Incorporating energy cover crops for biogas production into agricultural systems: benefits and environmental impacts. A review.
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Table S1. Effects of using digestate as fertilizer on ammonia volatilization across different studies. +: significant increase in volatilization associated with digestate use; -: significant decrease in volatilization associated with digestate use; =: no change in volatilization associated with digestate use.
	Context
	Digestate substrate
	Control
	Application
	Crop
	Duration (days)
	Effect on volatilization
	Emission factor
	Reference

	Field
	Food waste
	Cattle + pig slurry
	Surface
	Wheat/ grassland
	2
	+
	40% of total N applied
	Nicholson et al. 2017

	Field
	Cattle slurry
	Cattle slurry
	Incorporation
	Wheat
	4
	+
	10% of total N applied
	Möller and Stinner 2009

	Field
	Pig slurry
	Pig slurry
	Surface
	Wheat
	5
	+
	40% of N-NH4+ applied
	Nyord et al. 2012

	Laboratory
	Pig slurry + food waste
	Pig slurry
	Surface
	Bare soil
	4
	+
	10–16% of N-NH4+ applied
	Sommer et al. 2006

	Field
	Energy crops or pig slurry + energy crops
	Cattle and pig slurry
	Surface
	Bare soil/ grassland/ wheat/corn
	3
	+
	10–13% of N-NH4+ applied
	Ni et al. 2012

	Field
	Cattle slurry + food waste
	Cattle slurry
	Surface/ Injected
	Grassland/ bare soil
	4
	=
	30% of N-NH4+ applied to surface/
10% of N-NH4+ injected
	Wulf et al. 2002

	Field
	Pig slurry
	Pig slurry
	Surface
	Bare soil
	19
	=
	42% of N-NH4+ applied
	Chantigny et al. 2004

	Field
	Pig slurry
	Pig slurry
	Surface
	Bare soil
	10
	-
	18% of total N applied/
23% of N-NH4+ applied
	Chantigny et al. 2009

	Field
	Pig slurry
	Pig slurry
	Surface
	Grassland
	8
	-
	10–13% of total N applied
	Chantigny et al. 2007

	
	
	Mineral fertilizer
	
	
	
	+
	
	

	Field
	Energy crops + pig slurry
	Mineral fertilizer
	Surface
	Grassland/ wheat/corn
	2
	+
	6–28% of N-NH4+ applied
	Quakernack et al. 2012

	Field
	Energy crops
	Mineral fertilizer
	Incorporation
	Corn
	4
	+
	14% of total N applied/
29% of N-NH4+ applied
	Wolf et al. 2014

	Field
	Sewage sludge
	Urea
	Injected
	Corn
	4
	=
	12% of N-NH4+ applied
	Zilio et al. 2021



Table S2. Effects of using digestate as fertilizer on nitrate leaching across different studies. +: significant increase in leaching or leaching risk associated with digestate use; -: significant decrease in leaching or leaching risk associated with digestate use; =: no difference in leaching or leaching risk associated with digestate use.
	Context
	Digestate substrate
	Control
	Application rates (using equivalents)
	Agricultural practices
	Assessment method
	Effect on leaching
	Reference

	Field
	Animal manure
	Mineral fertilizer 
	N use efficiency
	Applied to a grassland for 3 years
	Dosage of leached ammonium and nitrate
	=
	Matsunaka et al. 2006

	Field
	Animal manure
	Mineral fertilizer
	Total N
	Applied in spring to grain corn; repeated for 3 years
	Measurement of soil mineral N in late fall or post application
	-
	Chantigny et al. 2008

	Field
	Corn/pig slurry + corn
	Mineral fertilizer
	Total N
	Applied in spring to forage corn; repeated for 2 years
	Dosage of leached ammonium and nitrate
	-
	Svoboda et al. 2013

	Field
	Animal manure + energy crops + food waste
	Mineral fertilizer
	Total N
	Applied to a grassland for 3 years
	Measurement of soil mineral N in late fall
	-
	Tsachidou et al. 2019

	Pots
	Cattle slurry
	Mineral fertilizer
	Total N
	Applied to a grassland in two steps
	Dosage of leached ammonium and nitrate
	-
	Walsh et al. 2012a

	Field
	Animal manure
	Animal manure
	Total N
	Applied in spring to grain corn; repeated for 3 years
	Measurement of soil mineral N in late fall or post application
	=
	Chantigny et al. 2008

	Field
	Animal manure
	Animal manure
	Total N
	Applied to winter wheat; repeated for 2 years
	Dosage of leached ammonium and nitrate
	-
	Jäkel and Mau 1999 in Svoboda et al. 2013

	Laboratory
	Animal manure
	Animal manure
	Total N
	Single application to bare soil
	Dosage of leached ammonium and nitrate
	+
	Goberna et al. 2011

	Field
	Animal manure
	Animal manure
	Fresh matter
	?
	?
	-
	Börjesson and Berglund 2007

	Field
	Animal manure
	Animal manure
	?
	?
	Measurement of soil mineral N in late fall
	=
	Pötsch 2004 in Möller 2015

	Laboratory
	Cattle slurry
	Cattle slurry
	Total N
	Applied to a grassland in two steps
	Dosage of leached ammonium and nitrate
	=
	Walsh et al. 2012a

	Field
	Cattle slurry
	Cattle slurry
	N-NH4+
	Applied to a winter barley-winter wheat rotation for 2 years
	Dosage of leached ammonium and nitrate
	=
	Brenner and Clemens 2005 in Svoboda et al. 2013

	Field
	Cattle slurry
	Cattle slurry
	?
	Applied in spring to different rotations; repeated for 2 years
	Measurement of soil mineral N in late fall or post application
	=
	Möller and Stinner 2009

	Field
	Pig slurry + corn
	Pig slurry
	?
	Applied in spring to different rotations; repeated for 2 years
	N balance
	=
	Sieling et al. 2013

	Field
	Food waste
	Pig slurry
	?
	Applied in fall to winter wheat
	Dosage of leached ammonium and nitrate
	=
	Nicholson et al. 2017

	Field
	Animal manure + energy crops + food waste
	Pig slurry + mineral fertilizer
	N use efficiency
	Applied in spring to a forage corn-Italian ryegrass rotation; repeated for 3 years
	Measurement of soil mineral N in late fall
	=
	Sigurnjak et al. 2017

	Field
	Pig slurry + corn
	Animal slurry
	Total N
	Applied in spring to forage corn; repeated for 2 years
	Dosage of leached ammonium and nitrate
	=
	Svoboda et al. 2013

	Field
	Corn
	Animal slurry
	Total N
	Applied in spring to forage corn; repeated for 2 years
	Dosage of leached ammonium and nitrate
	=
	Svoboda et al. 2013

	Field
	Animal manure (as a substitute for energy cover crops)
	Catch crops
	Total N
	Applied in spring; 3 out of 4 years
	Dosage of leached ammonium and nitrate
	=
	Brozyna et al. 2013

	Field
	Crop residues + energy cover crops
	Catch crops
	[bookmark: _GoBack]N-NH4+
	Applied in spring; 1 out of 3 years
	Measurement of soil mineral N in late fall
	-
	Gunnarsson et al. 2011

	Field
	Crop residues + energy cover crops
	Crop residues + catch crops
	Total N
	Applied in spring; 3 out of 6 years
	Measurement of soil mineral N in late fall or post application
	-
	Möller and Stinner 2009

	Field
	Cattle slurry + crop residues + energy cover crops
	Cattle slurry + crop residues + catch crops
	?
	Applied in spring to different rotations; repeated for 2 years
	Measurement of soil mineral N in late fall or post application
	-
	Möller and Stinner 2009



Table S3. Effects of using digestate as fertilizer on nitrous oxide emissions across different studies. +: significant increase in N2O emissions associated with digestate use; -: significant decrease in emissions associated with digestate use; =: no difference in emissions associated with digestate use.
	Context
	Digestate substrate
	Control
	Application rates (using equivalents)
	Crop
	Assessment method
	Effect on N2O emissions
	Emissions factor
	Reference

	Field
	Cattle slurry
	Cattle slurry
	Total N
	Corn
	Static chamber
	+126%
	1.38% of total N
	Möller and Stinner 2009

	Field
	Cattle slurry + food waste
	Cattle slurry
	Total N
	Grassland
	Static chamber
	+ ?
	0.1–0.3% of total N
	Wulf et al. 2002

	Field
	Cattle slurry + food waste
	Cattle slurry
	Total N
	Bare soil
	Static chamber
	- ?
	0.08–0.17% of total N
	Wulf et al. 2002

	Field
	Pig slurry
	Pig slurry
	Total N
	Grassland
	Non-flowthrough, non-steady-state chamber
	-17 to 
-71%
	0.14–0.4% of total N
	Chantigny et al. 2007

	Field
	Animal slurry + food waste
	Animal slurry
	N-NH4+
	Barley
	Static chamber
	-20 to 
-40%
	0.14–0.64% of total N
	Petersen 1999

	Field
	Pig slurry
	Pig slurry
	Total N
	Potato
	Static chamber
	-48%
	0.57% of total N
	Vallejo et al. 2006

	Field
	Animal slurry
	Animal slurry
	N-NH4+
	Barley
	Static chamber
	-38% to 
-72%
	0.1% of total N
	Baral et al. 2017

	Field
	Food waste
	Animal slurry
	?
	Grassland/ wheat
	Static chamber
	=
	0.45% of total N
	Nicholson et al. 2017

	Field
	Cattle slurry
	Cattle slurry
	Fresh matter
	Grassland
	Static chamber
	=
	 
	Amon et al. 2006

	Field
	Pig slurry + corn
	Animal slurry
	Total N
	Corn/wheat/ grassland
	Static chamber
	=
	 
	Herrmann et al. 2017

	Field
	Pig slurry
	Pig slurry
	Total N
	Corn
	Non-flowthrough, non-steady-state chamber
	=
	 
	Chantigny et al. 2010

	Field
	Pig slurry
	Pig slurry
	Total N
	Wheat/barley
	Static chamber
	=
	0.53% of total N (on surface)/0.96% of total N (injected)
	Thomsen et al. 2010

	Field
	Cattle slurry
	Cattle slurry
	Total N
	Grassland
	Static chamber
	=
	0.7% of total N
	Clemens et al. 2006

	Field
	Corn
	Animal slurry
	Total N
	Corn/wheat/ grassland
	Static chamber
	=
	0.3–1.9% of total N (minimum for grassland; maximum for corn)
	Senbayram et al. 2014

	Field
	Cattle slurry
	Cattle slurry
	Fresh matter
	Wheat/barley
	Static chamber
	=
	0.1% of total N (in spring)/0.44% of total N (in fall)
	Rodhe et al. 2015

	Laboratory
	Food waste
	Cattle slurry
	N-NH4+
	Bare soil
	Incubator
	-63%
	5.77% of total N
	Köster et al. 2015

	Laboratory
	Pig slurry
	Pig slurry
	Total N
	Bare soil
	Microcosm
	=
	 
	Severin et al. 2015

	Field
	Crop residues + energy cover crops + grass
	Catch crops
	Total N
	Arable rotation
	Static chamber
	-38%
	1% of total N
	Möller and Stinner 2009

	Field
	 ?
	Catch crops
	 ?
	Wheat/corn
	Modeling
	-25%
	 
	Szerencsits 2014



