! yr' (GUILBAULT and MATTHIAS, 1998; KAYE et al., 2004; BREMER, 2006; GROFFMAN et al., 2009; g o]t Y A
LIVESLEY et al., 2010; TOWNSEND-SMALL and CZIMCZIK, 2010; ZHANG et al., 2013). MAGGIOTTO et al. (2000) found  Nitrous oxide (N,O) emissions was highest for the wet rough site location where Polyon had a higher emission rate than IO I I -
that urea-based fertilizers minimized N,O emissions and indicated that long-term effects of slow-release urea based the other treatments on July 24 and August 21 (Figure 2c & Figure 6). ST e = S w A e e WA e e

fertilizers still need to be studied.

® SOII temperature and SOIl mOISture were found to be S|gn|f|Cant pl’edICtOI'S Of COZ and NZO emISSIOnS (Flgure 3) Figur_eG.Thethreefertilizersources gndtheimpact each had on soil CO, and N,O flux by location. The largest separations noted are between the wet and dry treatments; although the green behaved similarly to the
Choice of fertilizer release (fast versus slow release) and mechanism of fertilizer break-down needs to be considered as a wetstie forfhe €Oz fluxandhe dry site forfhe 20 flux

method for mitigating GHG emissions. Therefore, the purpose of this project was to determine the impact of fertilizer source » Site location was significant for canopy greenness on all sampling dates in 2013 except for two dates in September
(Urea, Encapsulated Polyon, and Milorganite), turfgrass species (Agrostis stolonifera L. and Poa pratensis L.), and site following fertilization (Figure 4).

location (soil moisture regime) have on GHG (carbon dioxide [CO,], methane [CH,], and nitrous oxide [N,O]) emissions and .
overall turfgrass quality.  Fertilizer source was significant on four of the sampling dates where turfgrass quality was significantly higher for the Sum mal‘y & COﬂClUSIOnS

Milorganite and Urea treatments compared to the control (Figure 5).

: y013 0O Flux 1 G a. 2013 N,O Flux in Green The results from this two-year field study will provide information about turfgrass management practices that minimize
Materials & Methods i 2 TR greenhouse gas losses for cool-season turfgrasses which can be utilized to evaluate the environmental efficacy of our

1200 014 current cultural management practices.
« This project was located at Lincoln Park Golf Course in Grand Forks, North Dakota (USA). Three sites were selected 10004 o POLiteen = 5 rorgeen - S S - .
: _ _ _ : e _ ' v S MiLgreen 010 1 o= MiLgreen « Soil temperature and soil moisture were found to be significant predictors of CO, and N,O emissions.
based on cultural intensity, turfgrass species, and soil moisture regime. Plot size was 0.61 m x 0.61 m and treatments E [ & UNTgreen . ~ A - UNTgreen
were repllcaéelf f;)urct;lmes.. bent A tis stolonifera L i i st ¢ d-based root 00 E 0% « Carbon dioxide (CO,) emissions was highest in the green and wet rough site locations where Polyon and Urea treatments
ite 1 - Creeping bentgrass (Agrostis stolonifera L.) practice putting green consisting of a sand-based roo ST z 0% tended to show significantly higher emissions than other treatments.
zone. 2 £ o0
. . _ : . . . 200 - ; o Y. o . ) L . . .
Site 2 ﬁentucty b:uegrass (g oa pratensis t') rougE W!tE It:).whsonllmmgture. ' 000 1% - Nitrous oxide (N,O) emission was higher for the wet rough than the other site locations where Polyon tended to show
. Slt.e_3 - Kentucky bluegrass ( oa pratensis L.) roug with high soil moisture. 0- 002 | significantly higher emissions than other treatments.
« Plots were fertilized May through October with an annual nitrogen (N) rate of 245 kg N ha™! yr1. — 3
. Jun Jul Au Se Oc Nov Jun Jul Au Se Oct Nov
« For May, September, and October, a rate of 49 kg N ha-' was applied to each plot. For June, July, and August, i i ‘ i i References
245 kg N ha-1 was applled to each plot b. 2013 CO,, Flux in Dry b. 2013 N,O Flux in Dry
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« At each sampling date air temperature, soil temperature, soil moisture, turfgrass quality and canopy greenness data were S o S v ACknowledgements
collected. . z Y
. Turfgrass quality was on a visual rating of 1 to 9 where 1=bare soil, 6=minimally acceptable, 9=optimum ] This prOJ.ect is _supported py USGA, Mllnnesota Turfgrgss Foundation, Umversﬂy of Mlnnesota Crookston Office of |
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. Canopy greenness was assessed using a CM 1000 (NDVI Meter; Spectrum Technologies) chlorophyll meter. ol S » Undergraduate students who worked on this project: Amber Suchy, Wade Wallace, Andrea Ramponi, Gylatso Gurung,
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Figure 1.a) CO;, flux by fertilizer treatment for the green during the 2013 Figure 2.a) N,O flux by fertilizer treatment for the green during the 2013 growing INQrirTweRt J y
growing period. b) CO flux by fertilizer treatment for the dry rough during the period. b) N,O flux by fertilizer treatment for the dry rough during the 2013 growing Regional Sustainable ] {
2013 growing period. c) CO, flux by fertilizer treatment for the wet rough period. c) N,O flux by fertilizer treatment for the wet rough during the 2013 growing Development Partnership |
during the 2013 growing period. (URE=Urea, POL=Polyon, MIL=Milorganite & period. (URE=Urea, POL=Polyon, MIL=Milorganite & UNT=Untreated control).
UNT=Untreated control).
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