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Abstract
How	biotic	 and	abiotic	 factors	 influence	 soil	 carbon	 (C)	mineralization	 rate	 (RS)	has	
recently	emerged	as	one	of	the	focal	interests	in	ecological	studies.	To	determine	the	
relative	effects	of	temperature,	soil	substrate	and	microbial	community	on	Rs,	we	con-
ducted	 a	 laboratory	 experiment	 involving	 reciprocal	microbial	 inoculations	of	 three	
zonal	forest	soils,	and	measured	RS	over	a	61-	day	period	at	three	temperatures	(5,	15,	
and	25°C).	Results	show	that	both	Rs	and	the	cumulative	emission	of	C	(Rcum),	normal-
ized	to	per	unit	soil	organic	C	(SOC),	were	significantly	affected	by	incubation	tem-
perature,	soil	substrate,	microbial	inoculum	treatment,	and	their	interactions	(p < .05).	
Overall,	the	incubation	temperature	had	the	strongest	effect	on	the	RS;	at	given	tem-
peratures,	soil	substrate,	microbial	inoculum	treatment,	and	their	interaction	all	signifi-
cantly	affected	both	Rs (p < .001)	and	Rcum (p ≤ .01),	but	the	effect	of	soil	substrate	was	
much	stronger	than	others.	There	was	no	consistent	pattern	of	thermal	adaptation	in	
microbial	decomposition	of	SOC	in	the	reciprocal	inoculations.	Moreover,	when	differ-
ent	sources	of	microbial	inocula	were	introduced	to	the	same	soil	substrate,	the	micro-
bial	community	structure	converged	with	incubation	without	altering	the	overall	soil	
enzyme	 activities;	when	 different	 types	 of	 soil	 substrate	were	 inoculated	with	 the	
same	sources	of	microbial	 inocula,	both	the	microbial	community	structure	and	soil	
enzyme	activities	diverged.	Overall,	temperature	plays	a	predominant	role	in	affecting	
Rs	and	Rcum,	while	soil	substrate	determines	the	mineralizable	SOC	under	given	condi-
tions.	The	role	of	microbial	community	in	driving	SOC	mineralization	is	weaker	than	
that	of	climate	and	soil	substrate,	because	soil	microbial	community	is	both	affected,	
and	adapts	to,	climatic	factors	and	soil	matrix.
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1  | INTRODUCTION

Microbial	 decomposition	 of	 soil	 organic	 matter	 (SOM)	 is	 the	 core	
process	of	soil	carbon	(C)	mineralization	and	nutrient	cycling,	 linking	
closely	to	other	ecosystem	functionalities	(Bardgett	&	van	der	Putten,	
2014;	van	der	Heijden,	Bardgett,	&	Van	Straalen,	2008).	Understanding	
the	roles	and	underlying	mechanisms	of	soil	microbial	communities	in	
driving	SOM	decomposition	is	critical	for	modelling	the	terrestrial	car-
bon	cycling	in	the	context	of	global	climate	change	and	environmental	
perturbations	(Bardgett,	Freeman,	&	Ostle,	2008;	Schmidt	et	al.,	2011;	
Xu	et	al.,	2014).

Soil	microorganisms	may	adapt	to	varying	soil	matrix	 including	a	
complex	 array	 of	 substrates,	 physiochemical	 conditions,	 and	 biotic	
interactions;	alteration	 in	the	soil	matrix,	 in	turn,	may	modify	micro-
bial	 community	 structure	 and	 activity,	 hence	 SOM	 decomposition	
and	stability	(Schimel	&	Schaeffer,	2012;	Strickland,	Lauber,	Fierer,	&	
Bradford,	2009;	Sun,	Zhao,	You,	&	Sun,	2016;	You	et	al.,	2014).	In	the	
organic	layer	of	soil	profile,	however,	differences	in	microbial	commu-
nity	composition,	size,	and	physiology	may	affect	the	rate	and	trajec-
tory	of	carbon	mineralization	as	a	result	of	differential	functionalities	
among	contrasting	microbial	community	types	(Keiluweit	et	al.,	2015;	
Waldrop	&	Firestone,	2004).

It	is	well	documented	that	both	climate	and	vegetation	types	exert	
significant	 impacts	 on	 soil	C	dynamics	 as	well	 as	microbial	 commu-
nity	 structures	 (Brockett,	 Prescott,	 &	 Grayston,	 2012;	 Cong	 et	al.,	
2015;	Hackl,	Pfeffer,	Donat,	Bachmann,	&	Zechmeister-	Boltenstern,	
2005).	Climatic	 differences,	 in	 particular	 temperature	 and	precipita-
tion,	 can	 often	 explain	 the	 largest	 proportion	 of	 variations	 in	 SOM	
decomposition	at	 regional	 and	global	 scales	 (Carvalhais	et	al.,	 2014;	
Sun,	Campbell,	Law,	&	Wolf,	2004);	this	climate–SOM	relationship	is	
widely	 adopted	 in	 ecosystem	C	 cycle	models	 (McGuire	 &	Treseder,	
2010;	Xu	et	al.,	2014).	Vegetation	type	may	determine	the	size	of	soil	
C	pool	 and	microbial	 community	 structure	 through	direct	effects	of	
the	quantity	and	quality	of	detritus	inputs	and	indirect	effects	of	mod-
ification	of	soil	physiochemical	and	properties	 (Prescott	&	Grayston,	
2013;	Toriyama,	Hak,	Imaya,	Hirai,	&	Kiyono,	2015;	Wan	et	al.,	2015;	
You	et	al.,	2014).	Therefore,	soils	under	different	climatic	conditions	
and	 vegetation	 types	 may	 differ	 in	 microbial	 community	 structure	
(Drenovsky,	Steenwerth,	Jackson,	&	Scow,	2010;	Foesel	et	al.,	2014),	
and	consequently	the	microbial	functional	activities	and	C	utilization	
(He	et	al.,	2013;	Reinsch	et	al.,	2013).	However,	it	is	still	unclear	what	
would	be	the	combined	effects	and	the	relative	contributions	of	mi-
crobial	 community	 and	 soil	 properties	 on	Rs	 among	 sites	with	 large	
differences	in	temperature	and	precipitation.

In	 this	 study,	we	conducted	a	 fully	 reciprocal	 incubation	experi-
ment	 to	 determine	 the	 relative	 effects	 of	 soil	 physiochemical	 prop-
erties	and	microbial	 communities	on	Rs,	 involving	 soil	 substrate	and	
soil	 inocula	 originated	 from	 cool	 temperate,	 warm	 temperate,	 and	
subtropical	 forests.	 The	 incubation	was	 carried	 out	 concurrently	 at	
three	 temperatures	 (5,	15,	and	25°C)	and	constant	 soil	moisture.	Rs 
was	 repeatedly	measured	during	 incubation	over	61	days	 at	 regular	
intervals.	Selective	soil	and	microbial	variables	were	also	determined	
at	start	and/or	end	of	the	incubation.	Using	the	collected	datasets,	we	

aim	to	address	two	questions:	(i)	Which	of	soil	physiochemical	proper-
ties	and	microbial	community	is	more	important	in	determining	SOC	
mineralization?	and	(ii)	do	soils	of	different	climatic	originals	differ	in	
thermal	adaptation	of	SOC	decomposition?

2  | MATERIAL AND METHODS

2.1 | Sites and field sampling

The	incubated	soils	were	collected	from	three	zonal	forests	with	con-
trasting	climatic	conditions,	 including	a	cool	 temperate	forest	 in	the	
Changbai	 Mountains	 National	 Nature	 Reserve	 (Changbai),	 a	 warm	
temperate	 forest	 (WT)	 in	 the	 Baotianman	National	Nature	 Reserve	
(Baotianman),	and	a	subtropical	forest	(ST)	in	the	Dinghu	Mountains	
National	Nature	Reserve	 (Dinghu).	Basic	 information	on	these	sites,	
soil	properties,	and	vegetation	is	summarized	in	Table	1.

Field	sampling	was	conducted	from	May	to	June	of	2013.	In	each	
forest,	 we	 first	 set	 up	 three	 20	m	×	20	m	 plots	 spatially	 separated.	
In	each	plot,	24	soil	cores	were	collected	using	a	stainless-	steel	soil	
sampler	 (3-	cm	 inner-	diameter)	 to	a	depth	of	10	cm.	All	 soil	 samples	
in	each	forest	were	mixed	to	form	a	single	composite	sample,	which	
was	then	placed	in	sealed	bags	and	stored	in	an	ice	cooler	within	2	hr	
of	collections.	Gravels,	roots,	and	large	organic	residues	were	manu-
ally	removed	before	passing	a	2-	mm	sieve.	In	the	laboratory,	samples	
were	divided	into	three	parts:	One	was	stored	at	−20°C	for	analyses	of	
soil	enzyme	activities,	microbial	community	composition.	The	second	
part	was	used	for	the	incubation	experiment,	in	which	majority	of	the	
soils	were	sterilized	by	autoclaving	and	used	as	soil	substrate;	a	small	
proportion	remained	unsterilized	and	used	as	microbial	inoculum.	The	
third	part	was	used	to	measure	soil	water-	holding	capacity	(WHC,	%),	
soil	gravimetric	moisture	(%),	and	soil	properties	(e.g.,	C,	N,	and	pH).

2.2 | Experimental design and treatments

The	experiment	was	set	up	as	a	full	factorial	arrangement	consisting	
of	three	soil	substrates	(soils	of	CT,	WT,	and	ST),	three	microbial	in-
oculum	sources	 (CT	 inoculum,	WT	 inoculum,	and	ST	 inoculum),	and	
three	incubation	temperatures	(5,	15	and	25°C),	with	five	replications.

The	soils	used	as	substrate	were	treated	with	autoclaving	(121°C,	
45	min)	twice	in	succession	and	again	24	hr	later	for	complete	steril-
ization	(Nie	et	al.,	2013).	The	method	of	autoclaving	was	to	maximize	
the	chance	for	microbial	communities	being	introduced	only	via	the	in-
oculum	(Fanin	&	Bertrand,	2016).	Soil	inocula	were	prepared	as	freshly	
sieved	soil	through	a	1-	mm	mesh	screen	without	sterilization	(van	de	
Voorde,	 van	 der	 Putten,	 &	 Bezemer,	 2012),	with	microbial	 biomass	
content	of	70	nmol/g	dry	soil	for	the	CT	inoculum,	71	nmol/g	dry	soil	
for	the	BT	inoculum,	and	19	nmol/g	dry	soil	for	the	DH	inoculum.

Following	the	final	autoclaving,	the	soil	substrates	were	placed	in	
150-	ml	 sterilized	 plastic	 bottles	 (24	g	 fresh	weight	 of	 soil	 substrate	
to	 a	bottle),	with	 all	 the	 tools	 that	used	 to	weigh	 the	 soil	 substrate	
and	 the	 plastic	 bottles	 sterilized	 and	 the	 processes	 conducted	 in	 a	
super	 clean	bench	 in	 the	 laboratory	 to	 avoid	 contamination.	All	 the	
bottles	 were	 preincubated	 at	 designated	 temperatures	 (5,	 15	 and	
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25°C,	respectively)	for	4	days	to	assess	the	effectiveness	of	steriliza-
tion.	Soil	C	mineralization	 rate	 (RS)	was	measured	during	 the	period	
of	 preincubation.	There	were	very	 little	 activities	 detected	 (average	
0.036–0.077	μg	CO2 g−1	 soil	day−1,	 representing	only	0.6%–1.3%	of	
the	microbial	respiration	in	substrate	soil	without	autoclaving),	 likely	
as	a	result	of	abiotic	CO2	production,	extracellular	enzyme	activities	or	
remnant	microbial	populations	(Nie	et	al.,	2013).

After	 the	 preincubation,	 soil	 inocula	 were	 introduced	 into	 each	
of	 the	bottles	 filled	with	soil	 substrate	specimen,	as	a	6:1	mixture	of	
soil	substrate	and	the	inoculum	(Nie	et	al.,	2013;	van	de	Voorde	et	al.,	
2012).	Three	bottles	containing	autoclaved	soil	samples	without	addi-
tion	of	microbial	inoculum	(three	replicates)	were	used	as	controls	for	
each	soil	substrate	and	each	incubation	temperature	over	the	entire	in-
cubation	period.	All	the	specimen	bottles	were	incubated	at	designated	
temperatures	for	a	period	of	61	days.	During	incubation,	the	moisture	
in	all	specimen	bottles	was	maintained	at	50%	of	water-	holding	capacity	
(Strickland	et	al.,	2009)	by	repeatedly	weighing	and	adjusting	water.

2.3 | Measurements of soil physiochemical 
properties and Rs

We	measured	soil	pH,	SOC,	total	nitrogen	(TN),	particle	size	distribu-
tion,	effective	metal	 ions	(Fe,	Cu,	and	Mn),	and	microbial	biomass	C	
and	nitrogen	(MBC	and	MBN)	of	the	bulk	soils,	both	before	and	after	

the	incubation	experiment.	Soil	pH	was	measured	by	mixing	the	soil	
sample	with	deionized	water	at	a	1:2.5	ratio	(w/v).	The	supernatants	
were	measured	with	 a	 pH	meter	 (HI-	9125,	Hanna	 Instruments	 Inc,	
Woonsocket,	RI).	SOC	content	was	measured	by	a	K2Cr2O7–H2SO4 
calefaction	method	(Nelson	&	Sommers,	1982),	and	TN	by	a	Kjeldahl	
digestion	procedure	(Gallaher,	Weldon,	&	Boswell,	1976).	Particle	size	
distribution	was	determined	as	percentage	of	sand	(>53	μm),	coarse	
slit	(20–53	μm),	fine	silt	(2–20	μm),	and	clay	(<2	μm),	using	the	sifter	
and	centrifugal	method	 (Gee,	Bauder,	&	Klute,	1986).	The	effective	
Fe,	Cu,	and	Mn	were	measured	by	inductively	coupled	plasma-	atomic	
emission	 spectrometry	 (ICP-	AES;	 Li,	 Coles,	 Ramsey,	 &	 Thornton,	
1995).	MBC	and	MBN	were	measured	by	the	fumigation-	extraction	
method	(Vance,	Brookes,	&	Jenkinson,	1987).

Rs	was	measured	13	times	using	an	Automatic	Temperature	Control	
Soil	 Flux	 System	 (PRI-	8800;	 Pri-	Eco,	 Beijing,	 China)	 as	 described	 in	
He	et	al.	(2013);	this	system	has	been	successfully	used	in	studies	of	
Wang	et	al.	(2016),	Liu	et	al.	(2016),	and	Li	et	al.	(2017).	We	calculated	
Rs	for	day	0,	1,	2,	4,	6,	9,	13,	19,	32,	39,	45,	52,	and	61	of	the	incuba-
tion.	The	system	samples	and	measures	the	rate	of	soil	respiration	at	
programed	time	intervals	automatically.

In	practice,	Rs	was	calculated	from	the	slope	of	the	CO2	concentra-
tion	as	(He	et	al.,	2013):

(1)
Rs=

A×V×α×β

M

Variables

Sites

Changbai (cool temperate forest, 
CT)

Baotianman (warm temperate forest, 
WT)

Dinghu (subtropical forest, 
ST)

Latitude 42°23′24″–24′33″N 33°29′30″–31′2″N 23°09′21″–11′30″N

Longitude 128°05′11″–06′5″E 111°55′51″–56′12″E 112°30′39″–33′41″E

Annual	rainfall	(mm) 700–1,400 900 1927

Mean	annual	air	temperature	(°C) 3–7 15.1 21.4

Soil	pH 5.8 4.56 4.04

Soil	clay	content	(%) 11.9 11.7 10.8

Total	soil	C	(g	C	kg−1	soil) 131.1 42.3 48.7

Total	soil	N	(g	N	kg−1	soil) 9.13 2.60 2.30

Microbial	biomass	C	(mg	C	kg−1 
soil)

608.8 176.8 427.8

Microbial	biomass	N	(mg	N	kg−1 
soil)

59.2 12.9 77.2

Total	PLFAs	(nmol	g−1	soil) 70.2 71.4 19.5

Forest	type Mixed	broad-	leaved/Korean	pine	
forest

Mixed	pine/oak	forest Mixed	pine/broad-	leaved	
forest

Dominant	plant	species Pinus koraiensis	Sieb.	et	Zucc. 
Tilia amurensi	Rupr 
Acer pictum	subsp.	mono	(Maxim.) 
Fraxinus mandschurica	Rupr.

Pinus armandii	Franch 
Quercus aliena	var.	acuteserrata	Maxim.

Pinus massoniana	Lamb. 
Schima superba	Gardn.	et	
Champ. 
Castanea henryi	(Skan)	
Rehd.	et	Wils.

Stand	age	(years) 170–300 55–65 75–85

Soil	type Mountainous	dark	brown	forest	
soil

Dystric	cambisols Lateritic	red	soil

TABLE  1 Selective	information	of	sites,	soil	characteristics	of	0–10	cm	depth	and	vegetation
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where Rs	is	soil	C	mineralization	rate,	A	the	slope	of	the	CO2 concen-
tration	in	bottle,	V	the	volume	of	the	specimen	bottle	and	gas	tube,	M 
the	weight	of	soil	specimen,	α	the	transformation	coefficient	of	CO2 
mass,	and	β	the	transformation	coefficient	of	time.	We	calculated	the	
daily	Rs (μg	CO2-	C	g

−1	soil	day−1).	On	each	measurement	date,	the	daily	
Rs	was	adjusted	against	the	controls.	The	mean	daily	Rs (μg	CO2-	C	g

−1 
SOC	day−1)	and	the	cumulative	C	mineralization	(Rcum,	μg	CO2-	C	g

−1 
SOC)	over	the	61-	day	incubation	period	were	normalized	to	per	unit	
SOC.

2.4 | Measurements of soil enzyme activity and 
microbial community composition

Measurements	were	 taken	on	 the	activities	of	 selective	soil	extracel-
lular	enzymes,	and	soil	microbial	community	composition	prior	to	and	
after	the	incubation	experiment.	We	measured	the	activities	of	four	soil	
enzymes	that	are	involved	in	degrading	lignin	(phenol	oxidase,	PO	and	
peroxidase,	PER),	cellulose	(β-	1,4-	glucosidase,	BG),	and	chitin	(N-	acetyl-	
β-	glucosaminidase,	NAG),	respectively	(You	et	al.,	2014,	2016).	PO	and	
PER	were	measured	using	1-	3,4-	dihydroxyphenyla-	lanine	(L-	DOPA)	as	
substrate	(Li	et	al.,	2010;	Sinsabaugh	et	al.,	1993).	For	phenol	oxidase,	
the	reaction	mixture	was	composed	of	2	ml	of	5	mmol	L−1	L−1	L-	DOPA	
solution	and	soil	 slurry	 (1	g	 fresh	soil	with	1.5	ml	50	mmol	L−1	L−1	so-
dium	 acetate	 buffer),	 and	 peroxidase	 activity	 assays	 received	 2	ml	
of	 5	mmol	L−1	L−1	 L-	DOPA	 and	 soil	 slurry	 (1	g	 fresh	 soil	 with	 1.5	ml	
50	mmol	L−1	L−1	 sodium	 acetate	 buffer),	 plus	 0.2	ml	 of	 0.3%	 H2O2. 
The	activities	of	BG	and	NAG	were	determined	by	the	conventional	β- 
nitrophenol	assays	(Baldrian,	2009;	Parham	&	Deng,	2000).	All	enzyme	
activities	were	calculated	on	per	unit	of	SOC	basis	(You	et	al.,	2016).

Soil	 microbial	 community	 composition	 was	 analyzed	 using	 the	
phospholipid	 fatty	 acid	 (PLFA)	 method	 following	 Bossio	 and	 Scow	
(1998).	Concentrations	of	individual	PLFAs	were	calculated	based	on	
19:0	internal	standard	concentrations;	the	samples	were	analyzed	on	
a	MIDI	Sherlock	microbial	identification	system	6.0	(microbial	ID,	Inc.	
Newark,	DE	19713).	The	indicator	PLFAs	were	used	for	classification	
of	microbial	community	types.	Bacterial	community	(B)	was	considered	
to	be	comprised	of	PLFAs	 i14:0,	15:0,	 i15:0,	 a15:0,	 i16:0,	16:1w7c,	
17:0,	a17:0,	cy17:0,	18:1w7c	and	cy19:0;	gram-	positive	bacteria	(PB)	
of	i14:0,	i15:0,	a15:0,	i16:0,	a17:0,	i17:0;	gram-	negative	bacteria	(NB)	
of	16:1w7c,	cy17:0,	18:1w7c,	cy19:0;	actinomycete	(Act)	of	10Me16:0,	
10Me17:0	and	10Me18:0;	saprotrophic	fungi	(Sap)	of	18:2w6,9c;	and	
arbuscular	mycorrhizal	fungi	(F)	of	16:1w5c.	Other	PLFAs	(other)	such	
as	14:0,	16:0,	16:1	w9c,	17:1w8c,	 and	18:1w9c	were	also	used	 for	
analysis	of	the	microbial	community	(You	et	al.,	2014,	2016).

2.5 | Data analysis

We	used	 the	Kruskal’s	 dissimilarity	matrices	 (Kruskal,	 1964)	 to	 dis-
criminate	the	soil	properties,	microbial	community	structure,	and	mi-
crobial	 enzyme	activity	of	 soil	 samples	 in	different	 forests.	The	 soil	
properties	integrate	physiochemical	variables	including	soil	pH,	SOC,	
TN,	soil	C:N	ratio,	MBC,	MBN,	microbial	biomass	C:N	ratio,	soil	par-
ticle	size	distribution,	and	effective	metal	 ions	(Cu,	Fe,	and	Mn).	For	

microbial	community	structure,	we	included	all	individual	PLFAs	in	the	
analysis.	The	microbial	enzyme	activity	is	represented	by	the	activities	
of	the	four	soil	extracellular	enzymes	determined	in	this	study,	that	is,	
PO,	PER,	BG,	and	NAG.

The	 effects	 of	 soil	 substrate,	 microbial	 inocula,	 and	 incubation	
temperatures	on	Rs	were	tested	by	repeated	measures	ANOVAs	with	
measurement	time	as	a	covariate	for	the	full	experimental	period	of	
61	days	 as	well	 as	 for	 two	contrasting	periods	of	0–32	days	 (repre-
senting	a	period	of	microbial	colonization	and	active	C	mineralization)	
and	39–61	days	(representing	a	period	of	settled	microbial	community	
and	 constrained	 C	mineralization).	A	 full	 factorial	ANOVA	 including	
all	treatment	factors	as	well	as	separate	ANOVAs	by	incubation	tem-
peratures	was	 performed	 to	 examine	 the	 effects	 on	Rcum.	Duncan’s	
multiple-	rang	test	was	used	to	separate	differences	among	means	at	
the	level	of	p < .05.	These	statistical	analyses	were	performed	by	SPSS	
(version	17.0).

The	Kruskal’s	dissimilarity	matrices	were	also	used	to	compare	the	
microbial	community	structure	and	microbial	enzyme	activity	between	
at	the	start	and	at	the	end	of	the	incubation	experiment.

To	 determine	 how	microbial	 community	 structure	 and	microbial	
enzyme	activity	vary	among	the	three	soils	 reciprocally	 treated	with	
inocula	 of	 different	 origins,	 we	 conducted	 a	 Principle	 Component	
Analysis	(PCA)	at	the	end	of	the	incubation.	Rather	than	using	individ-
ual	PLFAs	to	indicate	microbial	community	structure,	we	used	seven	
categorized	microbial	 community	groups	 (i.e.,	B,	PB,	NB,	Act,	Sap,	F,	
and	other)	 in	the	PCA.	We	also	determined	the	linkage	between	soil	
microbial	 community	 groups	 and	 the	 activities	 of	 four	 extracellular	
enzymes	in	the	PCA.	These	analyses	were	conducted	using	R	3.0.2.

3  | RESULTS

3.1 | Differences in soil- related characteristics in 
three zonal forests

There	were	clear	distinctions	in	original	characteristics,	notably	the	soil	
properties	and	the	microbial	community	structure	in	the	three	zonal	
forests	(Figure	1).	The	greatest	differentiation	was	observed	between	
the	WT	and	ST	soils	in	the	microbial	community	structure.	Among	the	
three	categories	of	soil-	related	characteristics,	the	microbial	enzyme	
activity	was	least	discriminated	among	the	three	soils	(Figure	1).

3.2 | Changes in soil C mineralization and 
temperature sensitivity

The	 treatment	 factors	 and	 interactions	 all	 had	highly	 significant	 ef-
fects	 (p < .001)	 on	 the	 daily	 Rs	 and	 significant	 effects	 (p < .05)	 on	
Rcum	 (Table	2).	 The	 daily	 Rs	 was	 most	 strongly	 affected	 by	 the	 in-
cubation	 temperature	 (F = 998.5),	 followed	 by	 the	 soil	 substrate	
(F = 482.4).	However,	for	Rcum,	the	soil	substrate	had	the	greatest	ef-
fect	 (F = 243.8),	followed	by	the	incubation	temperature	(F = 127.6).	
The	effects	of	the	microbial	inoculum	on	both	Rs	and	Rcum	were	much	
weaker	compared	with	the	other	two	main	factors,	albeit	statistically	
also	highly	significant	(p < .001;	Table	2).
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Within	specific	soil	substrate	types,	the	effect	of	incubation	tem-
perature	was	most	profound	 (F	value	 ranges	 from	324.4	 in	WT	soil	
to	689.15	in	ST	soil),	with	the	microbial	inoculum	and	an	interaction	
between	 microbial	 inoculum	 and	 incubation	 temperature	 imposing	
highly	 significant	effects	 (p < .001;	Table	3).	Within	given	 incubation	
temperatures,	the	soil	substrate	had	the	most	profound	effect	on	the	
daily	Rs (F	value	ranges	from	148.6	at	5°C	to	225.5	at	25°C),	with	the	
effects	of	microbial	inoculum	and	an	interaction	between	soil	substrate	
and	microbial	inoculum	being	highly	significant	(p < .001;	Table	3).

Over	 the	 61-	day	 incubation	 period,	 the	 daily	Rs	 varied	with	 oc-
currence	of	a	peak	 immediately	or	shortly	after	 the	commencement	
of	 inoculation	and	incubation,	with	the	timing	and	magnitude	of	the	
peak	differing	 among	 the	 three	 incubation	 temperatures	 and	varied	
with	soil	substrate	type	and	microbial	inoculum	treatment	within	given	

incubation	temperatures	(Figure	2).	With	decreases	in	the	incubation	
temperature,	there	was	generally	a	delay	in	the	occurrence	of	the	peak	
and	 a	 reduction	 in	 the	maximum	value	of	 the	 daily	Rs.	 In	 given	 soil	
substrate,	the	average	value	of	maximum	Rs	at	15	and	25°C	was	higher	
than	that	at	5°C	(Figure	3).	Among	the	three	soil	substrate	types,	the	
ST	was	lowest	in	the	overall	magnitude	of	daily	Rs	regardless	of	incu-
bation	temperature	and	microbial	 inoculum	treatment.	The	microbial	
inoculum	affected	the	maximum	value	of	the	daily	rate	of	C	mineral-
ization	within	a	given	incubation	temperature	and	soil	substrate	type	
(Figures	2	and	3).	During	the	incubation	period	of	0–32	days,	the	incu-
bation	temperature	had	the	greatest	effects	(F = 1033.4)	on	the	daily	
Rs,	followed	by	the	soil	substrate	(F = 432.8;	Table	2);	whereas	during	
the	incubation	period	33–61	days,	the	soil	substrate	had	the	greatest	
effects	(F = 137.8),	followed	by	the	incubation	temperature	(F = 59.9;	
Table	2).

Rcum	was	predominantly	 affected	by	 the	 incubation	 temperature	
(F	value	ranges	from	34.6	in	WT	soil	to	113.6	in	ST	soil)	within	spe-
cific	 soil	 substrates,	 with	 the	 effects	 of	 microbial	 inoculum	 and	 an	
interaction	between	microbial	 inoculum	and	 incubation	temperature	
being	equally	secondary,	albeit	statistically	highly	significant	(p < .001; 
Table	3).	Under	given	incubation	temperatures,	the	soil	substrate	had	
a	predominant	effect	 (F	value	ranges	from	66.6	at	25°C	to	132.8	at	
5°C),	with	the	relative	effects	of	microbial	inoculum	and	an	interaction	
between	soil	substrate	and	microbial	inoculum	varying	depending	on	
incubation	 temperatures	 (Table	3).	Rcum	was	consistently	and	signifi-
cantly	smaller	(p < .05)	in	the	ST	soil	substrate	than	in	other	two	soil	
substrate	types	across	the	three	incubation	temperatures,	and	overall,	
was	greatest	at	25°C	and	smallest	at	5°C,	regardless	of	microbial	in-
oculum	treatment	(Figure	4).	In	the	CT	substrate,	significantly	(p < .05)	
greater	 amount	 of	 SOC	was	mineralized	by	 introduction	of	 the	WT	
inoculum	than	the	other	two	inoculum	types	when	incubated	at	either	
25°C	or	5°C,	whereas	there	was	no	effect	of	the	microbial	inoculum	
at	15°C	(Figure	4).	In	the	WT	substrate,	the	effect	of	microbial	inoc-
ulum	varied	with	incubation	temperatures;	at	25°C,	the	ST	inoculum	
resulted	in	greatest	cumulative	C	mineralization,	followed	by	the	WT	

F IGURE  1 Kruskal’s	dissimilarity	matrices	(nonmetric	
multidimensional	scaling)	illustrating	the	dissimilarities	in	soil	
properties,	microbial	community	structure,	and	microbial	enzyme	
activities	among	the	soils	of	the	cool	temperate	(CT),	warm	temperate	
(WT),	and	subtropical	(ST)	forests.	Greater	distance	between	apexes	
of	the	triangle	indicates	greater	dissimilarity	between	two	soils.	The	
area	of	the	triangle	demonstrates	the	overall	dissimilarity	between	
the	soils

TABLE  2 Summary	of	full	ANOVAs	for	testing	the	treatment	effects	daily	C	mineralization	rate	(Rs)	and	the	cumulative	C	mineralization	
(Rcum)	during	0–32,	33–61	and	0–61	days	over	a	61-	day	incubation	period

Factors

Daily Rs (0–32 days) Daily Rs (33–61 days) Daily Rs (0–61 days) Rcum (0–61 days)

df F p df F p df F p df F p

Soil	substrate	(soil) 2 432.8 <.001 2 137.8 <.001 2 482.4 <.001 2 243.7 <.001

Microbial	inoculum	
(Micr)

2 17.2 <.001 2 53.7 <.001 2 24.34 <.001 2 26.1 <.001

Temperature	
(Temp)

2 1033.4 <.001 2 59.9 <.001 2 998.54 <.001 2 127.6 <.001

Soil	×	Micr 4 21.3 <.001 4 24.5 <.001 4 26.3 <.001 4 21.4 <.001

Soil	×	Temp 4 40.3 <.001 4 43.9 <.001 4 36.0 <.001 4 2.91 .026

Micr	×	Temp 4 19.5 <.001 4 10.4 <.001 4 22.2 <.001 4 14.2 <.001

Soil	×	Micr	×	Temp 8 30.7 <.001 8 16.7 <.001 8 34.5 <.001 8 20.3 <.001

Error 93 — — 93 — — 93 — — 120 — —

CT,	cool	temperate	forest;	WT,	warm	temperate	forest;	ST,	subtropical	forest.
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inoculum;	at	15°C,	the	WT	inoculum	resulted	in	significantly	(p < .05)	
greater	Rcum	than	the	other	two	inoculum	types;	while	at	the	5°C,	the	
WT	 resulted	 greatest	Rcum,	 followed	 by	 the	CT	 inoculum	 (Figure	3).	
In	the	ST	substrate,	the	effect	on	Rcum	ranked	in	the	order	of	the	ST	
inoculum	>	the	 CT	 inoculum	>	the	WT	 inoculum	 but	 without	 much	
variation	at	25°C;	at	15°C,	both	the	CT	and	the	WT	inocula	resulted	in	
significantly	(p < .05)	greater	Rcum	than	the	ST	inoculum;	while	at	5°C,	
the	CT	inoculum	induced	significantly	 (p < .05)	and	markedly	greater	
Rcum	than	the	other	two	microbial	inocula	(Figure	4).

3.3 | Changes in microbial community structure and 
soil enzyme activities

There	was	convergence	of	microbial	community	structure	(Figure	5a)	
with	unchanged	soil	enzyme	activity	when	three	different	sources	of	
microbial	inocula	were	introduced	to	a	specific	type	of	soil	substrate	
(Figure	5b).	The	original	microbial	community	structures	of	three	soils	

show	clear	dissimilarities,	as	 illustrated	by	the	size	of	the	bold	black	
triangle	in	Figure	6a,	but	the	dissimilarities	were	greatly	reduced	fol-
lowing	a	61-	day	incubation	for	various	combinations	of	soil	substrates	
and	 incubation	 temperatures	when	different	microbial	 inocula	were	
introduced	to	a	specific	soil	substrate	(Figure	5a),	while	no	such	dif-
ferentiations	 and	 changes	were	 found	 for	 soil	 enzyme	 activities	 of	
the	same	treatments	(Figure	5b).	In	contrast,	both	the	microbial	com-
munity	 structure	 and	 soil	 enzyme	 activity	 diverged	when	 a	 specific	
source	of	microbial	 inoculum	was	 introduced	 to	 three	different	 soil	
substrates,	 as	 illustrated	by	changes	 in	 the	bold	black	dots	 into	en-
larged	triangles	in	Figure	5c,d.

The	results	of	PCA	on	soil	 samples	at	 the	end	of	 the	 incubation	
period	 show	 clear	 separation	 of	microbial	 community	 structure	 and	
soil	enzyme	activities	among	the	three	soils	(Figure	6a),	but	not	among	
the	three	microbial	inocula	(Figure	6b);	the	axes	1	and	2	explain	47.2%	
and	 26.0%	 of	 total	 variation,	 respectively	 (Figure	6).	 The	 CT	 soil	 is	
typically	associated	with	the	total	soil	bacteria	and	the	gram-	negative	

F IGURE  2 Changes	in	the	rate	of	C	mineralization	during	a	61-	day	incubation	period	at	three	temperatures	(5,	15,	and	25°C)	for	
combinations	of	soil	substrates	and	microbial	inocula	from	three	climatically	contrasting	mixed-	wood	forests.	Values	are	normalized	as	per	SOC.	
CT,	cool	temperate	forest;	WT,	warm	temperate	forest;	ST,	subtropical	forest.	Vertical	bars	illustrate	one	standard	error	of	means	(n	=	5)
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bacteria	group;	the	ST	soil	is	more	linked	to	the	actinomycete,	gram-	
positive	bacteria	group	and	the	ratio	of	gram-	positive	bacteria	group	
to	 gram-	negative	 bacteria	 group;	 the	WT	 soil	 is	 strongly	 associated	
with	the	saprophytic	fungi,	arbuscular	mycorrhizal	fungi,	and	the	fungi	
to	bacteria	ratio	(Figure	6a).	The	hydrolytic	enzyme	activities	(BG	and	
NAG)	are	more	closely	related	to	the	WT	soil,	whereas	the	oxidative	
enzyme	activities	(PO	and	PER)	are	more	closely	related	to	the	ST	soil	
(Figure	6a).	No	clear	pattern	was	observed	when	the	same	microbial	
inocula	were	incorporated	into	different	soils	(Figure	6b).

4  | DISCUSSION

The	 daily	 rate	 and	 cumulative	 quantity	 of	 C	 mineralization	 were	
strongly	affected	by	incubation	temperature,	soil	substrate,	source	of	
microbial	 inoculum,	 and	 their	 interactions	over	 a	61-	day	 incubation	
period	in	laboratory.	Among	the	treatment	factors,	temperature	had	
the	strongest	effect	on	the	temporal	dynamics	of	soil	C	mineralization;	
a	decrease	in	the	incubation	temperature	from	25	to	5°C	resulted	in	a	
delayed	peak	and	reduced	magnitude	of	the	maximum	rate	of	C	min-
eralization	during	 the	 study	period.	This	 is	 consistent	with	previous	
findings	that	climate	exerts	dominant	controls	on	SOM	decomposition	
(Carvalhais	et	al.,	2014;	Kirschbaum,	2004;	Sun	et	al.,	2004).	A	recent	
synthesis	by	Luo,	Feng,	Luo,	Baldock,	and	Wang	(2017)	showed	that	
climate	(precipitation	and	temperature)	accounted	for	as	much	as	25%	
of	the	relative	influence	on	SOC	by	various	environmental,	soil	biotic,	
and	abiotic	 factors.	Within	given	 temperatures,	 however,	we	 found	
that	soil	 substrate	had	much	greater	 influence	on	 the	 rate	of	soil	C	
mineralization	than	microbial	inoculum,	suggesting	the	importance	of	
soil	quality	in	determining	the	soil	C	mineralization—possibly	the	mi-
crobial	adaptation	to	the	soil	matrix.	The	strong	effect	of	temperature	
on	the	rate	of	soil	C	mineralization	does	not	rule	out	the	importance	
of	soil	microbial	community,	as	 it	 is	recognized	that	climate	and	en-
vironmental	 factors	can	mask	the	 influence	of	decomposer	commu-
nity	on	decomposition,	due	to	the	fact	that	soil	microorganisms	may	
both	adapt	to	and	be	affected	by	climate	and	environments	(Canarini,	
Carrillo,	Mariotte,	Ingram,	&	Dijkstra,	2016;	Keiser	&	Bradford,	2017).	
Moreover,	the	structure	and	functions	of	soil	microbial	communities	
are	 further	 constrained	by	 soil	 physiochemical	 properties	 and	SOM	
quality	 (Fabian,	Zlatanovic,	Mutz,	&	Premke,	2017;	Sun	et	al.,	2016;	
Xun	 et	al.,	 2015;	 You	 et	al.,	 2014,	 2016).	 Growing	 evidences	 show	
that	soil	geochemistry	and	physical	structure	impose	direct	effects	on	
SOM	stability	by	creating	physiochemical	barriers	preventing	micro-
organisms	to	access	carbon	sources	 (Bardgett	et	al.,	2008;	Chenu	&	
Plante,	 2006;	Delgado-	Baquerizo	 et	al.,	 2015;	Doetterl	 et	al.,	 2015;	
Plante,	Conant,	Stewart,	Paustian,	&	Six,	2006).	For	SOM	decomposi-
tion	in	mineral	soils,	it	has	been	suggested	that	microbial	community	
structure	 “is	 likely	 not	 important”	 because	 soil	 physical	 protection	
is	more	 important	 than	microbial	 community	 (Schimel	 &	 Schaeffer,	
2012).

The	temporal	dynamics	of	soil	C	mineralization	was	characterized	
by	occurrence	of	a	peak	 in	the	daily	rate	of	C	mineralization	follow-
ing	the	commencement	of	the	inoculation	and	incubation;	the	marked	
peaks	and	fluctuation	of	daily	rate	of	soil	C	mineralization	were	similar	
to	the	findings	of	other	incubation	experiments,	including	cases	when	
sterilized	soil	was	mixed	with	nonsterilized	soil	(Fan,	Huang,	Tang,	Li,	&	
Liang,	2012;	Nie	et	al.,	2013)	or	when	sterilized	litter	was	mixed	with	
soil	(Fanin	&	Bertrand,	2016;	Strickland	et	al.,	2009).	Similar	phenom-
ena	have	been	found	in	incubation	experiments	with	untreated	field	
soils	(Ci,	Al-	Kaisi,	Wang,	Ding,	&	Xie,	2015;	Zhou	et	al.,	2013).	So,	the	
change	in	soil	carbon	mineralization	in	the	initial	phase	after	inoculat-
ing	maybe	complex	and	affected	by	many	factors	but	not	a	specific	
result	of	our	study.	The	occurrence	of	 the	peak	may	be	a	combined	
result	 of	 the	 likely	 biophysical	 degradation	of	 the	 labile	 soil	 organic	

F IGURE  3 Maximum	rate	of	carbon	mineralization	during	a	
61-	day	incubation	period	at	three	temperatures	(5,	15,	and	25°C)	
for	combinations	of	soil	substrates	and	microbial	inocula	from	three	
climatically	contrasting	mixed-	wood	forests.	Values	are	normalized	as	
per	SOC.	CT,	cool	temperate	forest;	WT,	warm	temperate	forest;	ST,	
subtropical	forest.	Vertical	bars	illustrate	one	standard	error	of	means	
(n	=	5).	Values	designated	with	the	same	uppercase	letters	are	not	
significantly	different	at	p = .05
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C	by	autoclaving	 (Nie	et	al.,	2013)	and	microbial	colonization	of	 the	
sterilized	soil	substrate.	In	this	study,	a	decrease	in	the	incubation	tem-
perature	from	25	to	5°C	resulted	in	a	delayed	peak	and	reduced	mag-
nitude	of	the	maximum	rate	of	C	mineralization	during	the	incubation	
period,	and	the	timing	of	peaks	and	maximum	value	of	daily	rate	of	soil	
C	mineralization	also	varied	with	soil	substrate.	Similar	findings	have	
been	reported	in	the	literature	(e.g.,	Bradford	et	al.,	2008;	Shaver	et	al.,	
2006;	Wetterstedt,	Persson,	&	Ågren,	2010;	Zhou	et	al.,	2013).

We	divided	 the	61-	day	 incubation	 into	 two	periods,	 that	 is,	 the	
initial	period	of	microbial	colonization	and	active	C	mineralization	(Day	
0–32)	and	the	period	of	settled	microbial	community	and	constrained	
C	mineralization	(Day	33–61),	and	found	different	effects	of	treatment	
factors	on	the	daily	 rate	of	C	mineralization.	The	former	period	was	
predominantly	 affected	by	 the	 incubation	 temperature,	 and	 the	 lat-
ter	by	the	soil	substrate.	The	predominant	temperature	control	of	C	
mineralization	during	the	early	laboratory	incubation	may	be	explained	
by	 the	 ability	 of	 microbial	 communities	 to	 colonize	 sterilized	 soils	
(Bradford	et	al.,	2008;	Rustad	et	al.,	2001),	hence	simpling	an	acclima-
tion	of	microbial-	driven	C	mineralization	 (Luo,	Wan,	Hui,	&	Wallace,	
2001).	With	 further	 progressing	of	 the	 incubation,	 substrate	 supply	

limitation	outweighs	 the	environmental	constraints	on	C	mineraliza-
tion	(Luo	et	al.,	2017;	Wang,	Dalal,	Moody,	&	Smith,	2003).

The	cumulative	soil	C	mineralization	during	our	experimental	pe-
riod	was	differently	affected	by	the	treatment	factors	compared	to	the	
daily	rate	of	soil	C	mineralization,	such	that	the	soil	substrate	prevailed	
as	the	most	influential	factor,	with	the	incubation	temperature	being	
secondary	and	microbial	inoculum	being	the	weakest.	During	the	ex-
periment,	 the	 incubation	 treatment	 lasted	 for	61	days	and	 the	daily	
rate	of	soil	C	mineralization	nearly	diminished	toward	the	end	of	the	
experiment.	Therefore,	 the	cumulative	C	mineralization	 in	our	study	
reflected	the	mineralizable	 labile	SOC	under	given	conditions.	There	
are	studies	demonstrating	that	soil	physiochemical	properties	are	the	
primary	determinant	of	potential	C	mineralization,	but	the	realizable	
C	mineralization	is	strongly	dependent	on	both	the	decomposer	com-
munity	and	the	environmental	conditions	that	shape	the	decomposer	
community	and	affect	the	soil	microbial	function	(e.g.,	Canarini	et	al.,	
2016;	Fabian	et	al.,	2017;	Keiser	&	Bradford,	2017;	Xun	et	al.,	2015;	
You	et	al.,	2014).

In	 this	 study,	 when	 different	 sources	 of	 microbial	 inocula	 were	
introduced	 to	 the	 same	 soil	 substrate,	 the	 microbial	 community	

F IGURE  4 Cumulative	carbon	mineralization	(Rcum)	over	a	61-	day	incubation	period	at	three	temperatures	(5,	15,	and	25°C)	for	combinations	
of	soil	substrate	and	microbial	inocula	originated	from	three	climatically	contrasting	mixed-	wood	forests.	Values	are	normalized	as	per	SOC.	
CT,	cool	temperate	forest;	WT,	warm	temperate	forest;	ST,	subtropical	forest.	Vertical	bars	illustrate	one	standard	error	of	means	(n	=	5).	Values	
designated	with	the	same	uppercase	letters	are	not	significantly	different	at	p = .05
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structure	converged	following	incubation	without	much	affecting	the	
soil	enzyme	activities,	whereas	when	different	types	of	soil	substrate	
were	inoculated	with	the	same	sources	of	microbial	inocula,	both	the	
microbial	 community	 structure	 and	 soil	 enzyme	 activities	 diverged.	
Our	findings	demonstrate	that	soil	microbial	community	structure	 is	
strongly	shaped	by	soil	physiochemical	properties,	and	soil	C	miner-
alization	 is	 constrained	 by	 both	 soil	 physiochemical	 properties	 and	
soil	 microbial	 community.	 The	 significant	 effects	 of	 soil	 substrate,	
microbial	 inoculum,	 incubation	 temperature,	 and	 their	various	 inter-
actions	on	the	daily	rate	and	cumulative	amount	of	C	mineralization	
highlighted	the	complex	controls	of	biotic	and	abiotic	factors	on	soil	C	
transformation	and	turnover.

Our	results	also	show	that	the	effects	of	soil	substrate	on	micro-
bial	community	structure	are	likely	a	result	of	constraints	by	interac-
tions	 between	 physiochemical	 properties	 and	 biotic	 factors	 (Burke,	
Weintraub,	Hewins,	&	Kalisz,	2011).	For	example,	the	cool	temperate	
forest	soils	with	rich	SOM	and	better	development	were	closely	asso-
ciated	with	the	total	bacteria	and	gram-	negative	bacteria	group,	sim-
ilar	to	the	findings	of	other	studies	(Balser	&	Firestone,	2005;	Kramer	
&	Gleixner,	2008;	You	et	al.,	2014).	The	subtropical	soils,	being	more	
acidic,	were	strongly	associated	with	actino-	bacteria—a	metabolically	
versatile	 group	 of	microorganisms	 that	 degrade	 lignin	 and	 cellulose	
(Rousk	et	al.,	2010).	Our	previous	studies	well	established	that	biotic	
and	environmental	factors	control	soil	C	transformation	and	turnover	
by	 shaping	 the	 soil	 microbial	 structure	 (Sun	 et	al.,	 2016;	You	 et	al.,	
2014,	2016).

While	 the	climatic	controls	and	effects	of	vegetation	on	soil	mi-
crobial	structure	and	function	are	widely	studied	(e.g.,	Brockett	et	al.,	
2012;	Hackl	et	al.,	2005;	You	et	al.,	2016),	 the	 interactive	effects	of	
climate	and	local	factors	in	shaping	the	soil	microbial	community	have	
received	 far	 less	 recognition.	 Geographical	 separations,	 soil	 phys-
iochemical	properties,	and	prevailing	environmental	 factors	seem	all	
play	important	roles	in	constraining	the	microbial	adaption	to	the	soil	
matrix.	Our	 findings	show	that	 the	microbial	decomposition	of	SOC	
is	 generally	more	 enhanced	 by	matching	 incubation	 temperature	 to	
the	prevailing	condition	of	soil	substrate	and	microbial	 inoculum	or-
igins,	but	when	the	reciprocal	inoculations	were	made	between	soils	
with	 greater	 geographical	 separation	 and	 greater	 differences	 in	 soil	
physiochemical	properties,	the	effects	appear	to	be	none	or	negative.	
Future	 researches	 are	 required	 to	 address	 the	 interactive	 effects	 of	
geographical	separation,	climate,	vegetation,	and	soil	pedology	on	soil	
microbial	structure	and	function	in	order	to	understand	the	responses	
and	adaptation	of	soils	to	global	change.

It	needs	to	be	pointed	out	that,	due	to	lack	of	strict	controls	on	the	
quantity	of	microbial	community	used	for	inoculation,	some	of	the	vari-
ations	in	temperature	responses	of	soil	C	decomposition	and	cross-	soil	
differences	may	partially	reflect	natural	variations	and	recolonization	
capacity	of	soil	microbial	communities	among	forest	sites.	Therefore,	
some	of	 our	 results	 require	verification	 by	 better	 controlled	 experi-
mental	approaches.	Nonetheless,	our	findings	provide	new	evidence	
of	the	relative	importance	of	soil	substrate	and	microbial	community	
and	 interaction	with	 temperature	 in	 affecting	 soil	 C	 mineralization,	

F IGURE  5 Changes	in	the	dissimilarity	
of	microbial	community	structure	(a)	and	
soil	enzyme	activity	(b)	when	different	
microbial	inocula	were	introduced	to	a	
specific	soil	substrate,	and	changes	in	
the	dissimilarity	of	microbial	community	
structure	(c)	and	soil	enzyme	activity	(d)	
when	a	specific	microbial	inoculums	was	
introduced	to	different	soil	substrates,	
over	the	incubation	period	at	three	
temperatures	(5,	15,	and	25°C).	The	bold	
black	open	triangles	in	panels	(a)	and	(b)	
show	the	dissimilarity	among	the	original	
soil	samples,	and	the	bold	black	dots	in	
panels	(c)	and	(d)	show	a	lack	of	active	
microbial	community	prior	to	microbial	
inoculation
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microbial	 community	 structure,	 and	 soil	 enzyme	 activities.	 Overall,	
temperature	plays	a	predominant	 role	 in	affecting	 the	 rate	of	 soil	C	
mineralization,	while	soil	substrate	determines	the	mineralizable	SOC	
under	 given	 conditions.	 The	 role	 of	microbial	 community	 in	 driving	

SOC	 mineralization	 is	 only	 secondary	 in	 comparison	 with	 climate	
and	soil	substrate,	as	soil	microbial	community	 is	both	affected,	and	
adapts	to,	climatic	factors	and	soil	matrix.	However,	the	quantitative	
contributions	are	still	 relatively	unclear.	Research	efforts	are	needed	
for	 improved	methodology	and	adoption	of	new	technology	such	as	
13C	labeling	technique	and	new	autoclave,	etc.	Uncertainty	in	the	ef-
fectiveness	of	autoclaving	and	microbial	recolonization	of	reciprocally	
inoculated	soils	remain	to	be	better	elucidated.
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