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Abstract

Aims Vegetation restoration plays an important role in the accumulation and storage of soil organic carbon
(SOC). Our objectives were to investigate the effects of vegetation restoration on SOC and to explain the under-
lying mechanisms of carbon sequestration during vegetation restoration in the mid-subtropical China.

Methods According to the disturbance intensity and the degree of restoration, we used the space-for-time sub-
stitution method by selecting four different types of vegetation communities, composed of Loropetalum
chinense-Vaccinium bracteatum-Rhododendron simsii scrub-grass-land (LVR), Loropetalum chinense-Cunninghamia
lanceolata-Quercus fabri shrubbery (LCQ), Pinus massoniana-Lithocarpus glaber-Loropetalum chinense conif-
erous-broad leaved mixed forest (PLL), and Lithocarpus glaber-Cleyera japonica-Cyclobalanopsis glauca ever-
green broad-leaved forest (LAG) to represent the successional sequence in the secondary forests in Changsha
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County, Hunan Province, China. Permanent plots were established in each vegetation communities. Soil samples
(0—40 cm) were collected and divided into four layers (0—10, 10-20, 20-30 and 30—40 cm). Soil organic carbon
concentration (Cgoc) and soil organic carbon density (Dsoc) were measured. The main influencing factors on Csoc
and Dgoc were analyzed with Principal Component Analysis and Stepwise Regressions Analysis.

Important findings 1) Along vegetation restoration, Csoc and Dgoc increased dramatically. The Cgoc was the
highest in LAG, which was 12.5, 9.3 and 4.7 g-kg ' higher than in LVR, LCQ and PLL in 0—40 cm soil depth, in-
creasing by 248.5%, 113.1% and 58.5%, respectively. The increments of Dgoc in LAG at 0—40 cm soil depth were
67.1,46.1 and 32.5 t C'hmfz, and increased by 182.0%, 79.7% and 45.6% compared to Dgoc in LVR, LCQ and
PLL, respectively. 2) Correlation analysis showed that Csoc and Dgoc were strongly and positively correlated with
species diversity index, community total biomass, aboveground biomass, root biomass, existing biomass in litter
layer, nitrogen (N), phosphorus (P) concentration in litter layer, soil total P, soil available P, soil C/N ratio (except
Csoc), soil C/P ratio, soil N/P ratio and percentage of soil clay (< 0.002 mm), but significantly and negatively cor-
related with C/N in litter layer (except Dsoc), C/P in litter layer, soil pH and soil bulk density, suggesting that the
differences in Csoc and Dgoc under different vegetation stages were related to both vegetation and soil properties.
3) The results of principal component analysis and stepwise regression analysis revealed that soil C/P, pH, con-
centration of soil clay (except Csoc) and C/P in litter layer were the dominant factors affecting Csoc and Dgoc
during vegetation restoration. Among them, soil C/P ratio ranked first. These results indicated that the differences
in soil C/P ratio, pH, soil clay concentration and C/P in litter layer were responsible for the changes in SOC during
vegetation restoration.

Key words central hilly area of Hunan Province; vegetation restoration; scrub-grass-land; shrubbery; coniferous-
broad leaved mixed forest; evergreen broad-leaved forest; vegetation factor; soil factor
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AR S IR0 R R R FATI IR 2 AR AR AR AR
BARGRIGAT FNZ O N E(ha et al., 2012).

RMSOCTE AT mikfER LI Eh, X
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(ansth EAEYDHRETE A K (BRI AE, 2008; EAISE,
2013). AEWECRINEESE, 2017)%4 M &K, HiE
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(Wang et al., 2011; Ramesh et al., 2015; Zhao et al.,
2015). BEAEMEMIKE, HEYIFSRLA R Lh e AR L ]
35 OO R IR W) R B & L & (Ramesh et al.,
2015) ARMIA L H A (Liu et al., 2014), &E$2
FSOCHI & . HE . fitiE L HFE M (Deng et al.,
2013; Zhao et al., 2015), 4FREHEHEIL LKA P
T 111 60%—75% 7] 237 [ 32 (Lal, 1999); K IRE#7 Pk
T XFSOCH i (Csoc) MR b N T8 # Pk &2 W8 5 3%
GEERIZE, 2009); JRUG4HE(Betula albosinensis)fk
SOC % Ji£ (Dsoc) ¥ % o T IR A 21 M AR (FF I RE 55,
2016), -3 S 3 4 75 IR X Do FISOC ik
B EBERRATEES, 2014); (RIRA1HGE IR E
A HFF-SOCHIF B (Wynn et al., 2006); HIEEN)Z
SOC T % £l J % 1) 3= 2 52 e K] 3 (Weintraub &
Schimel, 2003), NINH|ARARSOCH f#, TMiHE(P)
N -3 SOC /) fi# (Fisk et al., 2015); -3k
Y R 7E SOC [ & « Hefb i 72 b i %5 & 2 /E A
(Griineberg et al., 2013). 1202 43K, fEAEBRAR
FE b, BRARSOCHIRF FiiE AR %, (HH Tk
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Table1l Stand characteristics at different stages during vegetation restoration

wame Y HURLEG AAHEEE SR BEE CPRMG  TORE R S Yok
Restoration ~Dominant plants Composition  Density of 5%  Important Average Average tree Elevation Slope Slope
stage proportion  woody plants  Diversity value (%) DBH (cm) height (m) (m)  aspect
(%) (trees'hm™®) index

HEA-mifi-  HEAK Loropetalum chinense 34.48 18125 0.87 27.46 - 0.85 120-131 %45 18°
FEASHEEEA it vaccinium bracteatum 21.55 18.96 (03-1.8) Southeast
VR #£H% Rhododendron simsii 12.07 14.00

H ¥k Quercus fabri 7.76 10.66

#R5E Castanea mollissima 5.17 2.72

HAth (8%t Others (8 species) 18.97 26.20
HAR-F2A- MK Loropetalum chinense 17.47 7633 1.06 22.02 2.74 337 120-135 pik 22°
FIFREEAM & cunninghamia lanceolata 14.85 1316 (1098 (1.5-65) Northwest
HeQ ¥k Quercus fabri 12.66 11.10

Rt Vaccinium bracteatum. 12.66 9.26

ARZET Litseaspp. 11.35 10.13

FH A (16Ff) Others (16 species) 31.01 34.43
L EK-FT- SRR Pinus massoniana 39.69 17 629 1.91 45.34 5.70 6.54 135-160 P47 20°
BAEIA gy Lithocarpus glaber 25.52 1387 (10-280) (1.5-20.0) Southwest
fif% HéA Loropetalum chinense 11.06 7.43

2135 L Cleyera japonica 3.59 4.11

#E % Camellia cuspidata 3.11 4.02

HAh(22F) Others (22 species) 17.03 2523
Fl-2r3 tb- A Lithocarpus glaber 38.78 19970 2.29 25.75 5.63 5.75 200260 %4 22°
HNHEE 41t Cleyerajaponica 18.70 105 (1:0-40.0)  (1.5-20.0) Southeast
FXEM # X Cyclobalanopsis glauca 5.82 8.90

#~A Cunninghamia lanceolata 5.36 6.14

¥4 Eurya muricata Dunn 5.06 5.73

HoAth(31F#) Others (31 species) 26.28 42.44

55 W ECE A REVE PR AR B A B g AR AT

Values in parenthesis are the range of tree diameter at breast height (DBH) or height of each forest. LAG, Lithocarpus glaber-Cleyera japonica-Cyclobalanopsis
glauca evergreen broad-leaved forest; LCQ, Loropetalum chinense-Cunninghamia lanceolata-Quercus fabri shrubbery; LVR, Loropetalum chinense-Vaccinium
bracteatum- Rhododendron simsii scrub-grass-land; PLL, Pinus massoniana-Lithocarpus glaber-Loropetalum chinense coniferous-broad leaved mixed forest.

THEAE AR F O S5 b (17 A i A A 24 e,

T N VSRR EAR, CEAH DAt A, AR
P TRy Ak B3 SRR AER, 17« B UIENE
7E1.3. 3.6 mALFILLJG2 moN AN X BT, BN 3840 AN
JE2 mFAERS SR ARER, 53 I 58 TRV bR AEA
RN B o7 B AR 4 AT R s TR A4 R
“YZIRZME, DB 0 AELS maAeye B ik
TR, R B e B N, Zai
(<0.2 cm). /ME(0.2-0.5 cm). FHHR(0.5-2.0 cm). K
(> 2.0 cm) ARk, e A AR 6 o B AR 42 0 AT A
i ARAE MR R N8S CHETF &K, it
BN 2H o AR, NS A O )
BAHXAEKTTRE, SRR AR AR & PLLAN
LAGH IR FHERE . RAE . AR ZFHEYE
AR I E TR SLVREE A ], 45 &R TR
VTR, A SRR A7 T AR AR =

AR Y ERE IR 2 TR o
23 JAERYVIEENKR. 28, EMEENINTE

FEDZ R TR TR RS, £E%H
PENLESRE, k60 B ififLAR A7 T FE S+, FFllse
T B TEAR . THIEYZE W RE i i A LK
TEMHERRA-IRRRARZNE, 28 S5EH
K9840 H 2l 9l K i BAX (1L 7R RE R =AU A PR A
Hl, GREDME, A6 S - B b Ak
5E, BANHTREREATIE 2R, BCPIENE
fit (19 B 200 72 25 SR o 4 MDD BEVR VR P 2 R 72 00 s
TEANZR2F 75 o
24 TEMHGHRE. LEBEMOHGE

SERREYE SRR EE TS, 751 m x 1 mif
J7 W24 35 TH, $#%0-10. 10-20. 20-30.
30-40 cm43 )2, MR ERAE LIRS, RIS PR
JIFE HIRAE. LIRS E N BRT, BB
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VIR R SR, ARREA G, %A —FEh3
ANKFE 7 A [R] - J2 1 S A5 o VR A LSRR A,
T BB BERE, 2 5id2. 1. 0.25 mmt3EE, 4
S0l 000 2 - S ks 4L R pHE s TR (AP) & &
SOC. EZ(TN)FI2&E(TP) & & .

33 ik 4 R R R BRI A s pHARL % K
t1:2.5, FHpHITHZEMNE; CsocH B A B HH -V IR R
EVEIE; A RS EHIK9840 [ hdl K & B E,

TP BE 4R B BT LL vk i, AP FH XU IR 3 48 4b
AT LAY 6 B 35 (UV-5100B, _FifEehT {284
FRAF], FHHWE. 4RI AP
WR3IFTR .
25 HIEAIE

% L EDsocFH I N A5

Dsoci = Csoci X BD; x H; x107!
1, Dy NI T ESOCE E (t C-hm ?), Csoci N4

F2  A[EEH KB BT A R TR 2 5RO R CR I E AR R 22)

Table2 Plant community biomass and nutrient characteristics of litter layer at different stages during vegetation restoration (mean + SD)

R B B S A 3 oy WREWRE  FAHEYE FEmE AEDE O RAERE O BEmE O REE HEZ

Restora- Community 445 Root biozmass A CE# NE# PE & C/NEEL C/N - C/PLL C/Pratio N/PLL N/P

tion stage total biognass Aboveground (kg-hm™) Existing biom- C concentra- N concentra- P concentra- ratio in litter in litter layer ~ ratio in
(kghm™) biomass ass in litter lay- tion in litter ~ tion in litter  tion in litter layer litter layer

(kg-hm?) er (kgthm?)  layer (g'kg™") layer (gkg ™) layer (g-kg™)

LVQ 51854+ 22445+ 2029.6 = 9114+ 315.8+£25.3" 9.84+03" 0.30+£0.02a 35.8+2.6" 1532.2+£952" 41.5+29°
2702.5% 1153.9* 1515.7* 653.9"

LCQ 20591.5+ 10 346.7 + 5443.0=+ 4801.8+ 277.2+333" 11.2+0.9*  0.34+0.03" 26.0+0.2° 9142+ 69.4° 357+3.6"
9728.9° 7143.2° 3467.5° 1030.2°

PLL 1291127+ 1076926+ 163329+ 50872+  4241+86" 115+05" 033+0.05" 380+ 16" 1389.7+227.9"36.6=4.4°
19713.5° 16361.6°  3047.6" 1246.1°

LAG 1489754+ 1206952+ 244004+ 3879.8 + 332.3+53.9° 14.0+0.2°  038+0.04" 23.9+3.5° 953.1 +44.6° 403 +4.0°
43 906.4° 13 647.7° 5124.8° 1171.5°

LVQ. LCQ. PLL. LAGF 1. AFFEERRARKE M B2 7] 2 5+ i3 (p < 0.05).
See Table 1for LVQ, LCQ, PLL, LAG. Different letters indicate significant differences among different vegetation restoration stages (p < 0.05).

®3 ANFPIR R BASER BT CP E E bR e 22)

Table3 Soil physicochemical properties at different stages during vegetation restoration (mean + SD)

WA +E AE 0.05-2mm  0.002-0.05mm <0.002 mm pH TP AP C/N C/P N/P

7NEr 7 Bulk  WNEHSEE BRESSE BRESTE (gkg?)  (mgkg™)

Rest- Soil  density Soil sand  Soil silt (0.002—  Soil clay

oration layer (gem ) (0.05-2mm)  0.05mm)  (<0.002 mm)

stage (cm) percentage (%) percentage (%) percentage (%)

LVR 0-101.4+£02% 43.6+4.8"  447+64" 11.7+4.6™ 4502 017+0.16*2.1+0.7% 224+12.5 109.1+£44.74 53+£24™
1020 1.5+ 0.1°® 395+4.1%  57.0+52%  35+1.1" 4702 0.12+003*1.4+0.6" 200+£93* 595+514" 33+30"
20-30 1.5+ 0.1°® 42.0+5.6  56.5+62°°  2.7+09% 48+02% 0.11+0.04*° 1.3+£0.5° 17.7+£9.5" 429+409" 25+22%
30-40 1.5+ 0.1"° 43156  544+£61°° 25£06" 5.0£02% 0.11£0.04*° 1205 13.7£7.7°% 305+374% 25+25%"

LCQ 0-101.4+0.1*° 67.9+2.15  21.6+2.5% 106+24* 48+025 0.12+0.0342.6+ 1.1°% 17.7+6.8% 164.4+455% 100+3.1%
1020 1.6 £0.1°°  60.1+11.1%°  272+9.1%  129+50% 4.9+02*%0.10+0.03*° 1.9+ 0.6°° 163 +4.6"%® 902+299% 6.0+2.8™
20-30 1.6 £ 0.1°° 633 +£3.9%°  26.0+4.9%" 10.7+3.5% 5.0+02*" 0.09+0.02°°1.9+£0.7%° 17.0+£7.5° 724+472% 48+284%
3040 1.7£0.0% 63.4+3.7%" 2584505 10.8+3.4% 51+02* 0.10+0.03*"1.6+0.7*® 125+32  407+17.7°% 35+ 1.6

PLL 0-101.2+0.3% 49.0+18.5* 352+14.0° 158+63% 44+02% 0.15+0.052.5+0.9°% 21.5+34% 217.6+54.6% 102+2.7%
1020 1.4 £02% 452+193% 433 +£18.0° 11.6+8.3% 4.5+03%° 0.13£0.06" 2.0 +0.4%20.1 £6.5*® 103.6+33.3% 55215
20-30 1.5+ 024 43.0+182% 45.6+194% 11.5+6.8% 4.6+03% 0.11£0.06* 1.7 0.8 16.6£4.9*% 727+265% 45+17%
30-40 1.5+ 0.1%  412+18.7% 48.8+19.7* 10.1+7.9% 47+03"° 0.13+0.08%*2.0+ 155 17156 468+224% 31+21%

LAG 0-101.3+£0.1% 26.1+74%  565+84° 17.4+42% 44+03% 025+0.05%28+09% 165+29" 1514+558% 86+3.7%
1020 1.4+ 0.0"° 20.1+3.6"  61.2+4.8"" 18.8+4.8" 4.6+02% 020+0.04%°25+09°" 132+12% 84.7+273* 65+21%
20-301.5+0.0"° 21.8+£52°"  629+£50" 153+£43°°46+02% 0.19+0.04%20+1.0% 11.9+1.6% 674+250" 56+18%
30-40 1.5+ 0.0"° 23.9+£63°°  625£73% 13.6+45% 46+03% 020+0.05%"1.9£09°" 120£1.7%% 633£31.3% 52+24%

AP, IR SR ON, LA OP, LIEBBELL NP, HEERELL; pH, TI3EpHIE; TP, HIEABE T E. WWEMBRE]L. ARKEFRERF
—HEARRARER B W2 57 83 (p < 0.05), NRVNG FEEORF— R LM BN F 2 2 18 2 573 2.2 (p < 0.05).

AP, soil available phosphorus concentration; C/N, ratio of carbon to nitrogen in soil; C/P, ratio of carbon to phosphorus in soil; N/P, ratio of nitrogen to phos-
phorus in soil; pH, soil pH value; TP, soil total phosphorus concentration. See Table 1 for restoration stage. Different capital letters represent significant differ-
ences between different vegetation restoration stages in the same soil layer (p < 0.05), and different lowercase letters indicate significant differences between

different soil layers at the same vegetation restoration stage (p < 0.05).
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+ESOCH E(gkg ), BDLNEI - EAE(gem?),
Hi i+ 2R (cm).

iz FHSPSS 22.04t 1 H A AT HdE Giit- 4 i, 12
FiSigmaPlot 12.5% & FrA HdE 4 8- iE+
FrEdm 22 . R 377 22 0 T (ANOVA) [ fe /)N ¥ 2
ZEHOFE(LD, p< 0.05) T AN FEIVKEZ BB A 12
Csocs Dsocs BEVEAME(SEDE . M LR34
B RREVMEMFEEYZIAAER) FEETRD
FRIE(C. N. P& K&C/N. N/P. C/P)AiI g3 4k 1
JR(RE BRI pHIE . TPF & APEE. C/N,
N/PFIC/P) 1) 2 57 2. 3 VE;  F Pearson#f 5% R 200 #r
Csoc M Dsoc 5 AE# K7 A1 32 R 7 fE o vE; FH=E
R 5353 BT 771553 W SE A TE 78 10 C o M Dsoc 22 A4 HIAE
R 7 A 3R 7, F- 3 Csoc M Dsoc AL 1T 3
BRI T FZED B4 H o6t 25 o o A 45 i 5
SO R AT IR I, TR N BB AR R R
EHip < 0.05, HIBRAZREMFRME P > 0.1, HKH
Guit o] [ FEHEAT RIS, NI 075 126 Hi X Csoc Al
DsocHZ M i KR =

3 FHRMOH

3.1 SOCE&E(Csoo)BIZT it

WMEFR, & 12 Csoc I BEH A K B £ 1
s, HE—LEAFAKEMBEERZE@P <
0.05), 0-10~ 10-20 cm+/ZLVR. LCQSPLL. LAG
Z 5 E#@P<0.05), HLVR5LCQ, PLLSLAG% 7
B E (P> 0.05); 20-30.30-40 cm+ ZLVR 5LCQ.
PLL. LAG, LCQ. PLLELAGZ R &E#(@p < 0.05);
0-40 cm1)Z, LAG5SLVR. LCQ. PLL, PLL5LVR.
LCQZERF I (p < 0.05), HHLAGILLVR. LCQ.
PLLZ; %3 012.5. 93M14.7 gke!, AR T
248.5%- 113.1%#158.5%, FK A IKE B &5
Csoc, 1Ham - IEAERKEE /7.

ANTRIFE A P S i B Csoc Fo1 il 2 338328 52 184 Jim v
TFE, HO0-10 em L2 B F m T HAM3IAN L Z(p <
0.05), W] EXf Csoc A — E HIFZMI(EI ).

32 SOC¥[E (Dsoc)HIZE 1t

WME2FTR, & 12 Dsoc B 11 Pk 52 A2 AL
A5 Cooc B —3, F— L EANFWKE M
BiDsocZ R EF(p < 0.05), HFEE IR,
ANF R B B 2 1) (1) 22 S AN 55 « LVRL LCQ. PLL
HMILAG 0-40 emt:ZDsoc73 5 436.8 57.8. 71.4%1

103.9 t C-hm?, LAGH.LVR. LCQAMIPLL%} 5/
67.1. 46.1H132.5t C-hm >, 73 32 1 182.0%-
79.7%45.6% (E2), W] e ik 5 /) bl A5 HE A
WA R, HANBERE L HER R i R .

[\ w B W
S (=] (= S
T T T 1

TIAYRRE R
Soil organic carbon concentration (g-kg™)
)

0-10  10-20 20-30 30-40  0-40
F3EVREE Soil depth (cm)

Bl A AR B 38 HUaR & i CF S (bR 1 O
7)o LAG, F-ZLiR bb-75 X H S 4K LCQ, MEAR-FZAR-H
PREEAM; LVR, HEAR-FM-FEASHESN; PLL, TR FA-HT-H
AREFFRIRZE I . AFIR'S RS A — £ B A F R E B
Bzl ZERTEEP < 0.05), NE/NGFEERRFE— B
BN BAFR LB Z R 2% <0.05).

Fig. 1 Soil organic carbon concentration at different stages
during vegetation restoration (mean + SD). LVR, Loropetalum
chinense-Vaccinium bracteatum-Rhododendron simsii - scrub-
grass-land; LCQ, Loropetalum chinense-Cunninghamia lanc-
eolata-Quercus fabri shrubbery; PLL, Pinus massoniana-
Lithocarpus glaber-Loropetalum chinense coniferous-broad
leaved mixed forest; LAG, Lithocarpus glaber-Cleyera japonica-
Cyclobalanopsis glauca evergreen broad-leaved forest. Diff-
erent capital letters represent significant differences among
different vegetation restoration stages in the same soil layer
(p<0.05), and different lower letters indicate significant dif-
ferences among different soil layers at the same vegetation
restoration stage (p < 0.05).

125 ¢

[

~ (=

w [=]
T

THCE R

Soil organic carbon density (tC-hm)

N
W
T

0-10 1020 20-30 30-40  0-40
A IEVREE Soil depth (cm)

B2 AS[FIREAR P S B 1 33 A L 2 (P B e 4
7). FEREIL.

Fig. 2 Soil organic carbon density at different stages during
vegetation restoration (mean = D). See Fig. 1 for notes.
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[] — e Pk S B B Dsoc 321 BB A6 - S8 2 38 i
FF%, 0-10 ecm=® 2 Dsoc i & i T HAh3 N E(p <
0.05), LVR. LCQ. PLLHILAG 0-20 cm=+/ZDgoc%r
A 040 ecm 1 JZDsocH177.3%- 70.2%- 75.2%FH
66.8% (K12), RIHSOCEZE A7 T0-20 cm T2
33 Csocr Dsoc5HE#MEF TEETFHHEXXR

PearsontH P73 M 45 (4, F£S5)FEH, Csoc
5. B S E. a4
2. RREWE. AEVZIAE. WEDENS
B, WAEYZEPEE. LIETPEE. HIEAPSE.
TIHEC/NL C/P. N/PLLK<0.002 mmZAiHL FH 7 & & 2
23 (p < 0.05)B b T3 (p < 0.0)IEAHRK R, HIH
HYEC/P. LIEpHE A B R UK R
(P<0.01). 3R HHCsochi 1 1 Pk & 1) A48 k.52 B FE 42
DRl - 1 T 38 R 125 2 DRl TR 52

MFAFIES T LIE H, Dsoc S5 H M 2 B 5L
BE AR, By EYE. RREDE. W
YRR, WIEMENE R, WIEDMEPS .
THETPS &, LEAPS &, LECP. NPH
<0.002 mmZE ki [ S BB R R E(p < 0.05)80H% 2
FE(P<0.0)IEMKXK R, SHEVZC/N. JHEHIE
C/P. T 3EpH{E AZ5 5 5 553 (p < 0.05) B bl & (p <
0.0) AR KR . KDsocH Csoc— 132 BT A
TR IR T SR 2 R
34 CsocfDsocEME FHIERK 5 534

EEREMT, HTAEBRG TR Csoc M
Dsoc )& I 53 Kl 2 [0 B A SR A G, fEERL

F4 LIPS E(Csoo)s % FE(Dsoc) S H T ¥ Pearsontfl & R %L

HAER (A PRAE, 2016) . NP K7 [R] ) 2 B 328
PERZIR, A R T s AR R, AR 9 ad i 3 ik
I3 AT R Csoc M Dsoc AL EZ K+ 407
g (FOERW, TEITH TR P REE KT 1M E
A5, HT7 7 Bt TR A I8 3188.6%, fig [ Bt
ANE] PRl - %F Csoc Fl Dsoc iz M i 46 K5 4015 S 2R 1
FE 5 5<0.002 mmBikiE oS E. RAEDR.
FEv& LAY E AN B MR A SRR, TT %
TR I540.5%; 2 F s 5 EDEC/PAI L%
pHAE A BRM KM, T ZTTHRE N19.0%; B3E MK
-5 EBEC/PHR, JTZE TR N15.1%; H4F
S SREMZCE B, J7ZTTRENI.0%; 5
TR HEEDEN/PAER, JZTTHkH N5.0%. 5
ADERSH, 1. 2. 3FWRS KLIIE B E SRS
HEN74.6%, v UL, 85k & id F2 1 Csoc FlDsoc
(17810 5 +3#<0.002 mmBEki H &8 ALY
i R A E . B YR REYEC/P,
T EpH{E . LIEC/P. VEYECE & LHN/PHIAZ
E DI
35 CsocMDsocEME FHIZE BV 5347

FH T A 23 B HE o AN DR B s e B, A g
SE4 FEIE % R X5 Csoc M Dsoc FIFZ ML, N T 48
7825 X Csoc F Dsoc i Ml I AH A B8 L, X6 32 Ak
I3 AR B 1) 2 BERg R AT IR BA A, I
Bt IS MRS, 53915 3 Csoct5 1 3EC/P. pH
. P& ZCPIIBA EHAR R (K 7)MIDsoc 5 1%
C/P. <0.002 mmZiki (70 & & pHIE. FEMZE

Table4 Pearson’s correlation coefficient between soil organic carbon concentration (Csoc), density (Dsoc) and vegetation factors

WH  EYZRE BES Wb RRE WEEWME O EBYEC BEEMEN BEDEP BEmE O RAENE O BEDE
Item  f&#(Species  EWE s LY/is BIVES s i i % C/NH N C/PH C/P N/PEL N/P
diversity ~Community  Above- Root Existing  C concentr- N concentra- P concentra- ratio in litter ratio in  ratio in litter
index  total biomass ground bio- biomass  biomassin ation in litter tion in litter tion in litter layer litter layer layer
mass litter layer layer layer layer
Csoc 0.293" 0.479" 0.473" 0.478" 0.456" 0.162 0.459" 0.378" —0.240 0279 —0.070
Dsoc 0.326" 0.476" 0.468" 0.495" 0.470" 0.102 0.496" 0.424" -0.318" —0.348" -0.083
n=>52.%p<0.05; ** p<0.01l.
=5 HIEH B S E(Csoc)s % PE(Dsoc) 5 45 F T ¥ PearsonAf ¢ R %L
Table5 Pearson’s correlation coefficient between soil organic carbon concentration (Csoc), density (Dsoc) and soil factors
i H K 0.05-2 mm 0.002—0.05 mm <0.002 mm pH TP AP C/N C/P N/P
Item Bulk density WhRLE 4 MRLE i FbL | o &
Soil sand percentage  Soil silt percentage Soil clay percentage
(0.05-2 mm) (0.002-0.05 mm) (<0.002 mm)
Csoc —0.678" —0.246 0.027 0.637" —0.666" 0.568" 0.727" 0277 0.792" 0.780"
Dsoc -0.551™ -0.209 ~0.007 0.623" —0.623" 0.564™ 0.752" 0.2430 0.796™ 0.8117

n=52.* p<0.05;** p<0.0l.AP. C/N. C/P. N/P. pH. TP [f]5 3.
See Table 3 for AP\ C/N. C/P. N/P. pH. TP.
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Table6 The principle component loading matrix, eigenvalue, contribution rate for vegetation and soil factors

¥ Factor

F k4> Component

1 2 3 4 5

Y% FEMEFREL Species diversity index 0.687 —0.504 -0.200 -0.020 -0.259
VK AR Community total biomass 0.877 0.247 -0.056 0.301 0.169
i #B4> A=) Aboveground biomass 0.862 0.279 -0.054 0.311 0.162
R R AP Root biomass 0913 0.132 -0.13 0.221 0.221
Y27 & Existing biomass in litter layer 0.841 -0.247 0.112 0.180 0.079
FIEYZCH B C concentration in litter layer 0.281 0.562 0.149 0.708 0.001
FVEYIEN4 & N concentration in litter layer 0.786 -0.123 -0.232 —0.011 0.218
VA5 EP4 8 P concentration in litter layer 0.810 -0.360 —0.080 0.199 -0.263
JAVEYZC/NLE C/N ratio in litter layer -0.522 0.625 0.241 0.501 -0.106
AVEYZC/PEL C/P ratio in litter layer —0.622 0.745 0.06 0.12 0.112
JHTEYIEN/PLE  N/P ratio in litter layer -0.204 0.439 0.3 -0.533 0.577
+I3ERE Soil bulk density —0.384 -0.614 —0.367 0.237 0.157
0.05-2 mm#s i 144 & Soil sand percentage (0.05-2.00 mm) -0.531 -0.57 0.549 0.187 0.078
0.002-0.05 mm#Hi F 43 & & Soil silt percentage (0.002—0.05 mm) 0.276 0.615 -0.65 -0.122 ~0.098
<0.002 mmZ R H 7> & i Soil clay percentage (<0.002 mm) 0.914 -0.023 0.174 -0.21 0.043
+3EpHIE Soil pH value —0.575 -0.702 -0.204 0.159 0.195
TIEABES E Soil total phosphorus concentration 0.631 0.342 -0.248 -0.457 -0.291
LI AL S i Soil available phosphorus concentration 0.656 —0.095 0.482 -0.204 —0.187
HIERRE L Soil C/N ratio —0.244 0.446 0.616 -0.205 -0.273
TR L Soil C/P ratio 0.350 0.066 0.861 -0.155 0.191
T HEE WL Soil N/P ratio 0.499 -0.120 0.720 -0.172 0.296
TTHAZE Contribution rate 40.533 18.984 15.113 8.953 4.995
ZRTIEZE Accumulative contribution rate 40.533 59.517 74.630 83.583 88.578

K7 LA NURRS B R RE 8 B A 5 i
Table 7 The stepwise regression analysis for main influencing factors of
soil organic carbon concentration

¥ Factor

1% Model

1 2 3

L IERRBELL Soil C/P ratio 0.141 0.111 0.101
+3EpHIE Soil pH value -17.073 —19.492
HEMZC/PLE .

C/P ratio in litter layer 0-009
HHI Constant term —0.285 82.592 105.516
EZiPSY

Multiple correlation coefficient (R) 0.792 0.874 0912
WA E RE Adjust R 0.620 0.755 0.820
F 84.203 79.603 78.584
p 0.000 0.000 0.000

C/PI4A TR AR Y (8), H A5 HR 7R 14138 2| B i 3 7K
F(p<0.01).

MIEDATTFE & 7 1 R 50T VB H, AR+
X CsocIFZIAE, Csocs HIEC/PREIEM R, 5+
HEpHE AV TE 2 C/P R G, K 2 RE(R)
®W], LHEC/PXI CsocIREMA B R, H e 1 HEpH

B ZB3ANWIETTHE 2 oA ¢ R OR, T AR HETH
I PR A i R T AR P A A R 38 R X Cs o ER R,
ZEAHFEN: Csoc = 0.101H3FEC/P — 19.492 11
pHAE — 0.009F7%¥))ZC/P + 105.516 (R=0.912, p<
0.01)(3R7), RGN LFEH, CsoclIZMZ T
BEC/P. T IEpHIEAREMZC/PLREER S R .

MR8, & Bl X Dsoc B 52 Wil 47 7E 72 57+,
Dsoc5 H3EC/PFI<0.002 mmZhki [ 4> & & 2 IEA
KRZR, 5 HIEpHEMTEMZC/PEMAHI KR,
MR 5 Z BRI AR H, H3EC/PX Dsoc i
oK, HIKAZ<0.002 mmBkL 45 &, FEYZ
C/Pie/ly; B4R FE 2 JoAH R REUR K, XA
[F] Yk 2 B Bt Dsoc e 7 e R REAR FE 8 v, i [l U 7
FEN: Dsoc = 0.124+3EC/P + 0.107 <0.002 mmZhHi
HOSE — 20204 H3FpHE — 0.012087%)ZC/P
+114.025 (R=0.916, p < 0.01), FHDsocHIZE4L T
T2 3 - 3EC/P. <0.002 mmBliki & & . pHAEAN
VR 2 C/PHIAE .
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8 LA WURR B S0 IR (K388 (8] A 43 B
Table 8 The stepwise regression analysis for main influencing factors of
soil organic carbon density

¥ Factor

7 Model

1 2 3 4
+3EC/PLL Soil C/P ratio 0.172  0.141 0.127  0.124
<0.002 mmAEHL H 7 & 0.763 0.565  0.107
Soil clay percentage

(<0.002 mm)

+3EpHAE Soil pH value —12.315 -20.204
THIEWEC/PLL -0.012
C/P ratio in litter layer

HBIH Constant term 1416 -4.094  57.112 114.025
ZIGHR R 0.796  0.865 0.889 0916
Multiple correlation coefficient (R)

WA E RE Adjust (R) 0.626  0.739 0.776  0.825
F 86.325 73.058  60.022 61.066
p 0.000  0.000 0.000  0.000
4 Ve

4.1 HEHRE I CsochIFN

SOC T ER YA T M i b ARG TE)  HoHh P AR &R
(00 3 AN JE B, TR 9 A0 1) 0 g o 23 e O N AR R
H4) 4 A R B (R RE 2 2R R AN [R] 777 7 (Berger et al.,
2002), [AITfIHE HE R B AR AR KAR B R2 35 SOCHE,
WAL R] — Mo X B A — S KA T, AR A
Z B Csoc FATER NI Z F:(Deng et al., 2013; Zhao et
al.,, 2015). ALK IS & — N E B IR AT
e, fEIX/N R, Hh B3 A B %P AR 4k, SOCHE
e 2 KA B3 (Castro et al., 2010; Kunkel et al.,
2011). BEAG AR RIS, WA R CsoclB i 4R
JE . MR K TR AR B RS A1
FE (kS5 2016; FEFESE, 2009). FEEHEBEIKE,
g A T 11 AR A AR RS M SOC i (1) B 22 i A
W LR, Csoc5 T IEHRAL M 5 2 [ A7 7R AR 47 TR AH
FPE(Sa & Lal, 2009); HIEARTE /D, LI B,
FITF VIR R e DA K Hh R KB, H T S0C
FIFL 2 (Sa & Lal, 2009; Griineberg et al., 2013); %
BEE o8 e I IR LL R TR, B KA HL
T W P 31 R TR B & 1k, 33 SOCIR¥F 77,
Csoct B (ZINESE, 2010); HIFENES B INAAES:
FE AR R 1 [ FF e T Gl 5 SR, 2011) 0 A
W, % 12 Csoc i E K E 3G, H
[FA— L EAFRKE B ZE R EE (P <0.05). FAHLE
RIATRE 2 (DBEE MRS, BRI,
RAEEYZ FEETREUE RGERY), BEE B4R &

www.plant-ecology.com

o, MR E AT 2R £,
P 2 o & O (R2), SOCKRIEIE .
PearsontH 70 B 45 B (F4)tHIUESL, Csochl & HETEIH
YRR . BRR AR, ISR
WAL R JIEDERAZE. WEYEN. PEE
(3G I 340, BEE PR TEEC/N C/PIY R BT 1
e QFEEMBIKE, HMERMRE IR, RS
TR k35, W% T HIESOCHIFK, TIEIABIfT
R E, A E R, <0.002 mmEHRLH 5
SRR, ART ARSI R, T
HARILORKBE 770 B ks, B3R SRV RIS
(#£3), SOCIHFFFILRIYE R, X COHCsocs T
HETP. LIEAPE & . £3EC/N. C/P. N/P. <0.002 mm
FRE S EEEEP<0.05)5EE@pP<0.0D)IE
FHIEIRE BRI 43T 45 B FTE (R 5) e R CsocSZ AR
ZRERm, AMUOZBIREEHEMAR . EVE .
JHIEY) 2 07 & R TR 00 & SR M R 1 R 2
W2 TSR R S N T
o, AR, BERLA(LVR). BEARMK(LCQ)KE B4
WIS M(PLL), %+ )ZCsoc 2 Z 1N, BRI E
BB B PLL -4 % 2 (0-10. 10-20 cm) Csoc 51K E
JE WM BRLAGZE R A B3, (HR 5 358 R B 38,
PLLELAGHI Z 1R B2, R4k i #2
SOCHI R FHEE ANk g, ffE— g LD
FA%T TR A AR (PLL) AU 22 Hi X AR 0 A2 36 5 3 A
W N EEE KB B, RIEWKE A e T i
W E, £HESOCHEIE - ERE HEH.
RE R E SRR Csoc BB T T3P
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