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Effects of tree species on soil organic carbon density: A common garden experiment of five
temperate tree species

WANG Xin-Qi, WANG Chuan-Kuan’, and HAN Yi

Center for Ecological Research, Northeast Forestry University, Harbin 150040, China

Abstract

Aims Forest trees alter litter inputs, turnover and rhizospheric activities, modify soil physical, chemical and bio-
logical properties, and consequently affect soil organic carbon (SOC) storage and carbon sink strength. That how
to select appropriate tree species in afforestation, reforestation and management practices is critical to enhancing
forest carbon sequestration. The objective of this study was to determine the effects of tree species on SOC den-
sity and vertical distributions.

Methods A common garden experiment with the same climate, soil, and management history was established in
Maoershan Forest Ecosystem Station, Northeast China, in 2004. The experimental design was a completely ran-
domized arrangement with twenty 25 m x 25 m plots, consisting of monocultures of five tree species, including
white birch (Betula platyphylla), Manchurian walnut (Juglans mandshurica), Manchurian ash (Fraxinus mand-
shurica), Dahurian larch (Larix gmelinii), and Mongolian pine (Pinus sylvestris var. mongolica), each with four
replicated plots. A decade after the establishment (2013-2014), we measured carbon density and related factors
(i.e., bulk density, total nitrogen concentration, microbial biomass carbon, microbial biomass nitrogen, pH value)
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in soils of the 0-40 cm depth for these monocultures.

Important findings Results showed that tree species significantly influenced the SOC density in the 0—40 cm
depth (p < 0.05). SOC density in the 0~10 cm depth varied from 2.79 to 3.08 kg-m, in the order of walnut > ash>
birch > larch > pine, in the 10-20 cm depth from 1.56 to 2.19 kg-m, in the order of pine > walnut > ash > birch >
larch, in the 20-30 cm depth from 1.17 to 2.10 kg-m™, and in the 20-40 cm depth from 0.84 to 1.43 kg-m™. The
greatest SOC density occurred in the birch stands in the 20-40 cm depth. The vertical distributions of SOC density
varied with tree species. The percentage of SOC in the 0-10 cm depth over the total SOC in the soil profile was
significantly higher in the walnut and larch stands than in others, while the percentage of SOC in the 20-40 cm
depth over the total SOC was highest in the birch stands. SOC concentration and soil bulk density differed sig-
nificantly among the stands of different tree species, and were negatively correlated. SOC density was positively
correlated with soil microbial biomass and soil pH in the walnut, ash, and larch stands, and with total nitrogen
density in all the stands. We conclude that tree species modifies soil properties and microbial activity, thereby in-
fluencing SOC density, and that different patterns of vertical distributions of SOC density among monocultures of

different tree species may be attributed to varying SOC controls at each soil depth.
Key words tree species, soil property, soil organic carbon, soil microbe, vertical distribution

Citation: Wang XQ, Wang CK, Han Y (2015). Effects of tree species on soil organic carbon density: A common garden experiment
of five temperate tree species. Chinese Journal of Plant Ecology, 39, 1033-1043. doi: 10.17521/cjpe.2015.0100

R Bl A 78 R G0 I B EE 2 ), A R P
2 5 A ERAE Y A PE1180%, H TIREREL S4Bkt
SR 1970% (Jandl et al., 2007). 3365 e R i &
RIS ARARBRAG AL FE i B2, S AR R
G 45 Ky AN Th g (Poeplau et al., 2011). A A Bk
AZ R V5 0 16 N (Diaz-Pinés et al., 2011) 5 % H!
(Vesterdal et al., 2012). # %%z (Hansson et al.,
2013)FE R Z H S e SRV BE L AL S AR P o
Je [E BRI BE(Mueller et al., 2012). K, &3 kB
FiRIEA FRIEMR. RAREE SR AR — > i
T AA-U () 3R R0 S B ) @ (Parry et all., 2007).

PR T IEA PR (SOC) tEY) . S FIT AN
LR EAAY BRI AR IR S VAR, A& B N\ R
(RN A5 T 167 45 5 (Vesterdal et al., 2013). A [F]# Fhih
EEREE SR IR R R R IR
SRYEATE, e LT IRGL . R, LI
SN A ) B RN P S B R AE 2 T, N

5 ) SOC [ %1 X\ F1 % ti (Hobbie et al., 2007;
Diaz-Pinés et al., 2011; Vesterdal et al., 2012), +-35%
3 IR ) 203 e 38 e AR AR I ) A8 7 B DA SRV )
reaE, MR #ESOCHFH 2 (Gurmesa et al., 2013).
8 A ) ) B R FLE M e S iR SOCHI AR E
P, (E3ESOCHIAN 2 (Xu et al., 2013). {HSE, AN[HIM
Fhd i 1X 2 3 A2 X SOC I £ A R M FE B S I L3t 7%
{14 = S 5 0 K] 1 1R AN T BT

DA A IR oot 398 14 53 s e () B 7 22 SR P e

www.plant-ecology.com

PEALHAHAR . WS ARIT . AR LR 77 (Neirynck
et al., 2000; Laganiére et al., 2012), HL{E K IRIEAZHK
OB % S BRI B A 44 3 47 D 2 (Dijkstra &
Fitzhugh, 2003). K532 2IAKES . SEHI A SEAH R R
(RIFEM, X BT 5T AR A e8] B Ao oxof - 388 240 A0 A= 4))
2 BRI %R (Vesterdal et al., 2013) . {51 G,
Mareschal 55 (2010) i 1 i 7 il - AR SOC it &t v T4t
HAK, T GurmesaZ(2013) 1 A& B & H AR SOC il & i
FREmpR. [RIRE, e E G H X 3 R R T SOC
(ISR (455255, 2008; Wang et al., 2010) I Fi 4516
WA—F Hrh, BRI T EUX LA,
BB HEEFREZ —.

HLAE201H40504E4X, Ovington (1954, 1956)) K
FH 1] J5 el (common - garden) it 56 5 V22 BF 52 A [8) 4 b
XTSOCHIFEM . 2 Ja, FEALTE . W &5 Hb il 75 #
A6 75 B A AR 4k R FH (7] )5 el X R R ot 1 158 e
fitidE . AR . TR IE I DA S IR A
1521 (Hobbie et al., 2007; Mueller et al., 2012;
Vesterdal et al., 2012). @i 7EAHFIMRES . HH RIS E
J73 52« AR ) - 39 5 o ) S 3t 2 S [ R el R
AT DA R B A8 R S R 25 A 22 S i SR 5
M (Vesterdal et al., 2013). #ATf, [F]5 el56 1) i 57
XL SR SR AR IRB R G, ik, B
A RIS B AR RS /N o) 3 M DA il —
HmLsit.

AW T T 20044 B IRAEAR A S . LIRS



FRFHLAE: WA A HUBR R R A5 5 Al R A RS e 1035

3 52 B g T AR b X DR S, 10
5 (2013-20144F )il & 1 H A () F #E(Betula platy-
phylla) . # Bk #k (Juglans mandshurica) . 7K H 4l
(Fraxinus mandshurica). 7% " #2(Larix gmelinii) %+
¥A(Pinus sylvestris var. mongolica)Z&5/™ ¥4 i it A T
ARSOCH B ik IR EH . A% WA EY =
s WA ER . pHIESEMHCH T, BEHE
RE R Fh0T SOCTH & [ He e B 70 A (52 o FLARRIE
FHbRHE: (1) R AFPXT SOCH 5 J H 3 B /A7
(I, (2R R SOCH: FE 5 HoAth - e ¥R AL FN A=) %
FEIERI R R AFFREE RAVME R ERR, G, 7
MREEE RN P R IE A 78 0 IR
B RGIRG DR G R BB AR Y, EnT vk d
PRAE P IRAL 22 G PSR B2 (4t S £ 4R

1 WRFEE

11 MRiBARR SRR

WU v B AE R L LD AR AR AR A5 0 (45.40° N,
127.47° E). “F¥Ji45400 m, “FI3EE10°-15°. S
AL I N R b = R M W S S o Y R AR
C, FEREKEG29 mm. I NREAE AR L. R
N SR PR R IR AR AR

20044 Z5AE M 7 T T ARIAS hm? ) 7] 5
Pel 56 X o HH T REHLEE ST 2 RO AR R kL, %
TR E U AR, AR —, R R
MR T BRI AHE T AR X 114 E
TERERP, BEASRERR A B A B S A, S 4480
Hh; FEHREHL K/ N25 m x 25 m, #%1.5 m x 1.5 m
BIRRAT BERR AR — AP FR B AlRR; BB B 0 AR AR T
W24 . AR AR R A 45 R EOR, SOCIKE
7o i 2 2% [ 48 53:(0-10 cm: p = 0.22; 10-20 cm: p =
0.09; 20-30 cm: p = 0.33; 30-40 cm: p = 0.42). AHf

L IFAERRE LR A DL CP I E AR AE R 2Z)

FEHL T Hor C 4 OB 5 A R A bR, 3R
FEIANTE I RE A FR (M SABRAR. 7K i) A2
Ik B R (7 R FIRE TAR) . 2013410 H xR ER AT
HHEAT I (R L)
1.2 FIMRESERSH

20134E10 H 78 &R HRE L A BEHL 3% B S BF it
A7 L BEEURE (35 RS 2 B B) PT BB IR I 2N, HURE
MR BRI B 05 m, AE NG . [R5
SERTR TR, HCRA T AU E R, 510 cm
— 2, 42, RER KM R 754 [X (0-40 cm).

¥ TR L BRI R AR K AR A RRT E, et
2 mm (L0H) L0, SREHIELH20 g7 47140.18 mm
(80H) L0, 7E65 C LT FfiH 2 i & FREILH
0.050 0 g-FEREfLALER 5, 7E105 C FMHEF3 hZEkk
THUR; )5, KA multi N/C 300073 #
1% (Analytik Jena AG, Jena, Germany)ill & ¢ ()
SOCH . SUkFEINF, ME &+ 2 r %k E L&
0-10 cm. 10-20 cm /2 f A A B AN A E W)
YRR pHIE. KA E ZIEN E 4 5k B

5E A=Y A= (Vance et al., 1987); ¥ FMettler
ToledosE 36 Z pH T %€ pHAE -

SOCH B 2K FH B Aoz Th AR A 7] 338 Joli 5 1) 7 v
THE, DLHERR AN [F) 4 38 51 & 00 oF B 45 3 11 &
(Ellert & Bettany, 1995; Wellock et al., 2011) . H—1-
i ED; (g-cm ) A

Di=S/Vi(l-G) @)
K, ST EBE(Q), ViltHER (em®), GiAEE
KT2 mmBJ A BT & AR A 55 E (%) -

HEREEEREM (kgm2)A:

M;=D; x h x 10 )
KA, T 2R (em) .

Table 1  Site characteristics in the monocultures of five tree species (mean + SD)

WA i M4z e R +3FEpHIE
Tree species Basal diameter Diameter at breast height Tree height (m) Soil total nitrogen Soil pH value
(cm) (cm) (gkg™)
H# Betula platyphylla 10.64 +2.84 7.61+2.13 10.07 £1.19 3.37+0.11 4.64 +0.05
EIBEMk Juglans mandshurica 5.81+2.90 3.63+1.90 3.74+1.79 3.54+0.21 4.77+0.04
KM Fraxinus mandshurica 13.73 + 16.60 7.50 +£9.97 3.01+2.10 363+0.21 4.75+0.05
A Larix gmelinii 9.32+297 7.46 £ 4.07 6.80 +1.48 3.16+0.15 4.69 +0.06
#%-F¥A Pinus sylvestris var. mongolica 9.75+2.08 7.36 +3.49 4.66 + 0.65 340+0.11 4.79+0.05

doi: 10.17521/cjpe.2015.0100



1036 fEYA= 25244 Chinese Journal of Plant Ecology 2015, 39 (11): 1033-1043

o T RN S K E Cifid
(kg-m™2)J9:

Cifixed = CONC; X M; x 10 3)
2, concily A IR E (9-kg™)-

HH 7] 328 51 B M equi A — 2 IR R
1H, ibﬂiﬁ%ﬁ%%l\ﬂimd (kg-m‘z):

Miadd = Miequiv — M 4)

AH [ J5T & 4 3 (1) 3 Bk & Ciequiv B SOC % JiZ
(kg-m™)J9:

Ciequiv = Cifixed — CONCiop X Miga0q * 107 +

CONCpottom * (Mi,add - IVli —1,add) x 10_3 (5)

A, concop N4 HT L JE ) F— 2 IR LR IK
£, conChottom N 4 HIl 1 J2 T — & LIRTAHLIRIKE .
13 BIESH

i - B MR TR (GLM) 52 2005 22 73 #r LA R
Tt & R85 . SOCIKIEZ . SOCH & AL M AEY)
YRS . 18 H Pearsontl 5¢ R ELIEAN SOCHK &
A E D LSOCH S T m % L. LI
AR R R . TIEpHIE Z AR R @it
S AR IS R I, VRS B N A B
SOCIK JEZ {2 1y T oAty i A L2 - Fa HoAt A 3 SOC
WREEVFIME . 3BT KB, AT R THZAE A T4 4
h%, G2 NATIMEC FI, ERE SR8
R T XA B - St o B I SPSS 19.0% 4
56 o

2 &R

21 AEMMaAEMITIERE, BBKEMZELN
3%

PR 2 S2m0-40 em )= SOCIK (L4
BOMZ B HME (P < 0.05, E1A, 1B). SOCIK I
76 918.68-21.76 g-kg™, FE I K HMIRR> Bk
PR > I MEARS A F A RS TE I AA B, T35 B3
JEEIN1.04-1.17 gom™, R MRS TE A >
TK B ASIARS 155 1P MRS EHBRARR AR o 80 b 55 2 52111 0-40
cmTZSOCHE FE, R A EHERR> 7K A k> i Bk
PRS- FA MRSV I AA AR, e KB 2 B/ ME 111.26
fi%(p <0.05, KE1C).

22 A REIMHHEAENTIESEURBHIRKEFE
EEETHALLE

BRI, SR ali bk 5825 1 BE 1 2 ik

T 42 2 4 K (E12A) o B FH10-10 cm 22040 em -+ 2

www.plant-ecology.com

| o

=

LKA

Soil bulk density (g-em™)
=
o

NN

BH HTQ SQL LYS ZZS

= B a a

LA B

Soil organic carbon concentration (gkg™)

10'(~

B

Soil organic carbon density (kgm™)

BH HTQ SQL LYS ZZS
BRI Tree species

Bl AEFALER0-40 cmL )2 LR E(A). H IR
(B)FIA HLER % 2 (C) I L CP I £hr i 1R 72) . BH, EIf
M HTQ, BIBKMAK; LYS, ¥ HHAMK; SQL, /Kith#idk; ZzZs,
FET AR AR BN G B3 AR SRR o 1] F) S 35 1 22 S
il

Fig. 1 Comparisons of soil bulk density (A), soil organic car-
bon concentration (B), and soil organic carbon density (C)
among the monocultures of five tree species for 0-40 ¢cm soil
layer (mean + SE). BH, HTQ, LYS, SQL, and ZZS represent
Betula platyphylla, Juglans mandshurica, Larix gmelinii,
Fraxinus mandshurica, and Pinus sylvestris var. mongolica,
respectively. Different lowercase letters indicate significant
differences among tree species.
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Fig. 2 Comparisons of the vertical changes in soil bulk density (A), soil organic carbon concentration (B), and soil organic carbon
density (C) among the monocultures of five tree species (mean + SE). BH, HTQ, LYS, SQL, and ZZS represent Betula platyphylla,
Juglans mandshurica, Larix gmelinii, Fraxinus mandshurica, and Pinus sylvestris var. mongolica, respectively. Different lowercase
letters within the same soil layers indicate significant differences among tree species, and the soil layers without designation of letters

are not significantly different among groups.
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Fig. 3 Vertical changes in the percentage of soil organic car-
bon in each soil layer over the total soil organic carbon in the
monocultures of five tree species (mean + SE). BH, HTQ, LYS,
SQL, and ZZS represent Betula platyphylla, Juglans mand-
shurica, Larix gmelinii, Fraxinus mandshurica, and Pinus syl-
vestris var. mongolica, respectively. Different lowercase letters
within the same soil layers indicate significant differences
among tree species.
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Fig. 4 Comparisons of the vertical changes in soil microbial biomass carbon concentration (A) and density (B) among the mono-
cultures of five tree species (mean + SE). BH, HTQ, LYS, SQL, and ZZS represent Betula platyphylla, Juglans mandshurica, Larix
gmelinii, Fraxinus mandshurica, and Pinus sylvestris var. mongolica, respectively. Different lowercase letters within the same soil
layers indicate significant differences among tree species, and the soil layers without designation of letters are not significantly dif-
ferent among groups.
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kg-m™, (1) kb F 3 E AR bk A A R G SOCH 1)
ASAY T [ 14 (4.4-26.4 kg-m2, “EH1E410.78 kg-m™)
(R 2R, 2011), (HAR LR & /MI 2, FEIH
DRI T~ A9t 5 e >R FH 0 1) 5 [l 77 v A B 17 A A 2 A1 )
MEZREZMTI. Fik, [R5 R B T
X 53 B Tl SOCEZ A ) — Fh A R 5 1 o
31 HFhI LIEBHIREE 0

A FE H AN [R] A% b Al bR (1) SOC % & A8 4k 4k T
Vesterdal 55 (2013) £5 & ik 38 (19 A [R5 AL 77 R Ak
PR 5T 48 2 A 2 1) AR A TE L (1.2-1.8F5) N .
AT 5T A FE R RP A AR0-40 cm+JZSOC A% i 15
FAF B A gl Ak (B 1), 5 Vesterdal %5 (2008) LL &
Mareschal%:(2010) 7 itz 7 [7] 5 [l 1 Bff 7 45 SR — 2K

WATRBL, W A0-10 cmt/ZSOCH B .
F TR Rl BRRR] SOCHE FE K /NI 5 SOC
WRPE MUY HE A —E (E2BA12C), 1t B A ot = 23 ik
SN SOCHR i i3k 1M 1 i L SOCH BE R 1 22 57 772
X PR 22 S v e 5 ARMRRTE YD R R AU %
A F(Mueller et al., 2012). [ FFh & 54 5 25
B~ R AR R, AT A 22 () 8 B N LI Y
KSOC (FFEF44%, 2006; Vesterdal et al., 2008). 1t
A, R IR o -t 8 b ] A ) R 2 v T AR e
(Reich et al., 2005), M5l G865 8 T5 D3 G i N
Bk, i ESOCH# & . MiFhAI10-20 cmt )=
SOCHK R 2 7 B & S5 (p = 0.09), IR
i, HSOCHE &K /M4 5 SOCHK & F A —
F(K2B, 2C), Ui B i i A SOCHK FE A4S
MR SOCHE & . & L E MK, M LIHEwxt
TR )2 3R ) 52 B80S, TR 5 08 9 0% SOC Y
FUIAZR T K (Rasse et al., 2005). & T-FA#£10-20
cm-+JZSOCH FE fe iy, W] Re 51 FAARAME AR 3
B A T L RV A R (R BOR %, 2007). AR
A AT AR 0607 F= 1 5 R WL, 38T BARRAIR
R 1) s (Adam Langley et al., 2006), Mfifie
SR R4 K MSOCHEAT » M 20-40 cm1-J2SOC
TR T A Bh Al AR (K12C), mIRRE B T
BER ARG AR K IR X 33 2 1A 78 (M)
BEE, 2007), IR TR IE TG PR .

9855 5 T & SOC I B B4 A 78, A2 B e
YICL R E ARG, Hoh 54
A RGP & R EEBIR K (Kelleher & Simpson,
2006; Xu et al., 2013). AHFFLH, EHBkMAR. ZKith
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MK SOCH FE 5 1k 2B ) A W) 8 Tl % 55 3 3% T AH O
(2), LI 2 =y T BT A i Je s v (A4
(R FESOCHE FE 38 N ERAR [F) T iR i, 8
BORKAR L 7K AP F 9 7 470 ot £ (90 S ¥4 5%, 2006;
Z=H S, 2007)FIZHAR A= & (] 55, 2008)35 LL
MEMR ST o FHOERHEI, EAEAR LR AE I R
e Ui T AR 2 W ) % (Fontaine et al.,
2007) i SR, Inz R pHAE BRI, T R0
TR A KN ETE, RO SOCH FE K]
TTRRAN 22 (R 2)

R TR FE H niR 2 B A T A M A, AT PR A A
A= W% & (Bauhus et al., 1998). AHI 7T 4% B B,
SOCH# &5 T8 AV e W& 2 535 1EAH S I
gk, HSOCH FE 5 - pHE th 2 IEAHG; B,
PR B 3 A G OR R (3R2) . TR, 1-3%pH
BT e R A P T R 2 52 e SOC S 2, i AN =2
R PR AR B T (kS . BB )M
R IHESOCHIfk 2 Fa 2 M (Mueller et al., 2012). #R1M,
Mueller%(2012)fikiE: TSR IE 5 T Eikfig 2 &
FIEAR . AR MAIIE AR R AT RE A, I
PHE A R 7R LR B FE I — 3 4y, AR L
PRERE (Thomas, 1996). 75 4, ASHF 78 5B Ff i b
SOCH 5 i 5% LX) 0 25 IEAH R (3R 2), REHARM
TR EE S AN R E R RE i, £
AR HLER L FE (Gurmesa et al., 2013).

PR b 38 I b R R R VA N = i
(Hagen-Thorn et al., 2004; Diaz-Pinés et al., 2011) . #}
KRAR R o3 WA S5 AW P2 WD I 77 AR 256 52
SOC# & (Hansson et al., 2013). ESRAHT 5t A A
JE M R IE Y DL KR R B2, H EIR g5 R AL,
AR &) 2 5 B SOCHK B r= A= 2= 5, i3t ] fig
HIESERMRISOCE L2 7, TIRMAEMEY &
DL - e pHAEL DU AT fi () 42 52 e SOC % %

32 Wt HIEENREEERESHIEMN

bEE L ZRNR, FEMERT RGN L
B A N, SIRGEY A E A S R
(Rasse et al., 2005; Xu et al., 2013), K1t & k4 Fhali bk
HIfE0-10 emt E 7 i 2 B HLIST, SOCH EHE A
P = 2 iR 2 B (AR R A, [B14). FIMEMR
20-40 cm/ZSOCH; FEAH X £:(42.81%) i 3% = T3
fd AR FRAlibk . oI EE AT ReA LR RO — 2
MR LB A Y AR R UK, S EURVE I H L
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BREAVRITTERATRREUDN, e AR Rtk
AMEB R B (Jif%%, 2008), HAR REAN T2
&, 20-40 cmtEMRK HER K (0-100 cm) i EL il
BN (RIS, 2012). 5 AMEMA I, SHBRAOAR
0-20 cm-+JZSOCH: & AHXT & & 3 T Ho At b Fp 4l
R(73.79%), 1T REZ 1 T H L IEREY ALY i
(E4), DHIE7E 20 25T ARk AR R 2 A BT 1 ok
K. ¥EHFAMR0-10 em+ )2 SOCHE i 4%t A
(E12C), 1HSOCH & A% /1% i (K1 4), AT RER L R
TR T840 2 Wb () AT MR 3R 2 SOC I T kAR
K(Froberg et al., 2011), M T R 2 A7
MANREZ . v, AR Rk R A A [FSOC
S AR o A A R (2, 1E3), AIRE AN I A AE
FA T EFISOCHE B FHF R AR 521 .

4 ZEig

I 52 Pt 50 A2 SR 26 A T X A0 AR st - 498 A2 )
HBRAL SEIE IR S (1) — A BT TR A
JARAK . BRGNS, TRt ) B 3 o g e 75 22
KIS . RS AR T D 0I5 )2 DA BAR R A
W BE SN R, (HR IR 45 AR B, AP
F B I 2 M SOCHK 11 i 3% Hh 2 040 em+ 2
ISOCH# FE K L H At AFEMFhaibk B A A H
SOC# L M FL /A #s J=), 1 fgA T A RIRFHE %
AN EHHSOCH & F R FEAFFTE.

EemBE BR“+T=—zZ7HH L #E7 8 (2011-
BAD37B01). # F 3 Kix 5 H Fo ) # A A R R X
(IRT1054),

BUM  ROBTE LD AR AR A SRR T BN A
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