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						Abstract
 Dairy cattle spend considerable time in outside barnyards. Nine barnyards were constructed to examine impacts of surface materials (bark, sand, soil) and timing of cattle corralling (before and after 3–14-day corralling periods) on fluxes of carbon dioxide (CO2), methane (CH4), ammonia (NH3), nitrous oxide (N2O) and CO2 equivalents (CO2eq). Surface, year, and surface*year interactions accounted for 64%, 6% and 16% of CO2 flux variability. Average CO2 flux from bark (2552 mg/m2.h) was 3.1–3.9 times greater than from sand or soil, especially after bark replenishment. Timing, year, timing*year and surface*year accounted for 40%, 17%, 14%, and 17% of CH4 variability. Average CH4 flux after corralling (10.6 mg/m2.h) was 3.8 times greater than before corralling, and 5.2 times greater the year following bark replenishment. Timing accounted for 67% of NH3 variability. After corralling, NH3 fluxes (1622 µg/m2.h) were 95 times greater than before corralling. Timing, surface, surface*timing and timing*year accounted for 33%, 10%, 24% and 13% of N2O variability. Average N2O flux after corralling (2252 µg/m2.h) was 3.7 times greater than before corralling. Surface and surface*year accounted for 71% and 16% of CO2eq variability. Average CO2eq flux from bark (3188 mg/m2.h) was 2.5–3.0 times greater than sand or soil. Greatest CO2eq flux occurred the year after bark replenishment. Tradeoffs between gas emissions, nutrient runoff and leaching, and cow comfort and health need to be assessed more fully before recommending beneficial practices for barnyard surface type and management.

					

				
				
					Additional keywords: corralling, GHG, manure.

				

		 
				

				
					
						References

					
									

								Broderick GA 










(2003) Effects of varying dietary protein and energy levels on the production of lactating dairy cows. Journal of Dairy Science 86, 1370–1381. 
| Effects of varying dietary protein and energy levels on the production of lactating dairy cows.Crossref | GoogleScholarGoogle Scholar | 1:CAS:528:DC%2BD3sXjtVajtLc%3D&md5=b78fbd12472abc269ed0a8d1d19b8022CAS |  12741562PubMed | 
 
						

 				 
									

								Davidson EA, Savage KE, Verchot LV, Navarro R 










(2002) Minimizing artifacts and biases in chamber-based measurements of soil respiration. Agricultural and Forest Meteorology 113, 21–37.
| Minimizing artifacts and biases in chamber-based measurements of soil respiration.Crossref | GoogleScholarGoogle Scholar | 
 
						

 				 
									

								Dumont PA, Chadwick DR, Misselbrook TH, Robinson JS, Smith KA, Sagoo E, Camp V, Murray R, French P, Hill RA, Scott A 










(2012) Effluent quality and ammonia emissions from out-wintering pads in England, Wales, and Ireland. Agriculture, Ecosystems & Environment 160, 82–90.
| Effluent quality and ammonia emissions from out-wintering pads in England, Wales, and Ireland.Crossref | GoogleScholarGoogle Scholar | 1:CAS:528:DC%2BC38Xhtlagu7nM&md5=99e71cd02cec0f542f4f752c2197be32CAS | 
 
						

 				 
									

								FAO (2010) ‘Greenhouse gas emissions from the dairy sector.’ (Food and Agricultural Organization of the United Nations: Rome, Italy) 
 
						

 				 
									

								Gleason RA, Tangen BA, Browneb BA, Euliss NH 










(2009) Greenhouse gas flux from cropland and restored wetlands in the Prairie Pothole Region. Soil Biology & Biochemistry 41, 2501–2507.
| Greenhouse gas flux from cropland and restored wetlands in the Prairie Pothole Region.Crossref | GoogleScholarGoogle Scholar | 1:CAS:528:DC%2BD1MXhtlGisbfM&md5=6fabfe31bd7d59fc5efafc7cd9375162CAS | 
 
						

 				 
									

								IDF (2009) Environmental/ecological impact of the dairy sector: Literature review on dairy products for an inventory of key issues. List of environmental initiatives and influences on the dairy sector. Bulletin of the IDF No. 436/2009. International Dairy Federation. Available at http://www.fil-idf.org/Public/PublicationsPage.php?ID=27121#list [Verified 14 September 2015] 
 
						

 				 
									

								IPCC (2007) ‘IPCC Fourth Assessment Report: climatic change 2007.’ (Cambridge University Press: Cambridge) Available at https://www.ipcc.ch/publications_and_data/publications_and_data_reports.shtml [Verified 14 September 2015] 
 
						

 				 
									

								Leytem AB, Dungan RS, Bjorneberg DL, Koehn AC 










(2011) Emissions of ammonia, methane, carbon dioxide, and nitrous oxide from dairy cattle housing and manure management systems. Journal of Environmental Quality 40, 1383–1394.
| Emissions of ammonia, methane, carbon dioxide, and nitrous oxide from dairy cattle housing and manure management systems.Crossref | GoogleScholarGoogle Scholar | 1:CAS:528:DC%2BC3MXhtFGis7bM&md5=d96b2256398cd070e24e3423af3cc0e2CAS |  21869500PubMed | 
 
						

 				 
									

								Luo J, Ledgard SF, Lindsey SB 










(2008) A test of a winter farm management option for mitigating nitrous oxide emissions from a dairy farm. Soil Use and Management 24, 121–130.
| A test of a winter farm management option for mitigating nitrous oxide emissions from a dairy farm.Crossref | GoogleScholarGoogle Scholar | 
 
						

 				 
									

								Meisinger JJ, Jokela WE (2000) Ammonia volatilization from dairy and poultry manure. In ‘Proceedings from managing nutrients and pathogens from animal agriculture’. pp. 334–354. Camp Hill, PA. 28–30 March 2000. Natural Resource, Agriculture, and Engineering Service (NRAES) Publication 130. (NRAES: Ithaca, NY) 
 
						

 				 
									

								Misselbrook TH, Powell JM 










(2005) Influence of bedding material on ammonia emissions from cattle excreta. Journal of Dairy Science 88, 4304–4312.
| Influence of bedding material on ammonia emissions from cattle excreta.Crossref | GoogleScholarGoogle Scholar | 1:CAS:528:DC%2BD2MXhtlSqtrzO&md5=7a30289aa8d356c571cd1e278b21a26dCAS |  16291621PubMed | 
 
						

 				 
									

								Oenema O, Witzke HP, Klimont Z, Lesschen JP, Velthof GL 










(2009) Integrated assessment of promising measures to decrease nitrogen losses from agriculture in EU-27. Agriculture, Ecosystems & Environment 133, 280–288.
| Integrated assessment of promising measures to decrease nitrogen losses from agriculture in EU-27.Crossref | GoogleScholarGoogle Scholar | 1:CAS:528:DC%2BD1MXptl2ht7o%3D&md5=7b48c53eb8dacec08a76b9055dcaf9f4CAS | 
 
						

 				 
									

								Owen JJ, Silver WDL 










(2015) Greenhouse gas emissions form dairy manure management: a review of field-based studies. Global Change Biology 21, 550–565.
| Greenhouse gas emissions form dairy manure management: a review of field-based studies.Crossref | GoogleScholarGoogle Scholar |  25044806PubMed | 
 
						

 				 
									

								Parkin TB, Venterea RT (2010) Chamber-based trace gas flux measurements. USDA-ARS GRACEnet, Chapter 3, Project Protocols. Available at http://www.ars.usda.gov/research/programs/programs.htm?np_code=212&docid=21223&page=1 [Verified 14 September 2015] 
 
						

 				 
									

								Powell JM, Rotz CA 










(2015) Measures of nitrogen use efficiency and nitrogen loss from dairy production systems. Journal of Environmental Quality 44, 336–344.
| Measures of nitrogen use efficiency and nitrogen loss from dairy production systems.Crossref | GoogleScholarGoogle Scholar | 1:CAS:528:DC%2BC2MXkvV2gur8%3D&md5=1a19cb3aeca30a1b0dd8a2cace6954a5CAS |  26023953PubMed | 
 
						

 				 
									

								Powell JM, McCrory DF, Jackson-Smith DB, Saam H 










(2005) Manure collection and distribution on Wisconsin dairy farms. Journal of Environmental Quality 34, 2036–2044.
| Manure collection and distribution on Wisconsin dairy farms.Crossref | GoogleScholarGoogle Scholar | 1:CAS:528:DC%2BD2MXht1Cnu7bE&md5=5b07021495448b9da64b2161b843f5d6CAS |  16221823PubMed | 
 
						

 				 
									

								Powell JM, Rotz CA, Wattiaux MA 










(2014) Potential use of milk urea nitrogen to abate atmospheric nitrogen emissions from Wisconsin dairy farms. Journal of Environmental Quality 43, 1169–1175.
| Potential use of milk urea nitrogen to abate atmospheric nitrogen emissions from Wisconsin dairy farms.Crossref | GoogleScholarGoogle Scholar | 1:CAS:528:DC%2BC2cXhs1artrjI&md5=757e0a7f82c31e30abf12637225b27edCAS |  25603065PubMed | 
 
						

 				 
									

								Rochette P, Eriksen-Hamel NS 










(2008) Chamber measurements of soil nitrous oxide flux: are absolute values reliable? Soil Science Society of America Journal 72, 331–342.
| Chamber measurements of soil nitrous oxide flux: are absolute values reliable?Crossref | GoogleScholarGoogle Scholar | 1:CAS:528:DC%2BD1cXjsFynsLw%3D&md5=58243ff8fdfb3937556d6fe762a72874CAS | 
 
						

 				 
									

								Rochette P, Guilmette D, Chantigny M, Angers D, MacDonald J, Bertrand N, Parent L, Cote D, Gasser M 










(2008) Ammonia volatilization following application of pig slurry increases with slurry interception by grass foliage. Canadian Journal of Soil Science 88, 585–593.
| Ammonia volatilization following application of pig slurry increases with slurry interception by grass foliage.Crossref | GoogleScholarGoogle Scholar | 1:CAS:528:DC%2BD1cXhtlaktr7F&md5=a41a83da7b5b1cc279a555b86ff42ca3CAS | 
 
						

 				 
									

								Smith KA, Chadwick DR, Dumont PA, Grylls JP, Sagoo E (2010) Woodchip pads for out-wintering cattle –technical review of environmental aspects. Project LK 0676 Report. UK Department for Environment, Food, and Rural Affairs. London, UK. 
 
						

 				 
									

								The State of Victoria (2010) ‘Guidelines for Victorian dairy feedpads and freestalls.’ (Department of Primary Industries Victoria on behalf of the Geoffrey Gardiner Dairy Foundation, DPI Echuca: Echuca, Vic.) 102 pp. 
 
						

 				 
									

								Vadas PA, Powell JM 










(2013) Monitoring nutrient loss in runoff from dairy cattle lots. Agriculture, Ecosystems & Environment 181, 127–133.
| Monitoring nutrient loss in runoff from dairy cattle lots.Crossref | GoogleScholarGoogle Scholar | 1:CAS:528:DC%2BC3sXitVSgs7rJ&md5=3fc18145821e360cd629735b22f6aba8CAS | 
 
						

 				 
									

								Vadas PA, Powell JM, Brink GE, Busch DL, Good LW 










(2015) Whole-farm phosphorus loss from grazing-based dairy farms. Agricultural Systems 140, 40–47.
| Whole-farm phosphorus loss from grazing-based dairy farms.Crossref | GoogleScholarGoogle Scholar | 
 
						

 				 
									

								Van Soest PJ, Robertson JB (1980) Systems of analysis for evaluating fibrous feeds. In ‘Standardisation of analytical methodology in feeds’. (Eds WJ Pigden, CC Balch, M Graham) pp. 49–60. (International Research Development Centre: Ottawa, Canada) 
 
						

 				 
 
				

		
			
		

				
					
						
	
		[image: Committee on Publication Ethics]

	

	
		
			
						
							
					

							
							
							
							
							
						

						

					
								
									Rent Article (via Deepdyve)
								
							
			Export Citation
			
				Cited By (2)
			
				Get Permission
		
		

		
		
		
			View Dimensions

			

		

	
			
			
				View Altmetrics

				

			

		
			
				
					Subscriber Login

					
					
					
					Username:
					

					Password:
					 
				 

			

		
					

				
	
		   
		

	 
		    
	            Journal Navigation

    	        
						

						
							Left Panel NavigationJournal Home
						

							About the Journal
	Editorial Structure
	Publishing Policies
	Contacts


					
					
	

						
							Left Panel NavigationContent
						

							
												Left Panel NavigationLatest
											
	
														Left Panel NavigationJust Accepted
													
	
														  Left Panel NavigationMost Read
													
	All Content
	Special Issues
	Research Fronts
	Virtual Issues
	Reviews
	Perspectives on Animal Biosciences Series
	Animal Science Reflections


					
					
	

						
							Left Panel NavigationFor Authors
						

							General Information
	Scope
	
										
				     						
										Submit Article
										
										
	Author Instructions
	Licence to Publish
	Open Access
	Read and Publish
	Publishing Charges
	Awards and Prizes


					
					
	

						
							Left Panel NavigationFor Reviewers
						

							Reviewer Guidelines
	
										
				     						
										Review Article 
										
	Reviewer Recognition
	Annual Reviewer Index


					
					
	

						
							Left Panel NavigationFor Subscribers
						

							Subscription Prices
	Customer Service
	Library Recommendation


					
					
	

						
							Left Panel NavigationFor Advertisers
						

						

					
					


				
				

			
	 [image: email icon]
	 	e-Alerts

	 	
		Subscribe to our Email Alert or [image: RSS] feeds for the latest journal papers.

	 

	 



			    
		


	

    
		
         
          Links

            
              Links first column

              	About Us
	Contact Us
	Help
	Workshops
	Building Technology Resources 


            
        

        
          Browse by subject

          
            
              Browse by subject first column

              	Animals
	Built Environment
	Food & Agriculture
	Gardening & Horticulture
	Children


            
          

          
            
              Browse by subject second column

              	Marine & Freshwater
	Natural Environment
	Physical Sciences
	Plants & Fungi
	Science in Society


            
          

        

        
          Connect with us

            [image: Like us on Facebook]
            [image: Follow us on Twitter]
            [image: Connect with us on Instagram]
            [image: Connect with us on LinkedIn]
        
 

	
		We acknowledge the Traditional Owners of the land, sea and waters, of the areas that we live and work on across Australia. We acknowledge their continuing connection to their culture, their contribution to our shared knowledge, and pay our respects to their Elders past and present.

		
			Copyright Legal Notice and Disclaimer Privacy

		

		[image: CSIRO]
		
			[image: Australian Academy Of Science]
		
	
	





     
     [image: Clicky]



		

    
	














