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Composting process management and compost 
benefits for soil fertility and plants J.G.	Fuchsa	FiBL,	Research	Institute	of	Organic	Agriculture,	Frick,	Switzerland.	
Abstract 

Composts	 are	 recycled	 fertilizers	 with	 potential.	 They	 can	 influence	 the	 soil	
quality	at	different	levels:	supply	of	nutrients,	enhancement	of	humus	content	in	soil,	
improvement	 of	 soil	 structure	 and	 water	 hold	 capacity,	 reduction	 of	 erosion,	 and	
stimulation	of	biological	activity.	Compost	can	also	suppress	plant	diseases.	However,	
an	 optimal	 management	 of	 the	 composting	 process,	 from	 the	 choice	 of	 the	 raw	
materials	 used	 up	 to	 the	 storage	 of	 the	 final	 products	 is	 necessary	 to	 obtain	 such	
positive	 results.	 Different	 factors	 play	 a	 role	 in	 the	 compost	 production,	 and	
consequently	the	characteristics	of	the	produced	composts	are	considerably	diverse.	
It	is	also	important	to	choose	the	compost	that	is	adapted	to	the	target	application.	To	
consider	here	are	factors	such	as	climatic	conditions,	culture,	soil	type	and	season	of	
application.	With	an	adapted	practice	strategy,	composts	become	helpful	products	for	
the	plant	growers,	especially	in	organic	production	systems.	

Keywords:	compost	 quality,	 composting	 process	 management,	 compost	 use,	 soil	 fertility,	disease	suppression	
INTRODUCTION	Composting	of	organic	waste	is	a	concept	well	established	over	the	world.	The	interest	for	compost	is	motivated	by	different	reasons.	The	first	one	is	certainly	a	meaningful	closing	of	 nutrients’	 cycles.	 Another	 important	 reason	 is	 the	 supply	 of	 organic	matter	 to	 the	 soil,	which	has	a	positive	effect	on	the	soil	structure,	its	water	retention	capacity,	air	balance	and	resistance	to	erosion.	Moreover,	compost	influences	soil	pH	and	microbiological	activity.	However,	the	characteristics	of	composts	produced	can	vary	greatly.	This	variation	is	due	 to	 the	 input	 materials,	 the	 composting	 techniques	 and	 the	 management	 of	 the	composting	process.	Consequently,	the	effects	of	the	different	composts	on	environment,	soil	fertility	and	plant	growth	and	health	can	considerably	differ.	These	effects	can	be	positive	or	negative	(Noble,	2011).	Therefore,	the	management	of	compost	quality	and	the	selection	of	the	adapted	product	for	the	specific	utilization	are	the	basic	conditions	for	a	successful	use	of	composts.	
COMPOSTING	PROCESS	MANAGEMENT	AND	COMPOST	QUALITY	Compost	 is	 the	 result	 of	 the	 aerobic	 decomposition	 of	 organic	 residues.	 Numerous	microorganisms	are	involved	in	this	process	(Ryckeboer	et	al.,	2003).	One	of	the	important	roles	of	the	composting	process	management	is	to	create	the	conditions	that	are	favourable	for	the	inactivation	of	the	harmful	microorganisms	and	that	promote	the	development	of	the	beneficial	 ones	 (Fuchs,	 2010).	 Another	 important	 role	 of	 the	 composting	 process	management	is	to	avoid	the	losses	of	 fertilizer	(nitrogen)	on	one	hand	and	the	emission	of	gases	damaging	the	environment	(such	as	greenhouse	gases)	on	the	other.	An	appropriate	composting	process	management	is	therefore	the	condition	to	obtain	high	quality	compost	(Boulter	et	al.,	2000).	
Importance	of	the	raw	materials	The	 raw	 materials	 used	 as	 inputs	 for	 the	 compost	 production	 influence	 the	
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communities	 of	 microorganisms	 present	 in	 the	 organic	 residues	 during	 the	 composting	process	(Klammer	et	al.,	2008;	Neher	et	al.,	2013),	but	also	affect	the	characteristics	of	the	composts	 produced	 (Cáceres	 et	 al.,	 2015;	Raviv,	 2005).	 Also,	 the	 capacity	 of	 a	 compost	 to	suppress	plant	diseases	can	be	influenced	by	the	raw	materials	used	(Vestberg	et	al.,	2011).	An	important	aspect	of	the	composting	process	is	the	ratio	of	organic	carbon	to	total	nitrogen	(C/N)	in	the	starting	mixture	(Diaz	and	Savage,	2007).	An	optimal	C/N	ratio	of	the	raw	mixture	resides	between	25	and	30.	If	the	ratio	is	too	high,	the	microorganisms	will	not	have	 enough	nitrogen	 to	 grow	and	be	 active.	 If	 it	 is	 too	 low,	nitrogen	will	 be	 lost	 through	ammonia	 volatilization.	 The	 initial	 C/N	 ratio	 can	 also	 influence	 the	 characteristic	 of	 the	compost	produced	(Nada,	2015).	The	physical	 characteristics	 of	 the	 initial	mixture	 have	 also	 a	 great	 influence	 on	 the	composting	process	(Druilhe	et	al.,	2013).	Ideally,	its	structure	should	have	enough	free	air	space	to	allow	sufficient	air	permeability	in	the	whole	material.	The	higher	the	compost	pile,	the	 coarser	 the	mixture	 should	be	prepared.	 If	 the	pile	 is	 too	 large	 to	 enable	 an	adequate	aeration,	the	compost	quality	will	be	reduced	(Michel,	1999).	
Temperature	Composting	 is	 an	 exothermic	 process.	 The	 energy	 that	 is	 not	 used	 by	 the	microorganisms	is	lost	in	the	form	of	heat	in	the	mass	(Diaz	and	Savage,	2007).	Hence,	the	temperature	 of	 a	 compost	 pile	 can	 increase	 up	 to	 90°C.	 Such	 high	 temperature	 is	 not	desirable.	 This	 is	 because	numerous	 beneficial	microorganisms	 cannot	 survive	 it	 and	 also	because	the	rate	of	degradation	of	organic	substrates	decreases	when	temperature	rises	up	to	 70°C	 (Vinneras	 et	 al.,	 2010).	 Moreover,	 ammonia	 emissions	 are	much	more	 important	when	 temperature	 in	 the	 compost	 pile	 is	 very	 high	 (Eklind	 et	 al.,	 2007).	 The	 optimal	temperature	for	the	degradation	of	organic	substrates	lies	around	55°C	(Eklind	et	al.,	2007).	However,	 high	 temperature	 is	 important	 for	 the	 elimination	 of	 weeds	 and	 pathogens.	Therefore,	as	a	compromise,	a	temperature	between	60	and	70°C	in	the	compost	pile	during	the	thermophilic	phase	is	optimal	(Vinneras	et	al.,	2010).	
Management	of	moisture	and	optimal	aeration	The	two	most	important	parameters	to	manage	the	composting	process	are	moisture	and	aeration.	Microorganisms	need	water	 to	 be	 active.	 The	 optimal	moisture	 content	 of	 the	 input	material	lies	between	50	and	60%	(Agnew	and	Leonard,	2003;	Diaz	and	Savage,	2007).	The	microbial	 activity	 is	 reduced	 if	 the	moisture	 content	 is	 below	 45%	 (Boulter	 et	 al.,	 2000).	However,	 an	 elevation	 of	 the	moisture	 content	 up	 to	 75%	has	 no	 significant	 effect	 on	 the	compost	quality	if	the	aeration	of	the	material	is	secured	(Guo	et	al.,	2012).	In	some	case,	a	high	moisture	content	can	lead	to	an	early	cooling	of	the	compost	pile	and	thus	to	a	decrease	of	the	microbial	activity.	Nevertheless,	the	optimal	moisture	content	depends	on	the	material	treated	 (Richard	 et	 al.,	 2002).	 Especially	 the	 maximum	 permissible	 moisture	 content	depends	on	the	structural	strength	of	the	mixture	(Diaz	and	Savage,	2007).	Composting	 is	 an	 aerobic	 process,	 thus	 sufficient	 oxygen	 has	 to	 be	 present	 in	 the	rotting	material.	The	O2	consumption	rate	is	generally	high	during	the	thermophilic	stage	of	the	 process	 and	 decreases	 during	 the	 curing	 period.	 Passive	 or	 active	 aeration	 of	 the	compost	pile	has	to	guaranty	sufficient	oxygen	in	the	pile	(Michel,	1999;	Poulsen,	2011).	The	aeration	rate	will	also	influence	the	process	and	the	quality	of	the	compost	produced	(Nada,	2015).	 In	 order	 to	 have	 an	 optimal	 repartition	 of	 the	 air	 in	 all	 the	material,	 the	 mixture	should	 have	 an	 adequate	 structure;	 which	means	 that	 the	 structure	 should	 allow	 the	 air	circulation	 in	all	parts	of	 the	material.	 If	 the	oxygen	 level	 is	 too	 low	 in	 the	pile,	a	negative	shift	in	the	population	of	microorganisms	can	be	observed	(Enticknap	et	al.,	2006;	Watanabe	et	 al.,	 2008).	 The	 activities	 of	 the	 aerobic	 microorganisms	 are	 inhibited	 and	 anaerobic	processes	start.	This	has	a	consequence	on	the	compost	quality.	The	pH	of	the	material	will	decrease	 following	 the	 formation	 of	 organic	 acids,	which	 can	 be	 phytotoxic	 and	 produces	odour	 emissions	 (Michel,	 1999).	Nitrification	 (transformation	 from	 ammonium	 to	 nitrate)	can	be	inhibited	due	to	oxygen	starvation.	Low	aeration	also	restricts	the	decomposition	of	
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toxic	compounds	in	the	compost,	which	can	therefore	make	it	phytotoxic	(Guo	et	al.,	2012;	Hanajima	et	al.,	2007).	 In	addition,	volatile	organic	acid	production,	which	are	responsible	for	 odour	 emission,	 decrease	 significantly	 when	 sufficient	 oxygen	 is	 available	 in	 the	 pile	(Michel	and	Reddy,	1998).	Also	the	emission	of	climatic	gases	like	methane	can	be	observed	during	 the	 thermophilic	 conditions	 of	 the	 process	when	 the	 oxygen	 content	 in	 the	 pile	 is	equal	or	less	than	2.5%	(Beck-Friis	et	al.,	2003;	Shen	et	al.,	2011).	On	the	other	hand,	a	very	intensive	aeration	will	reduce	moisture	content	and	increase	nitrogen	losses	in	the	form	of	ammonia	emissions	and	production	of	N2O	(Bueno	et	al.,	2008;	de	Guardia	et	al.,	2008;	Jiang	et	al.,	2015).	As	the	oxygen	demand	depends	on	the	mixture	of	materials	as	well	as	on	their	decomposition	stage,	aeration	should	be	adapted.	Last	but	not	least,	a	proper	storage	of	the	output	products	is	important	to	maintain	the	quality	and	benefits	of	the	compost	(Boulter-Bitzer	et	al.,	2006).	
Control	of	the	compost	quality	Depending	on	the	raw	materials	used	and	the	process	management,	the	quality	of	the	compost	produced	can	vary	considerably.	Therefore,	it	is	necessary	to	control	its	quality	so	that	the	most	appropriate	compost	for	the	specific	use	can	be	produced	(Fuchs	et	al.,	2014a;	Raviv,	2005).	To	 insure	 that	 it	was	high	enough	 for	 the	duration	 required	 to	 eliminate	weeds	and	pathogens,	the	evolution	of	the	temperature	has	to	be	recorded	periodically,	daily	or	one	to	three	times	per	week	depending	on	the	duration	of	the	process.	Secondly,	 nutrient	 content	 has	 to	 be	 analysed	 so	 that	 a	 fertilization	 balance	 can	 be	performed;	depending	of	the	nutrients	present	in	the	compost	added	to	the	soil,	the	grower	can	then	complete	the	fertilization	of	the	culture	with	other	fertilizers	in	order	to	cover	the	demand	of	the	plants.	Finally,	measurement	of	the	mineralized	form	of	nitrogen,	pH	and	salt	content	have	to	be	performed	to	check	whether	this	input	product	is	the	one	mostly	adapted	for	the	desired	application	(Fuchs	et	al.,	2014a).	Especially	the	NO3-N/Nmin-ratio	 is	a	good	indicator	of	 the	effective	 maturity	 of	 the	 compost,	 and	 gives	 important	 information	 about	 the	 possible	application	 target	of	 the	 compost.	This	 ratio	 is	 an	 important	 value	 to	predict	whether	 the	compost	 will	 provide	 nitrogen	 to	 the	 plant	 or	 on	 the	 contrary,	 immobilize	 the	 nitrogen	present	 in	 the	 soil.	 If	 this	 ratio	 is	 below	 0.2,	 there	 is	 an	 important	 risk	 of	 nitrogen	immobilization	in	the	field	in	the	case	of	lignin-rich	compost.	
COMPOSTING	BENEFITS	FOR	SOIL	FERTILITY	Compost	influences	the	chemical,	physical	and	biological	soil	parameters.	Some	effects	of	compost	are	observable	after	a	short	time,	others	only	later	on.	The	effects	can	also	vary	with	 the	 different	 types	 and	 qualities	 of	 the	 compost	 used	 and	 the	 type	 of	 soil	 and/or	climatic	 conditions.	 Therefore,	 it	 is	 important	 to	 analyze	 the	 specific	 situation	 in	 order	 to	predict	the	evolution	of	soil	fertility	in	relation	to	the	compost	used.	
Influences	on	chemical	characteristics	of	soil	Compost	 contains	 all	 the	different	nutrients	 that	 the	plant	needs	 including	 the	 trace	elements	 (Sager,	 2007).	 However,	 the	 quantity	 of	 the	 different	 chemical	 elements	 can	considerably	vary	depending	on	the	starting	mixture	and	the	process	management	(Fuchs	et	al.,	2008).	Therefore,	it	is	not	possible	to	plan	the	fertilization	effect	of	a	compost	using	mean	values	out	the	literature,	but	specific	analyses	have	to	be	performed	for	each	compost.	An	 important	aspect	of	 compost	 is	 its	nitrogen	content.	The	nitrogen	 in	 composts	 is	mainly	present	as	organic	nitrogen,	which	is	mostly	not	available	to	plants.	Depending	on	its	content	 of	mineralized	 nitrogen	 as	well	 as	 on	 its	maturity	 stage,	 compost	 can	 immobilize	nitrogen	in	the	field	or	deliver	available	nitrogen	to	the	plant	(Fuchs	et	al.,	2008;	Gale	et	al.,	2006;	Gutser	et	al.,	2005).	The	prediction	of	the	effect	of	compost	on	the	available	nitrogen	in	 the	 soil	 can	 be	 done	 by	 analyzing	 the	 relation	 between	 NH4-N	 and	 NO3-N	 it	 contains	(Fuchs	et	al.,	2008)	or	the	labile	component	of	C	and	N	(Beraud	et	al.,	2005).	Composts	 can	 also	 influence	 the	 pH	 of	 soils.	 The	 liming	 effect	 of	 compost	 can	 be	
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notable,	mostly	because	the	quantity	of	calcium	is	important	in	composts.	Therefore,	the	pH	of	acid	soils	can	be	 improved	using	compost	(Eldridge	et	al.,	2014;	Fuchs	et	al.,	2014b;	Vo	and	Wang,	2015).	However,	the	pH	of	a	soil	will	not	be	enhanced	if	its	value	is	already	high.	In	some	cases,	a	very	high	pH	value	 in	the	soil	can	even	be	reduced	by	the	use	of	compost	(Avnimelech	 et	 al.,	 1994;	 Stamatiadis	 et	 al.,	 1999).	 This	 effect	 is	 probably	 due	 to	 the	 soil	humic	acids	contained	in	composts	(Garcı́a-Gil	et	al.,	2004).	Garcı́a-Gil	et	al.	(2004)	describe	that	 compost	has	 a	 very	 good	buffer	 capacity	 effect	 in	 the	 soil,	 increasing	 its	 pH	when	 its	value	is	below	7,	and	decreasing	it	when	it	is	above	7.	
Influences	on	humus	content	and	physical	characteristic	of	soils	The	content	of	organic	matter	of	a	soil	is	an	important	factor	for	its	fertility.	Compost	brings	an	important	quantity	of	–	depending	on	its	maturity	stage	–	more	or	less	stabilized	organic	matter	(Fuchs	et	al.,	2008).	Compost	amendments	improve	the	quantity	of	organic	matter	in	soil	(Kätterer	et	al.,	2014;	Yu	et	al.,	2012;	Diacono	and	Montemurro,	2010;	Zhang	et	al.,	 2014).	 However,	 this	 improvement	 depends	 on	 the	maturity	 of	 the	 compost,	 where	 a	more	 stable	 product	 will	 have	 a	 higher	 efficiency	 at	 building	 up	 humus	 in	 arable	 land	(Molina-Herrera	and	Romanya,	2015).	The	effect	of	compost	on	soil	organic	matter	affects	positively	various	physical	soil	properties.	The	soil	structural	stability	is	increased	(Tejada	et	al.,	 2009),	 soil	 macroporosity	 and	 water	 content	 at	 saturation	 are	 increased	 with	 a	corresponding	decrease	in	bulk	density	(Arthur	et	al.,	2011;	D’Hose	et	al.,	2012).	
Influences	on	soil	biology	Composts	 influence	 also	 the	 soil	 biology.	 After	 their	 use,	 the	 microbial	 biomass	 is	increased	(Fliessbach	et	al.,	2005;	Chu	et	al.,	2007;	Tabuchi	et	al.,	2008).	The	composition	of	the	 microbial	 communities	 is	 also	 influenced	 by	 compost	 use	 and	 its	 diversity	 enhanced	(Fliessbach	 et	 al.,	 2005;	 Dambreville	 et	 al.,	 2006;	 Tabuchi	 et	 al.,	 2008;	 Zaccardelli	 et	 al.,	2013).	Moreover,	the	enzymatic	activities	in	soil	are	improved	by	compost	addition	(Chu	et	al.,	2007;	Nayak	et	al.,	2007).	These	effects	are	not	only	due	to	the	compost	microorganisms,	but	 also	 to	 indigenous	 microorganisms	 of	 the	 soil	 that	 are	 promoted	 by	 the	 addition	 of	compost	 (Chu	 et	 al.,	 2007).	The	 effect	 of	 compost	 on	 soil	microbial	 activity	 can	disappear	after	some	months,	when	the	organic	matter	is	stabilized	(Darby	et	al.,	2006).	
COMPOSTING	BENEFITS	FOR	PLANT	GROWTH	AND	HEALTH	The	 influence	 of	 compost	 on	 soil	 characteristics	 will	 of	 course	 affect	 plant	 growth.	Mainly,	 compost	 makes	 a	 variety	 of	 nutrients	 available	 to	 the	 plant,	 especially	 nitrogen.	However,	not	only	the	nutrients	are	relevant	to	plant	growth.	With	the	improvement	of	soil	structure,	water	holding	capacity	and	porosity,	the	compost	creates	better	conditions	for	the	plant	development,	which	 is	 then	 less	 stressed	and	can	 therefore	better	grow.	As	a	 result,	compost	 influences	 positively	 the	 yield	 of	 the	 cultures,	 especially	 in	 organic	 agriculture;	however,	compared	with	mineral	 fertilization,	no	relevant	positive	differences	in	yields	are	observed	(Martinez-Blanco	et	al.,	2013).	
Influence	on	plant	health	A	good	 compost	 comes	with	 the	guarantee	of	 absence	of	pathogens	 and	weeds	 (see	above).	 In	 addition,	 compost	 can	 protect	 plants	 from	 diseases,	 which	 is	 an	 important	property	 that	 differentiates	 compost	 from	mineral	 fertilizers.	 This	 capacity	 of	 compost	 to	suppress	plant	diseases	has	been	already	described	a	long	time	ago	(Hoitink	et	Fahy,	1986;	Noble	 and	 Coventry,	 2005;	 St.Martin	 and	 Brathwaite,	 2012).	 The	 mechanisms	 of	 disease	suppression	 are	 mostly	 based	 on	 the	 microbiological	 activity	 of	 the	 compost	 (Chen	 and	Nelson,	2008;	Zaccardelli	et	al.,	2013).	The	disease	suppressivity	of	compost	 is	not	always	the	 same,	 and	 different	 composts	 can	 protect	 plants	 against	 different	 diseases	(Termorshuizen	et	 al.,	2006).	However,	other	mechanisms,	 such	as	competition	 for	carbon	can	 also	 play	 an	 important	 role	 in	 this	 protection,	 and	 in	 some	 case,	 also	 heat-treated	composts	can	protect	plants	against	diseases	(Serra-Wittling	et	al.,	1996).	Not	 all	 composts	 have	 the	 capacity	 to	 protect	 plants	 against	 diseases	 (Fuchs,	 2002;	



 

 

 

 199 

Termorshuizen	 et	 al.,	 2006).	 Apart	 from	 the	 raw	 material	 used	 (Raviv,	 2005),	 compost	management	(Boulter	et	al.,	2000;	Fuchs	et	al.,	2008;	Vestberg	et	al.,	2011)	and	also	compost	maturity	 (Zmora-Nahum	 et	 al.,	 2008)	 can	 play	 a	 role	 on	 the	 suppression	 capacity	 of	 a	compost.	Next	to	the	production	processes,	storage	of	compost	will	also	affect	the	activity	of	a	compost	(van	Rijn	et	al.,	2007).	In	 some	 case,	 the	 suppression	 potential	 of	 composts	 can	 be	 enhanced	 by	 adding	antagonistic	microorganisms	(Postma	et	al.,	2003;	Pugliese	et	al.,	2011).	
IMPORTANCE	OF	COMPOST	CHOICE	IN	RELATION	TO	ITS	UTILIZATION	As	 described	 above,	 composts	 can	 have	 different	 characteristics	 and	 properties.	 In	addition,	 different	 target	 applications	 have	 different	 needs.	 In	 order	 to	 obtain	 the	 best	results	when	using	compost,	it	is	important	to	choose	a	product	adapted	to	the	end	use	and	the	expected	goal.	Different	factors	such	as	the	climatic	situation,	the	soil	type,	the	culture	or	the	season	of	application	will	also	play	important	roles.	
CONCLUSIONS	Composts	are	organic	fertilizers	or	amendments	with	a	great	potential	to	improve	or	secure	 the	 fertility	 and	 to	 allow	 a	 better	 plant	 growth.	 Quality	 compost	 can	 also	 be	considered	as	a	potential	plant	protection	agent.	However,	the	efficacy	of	a	compost	depends	upon	 its	 quality.	 Compost	 processes	 have	 to	 be	 strictly	 controlled	 and	well	managed.	 The	most	 important	 points	 in	 this	 process	 are	 the	 raw	mixture	 used	 and	 the	management	 of	moisture	content	and	aeration.	Because	of	 the	different	characteristics	and	properties	that	quality	composts	can	have,	it	is	important	to	choose	a	compost	considering	how	and	where	it	will	be	applied	and	the	goal	of	its	application.	It	is	also	advised	to	keep	in	mind	the	effect	of	external	factors	on	its	performance.	
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 201 

of	soil	humic	acids.	Geoderma	121	(1-2),	135–142	http://dx.doi.org/10.1016/j.geoderma.2003.11.004.	Guo,	R.,	Li,	G.,	Jiang,	T.,	Schuchardt,	F.,	Chen,	T.,	Zhao,	Y.,	and	Shen,	Y.	(2012).	Effect	of	aeration	rate,	C/N	ratio	and	moisture	 content	 on	 the	 stability	 and	 maturity	 of	 compost.	 Bioresour.	 Technol.	 112,	 171–178.	 PubMed	http://dx.doi.org/10.1016/j.biortech.2012.02.099	Gutser,	R.,	Ebertseder,	T.,	Weber,	A.,	Schraml,	M.,	and	Schmidhalter,	U.	(2005).	Short-term	and	residual	availability	of	nitrogen	after	long-term	application	of	organic	fertilizers	on	arable	land.	 J.	Plant	Nutr.	Soil	Sci.	168	(4),	439–446	http://dx.doi.org/10.1002/jpln.200520510.	Hanajima,	D.,	Kuroda,	K.,	Fukumoto,	Y.,	Yasuda,	T.,	Suzuki,	K.,	and	Haga,	K.	(2007).	Effect	of	aeration	in	reducing	phytotoxicity	in	anaerobic	digestion	liquor	of	swine	manure.	Anim.	Sci.	J.	78	(4),	433–439	http://dx.doi.org/10.	1111/j.1740-0929.2007.00458.x.	Hoitink,	 H.A.J.,	 and	 Fahy,	 P.C.	 (1986).	 Basis	 for	 control	 of	 soilborne	 pathogens	 with	 compost.	 Annu.	 Rev.	Phytopathol.	24	(1),	93–114	http://dx.doi.org/10.1146/annurev.py.24.090186.000521.	Jiang,	T.,	Li,	G.,	Tang,	Q.,	Ma,	X.,	Wang,	G.,	and	Schuchardt,	F.	(2015).	Effects	of	aeration	method	and	aeration	rate	on	greenhouse	gas	emissions	during	 composting	of	pig	 feces	 in	pilot	 scale.	 J	Environ	Sci	 (China)	31,	 124–132.	PubMed	http://dx.doi.org/10.1016/j.jes.2014.12.005	Kätterer,	 T.,	 Borjesson,	 G.,	 and	 Kirchmann,	 H.	 (2014).	 Changes	 in	 organic	 carbon	 in	 topsoil	 and	 subsoil	 and	microbial	community	composition	caused	by	repeated	additions	of	organic	amendments	and	N	fertilisation	in	a	long-term	 field	 experiment	 in	 Sweden.	 Agric.	 Ecosyst.	 Environ.	 189,	 110–118	 http://dx.doi.org/10.1016/	j.agee.2014.03.025.	Klammer,	S.,	Knapp,	B.,	Insam,	H.,	Dell’Abate,	M.T.,	and	Ros,	M.	(2008).	Bacterial	community	patterns	and	thermal	analyses	of	composts	of	various	origins.	Waste	Manag	Res	26	(2),	173–187.	PubMed	http://dx.doi.org/10.1177/	0734242X07084113	Martinez-Blanco,	 J.,	Lazcano,	C.,	Boldrin,	A.,	Munoz,	P.,	Rieradevall,	 J.,	Moller,	 J.,	Anton,	A.,	 and	Christensen,	T.H.	(2013).	Assessing	the	environmental	benefits	of	compost	use-on-land	through	an	LCA	perspective.	Sustain.	Agric.	Res.	12,	255–318	10.1007/978-94-007-5961-9_9.	Michel,	F.	(1999).	Managing	compost	piles	to	maximize	natural	aeration.	Biocycle	40,	56–58.	Michel,	 F.C.,	 Jr.,	 and	 Reddy,	 C.A.	 (1998).	 Effect	 of	 oxygenation	 level	 on	 yard	 trimmings	 composting	 rate,	 odor	production,	 and	 compost	 quality	 in	 bench-scale	 reactors.	 Compost	 Sci.	 Util.	 6	 (4),	 6–14	 http://dx.doi.org/10.	1080/1065657X.1998.10701936.	Molina-Herrera,	S.,	and	Romanya,	J.	(2015).	Synergistic	and	antagonistic	interactions	among	organic	amendments	of	contrasted	stability,	nutrient	availability	and	soil	organic	matter	 in	 the	regulation	of	C	mineralisation.	Eur.	 J.	Soil	Biol.	70,	118–125	http://dx.doi.org/10.1016/j.ejsobi.2015.09.001.	Nada,	W.M.	 (2015).	 Stability	 and	maturity	 of	maize	 stalks	 compost	 as	 affected	by	 aeration	 rate,	 C/N	 ratio	 and	moisture	content.	J.	Soil	Sci.	Plant	Nutr.	15,	751–764	10.4067/s0718-95162015005000051.	Nayak,	D.R.,	Babu,	Y.J.,	 and	Adhya,	T.K.	 (2007).	Long-term	application	of	 compost	 influences	microbial	biomass	and	enzyme	activities	in	a	tropical	Aeric	Endoaquept	planted	to	rice	under	flooded	condition.	Soil	Biol.	Biochem.	
39	(8),	1897–1906	http://dx.doi.org/10.1016/j.soilbio.2007.02.003.	Neher,	D.A.,	Weicht,	T.R.,	Bates,	S.T.,	Leff,	J.W.,	and	Fierer,	N.	(2013).	Changes	in	bacterial	and	fungal	communities	across	 compost	 recipes,	 preparation	 methods,	 and	 composting	 times.	 PLoS	 ONE	 8	 (11),	 e79512.	 PubMed	http://dx.doi.org/10.1371/journal.pone.0079512	Noble,	R.	(2011).	Risks	and	benefits	of	soil	amendment	with	composts	in	relation	to	plant	pathogens.	Australas.	Plant	Pathol.	40	(2),	157–167	http://dx.doi.org/10.1007/s13313-010-0025-7.	Noble,	R.,	and	Coventry,	E.	(2005).	Suppression	of	soil-borne	plant	diseases	with	composts:	a	review.	Biocontrol	Sci.	Technol.	15	(1),	3–20	http://dx.doi.org/10.1080/09583150400015904.	Postma,	 J.,	 Montanari,	 M.,	 and	 van	 den	 Boogert,	 P.H.J.F.	 (2003).	 Microbial	 enrichment	 to	 enhance	 the	 disease	suppressive	 activity	 of	 compost.	 Eur.	 J.	 Soil	 Biol.	 39	 (3),	 157–163	 http://dx.doi.org/10.1016/S1164-5563(03)	00031-1.	Poulsen,	T.G.	(2011).	Oxygen	and	carbon	dioxide	distribution	and	movement	in	passively	aerated	compost	piles.	Compost	Sci.	Util.	19	(1),	25–32	http://dx.doi.org/10.1080/1065657X.2011.10736973.	Pugliese,	M.,	 Liu,	 B.P.,	 Gullino,	M.L.,	 and	Garibaldi,	 A.	 (2011).	Microbial	 enrichment	 of	 compost	with	 biological	control	agents	to	enhance	suppressiveness	to	four	soil-borne	diseases	in	greenhouse.	J.	Plant	Dis.	Prot.	118	(2),	45–50	http://dx.doi.org/10.1007/BF03356380.	Raviv,	M.	(2005).	Production	of	high-quality	composts	for	horticultural	purposes:	a	mini-review.	Horttechnology	
15,	52–57.	



 

202 

Richard,	T.L.,	Hamelers,	H.V.M.,	Veeken,	A.,	and	Silva,	T.	(2002).	Moisture	relationships	in	composting	processes.	Compost	Sci.	Util.	10,	286–302	http://dx.doi.org/10.1080/1065657X.2002.10702093.	Ryckeboer,	J.,	Mergaert,	 J.,	Coosemans,	J.,	Deprins,	K.,	and	Swings,	J.	(2003).	Microbiological	aspects	of	biowaste	during	composting	in	a	monitored	compost	bin.	 J.	Appl.	Microbiol.	94	 (1),	127–137.	PubMed	http://dx.doi.org/	10.1046/j.1365-2672.2003.01800.x	Sager,	 M.	 (2007).	 Trace	 and	 nutrient	 elements	 in	 manure,	 dung	 and	 compost	 samples	 in	 Austria.	 Soil	 Biol.	Biochem.	39	(6),	1383–1390	http://dx.doi.org/10.1016/j.soilbio.2006.12.015.	Serra-Wittling,	C.,	Houot,	S.,	and	Alabouvette,	C.	(1996).	 Increased	soil	suppressiveness	to	Fusarium	wilt	of	 flax	after	 addition	 of	 municipal	 solid	 waste	 compost.	 Soil	 Biol.	 Biochem.	 28	 (9),	 1207–1214	 http://dx.doi.org/10.	1016/0038-0717(96)00126-5.	Shen,	Y.,	Ren,	L.,	Li,	G.,	Chen,	T.,	and	Guo,	R.	(2011).	Influence	of	aeration	on	CH4,	N2O	and	NH3	emissions	during	aerobic	 composting	 of	 a	 chicken	manure	 and	 high	 C/N	 waste	 mixture.	Waste	 Manag	 31	 (1),	 33–38.	 PubMed	http://dx.doi.org/10.1016/j.wasman.2010.08.019	Stamatiadis,	S.,	Werner,	M.,	and	Buchanan,	M.	(1999).	Field	assessment	of	soil	quality	as	affected	by	compost	and	fertilizer	 application	 in	 a	 broccoli	 field	 (San	 Benito	 County,	 California).	 Appl.	 Soil	 Ecol.	 12	 (3),	 217–225	http://dx.doi.org/10.1016/S0929-1393(99)00013-X.	St.Martin,	C.C.G.,	and	Brathwaite,	R.A.I.	(2012).	Compost	and	compost	tea:	principles	and	prospects	as	substrates	and	 soil-borne	 disease	 management	 strategies	 in	 soil-less	 vegetable	 production.	 Biol.	 Agric.	 Hortic.	 28,	 1–33	http://dx.doi.org/10.1080/01448765.2012.671516.	Tabuchi,	 H.,	 Kato,	 K.,	 and	 Nioh,	 I.	 (2008).	 Season	 and	 soil	 management	 affect	 soil	 microbial	 communities	estimated	 using	 phospholipid	 fatty	 acid	 analysis	 in	 a	 continuous	 cabbage	 (Brassica	 oleracea	 var.	 capitata)	cropping	system.	Soil	Sci.	Plant	Nutr.	54	(3),	369–378	http://dx.doi.org/10.1111/j.1747-0765.2008.00242.x.	Tejada,	M.,	Hernandez,	M.T.,	and	Garcia,	C.	(2009).	Soil	restoration	using	composted	plant	residues:	effects	on	soil	properties.	Soil	Tillage	Res.	102	(1),	109–117	http://dx.doi.org/10.1016/j.still.2008.08.004.	Termorshuizen,	 A.J.,	 van	 Rijn,	 E.,	 van	 der	 Gaag,	 D.J.,	 Alabouvette,	 C.,	 Chen,	 Y.,	 Lagerlöf,	 J.,	 Malandrakis,	 A.A.,	Paplomatas,	E.J.,	Rämert,	B.,	Ryckeboer,	J.,	et	al.	(2006).	Suppressiveness	of	18	composts	against	7	pathosystems:	variability	 in	 pathogen	 response.	 Soil	 Biol.	 Biochem.	 38	 (8),	 2461–2477	 http://dx.doi.org/10.1016/j.soilbio.	2006.03.002.	van	Rijn,	E.,	Termorshuizen,	A.J.,	and	van	Bruggen,	A.H.C.	(2007).	Storage	method	affects	disease	suppression	of	flax	 wilt	 induced	 by	 composts.	 Soil	 Biol.	 Biochem.	 39	 (11),	 2743–2749	 http://dx.doi.org/10.1016/j.soilbio.	2007.05.019.	Vestberg,	M.,	Kukkonen,	S.,	Rantala,	S.,	Prochazka,	P.,	Tuohimetsä,	S.,	Setälä,	H.,	Romantschuk,	M.,	Kurola,	J.,	Yu,	D.,	and	Parikka,	P.	(2011).	Suppressiveness	of	Finnish	commercial	compost	against	soil	borne	disease.	Acta	Hortic.	
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