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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 %, respectively). It is better to use soil vertical fitting method for SOC density
estimation 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

BHIE ZR il FEPR R SFRERKE R FEARMER FE B

Location Longitude (E) Latitude (N) Mean annual Mean annual Elevation Main forest type Main soil type

temperature (‘C) precipitation (mm) range (m)

%S 108.60°— 18.38°— 25-20 1700-2600  600-1400 fiFgAk. (Lt REHE iR Ny

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

B 108.97°— 18.88°— 25-20 1500-2300  600-1500 {CHLFIAK. LML R bk s Ny

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

Fifgil 109.65°— 18.82°— 24-19 2300-2500  800-1800 lidFgbk. L akiagntk  EoiE, i

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

AN 109.75°- 18.67°— 25-20 18702760  500-1450 bR, 1LiHLFT Ak AR Ny

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

R 109.18°— 18.82°- 24-20 18002700 6001800 (lidthybk. 1l okpamtbk  RELrHE, L HHE. IR

Yinggeling ~ 109.57° 19.13° Montane rainforest, montane  Latosol, lateritic yellow soil,
broadleaved evergreen forest  yellow soil
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Table 2 The soil organic carbon (SOC) content, SOC density and soil bulk
density measured by the vertical fitting method in Hainan
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Location SOC content  Soil bulk density ~ SOC density
(gkgh) (grem™) (gkg )

N e 11.32 1.33 14.98
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BER 14.84 1.25 18.46

Bawangling

FLAg L 13.58 1.22 16.48

Wuzhishan

SEzAl| 13.60 1.39 18.81

Diaoluoshan

5 B 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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Table 3  Soil organic carbon content (SOC, g-kg™") and soil bulk density (SBD, g-cm ™) of all soil layers (mean + SE)

+)2 Febx SRS BT gl e &
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

ARG TR R 4 X 257 5 (p = 0.05), AF/NG TR A ] 3K 2 5 2 % (p = 0.05). SOCoensiys L HEA DL TE

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.

PCATELI R HE T 70 (K4, 3K5; EI3)FKE, #i
R AR T 22 (R LG A2 54.9% - 1AL AR R 1]
FE, VP EE, Shannon-Wienerf§ £, Simpsoni
%, Pieloud S FEFREL, MR, MARTPIEEE, M
ARF XM AR, A8 A X HE 2 B B ST K T A AR
BHFI TR M2 RAUF B, LA HLRE
B, AL LAk, SRR MR, -
AR, B ARERA AR, LIRAE, YR
B LT WA B — B A OB R AL
WREE S RSB . k. HIESRE. BEA
HIEMHRK R, 55 HE, PF 3 . Shannon-
Wienerf&g 4. SimpsonfB £ HA fAHK K R

3 THEFLER

31 TEBNKREERKREE
N AT B S AN 9T X 3 WLk & B
IyRIN11.32, 14.84. 13.58. 13.60. 1626 g-kg ', +

4 R ORIV, 20 3. AL MAMIEAL . TURRE.
ESES

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

ERI FFIEA TR R

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 RE 4 5 915.21. 18.60. 16.08. 18.81.
16.66 kg-m . 43 JEVE T 3G WL 5 BN
14.96. 16.47. 15.64. 1691, 15.03 kg'm *. FiFfJ5

®S MGG MO ASEEEMRFPAL 2, 3. 4F R TCR A R
Table 5 Element loading of principal component 1, 2, 3 and 4 in the vege-
tation, topography and soil properties

817 Index PCI1 PC2 PC3 PC4
kb E R -0.36122 -0.12659 —0.19371  0.173 50
Species richness

Simpson#& % -0.24599 -0.38524 -0.15924 -0.01257

Simpson index
Shannon-Wiener$i %
Shannon-Wiener index

—0.31091 -0.33854 —0.14916  0.02599

Pielous 51 5 64 -0.130 10 -0.43893 —0.16301 -0.13468
Pielou evenness index

o 0.17437 -0.37581 -0.07667  0.092 61
Forest biomass

RIS A 032861 —0.17254 0.19356 —0.10291
Forest canopy density

AT R = 022740 —0.357 66 0.17144 -0.072 60
Trees average height

MRACT- 2 4% 0.30709 -0.32436  0.06692 —0.100 56
Trees average DBH

AT T FRAE AR MR EL -0.31395 0.16162 —-0.26597  0.280 35
Plant individual numbers

per unit area

W 0.08152 -0.06699 —0.22718 0.199 30
Slope

HFR 0.19056 -0.22259 -0.27619 0.37246
Elevation

B LR E 030997 0.11885 -0.36186 0.077 20
The soil total porosity

LA E -0.30997 -0.11885 036186 —0.07720
Soil bulk density

+13E MLk 0.14354  0.11250 -0.45822 -0.363 67
Soil organic carbon

+ A -0.03558 0.03416 —-0.36348 -0.579 54
Soil total nitrogen

g4 023548 0.04386 —0.09207 0.42342
Soil total phosphorus

DBH, diameter of breast height.
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PC1 PC1

El3 g Sl A AR . MO IR ENERPCARUF K. AL, 4k BL ‘EWIE; C BIRGHIRE L, CD, fRHL;
DBH, WAFM04%E; GR, P, H, MR =E; J, Piclouy SJFEFR%; N, LIRAE; B 1B S, WFEEE; SBD, +
75 5 ST SimpsontR#; SP L4 L FLBRE; SW, Shannon-Wienerfi$(; 7D, HALTHARME AN,

Fig. 3 The double sequence diagrams of principal component analysis in vegetation, topography, soil properties in tropical virgin
forests of Hainan Island. 4L, 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.

AT S AR A P S i R YD B R A AR AR
HIEEHURAZE A8 + 7.6) gkg ', BEN(13.4 +
42) g'kg (FHFMEEE, 2009), % F UL K H G AR
JEHEFRAR0-20 e HIEATHLT M31.869 gkg ' (FEK
W, 2013), S0 FAHT 1L H I AR 5 46 AR AR 0-10

10-30. 30-60 cm -3 HLFT 437 N (57.31 £ 15.46)

(24.90 + 7.06). (13.10 + 4.36) g'kg ' (FIEE, 2012)
3, B E T B A AU ) AR
1£9.48 kg'm > (ZETEik4E, 2003). 4 Sl L 5 AR 1R
P1IX7.39 kg-m > (JFIBELE, 2004) H[E 507 Bk
B E9.60 kg m * (T FH4E, 2005)H110.53 kgrm > (E
YHRREE, 2000)F14EK I ML E 57K F10.6
kg'm* (Batjes, 1996) {H/NTFZR A X P34 1 18
WE21.27 kg'm © (FATEE, 2001), {HiXLE45 R4
FEAHL . MRHb ., TR ER, ASHE R BLAR AR AR
WAFRIE DL . BRIk, & AR LR, MRS
X Ji 6 bR A LA 2 /N T op [ AR AR P 3
B E19.35 kgm > (BAKFASE, 2012), Je ik 7tk
(1996) (20.13 kg'm?) . J& & 5 % (2000) (19.36
kg m*Z)ﬁZéiB’Jél%%%ii%?émﬂﬁﬁ)#ﬂﬁ%@ﬁ
HE T 76(12.13 kg'm %) (BREfEE 2014). 2 FH K
ffi(10.8 kg-m *)HIE K FITL(8.3 kg m *)IARA 115
A B % % (Dixon et al., 1994).
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BORFINHE X, 356 B ¥ B 5 By Aopk 438 B 2. 1)
] 55 WUAKRE /1, TE A BRERDE A o — DMKk
o TRt T i Ll — i, LR R S £ )2
BUECF17951.99 em), FERYE MBI 55,
AR AR, ART AR, B 9
FROR 2 HE ) R T 3 R IR R AR K (U7 18 £ 5F
2004). F-7E1988-19954F F At [R(1997) HIH 5t F B LR
WA U 3 2 ity ARMK 38 A ALK A B9 97.10-119.54
thm 2, MIECFIME 102,60 t+hm >, 2530k 45 5
N152.0 t-hm 2, X 5 ZhouZs(2006)F 7 & P J5 4k
B AR LR P BRI R — .
32 ITEANKREBEEAELIETHNEETHL

SAHFIEIX 0-30 em ) L IEA PR S =B
K, M30-100 cmtZAB40H D, HA0-30 om 135
A ML & &4 5 & 0-100 ecm £ 2 1 50.50% -
48.56%- 43.49%. 47.37. 42.88%. FKBEHZE(2014)
[P F2.0-30 cm 1 2 B HLBK DTk % /£ 46.77% o
Baties (1996)JHF 77.0-30 em 33 Il B 7F 4 BR %25
R A 3 )P TTERE N49% . BT INEE(2014) 1)
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7040 emt )= HIHEAPUBRLE TR L] EEX
M TTHRZE /2 43.5% . 225 TH55(2014) B E0-30 cm
+ )2 3G HURR % B A2 VT 76 48 4R P AR AR SR R 1 T ik
FONS50% AT TGS (2014) B 78030 e 384
WLk 2 B AE VL7 HR 30 R KA (Pinus massoniana) K
SRR [RIRE AL DR R AE41.3%-52.4%2 [H] . Liu%%
(012) B 72 HF0-20 cm - 33°F 3445 HLBS 55 FE 75 7
8 1 SR 2R G 7 AN AR 28 B 0 DT R 43 % 0 AR S
RE ER—%. PR RIEENBREEHEST TZ,
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