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Abstract

Aims Estimating soil organic carbon (SOC) density and influence factors of tropical virgin forests in Hainan
Island provide new insight in basic data for SOC pool estimation and its dynamics study.

Methods The main distribution areas of tropical virgin forests in Jianfengling (JFL), Bawangling (BWL), Wu-
zhishan (WZS), Diaoluoshan (DLS), Yinggeling (YGL) of Hainan Island were selected, and soil samples (0—100
cm) were sampled and analyzed. SOC density was estimated by soil vertical fitting method and soil stratification
method to discover the distribution characteristics of soil organic carbon in tropical virgin forests of Hainan Is-
land.

Important findings Results showed that: (1) The average SOC density using soil vertical fitting method in JFL,
BWL, WZS, DLS and YGL was 14.98, 18.46, 16.48, 18.81, 16.66 kg-mfz, respectively, which was significantly
higher (p < 0.05) than the estimated average SOC density using soil stratification method in these areas (14.73,
16.24, 15.50, 16.91, 15.03 kg'm 2, respectively). It is better to use soil vertical fitting method for SOC density es-
timation when the soil was natural without disturbance. (2) The proportion of SOC content in the first 0-30 cm
depth interval out of SOC in the whole 0—100 cm soil profiles in JFL, BWL, WZS, DLS and YGL was 50.50%,
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48.56%, 43.49%, 47.37%, 42.88%, respectively. (3) SOC density was significantly negative correlated with
Shannon-Wiener index, Simpson index, species richness, and soil bulk density; and was significantly positive cor-
related with altitude, soil porosity, and soil nitrogen. However, SOC density was not significantly correlated to
slope, biomass, average diameter at breast height, or average height. (4) Our study area Hainan was located in low
latitude area with high rainfall and high temperature, which accelerated the decomposition of organic matter and
nutrient recycling, resulting in significantly lower SOC densities in this tropical virgin forests of Hainan Island
than the average value in China.

Key words Hainan tropical virgin forests; soil vertical fitting method; soil stratification method; soil organic
carbon density
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Table 1 Basic conditions of the five tropical virgin forests in Hainan

WA Z 21 4 RSP R PEIEROKER R vy eait] A
Location Longitude (E) Latitude (N) Mean annual Mean annual Elevation Main forest type Main soil type
temperature (‘C) precipitation (mm) range (m)

ENEAT 108.60°— 18.38°- 25-20 1700-2 600  600-1400 fHuRGHR, 11HhRTAK TR I, TR

Jianfengling  109.08° 18.83° Lowland rainforest, Montane ~ Latosol, lateritic yellow soil
rainforest

BT 108.97°— 18.88°— 25-20 1500-2300 6001500 fLHbFEAR. tLHRg Ak [EZAR: NS ie

Bawangling ~ 109.88° 19.33° Lowland rainforest, Montane ~ Latosol, lateritic yellow soil
rainforest

TaEl 109.65— 18.82°— 24-19 2300-2500  800-1800 (lidmyhk, (LidiEaxiath Ak, iR

Wuzhishan ~ 109.78° 18.97° Montane rainforest, montane lateritic yellow soil, yellow
broadleaved evergreen forest  soil

A 109.75°- 18.67°— 25-20 1870-2760  500-1450 ALHLFGAR. 1Ll FEIAR AR Ny 3

Diaoluoshan  110.05° 18.97° Lowland rainforest, Montane ~ Latosol, lateritic yellow soil
rainforest

9 B U 109.18°- 18.82°— 24-20 1800-2700  600-1800 LIHWFRAK. i LRI bR  RELrHE. RGeStk

Yinggeling ~ 109.57° 19.13° Montane rainforest, montane  Latosol, lateritic yellow soil,
broadleaved evergreen forest  yellow soil
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density measured by the vertical fitting method in Hainan
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Location SOC content  Soil bulk density ~ SOC density
(gke ) (gem’) (gke)

N 3% 11.32 1.33 14.98
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T 14.84 125 18.46
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FAg 13.58 1.22 16.48
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EAIN 13.60 1.39 18.81

Diaoluoshan

A 16.26 1.03 16.66

Yinggeling
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Fig. 1 Changes of soil organic carbon content
with soil depth in tropical virgin forests of
Hainan Island. A, Jianfengling. B, Bawangling.
C, Wuzhishan. D, Diaoluoshan. E, Yinggeling.
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Fig. 2 Changes of soil bulk density with soil
depth in tropical virgin forests of Hainan Island.
A, Jianfengling. B, Bawangling. C, Wuzhishan.
D, Diaoluoshan. E, Yinggeling.
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R3 KR LI DL A (SOC, gkg YR LA F(SBD, gem ) G845 W CEBIMHEAR D 22)
Table 3 Soil organic carbon content (SOC, g'kg™") and soil bulk density (SBD, g-cm™) of all soil layers (mean + SE)

+2 Eiftan EN s BT HAR L SEEA G
Soil layer (cm) index Jianfengling (n =30)  Bawangling (n = 30) Wuzhishan (n = 30) Diaoluoshan (n = 30) Yinggeling (n = 30)
0-10 soc 30.35 + 1.5748° 34.71+2.78% 2529+ 1.27% 30.95 + 1.68™ 32.11+2.13%
SBD 1.11 £ 0.03* 0.99 + 0.03% 0.99 + 0.03% 1.16 +£0.04" 0.90 + 0.04%
1020 soc 19.54 + 1.23° 23.08 + 1414 20.88 + 1.5%° 2021+ 1.16" 20.79 + 1.03%°
SBD 1.24 +£0.02°° 1.1+0.03% 1.16 £ 0.03B° 1.27+0.03%° 1.00 + 0.04°®
20-30 soc 12.72 + 0.68%° 16.37 + 1.114%¢ 15.66 + 1.094B¢ 14.08 + 0.68"° 14.88 + 0.837°
SBD 1.32£0.03% 1.22+0.03% 1.23 +0.025 1.35+0.04"° 1.02+0.03%
30-50 soc 9.73 + 0.83"¢ 12.42 +0.97° 12.05 + 0.67°¢ 10.41 £ 0.674% 12.35 + 0.89%¢
SBD 1.37+0.03%¢ 1.27 +0.025 1.26 +0.03% 1.44 +0.02"° 1.06 + 0.04°
50-100 soc 6.72+0.61"° 7.87 + 04473 9.25+0.50% 8.22+0.514% 11.45+1.28%
SBD 1.39+0.03%¢ 1.32+0.024¢ 1.23 +0.025% 1.45 +0.03"¢ 1.05+0.03
0-100 SOCensity 1473 16.24 15.50 16.91 15.03

AFKE FRTR A X ] 25 123 (p = 0.05), ANF/NG FRERRAN A L3R KW 2257 53 (p = 0.05)0 SOCuensivy, A HLEREE -

Different capital letters showed significant difference among different areas (p = 0.05); Different lowercase letters showed significant difference among different

soil layers (p = 0.05). SOClcnsity, s0il organic carbon density.

PCAFELI R HE 773 1 (R4, 35, EI3)KB, Hi
PR IARRE S 7 22 () LD /2 54.9% 0 N1 8RR &
F, WP FE E, Shannon-Wienerf5 %, Simpson#i
B, Pielou¥) S FEFaH, EWE, ORI E, M
ARSEE Az, A8 A HE 2% 8] ) ST koK T P A7 AR
HFEI TR . M2BUAR RAUT B, A LKA
oA w5 5 N w7 5 AN £ -
AR, AR, HIEAE, YRR
BN RE DT WA R Bl AR OB R, I
T e S TR AL . Wik IR, BEHE
HIEAHKR KRR, H LA E, Yh & . Shannon-
Wienerf5 %4 SimpsonfgE HA TG R,

3 iigFnggig

31 TEBNMRESERKREE
I LA VAT IS MG X - 3 L 5
39 11.32, 14.84, 13.58. 13.60. 1626 gkg ', +

R4 MHG TP IR TEZNEFURL. 20 3. 4T IEH . DTk
YRS

Table 4 Eigenvalue, contributive and accumulative rates of principal
component 1, 2, 3 and 4 in the vegetation, topography and soil properties

ES1' %)y FHIE(E Tk E A

Component Eigenvalue Contributive rate  Accumulative rate
(%) (%)

1 5.436 171 33.98 33.98

2 3.352781 20.95 54.93

3 1.918 007 11.99 66.92

4 1.024 251 6.402 73.32

AW E /) 15.21. 18.60. 16.08. 18.81.
16.66 kg'm > 43 JEVE LI 38 WL 3 3 ) A
14.96. 16.47. 15.64. 16.91. 15.03 kg'm . A5

&5 AL HUBR LR R AR 20 3. 4R JCR s
Table 5 Element loading of principal component 1, 2, 3 and 4 in the vege-
tation, topography and soil properties

bR Index PCI1 PC2 PC3 PC4
WiFh A -0.36122 -0.12659 —0.19371  0.173 50
Species richness

Simpson#E 4 -0.24599 -0.38524 -0.15924 -0.01257

Simpson index
Shannon-Wienerf5 %
Shannon-Wiener index
Pielou) ) BEFR AL
Pielou evenness index
o)

Forest biomass

PRI 1 2

Forest canopy density
MRAT- IR 5

Trees average height
WA 4%

Trees average DBH

LR TATIR A ER 7St
Plant individual numbers
per unit area

W 0.08152 —0.066 99
Slope

TR 0.190 56 —0.222 59
Elevation

LR LR

The soil total porosity
et £

Soil bulk density
TR

Soil organic carbon
TR

Soil total nitrogen
BRI

Soil total phosphorus

—0.31091 -0.33854 —0.14916  0.02599

—0.13010 -0.43893 —0.16301 —-0.134 68

0.17437 037581 -0.076 67  0.092 61

0.32861 —0.172 54 0.193 56 —0.102 91

0.22740 -0.357 66 0.171 44 -0.072 60

0.30709 —0.324 36 0.066 92 —0.100 56

-0.31395 0.16162 —0.26597  0.280 35

—0.22718  0.199 30

-0.276 19 0.372 46

030997 0.11885 -0.36186  0.077 20

-0.30997 -0.11885 036186 —0.077 20

0.14354  0.11250 -0.45822 -0.363 67

—0.03558 0.03416 —0.36348 -0.579 54

023548 0.04386 —0.09207 0.42342

DBH, diameter of breast height.
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Fig. 3 The double sequence diagrams of principal component analysis in vegetation, topography, soil properties in tropical virgin
forests of Hainan Island. AL, altitude; BI, biomass; C, soil organic carbon density; CD, canopy density; DBH, average tree diameter at
breast height; GR, gradient; H, average tree height; J, Pielou evenness index; N, soil total nitrogen; P, soil total phosphorus; S, species
richness; SBD, soil bulk density; S/, Simpson index; SP, soil porosity; S, Shannon-Wiener index; 7D, tree numbers in unit area.
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JEIEARAR0-20 cm T IEATHLTR H31.869 gkg ' (7K
V5, 2013), 0G0 BT L H R AR 5 UG AR AR 0-10.

10-30+ 30-60 cm -4 A L5 7 4 (57.31 + 15.46).
(24.90 + 7.06). (13.10 + 4.36) g'kg ' (575, 2012)
12 RS O =i i A T we S I g O = o N )
189.48 kg'm 2 (A= 50 1k2%, 2003). 28 S [ SR 1
ﬂ{jﬁﬁyn(ﬁLLﬂﬂmﬁ w52 ik
BE9.60 kgm * (T4 TH4E, 2005)H110.53 kgm > (E
%ﬁ%ZWWﬂéﬁiaﬁMW%§¥ﬂm¥mﬁ
kg'm > (Batjes, 1996), {H/N T4 b X 24 4 35 e
WJE21.27 kgm © (F5REE, 2001). {HixXLes: 4y
FhARHL . MR, R R, ASBE SR AR 1 I B
AP Ol BRIk, o AR A RS, RSN
DX 5 4 P - A3 AL 3 8 /N T o R R 3T 8
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kg-m ) fiti 5 (14 4 [ bk - 9 LI 5 3 1 - 44,
HE T PH(12.13 kgm ) (3445 2014). 35 [H K
((10.8 kgm 2)FEAFI(8.3 kgm )[R 115
A B % % (Dixon et al., 1994).

www.plant-ecology.com

U B B ARAR L A FEAR T K, &
B DR i P S AR ZR e X, 3 R B K R
G il A5 A I A LTI 23 AN ) 3 Y PRI BA, A
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thm =2, IBCEIME 2102.60 thm 2, 4% 30k L 45 5
ﬁwunh*iﬁﬁmw%QWQMnkm%K%

R PR B A BRI S 2 — 3.
32 TEBAHMKREFEEELEPHIEETK
SAMWEFLIX 0-30 em ¥ L 3T LAk & H AR 1 5
X, WBOJOOCmif¥§%@¢k,m¢030cmiﬁ€
A ML & 85 5 A 0-100 em + 2 1 50.50% -
48.56%- 43.49%. 47.37. 42.88%. SKHEHZE(2014)
[P 50-30 cm 1 )2 (A HLBK 01 ik 26 /2 46.77%
Baties (1996)fJ1F570-30 cm 38 m5 I 7E 23R &2
3P P B DTk R N 49% . BT IIAE(2014) 1K)
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191040 em+ = T3 HUBRAE S0 RS BHE X
M DR ZE AE43.5% . 2= 9 TH45(2014) IHF510-30 cm
)2 A HURR 55 B AR VT 75 48 4R AR AR L1 DTk
HA50%LAT . TIEEE(2014) BT 9T0-30 cm 345
WL % B A VL P vh 58 5y R KA (Pinus  massoniana) K
SRR RIS 2 1) TR R AE41.3%-52.4%2 [A] . Liu%
(2012)[HFFL10-20 om L3834 WLAK 2 JEAE 5
3 e S 2R AL B 7 AN R B R T (R DT R 6 A 43% o AN SL S
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s, IR HL N AR R AR IR IR E T3, Wk
J2 A LR R B B DTRR AR
33 TEAHKREENZIMEER

Vg v B AR LR AR IX - 3T LA 2 5 55 Shannon-
Wienerfi 41+ Simpsond5%i. ¥hp =5 2 FUAH S
o Roem%5(2002) WL R YA 2 0E S 1455
o A K IR . DiTommasoFllAarssen (1989)HF 5%
RO EARYIRE R LR i PR, B
JE(2010)BIF TN A AN [ R AL B B V5 L 2 FE R FR 2L
B - A LRSI I Im BR A o B2 S B S5 (2012)IF TR
WIEARJZ R 2 M 2 FEPE 5 T e m it & Wl
AN M 18555 (2008) 1 57 WA 24 Shannon-Wiener
fadi. Simpsonfi i 5 HHEA LS B A, &
MEE (2006) i 57 4 BH #E K )2 1¥) Shannon¥5 % 5 + 1
AN E PG, 70 R B3 IR AR, )
P 2 HAR R - ) SR P i 2 P, X5
B E Y BOEFNTEYE T 5 e TSR s YRR o, ok
TG W R I o 8 TR oy e IR, A A 2
A MU BB 2 R ER > . 4, iR
Sy A E I, RNt = 7R REAR PR SR
R, FF FUREIE o D 3 0 DX 3 HE B LA A it
A (Gough et al., 2000), Xu%:(2015)%F UG U4 A7
MR 502 WA AT T A0 43 20 A1 A6 A2 ) 22 K M A
T 7, HARSCRE S o 2 RS 14
A WU B AR DG, WOohs A o A iy I AL
e B nT e i, RIUL, 3N SCRE T R FARAR
PIXNALEEY) 2RI T o AW
AN S TR E ARG, 7 o JE R (FL 2K
7, 2007) m FEBIX (RIETEPEA LK) (R HEAE,
2005), = B RADCARIRR R (FR 4R, 2013) 6 =K
AR (R T, 2012)55 A MU T S

B EAAAIK R FE5E W T 358 B 1 %5 [N 1
IR RO AR RE ) R R (42.0%), TR
I, P T RIS, Lk, ART A
BUBIAT A0 3 fift (2 25 LR 3UAE, 2000).

T B S bR BTG . G
TIREHUESE, 2014), % =K PR s (BT
2,2012) BALTE R (L HB AR AR (R G0 4058, 2012)
JE L CREAT 805, 2011) 834 L b3 30 By LUk geopk
(5 A A, 2006)F1H A 77 (B 5%, 2008; Fu et
al., 2011; BKJ 8%, 2010 RS 8 BB i
TR . R T S BUR K, 28R IR
D BRI IRAR 5 R AT B 43 UTRAE T,
At ST HLER AR PR AT B AE, 2011). (RIEEA
H T 2 e T B A LR A R bk, et T
BUAR BB T Ot L5, 2008).

FRAMRBII A 224 4 W F 4 BRAS Ak 2 R 1 AR Al 35
Jith, AR s 28 B AT RS R R A TR )&
BACE & gl K2, JTRARMBIITTE
A AEA DT BB T8 IR I R S Y
Wit P BT B AR T I DB FEROR, AR
BERET), AR
E4UH +TEAFREX%RELEFHKER
(XDA0505020602). E & B KA+ K 4£(31290223)
Foop R BN 2 M FHAR IR BT AR KA AR A 4 3 £ R
(RITFYWZX2012-0242CAFYBB2014QA010).
Bt RSt R ARA A A% B R EF AL
MR TEAR, FEARLBHE R, LA
AAR, BAE LR AHET . KENEBMXAR £
FFIMAE . RAF AT AT a9 8.

Sk

An SQ, Zhu XL, Wang ZF, Li GQ, Chen XL (1999). The plant
species diversity in a tropical montane rain forest on
Wuzhi Mountain, Hainan. Acta Ecologica Sinica, 19,
803-809. (in Chinese with English abstract) [Z##, 4
oy, R, AR, PR (1999). iR LR A
H LR AR R ) B 2 R PR T AT AR A AR, 19,
803-809.]

Batjes NH (1996). Total carbon and nitrogen in the soils of the
world. European Journal of Soil Science, 47, 151-163.

Cai HD, Zhang W, Jiang JF, Nong SJ, Fang YK, Xiong XF
(2014). Estimation and distribution patterns of organic
carbon stock in forest soil in Guangxi. Journal of Nanjing
Forestry University (Natural Sciences Edition), 38(6), 1-5.
(in Chinese with English abstract) [8%4>f# K, VLAR

doi: 10.17521/cjpe.2015.0314

©U0 000 00O Chinese Journal of Plant Ecology



300 MY A=A Chinese Journal of Plant Ecology 2016, 40 (4): 292-303

e, AMERF, JrAHE, REWEE (2014). JUTUARMR T HEA
HUBR A oAt 55 S 2 TR R SRR AIE. B MR R 22 22 4R (A
REBLERR), 38(6), 1-5.]

Cao QM, Wu PF, Zhao CM, Qin JW, Jiang JS (2012). Latitude
distribution of soil organic matter and its influence of cli-
mate factors in rubber planting areas in Hainan Island.
Guangdong Agricultural Sciences, 39(7), 85-87. (in Chi-
nese with English abstract) [B 5 [, 28K, BEMH, =
LR, HAE (2012). AR X A LR L A
FEAE R AR g R 2. )RR RN, 39(7), 85-87.]

Chen W, Meng M, Qiu Q, Feng X, Yang B, Xu YM (2013).
Comparison of soil organic carbon of four forests in tropi-
cal Yunnan. Journal of West China Forestry Science,
42(3), 79-85. (in Chinese with English abstract) [[%:fF5, i
A, L, TEBR, %, Mk, 1R, 2013, A RHAIX4
bk 43 L3 HURR (1 LEACHE 5. POV, 42(3),
79-85.]

Chen XH, Yu XB, Xue Y, Wang XY, Cui XB, Ding X (2014).
Litter and soil soluble organic carbon feature of three
vegetation types in Wenchang, Hainan Island. Chinese
Journal of Tropical Crops, 35, 2043-2049. (in Chinese
with English abstract) [Bf/NME, &FTkx, Bit, T/NHE,
T, THER (2014). 930 B3R AL D) S
TIEAHIR 0. AT VERI IR, 35, 2043-2049.]

Cui HX, Xiao WF, Pan L, Huang ZL, Pang HD (2012). Char-
acteristics of soil carbon storage of Abies fargesii forest in
Shennongjia. Scientia Silvae Sinicae, 48(11), 107-111. (in
Chinese with English abstract) [4£ifk, ¥ Wk, &%,
POERR, TS, 2R (2012). fRALELAZH +
i fE R IE. Mok, 48(11), 107-111.]

DiTommaso A, Aarssen L (1989). Resource manipulations in
natural vegetation: A review. Vegetation, 84, 9-29.

Dixon RK, Solomon A, Brown S, Houghton R, Trexier M,
Wisniewski J (1994). Carbon pools and flux of global for-
est ecosystems. Science, 263, 185-190.

Du HP (2007). Correlations Between Soil Organic Carbon
Fractions with Variable Links to Soil Physical in an Alpine
Pastureland. Master degree dissertation, Gansu Agricul-
tural University, Lanzhou. 1-11. (in Chinese with English
abstract) [FLESF (2007). e HIRA LKA 57 2
8] S A5 MUBR AL 4 5 - S B v o 2 I A e k. 1
B3, HR AR, 22 1-11]

Du YX, Wu CJ, Zhou SX, Huang L, Han SM, Xu XF, Ding Y
(2011). Forest soil organic carbon density and its distribu-
tion characteristics along an altitudinal gradient in Lushan
Mountains of China. Chinese Journal of Applied Ecology,
22, 1675-1681. (in Chinese with English abstract) [#1:74
B, RN, HIREE, MR, FREE, T, T
(2011). J Ll AN [ B AR AT WU 3 82 2 53 AR
I AE AR, 22, 1675-1681.]

www.plant-ecology.com

Fang JY, Chen AP (2001). Dynamic forest biomass carbon
pools in China and their significance. Acta Botanica
Sinica, 43, 967-973.

Fang JY, Liu GH, Xu SL, Wang GC, Wen YP (1996). Carbon
Storage of Terrestrial Ecosystems in China. China Envi-
ronment Science Press, Beijing. 128, 391-397. (in Chi-
nese) [T A5 =, XEE, Fadd, TR, W EE
(1996). 1 [E i AR A8 R GE AT, op FE RS RE H i
#, Jb5t. 128, 391-397.]

Fang YT, Mo JM, Browns S, Zhou GY, Zhang QM, Li DJ
(2004). Storage and distribution of soil organic carbon in
Dinghushan Biosphere Reserve. Acta Ecologica Sinica,
24, 135-142. (in Chinese with English abstract) [}/ I8 7E,
SLITHA, Brown S, JAIEIR, 5KAGYH, 187 (2004). 4
W B SR R4 X 3 A HL I B R > B AE. 2R
K, 24, 135-142.]

FAO (2010). Global Forest Resources Assessment 2010: Main
Report. http://159.226.251.229/videoplayer/i1757¢.pdf?ich_
u_r_i=c4b8ebaec4Obab7al22b7fcac2a6d7a01&ich s t a r.
Cited: 2015-08-27.

Fu W, Zhao K, Zhang C, Tunney H (2011). Using Moran’s 1
and geostatistics to identify spatial patterns of soil nutri-
ents in two different long-term phosphorus-application
plots. Journal of Plant Nutrition and Soil Science, 174,
785-798.

Geng GP, Gao Peng, Lv SQ, Zhang J (2011). Spatial distribu-
tion of soil organic matter and total nitrogen in Matiyu
small watershed in hilly area of middle southern Shandong
Province. Science of Soil and Water Conservation, 9(6),
99-105. (in Chinese with English abstract) [Hk)" 3, =i,
F2EME, TKRAY (2011). 5 rh g il DSy BRI/ s A
MU RN A 05 ) oy AR E . o K 1R FEREE, 9(6),
99-105.]

Gough L, Osenberg CW, Gross KL, Collins SL (2000). Fertili-
zation effects on species density and primary productivity
in herbaceous plant communities. Oikos, 89, 428-439.

Guo YF, Yao YF, Qin FC, QI W, Wang X, Chang WD (2014).
Impact of terrain factors on soil organic carbon in Laoha
river basin. Journal of Arid Land Resources and Environ-
ment, 28(2), 156-161. (in Chinese with English abstract)
(BT, Whmlg, Z=e G, #5665, Tk, WA (2014).
HU T DR 0 ) s L S LB K S . T R X BT
WS, 28(2), 156-161.]

Hao QY, Liu Q, Wang SQ, Zhong QX, Wang YC, Ruan CL,
Yan TL, Du S, Huang YC (2013). Biomass of forest com-
munities at different altitude regions in Yinggeling mon-
tane tropical rainforest, Hainan Island. Journal of Tropical
and Subtropical Botany, 21, 529-537. (in Chinese with
English abstract) [#iF L, Xok, IR, B, £
Wi, Bk, MaE R, FH3E, 250 (2013). B aRiE L
b ARAN [R] ¥4 X AR R v 1) A2 I . R4ty S A4

©U0 000 00O Chinese Journal of Plant Ecology



P g v By JUR AR LA X AT WU 3 MG 3 301

HHIYIEEIR, 21, 529-537.]

Hu QW, Ouyang H, Liu XD (2006). Distribution characteristics
of soil organic carbon and total nitrogen along the altitud-
inal belt in the northern slope of Qilian Mountains. Jour-
nal of Mountain Science, 24, 654-661. (in Chinese with
English abstract) [#H)A 1, BRFA4E, X1, 2006. 1%
b 3 T A AR N AT AR AR LA R, 24
654-661.]

Huang CM, Gong ZT (2000). Study on pedogenesis and devel-
opment of mountain soils in Jianfengling mountain area.
Journal of Mountain Science, 18(3), 193-200. (in Chinese
with English abstract) [H8, 28R (2000). ¥ &R
DA sth X 1L b 3R AR R, 1L EAAR, 18(3), 193-200.]

Huang YF, Ding Y, Zang RG, Li XC, Zhou ZC, Han WT
(2012). Spatial pattern of trees in tropical lowland rain
forest in Bawangling of Hainan Island, China. Chinese
Journal of Plant Ecology, 36, 269-280. (in Chinese with
English abstract) [z, T 5, BOMEE, 45/, 480E
M, EEICVE (2012). R I B 0 B AR R AR A 1

TR R, R EIR, 36, 269-280.]

Huang YT (2013). Comparison of Soil Properties under Dif-
ferent Succession Series of Tropical Lowland Rain Forest
in Bawangling, Hainan Island. Master degree dissertation,
Southwest University, Chongqing. 12-35. (in Chinese
with English abstract) [Hki% (2013). ¥#rd i TG HGHY
B b TR BRAS )R B 5 S A T i L AL, A iR S
PR R, HER. 12-35.]

Jiang HS (20006). Biodiversity and Protection in Diaoluoshan,
Hainan. Guangdong Science and Technology Press,
Guangzhou. (in Chinese) [JLiEH (2006). #5524
WZFEVE R SLORY. | ARRHE AL, ]

Jiang YX, Lu JP (1991). Tropical Forest Ecosystem in Jiang-
fengling, Hainan Island, China. Science Press, Beijing. (in
Chlnese) CEATZE, JTRE (1991). v [y R B e iU

MRS RSE. BHesst, Jeat)

Ke XD, Zhang L, Su ZR (2012). Variation of soil organic car-
bon content along altitudinal gradient in subtropical mon-
tane forest in North Guangdong. Journal of Ecology and
Rural Environment, 28(2), 151-156. (in Chinese with
English abstract) [FT4R4, 7K#%, k38 (2012). Bk
IR QIE: IRy N w s R VIR T SIEMAE Ty i1 R A S
LR ARSI, 28(2), 151-156.]

Lal R (2005). Forest soils and carbon sequestration. Forest
Ecology and Management, 220, 242-258.

Li FY, Li XM, Chen LY, Guo B, Qi ZP (2008). The analysis of
soil nutrient situations in Wanning of Hainan Province.
Chinese Journal of Soil Science, 39, 1284-1287. (in Chi-
nese with English abstract) [Z=4m#E, ZXVF, BRAIHEE, 25
W, BT (2008). WHERIJT T RIESROPIROLMHT.
HEImAR, 39, 1284-1287.]

Li KR, Wang SQ, Cao MK (2003). China vegetation and soil
carbon. Science in China (Series D), 33, 72-80. (in Chi-
nese) [Z5eil, T4, HWIE (2003). R4 L
Tt ik, T ERE (D), 33, 72-80.]

Li L, Zhou XY, Huang ZL, Wei SG, Shi JH (2006). Study on
the relationship between a diversity of plant community
and environment on Dinghushan. Acta Ecologica Sinica,
26, 2301-2307. (in Chinese with English abstract) [Z=4K,
FNG, BURR, BT, LA (2006). S LAEY)
IR Z SRR G R, 454K, 26, 2301-2307.]

Li YD, Chen BF, Zhou GY (2002). Research of Tropical Forests
and the Protection of Biodiversity in Hainan Island, China.
China Forestry Publishing House, Beijing. (in Chinese) [Z%
B, BRbie, B (2002). Hb R PR ARAR K
HAMZFEERI T, TPEMO L, Jbnt]

Li YS (2014). Study on soil organic carbon storage and carbon
sequestration of main forest type in Jiangxi Province.
Guangdong Agricultural Sciences, (14), 154-158. (in
Chinese with English abstract) [ZEU:Ft (2014). JLVH4
SRS BRPR SR SRR B KRR B RIS, T AR AR,
Rl2E, (14), 154-158.]

Li ZH, Wang SH (2000). Effects of soil bulk density on soil
physical properties and wheat growth. Chinese Journal of
Soil Science, 31(2) 55-57. (in Chinese with English ab-
stract) [ZE&yt, TWAE (2000). 37 d6 L3y B
PRRAVNZ AR m. H3EE R, 31(2), 55-57.]

Liu HN, Chen BL (2012). Amphibian fauna of Hainan Yingge-
ling Nature Reserve, with new genus and species records
for Hainan Island. Chinese Journal of Zoology, 47(1),
51-61. (in Chinese with English abstract) [XHJ*, [43IE
5 (2012). NS AU AR AR IS PR BI X 5
Tt BT et k. s Riks, 47(1), 51-61.]

Liu W, Chen S, Qin X, Baumann F, Scholten T, Zhou Z, Sun
W, Zhang T, Ren J, Qin D (2012). Storage, patterns, and
control of soil organic carbon and nitrogen in the north-
eastern margin of the Qinghai-Tibetan Plateau. Environ-
mental Research Letters, 7, doi:10.1088/1748-9326/7/3/
035401.

Long WY, Yang XB, Wu QS, Li DH, Guo T (2008). Charac-
teristics of Alsophila podophylla population and its com-
munity in the tropical rainforest in Wuzhi Mountains. Bio-
diversity Science, 16, 83-90. (in Chinese with English ab-
stract) [JE3CX6, My/hik, SR, 254k, #8VE (2008).
TR Ll AR R AR SR A RS B S L DT AE VR R AR, )
Z FEPE, 16, 83-90.]

Lu QL, Wang GB, Yang P, Zheng AB, Ruan HH (2012). A
review on the estimation methods of carbon pools of forest
ecosystems. Journal of Nanjing Forestry University
(Natural Sciences Edition), 36(5), 155-160. (in Chinese
with English abstract) [BFKFS, EE &, #°F, BT,

doi: 10.17521/cjpe.2015.0314

©U0 000 00O Chinese Journal of Plant Ecology



302 MM AR Chinese Journal of Plant Ecology 2016, 40 (4): 292-303

Brote (2012). AR R GEAS IR T ik A 5577
VRO B UM R o R (B AR B, 36(5),
155-160.]

Lu RK (2000). Soil Agricultural Chemistry Analysis Methods.
China Agricultural Science and Technology Press, Beijing.
(in Chinese) [&4ndf (2000). 34N AL 223 H7 )5 V.
HEANE AR H Rk, JE5T]

Pan P, Gan WF, Ouyang YZ, Xiao X (2014). Relationship be-
tween the contents of soil organic carbon, total nitrogen,
total phosphorus and soil organic carbon density of Pinus
massoniana nature forest. Journal of Northwest Forestry
University, 29(6), 1-5. (in Chinese with English abstract)
[ IS, T SCus, BRBHWE, FK (2014). B JRFARIAM
TR A RS B S ERE LG R. WHAEMR AR B4,
29(6), 1-5.]

Parker JL, Fernandez 1J, Rustad LE, Norton SA (2001). Effects
of nitrogen enrichment, wildfire, and harvesting on forest-
soil carbon and nitrogen. Soil Science Society of America
Journal, 65, 1248-1255.

Pielou EC (1975). Ecological Diversity. John Wiley & Sons,
New York.

Roem W, Klees H, Berendse F (2002). Effects of nutrient addi-
tion and acidification on plant species diversity and seed
germination in heathland. Journal of Applied Ecology, 39,
937-948.

Schmidt MW, Torn MS, Abiven S, Dittmar T, Guggenberger
G, Janssens IA, Kleber M, Kogel-Knabner I, Lehmann J,
Manning DA (2011). Persistence of soil organic matter as
an ecosystem property. Nature, 478, 49-56.

Shi LL (2012). Study on the Spatial Heterogeneity of Soil
Physical and Chemical Properties of Primary Tropical
Montane Rainforest in Jianfengling, Hainan Island. Mas-
ter degree dissertation, Chinese Academy of Forestry, Bei-
jing. 30-74. (in Chinese with English abstract) [ 755
(2012). ¥ S UG ARy L1 Hhy Y A J5 G R - S 0 1
2B AR TR ST i S, o E AL RRERT ST, b
5. 30-74.]

Shi RH, Bao SD, Qin HY (1996). Soil Agricultural Chemistry
Analysis. 2nd edn. Agriculture Press, Beijing. (in Chinese)
LA, 65 FL R0 (1996). LHERMAT. 3
Ji. Ak A, dEst]

Shi Z, Wang JS, He R, Fang YH, Xu ZK, Quan W, Zhang ZX,
Ruan HH (2008). Soil respiration and its regulating factor
along an elevation gradient in Wuyi Mountain of South-
east China. Chinese Journal of Ecology, 27, 563-568. (in
Chinese with English abstract) [, VEZ4L, %, 7
My, IR E M, BUE, KM, Braite (2008). i
AN TR AR R R B P IR . AR EARA, 27,
563-568.]

Tan LX, Fu CL, Pan SQ, Liu GB, Xie LS (2012). Soil nutrient
status at Zhayun, Qiongzhong County of Hainan Province.

www.plant-ecology.com

Chinese Journal of Tropical Crops, 33, 816-820. (in Chi-
nese with English abstract) [ &5, fHfE R, @K, x|
i, R E (2012). #RBh BA1IE 2 R R0
WL, BFERIR, 33, 816-820.]

Todd-Brown K, Randerson J, Hopkins F, Arora V, Hajima T,
Jones C, Shevliakova E, Tjiputra J, Volodin E, Wu T
(2014). Changes in soil organic carbon storage predicted
by earth system models during the 21st century. Biogeo-
sciences, 11,2341-2356.

Wang CT, Long RJ, Liu W, Wang QL, Zhang L, Wu PF
(2010). Relationships between soil carbon distribution and
species diversity and community biomass at different al-
pine meadows. Resources Science, 32, 2022-2029. (in
Chinese with English abstract) [FACEE, ki %, XIFh,
TaE, KA, RMEE (2010). 5 IE R AN R 2
TR SRR AR OCR. BIERE, 32,
2022-2029.]

Wang HY, Lei XD, Lu YC, Zhou YH, He CL (2009). Com-
parisons of soil chemical properties under four typical for-
est stands in Hainan Province. Forest Research, 22(1),
129-133. (in Chinese with English abstract) [ F#F#E, 77
HIR, WGE, FIREHE, FTAEM (2009). HErI4F ST
gy AL A R TR ST AR RE B ST, 22(1),
129-133.]

Wang SF, Wang XK, Ouyang ZY (2012). Factors controlling
soil organic carbon and total nitrogen densities in the up-
stream watershed of Miyun Reservoir, north China. Envi-
ronmental Science, 33, 946-951. (in Chinese with English
abstract) [FW77, FaEL BRHEZ (2012). % =K
b R AT WU N 4 U SR R R B AT R
Rl2#, 33, 946-951.]

Wang SQ, Liu JY (2002). Research status quo of impact factors
of soil carbon storage. Advance in Earth Sciences, 17,
528-534. (in Chinese with English abstract) [T 24H5%, X
008 (2002). IR BE AR AL 52 w0 R = A ST IR
HiERRLEEE R, 17, 528-534.]

Wang SQ, Zhou CH, Li KR, Zhu SL, Huang FH (2000).
Analysis on spatial distribution characteristics of soil or-
ganic carbon reservoir in China. Acta Geographica Sinca,
55, 533-544. (in Chinese with English abstract) [ 254,
PR, ZEviik, ARFANE, 3540 (2000). HHE 4 HEA
BUBR P S A3 10 S ARAAE 23 A7, M BRI, 55, 533-544.]

Wang SQ, Zhou CH, Liu JY, Li KR, Yang XM (2001). Simula-
tion analyses of terrestrial carbon cycle balance model in
Northeast China. Acta Geographica Sinica, 56, 390—400.
(in Chinese with English abstract) [ £285%, Ji85E, X4
T, ZETOik, MBEAE (2001). ZRCAbHb DXl AR A R T A
B AT, MBI, 56, 390-400.]

Wang WIJ, Zhang M, Liu FD, Zheng JW, Wang ZS, Zhang ST,
Yang WIJ, An SQ (2007). Species association in tropical

©U0 000 00O Chinese Journal of Plant Ecology



P it v ey By ISR AR AR 2 20 AT X AT L E MG 3% 303

montane rain forest at two successional stages in Diaoluo
Mountain of Hainan Island. Biodiversity Science, 15,
257-263. (in Chinese with English abstract) [ 3CHE, K
B, AEAE, e, ik, REE, MO, wmTE
(2007). R 5 15 %4 L1 AT L1 R BR A S8R B B Ao
IR TE. B2 HEE, 15, 257-263.]

Wu ZM (1997). A preliminary research on the carbon storage
and CO, release of the tropical forest soils in Jianfengling,
Hainan Island. Acta Phytoecologica Sinca, 21, 416—423.
(in Chinese with English abstract) [ (1997). 24
U B AR AR 3R Al M COLHE B BT T, M)
HEAEIR, 21, 416-423.]

Xiao DR, Tian K, Zhang QL (2008). Relationship between
plant diversity and soil fertility in Napahai wetland of
Northwestern Yunnan Plateau. Acta Ecologica Sinica, 28,
3116-3124. (in Chinese with English abstract) [ {2,
FHEE, FKRARL (2008). PG 1L I 4h i it R ) 22 4
PSR, AR, 28, 3116-3124.]

Xu H, Detto M, Fang S, Li Y, Zang R, Liu S (2015). Habitat
hotspots of common and rare tropical species along cli-
matic and edaphic gradients. Journal of Ecology, 103,
1325-1333.

Xu X, Chen YQ, Wang JS, Fang YH, Quan W, Ruan HH, Xu
ZK (2008). Variations of soil labile organic carbon along
an altitude gradient in Wuyi Mountain. Chinese Journal of
Applied Ecology, 19, 539-544. (in Chinese with English
abstract) [#REK, BRHZ:, VESAL, J7#ens, B, B
e, PR A (2008). s A Rl RS AL
Ak, AR FR, 19, 539-544.]

Xu XL, Cao MK, Li KR (2007). Temporal-spatial dynamics of
carbon storage of forest vegetation in China. Progress in
Geography, 26(6), 1-10. (in Chinese with English ab-
stract) [FR0BT R, W2, Z=50ik (2007). AR A
BRGNS A AT AT, BB
26(6), 1-10.]

Xu Y, Zhang FR, Duan ZQ, Zhang L, Kong XB (2005). Calcu-
lation method for density and storage of soil organic car-
bon. Chinese Journal of Soil Science, 36, 836-839. (in
Chinese with English abstract) [{f#fi, 5K %%, Brifs,
FRIE, FLAE (2005). DR A LR B K i e v
SO, HEGER, 36, 836-839.]

Yao XL, Cheng YS (1986). Soil Physics. Agricultural Press,
Beijing. (in Chinese) [$k'F B, FE=4: (1986). i
7 Aok, dEst]

Yu DS, Shi XZ, Sun WX, Wang HJ (2005). Estimation of
China soil organic carbon storage and density based on
1:1000000 soil database. Chinese Journal of Applied
Ecology, 16, 2279-2283. (in Chinese with English ab-
stract) [T-4JF, S221E, bk, T (2005). HET
1:10027 -3 Btk P £ o [ 35 A B a2 2 S it 0T

N AR, 16, 2279-2283.]

Zang RG (2010). Main Function Group of Conservation and
Restoration Ecology Basis in Tropical Virgin Forests of
Hainan Island. Science Press, Beijing. (in Chinese) [/
(2010). ¥ Fg 5y FHT R IR EE D BERE IR 5 R
08 S - i R S e Y o | 10

Zhan ZY, Li XG, Zhang DG, Wang ZF (2005). Effects of land
use on organic C concentration and structural properties in
alpine grassland soil. Acta Pedologica Sinica, 42,
777-782. (in Chinese with English abstract) [J 5, 2=
ANRI, IR, T (2005). I 5 2O s UX 1
AT LR S S A Ve B S . R, 42,
777-782.]

Zhang L (2013). Soil Organic Carbon in Mangrove Forests and
Its Relationship with Soil Factor in Qinglangang, Hainan.
Master degree dissertation, Henan University of Science
and Technology, Luoyang. 13-32. (in Chinese with Eng-
lish abstract) [3KA] (2013). G HMELURE R 447l
B S 3L IR 7 R RESE. W8 S0, WRIRRSCK
%, WERI.L 13-32.]

Zhang XL, Wang S, Wang X, Wen GS, Liu HW, Li JL (2014).
Soil organic carbon storage of Diaoluoshan Natural Re-
serve in Hainan. Chinese Journal of Tropical Crops, 35,
362-368. (in Chinese with English abstract) [5KIEHk, T
i, S, ORI, XSS, FEER (2014). R MY
1 SRR X 3G LB E . SR 244, 35,
362-368.]

Zhao AJ, Hu TX, Chen XH (2009). Influence of subtropical
forest ecosystems types on spatial heterogeneity of surface
soil organic carbon. Journal of Natural Resources, 24,
1748-1756. (in Chinese with English abstract) [#XZZ¥A,
WIBEX, WR/INEL (2009). ARSI N T HER R A HLIK S
)5 PR SR, F AR BHIR A, 24, 1748-1756.]

Zhao GS, Li YS, Gao J, Li FD (2014). Storage and spatial dis-
tribution of soils carbon in lower reaches of the Yellow
River irrigation district. Ecology and Environmental Sci-
ences, 23, 1113-1120. (in Chinese with English abstract)

DR, ZEisZs, i, KR (2014). B0 RIARE
b MR AR SO AL SR AR, 23,
1113-1120.]

Zhou G, Liu S, Li Z, Zhang D, Tang X, Zhou C, Yan J, Mo J
(2006). Old-growth forests can accumulate carbon in soils.
Science, 314, 1417-1417.

Zhou YR, Yu ZL, Zhao SD (2000). Carbon storage and budget
of major Chinese forest types. Acta Phytoecologica Sinca,
24, 518-522. (in Chinese with English abstract) [J& 52¢,
TIRE, B (2000). B T ZARMAE RGN &
5T, AR 24, 24, 518-522.]

FrigdnZe: IR SUEME: W

doi: 10.17521/cjpe.2015.0314

©U0 000 00O Chinese Journal of Plant Ecology



Y ETFEREM WETRS MiEmRES

M — PR P - JIR 2R RIS A
LEPSERSYoa (] E kDI

©U0 000 00O Chinese Journal of Plant Ecology





