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Abstract ;: By combination of classical statistics, geostatistics and geographic information system, the spatial heterogenei-
ty of soil organic carbon (SOC) in different layers (0-10, 10-20, 20-30, 30-50 and 50—-100 cm) of ten kinds of ma-
jor forest types in Guangxi were studied. Soil samples were collected from 115 sampling locations and 345 plots (50 m X
20 m) , according to 10 km x 10 km grid. The results showed that the average content of SOC in different forests in
Guangxi ranged from 8.01 to 29.78 g + kg™ and the coefficient of variation (CV) ranged from 50.27% to 74.89%. The
semivariagram of SOC in 10 — 20 cm soil layer was best fitted with exponential model whereas those in other soil layers
were best fitted with spherical model. The nugget effect of semivariagram of SOC in all soil layers ranged from 16.75% to
49.33%, indicating a strong or a moderate spatial autocorrelation. Kriging interpolation results showed characteristics of
spatial distribution of SOC in different soil layers were similar, i.e., higher in the north while lower in the south, and the
maximum and minimum occurred in the northeast and the southeast of Guangxi, respectively. The average of SOC and its
CV varied with forest type and soil layer, and the average of SOC in 0 —100 cm layer followed the order: Castanopsis >
Cunninghamia lanceolata > Cyclobalanopsis glauca > Liquidambar > Bambusa multiplex > Octagon > Eucalyptus > Ca-
mellia oleifera > Quercus > Pinus. On the whole, SOC decreased with increasing soil depth, while the CV exhibited an
opposite trend. The spatial heterogeneity of SOC in forest of Guangxi was synthetically influenced by structural and hu-
man factors, while the structural factors played a dominant role. It is suggested that expanding the area of natural forests
and plantations like Cunninghamia lanceolata while reducing the area of Eucalyptus and certain economic forests like Ca-
mellia oleifera will help increase carbon sequestration potential in forest of Guangxi.

Key words: soil organic carbon, spatial heterogeneity, Kriging, forest type, Guangxi
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TEAES AR R 58 8 19 B P D2 R UL &
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1.1 FARXHR

W5 1K HiL B AR B7 A 104°267 ~ 112°047 E,20°
54'~26°24" N, G N 23.67 J7 km® b T = 5t
AR S, BT Bl 1 PR AR A 3 5 ) L
T Hb B2 B R D R 2 L o R S R R 2
i, S 1L M B B A A % X B T
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J) Bk i 5 AR R K Y 70% ~85% , A REIX
I 2 Y Sy MV AR g ) PR DX A S T A
YRR, DL o 3
1.2 FHEESAE
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axillaris) F5 M5 ( Toona sinensis) AT 5. ( Zenia insig-
nis) 2% 5. ( Radermachera sinica) HNe T J ( Itoa ori-
entalis) ] 2% ( Camellia oleifera) 55 10 4~ HL 71 Rk
A FR G 4 XRR AR T AU L 7 LAY 89.60%
F199.80% (% 1), ZHIPCC XF( LA, £
Hu A AZ AL FNAROIAG R ABZ H5 B ) (Penman et al,
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TH,
1.4 FHE IR

AHFFEE i INBCE- 2175 115 0~ 100 em BB
PRI AT WLART- 2 & &, W SPSS 16.0 3k
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TN 12.67 g - kg T PUARAR LA HLAR &
M bR e 25 AR S R BCECR, 4 Bl R 6.00% ~
14.97% 1 50.27% ~74.89% , W T HAF 5 J& o 45
TREEAR S5, A OB M &8 v 27 s BEORN 7 vk o L
frasaAs vk, SR K-S I 4T 5% O 56
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Table 1  Details of plots distribution for main forest types in Guangxi
P i ey PEFREC g B TSR SRR
Font e A R e Some R Thectic splng Vil sl
point
JNS Octagon 508 209.1 3.4 4.27 11 115 556 2.25 2.04 3
2K Cunninghamia lanceolata 1323 829.1 8.87 14.87 94 965 180 19.25 18.89 15
AR Pinus 2 487 154.3 16.66 25.39 142 888 732 28.97 29.42 22
#EZE Quercus 296 433.8 1.99 2.79 15 638 140 3.17 3.03 6
FeB Eucalyptus 1570 741 10.52 15.73 61 217 762 12.41 12.81 15
WS Camellia oleifera 338 503.9 2.27 2.77 139 744 0.03 0 3
£ ILIAK Cyclobalanopsis glauca 2 793 945.5 18.72 25.83 208 992 0.04 0 25
T [ Castanopsis 1792 645.9 12.01 2.08 73 797 432 14.96 1.86 5
¥ Phyllostachys pubescens 361 852.8 2.42 3.43 240 981 0.05 0 6
W Liquidambar 2 054 599.6 13.76 17.84 87 163 650 17.67 14.94 14
A1 Total 13 527 915 100 — 487 376 169 100 — 115

/N, 40012 ~0.024 4% 5 AU REAR 4 1 S by + A
BILAK 75 2 10 2 (B 5 R R AF . B9 IX - 38 ML 75
AR S R A ) R AR LA BIAUER 10~20 em 12
) R BRARAL AL Ab AR o fe B il 45 23
£{HAF 0.067~0.256 Z[E], 50~100 cm ¥JE +
A HLRR B 4 RN LA T 25% , H 2 5w FU A0 25
B8] I AH 5GP 5 HoAx 45 2 10 B & 3500 ¥ 7 25% ~
75% 2 (8], + HEA HLK 2= 30 0 b A5 50 19 25 (/] H
FHHE
23 FEDHIEE

K2 o, BT IX 45 4 )2 B - 3EA BLRR 5 i
() 43 A 2 AT — 22 A ARL Y 25 T0) 43 A RR AR, 44 38 R
V4 R [ AR b 3 9 AR AR A AR b X A AL
T SRR VT A58 1, R AR R DX A PR Y A
. 0~10 cm F1 10 ~20 cm W+ )2 Fi bk 1A
BUBR 53 A1 FEAE 2B, o A X 32 2 2 A A R AL
20~30.30~50 1 50 ~ 100 em +JZ FE Ak 3 A Bl
WA FRAE 2L, B E R = KA B,
HAS0~100 em 1 2 FRAR A HLAR % 5 19 53 11
St PR AR A 1) P R ) s A R A, A ) T AR AR
A B LK f o3 A ) 22 AR AR Ry B R TR BE 1Y

B B B WA, X R O R R A
Rt (AT B JR V% W FAR 2R 53 I DA AE
24 ARIHZMHERLEFNKREESH

JUPEAR R ZR AR O[] - e B - A L
e 5 T AN R) A D 35 B SR R 3 2 R RE
HF(F 4),0~10 em + 2 B HEAG PLAR &
RS THAZK ,10~20 cm 20 H A
MUBR & et 2 8 3 % T 50~ 100 em 1 )2, 10 ~20
em 5 20~30 em HIEH PLBAZ AR B A A
LI AR AR R 22 7 8.2, 20~ 30 em 5 50 ~100 em +
JZZ B BR NS RIS LA R AR R 25 S ) 3 R
[ B ARIETY 0~ 100 em + A PLARF 4 & B A K
JINIGFE A B 58] > A2 A > LR > 3R > A B> A >
AR >0 32 > RIS PR, B R (3 5 A2 RMOR A
LB RZ AR bR 25 S AN 2 (H B 35 o T
TlARAR, A L ARFT R R AT bR 22 o B 2 (0 I 3
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Fig. 1 Map of plots in the study area
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25852550~ 100 em 255485 (U 8.84% , ik K
H IR EAE 10~20 cm; HAD AR 2 57 R ¥R KA
F 3 IAE 20~30.30~50 H1 50~100 em T2,

3 Wik E®w

7V ARAR A HLAR T 4 i 8.01~29.78
g« kg™, FLBE - 498 VR EE ) BT A AIG, 8 2 v AR AR
JEAR S AR S RN 50.27% ~ 74.89% , 5 Hif AW
FERY S RARL (IR AROE A, 2008) , SRS A
BB B i IR 53 RO K, 30~ 50 em 2 -3

AHLBRA S 3 R BN 67.95% ,50 ~ 100 cm + )2 N
#iK74.89% , W UL VEARARAS R LA ALK VT g
L L LU NG I N E B /NS (OB R A
L WGE T3 AT N RE A A5 B Wt 1= HEAE HLAK 25 (7] 45 44
PE B A SRS B A E B, A B ERA
b GE T2 S BEORN O 2 6 AT A (R AR S M A AT
Hi G0 2 1 X e Al AR PR S S A ST AR AR AE 5% B
TRV R R B Al R AR SR UL IR A A
RS A 8O RS20 A6 (B BRL, 1999) , 75 W A
R GE A8 S 5 W TH B 0 0 21 A8 S ok (2 A i
1, P, RS A Er— M Je R 3S B 3 £ b
HE 22 TR S 5, 0 501 FH e K R e /M B 3 ( 55 XL
=, 2006) SR J5 X R JET T4 K (McGrath et al,
2004) . J7PU X ARAR L 845 )2 L A LB AR HE AT
SECEBUS B 10~20 em )2 357 HLER A9 2K A8
SERBAT A BRI AL AN R T S R B Al |
PUE BRI AT,
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Table 2 Descriptive statistics of soil organic carbon in different soil layers
= A 7. 4 =) = o AR Z . .

Tz FEA KL aa ’?fﬁ i FN) /IMH bl 5 5 2R T it i K-S i K-S i
Soil layer Samples Mean Max Min SE CvV Skewness Kurtosis K-S Val K-S Val

(em) number (g-ke') (g-ke') (g-ke') (%) ewness urtosis ue ue
0~10 345 29.78 76.90 2.50 14.97 50.27 0.81 0.52 0.026 * 0.167#
10~20 345 20.91 67.62 2.28 13.85 66.20 1.28 1.86 0.000 =* 0.812#
20~30 345 15.49 49.21 0.00 10.12 65.33 1.25 1.40 0.000 = 0.832#
30~50 345 11.10 35.15 0.00 7.54 67.95 1.24 1.40 0.000 = 1.000#
50~100 345 8.01 28.15 0.00 6.00 74.89 1.33 1.89 0.000 = 0.897#
0~100 345 12.67 34.20 1.45 6.71 52.97 1.19 1.11 0.000 = 0.433#

TE: * K-S{<0.05, ALIESAG 5 # N ARXT B BUS ER, 158 IES00 .,

Note : # Data does not obey the normal distribution K-S<0.05; # Data after natural logarithms transformation obeys normal distribution.
RI ITEANBRSETFAYERERRERXSY
Table 3 Variogram theory model of soil organic carbon content and their corresponding parameters
- HeafH 2 e 3o e PLE R AR oy
j:}{:' AR Y Nugget %F' {E Nugget effect ot Determination ﬁi}i‘
Soil layer . ) Partial sill . R Range S Residual
(em) Theoretical model value CiC C,/(Cy+C) ) coefficient RSS
’ G ! (%) R )

0~10 $8%X Exponential 0.164 0.525 31.24 13.401 0.801 0.012
10~20 ERAR Spherical 0.207 0.611 33.88 5.840 0.843 0.024
20~30 $8 %X Exponential 0.220 0.773 28.46 13.629 0.840 0.021
30~50 $8 %X Exponential 0.256 0.519 49.33 7.959 0.688 0.021
50~100 $8 %L Exponential 0.067 0.400 16.75 0.351 0.529 0.023
0~100 $8 %X Exponential 0.175 0.550 31.82 11.379 0.828 0.013

398 5 M S 5 R T R 2R R AL R 3R
[ F T A% 8 SR | - 8 2 R A Jg D) Pl A ] RUBE /)
SRAE PRI o A 428 ], SR A RUJBE X 742 o 2 (] St Joi
ARRF , H2 8] 5 51 1 — BB AIF 5 RUBE g 48
KIMHG I Mo ZE 27 Jr ik AT 78 & 1 25 6] 43 A 7E
BRI IRAEAT A3, T A /N B 23 (]
A5 S ARG BEAILAS 5 BT 7 L A5 A X3 n T fg
ANH T HEAT 2 TR AR DGR 3 B (BS54, 2005) . A
WFFEIXT G R T PG 4 DX AR AR L3 AR K R
FERYR B (10 kmx 10 km) . FFFEEB) 7Y
BRMAS 12 A LR S HE N, A F 0.067 ~
0.256 , 7 17 (14 SR A RRE 11 161 P o SR A 15 22

BEAILA 2R 55 51 1 48 S A0/, SR AE 2 B R A% 72 4y
R AF 9 X HEAT BILAR 1) 25 [) 285 0 ( 28 05 4%,
2006) ;] VH ARARAS 12 10 - HEG HLAK 2 A8 5 R AL
B4 BN K 16.75% ~49.33% , 3 IR i 51 ) 25
[E1] 5 R S R e S iR B 1 23 ) R DG U B 2
P R RIS X A HEA BLAR 25 ) A8 S ke 32 4
FH T B AL A PR 28 6 JHL 5% g A X 45 /N (5 g
2002) ;725 FE K 0.351° ~ 13.629°, 5 4 #5811 3 #r
1748 S5 2 B0 A R AR L, B 33 BIL B & i S AR
19 50~ 100 em - 2 (Y B4 800 (16.75% ) 1722 i
(0.351°) dRe/N, 25 (A AH DM fe ik, 26 BH + 2B IR O
23 [A) A8 S 52 45 0 M DR 3R 1) 2 b 3 A 5 el ARG

DO AR
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Fig. 2 Spatial distribution of soil organic carboncontents in Guangxi forests
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Table 4  Variability of soil organic carbon affected by different vegetation community types and soil layers

= 7 > 7 % I I

FE g PR o omxk ey IR Oy I

Soil layer Cunninghamia ! Camellia  Cyclobalanopsis . . Phyllostachys . ™
Octagon Pinus Quercus FEucalyptus . Castanopsis Liquidambar

(em) lanceolata oleifera glauca pubescens

0~10 23.92Ade 35.29Ab  21.82Acde  22.39Ae 20.19Ae 19.82Ae 39.14Aa 49.90Aa  30.87Abed  32.25Abc
10~20  14.07Bc 28.79Bb 11.93Bc¢ 13.78Bc¢ 12.98Bc¢ 11.85B¢ 28.48Ba 37.27Ba 21.96Bb 24.67Bb
20~30 11.23BCd  20.27Cbe 8.90Cd 10.85BCd 10.01Cd 9.49BCd 21.11Cab  29.85BCa  16.94BCc 18.24Cc
30~50  8.70Ccd 13.03DEb  8.54DEcd 7.52Cd 8.43CDcd 6.94CDd 16.15Da 22.66CDa  13.83CDb  12.50DEbc
50~100 6.16Ccd 10.61Ebc 7.07Ecd 7.75Ccd 6.98Dcd 4.38Dd 13.64Dab 17.26Da 9.28Dbed  9.23Ebed
0~100 9.74BCde 16.33Db 6.03CDde 7.25Ce 9.61CDde 7.69Ce 16.11Dbc  25.49CDa  13.61CDcd  14.98CDc

s FFUAR R K S A R R W] — B AR ) £ 2 8] 22 57 525 (P<0.05) , AT ANl /NG S8 3R 7] — 4= 2 S R4 Fi ) 24 53 3 (P<

0.05)

Note; Different capital letters in the same column indicate the significant differences of soil organic carbon content in different soil layers of

the same tree species (P<0.05) , while different little letters in the same row indicate the significant differences of soil organic carbon content

at the same soil layer between the tree species (P<0.05).

RS5 FAEARMEELRLETERNRIENERREH (%)

Table 5  Variation coefficient of soil organic carbon contents in different forest types and soil layers

E > \ M -

R o PR e mw R B g TR g

Soil Cunninghamia ! Camellia Cyclobalanopsis . Phyllostachys ,. ™

Octagon Pinus Quercus Eucalyptus . Castanopsis Liquidambar

(em) lanceolata oleifera glauca pubescens

0~10 51.74 34.46 45.80 42.28 34.75 36.87 43.39 33.71 29.66 27.06
10~20 52.00 36.03 62.75 49.44 40.14 49.73 53.98 34.21 35.23 22.43
20~30 54.32 47.86 65.91 47.01 43.44 43.63 54.93 44.81 42.23 35.93
30~50 58.17 44.19 72.95 32.30 49.94 48.05 49.67 43.01 50.33 26.81
50~100 54.80 35.63 82.46 8.84 54.76 56.04 50.40 77.65 53.16 27.47
0~100 46.51 32.15 58.30 47.55 45.84 39.16 52.16 37.72 39.18 22.56

A3 FAEPE FEARIL FER R AR X, X DI
HE HHE SRLTERA K L B B K, R B AR AR
- S8 0 AR R R R, AT LR R =2 & A
AR, AL, TERFSE IXOR BUOR R SR AR, AR 3
TFHIA BHAE (IR E %, 2013) , (HARBELE/NR
JE LR A B AR S 40 A R Tk — IR A
[ AR APRIE A R [R] £ 2R A AN [R] 7 b 25 R 55 /R
JERRIFTE, 43 M AS 6] RUBE | 23 (145 5 4 A A0 A0
RS, DA 5 XHAF 9T X 3347 MLAR 43 A3 B A T
A B

T BRI AL L B T R AR Y AR &

AR, R I U R R R R
N AT Sl 52 me, HAT 52 2% 1 s ) 28 S5
(£ B AL, 1999; Goovaerts, 2001; X1 -} 72 &,
2004 ; ZEXUEEE | 2006) , Kriging 5 R4 1T
FETHE DT 2 09 BFK, B R 3 7R 2 S R HOH IR
BEAY e S5 48 4 By B ilh b, 7RG PR DX 3P o6 X3 Ak
A R AT TG D o PG AV DAY — b 7 % (2 RS 4%,
2006) o AT R F 0 52 3 38 58 57 AV R (E 45

LKW, VRS )2 R ALK & =M 2
PR e TR R AR A 4 5, b DU W B vy, iX

5 PRIEE (2014 ) FI T 74 1385 A B 45 5 LR

1SIA
7



1426 OO0 M W

37 &

FIAHSEH T DEM AL B A 25 R — 5, X ] gE &
SHEEIL A3 A A A LR B 3 1) L b B R K
+, iR DL A AR £ i 55 AR 1Y) it 2138 RN % 21 1
S w22 WS B A O i R R A R O U
RJEE KA PR MR TS FE T AR 2 1+ 4
Feoy. Bl VR EE WS, A HLARK 52 5%
T SRR kG 0 5 e s, R AR R A A
FA LR IR /D, +3EA ALk & B AL, 22
GG R 22 R R R T s e, 3 Lk
TR S R B K, B4 8500 AR RN, 23 (] S
FEPERG o, - A LR 53 A BT — 2 Ry AR R
Hr 50~100 em 42 4 56 MUK 53 11 19 5 He e i
R 30,

NI ) B2 Rl s O AR B
HEZASEREE M 5 Wi 2 e MU W R L& B
], = MR AR fb R N 266 sh X A S B 25 5 1)
T, BT R G0+ HE T B2 AN A I AR RS A
YIRh LR s, AN ) 1) BRR IS TR 4 A= ) i RN T
IR AN 6], AR 2R A3 A B 0 s 0 1) B R B R
A, A PLER & 2 25 IR, ARG R,
VG 10 ZEFRMRE R R obR 1 1A BILA 7 it DA ] b
SR, ARG IR 2, S R
2SR, 0~ 100 em 2 BIPAR 319G Bl
SRR, AR 6.03 g - kgt AR i TAAR AR K
U T AE - L ) b B, S B A LR S
ik, BRI, N AR H8EA PLaR & 28T KRR
MR, %5 E R4 (2014) BRI 25 R —3, LA,
A FE K B[R] 2R N AR+ A LA &
BES, BAREI AL A ST IS FR >0 2% > P
SRS T2 % (2013 ) A6 AL b X A
BT 25 A AN ], % B0 - A AL 5 i
RIA BTSSR AL RS TS AR, (H
S5 — R WA AMORIAT AR - 38 PR 7 2 B
TFHRERMRTAA B, BRI, s A i) A 1L AR AR AR
MREBE FIAZAM AREEN TR T R & 76 A%
R Tl Vs 77 10 B LR

SE

CHEN X, 2014. Estimation of soil organic carbon reserves in

Guangxi and comparion study with some provinces in China
[J]. Sci Geogr Sin, 34(10) : 1247-1253. [ B, 2014. |~
PO LA LB At A B A R 04 DX Y FE B E 5
[J]. HUEERLE, 34(10) :1247-1253.]

DING ZL, FU BJ, HAN XG, et al, 2009. Brief introduction to
a cluster of projects of “ research in key issues of
international negotiation with regard to coping with climate
change” by CAS [J]. Bull Chin Acad Sci, 24(1). 8-
17. [TAAL, A, #2460, 45, 2009. H BB
XA FE PR R A Y SRR A (R 3 H faf A ()]
FERMERERE T, 24(1) : 8-17.]

DU H, ZENG FP, SONG TQ, et al, 2016. Spatial pattern of
soil organic carbon of the main forest soils and its influencing
factors in Guangxi, China [ J]. Chin J Plan Ecol, 40(4):
282-291. [ #hpR, BELY-, R, %, 2016. P L E R
MRS U AS [H) 534 e 2 i R[], M A%
IR, 40(4) ; 282-291.]

GOOVAERTS P, 2001. Geostatistical modeling of uncertainty in
soil science [ J]. Geoderma, 103(1): 3-26.

GUO XM, NIU DK, GUO X, et al, 2006. Study on spatial vari-
ability of soil nutrients for Moso bamboo forest in Fengxin
[J]. Plant Nutr Fert Sci, 12(3) : 420-425. [ SFHE6, 4%
%, FRER, 4, 2006. 7B BATAR LRI A 6] AL S A
7% [J] AWE IR 5I0REAR, 12(3) : 420-425.]

GUO XD, FU BJ, MA KM, et al, 2000. The spatio-temporal vari-
ability of soil nutrients in Zunhua plain of Hebei Province:
semivariogram and kriging analysis [J]. Acta Geogr Sin, 11
(4): 557-563. [ AR, fiAAs, Shwdl, 2%, 2000.m16%
BV RS I 238 S R IE 2 57 RS Kiriging 17
BT (7], MR, 11(4) ¢ 557-563.]

HUANG Y, SUN WJ, ZHANG W, et al, 2010. Changes in soil
organic carbon of terrestrial ecosystems in China: A mini-re-
view [J]. Sci China Life Sci, 53(7) : 766—775.

JOHN R, DALLING JW, HARMS KE, et al, 2007. Soil nutri-
ents influence spatial distributions of tropical tree species
[J]. Proc Natl Acad Sci, 104(3) . 864—869.

LI BH, ZHANG J, YAO XL, et al, 2008. Seasonal dynamic
sand spatial distribution patterns of herbs diversity in broad
leaved Korean pine ( Pinus koraiensis ) mixed forest in
Changbai Mountains [J]. Chin J Appl Ecol, 19(3): 467-
A73. [, dkfi, BEIRHE, 55, 2008. K FIILIFEIHZIAL
MEAAEY ZHENE T S8 RS ) or Ak 7 [1]. B
AR, 19(3) : 467-473.]

LI SY, LIU HY, ZHANG XD, et al, 2006. Spatial variability of
soil fertility quality indices in northeast China [ J]. Chin J
Soil Sci, 37(2): 220-225. [ X5, XI&Klly, KA,
4, 2006. ARILR X AL ) B PR AR AN 25 i) A2
Sk (], B3R, 37(2) : 220-225.]

LIU FC, SHI XZ, YU DS, et al, 2004. Characteristics of spatial
variability of total soil nitrogen in the typical area of Taihu
Lake basin [ J]. Geogr Res, 23(1): 163-170. [ XIf{#2, &
PR, TARTE, 55, 2004, AU R0 X 434 A 1Y)



11

RBEAE ) VAN [F) BRAR S 2 AT BILA 114 4% 8] S o 1427

23[R SEARAE [J]. HBIRRFSY, 23(1) : 163-170.]

LIU L, ZENG FP, SONG TQ, et al, 2010. Spatial heterogene-
ity of soil nutrients in karst area’ s Mulun National Nature
Reserve [ J]. Chin J Appl Ecol, 21(7): 1667-1673. [ X
B, WRE, REW, 45, 2010, BEHTREAGE AR X
LIRS IR A SARAE [T]. BRI, 21(7)
1667-1673.]

LU P,PENG PQ, SONG BL, et al, 2005. Geostatistical and GIS
analyses on soil total P in the typical area of Dongting Lake
Plain [J]. Sci Agric Sin, 38(6): 1204—1212. [ M5, 0
B, AR A 2005, T EEWF X e S A
2R GIS 3#r [T]. PERLERE, 38(6): 1204-1212.]

LU P, HUANG DY, SONG BL,et al, 2005. Spatial variability
of soil nutrition in the typical landscape unit of red soil hilly
in subtropical region [ J]. Plant Nutr Fert Sci, 11(6) ; 717-
723. [ B, BOEA, RAEE, A, 2005, WAFLTIE R
DAL R TC T SR o i A5 () A8 S [ )] A E SR S L
RLeAAR, 11(6) :717-723.]

LUO YJ, ZHANG XQ, WANG XK, et al, 2009. Forest biomass
Estimation method and their prospcets [ J]. Sci Silv Sin, 45
(8): 129-134. [ Bz, sk/ha, TP}, %, 2009. £
ARA W A S SR FE I [0, MRl B2y, 45(8) -
129-134.]

LUYSSAERT S, SCHULZE ED, BORNER A, et al, 2008. Old
growth forests as global carbon sinks [ J]. Nature, 455
(7210) ; 213-215.

MA FY, LI XR, ZHANG JG, et al, 2006. Spatial heterogeneity
of soilmoisture in Shapotou sand-fixing artificial vegetation
area [ J]. Chin J Appl Ecol, 17(5): 789-795. [ G X =,
AR, TOl, 5, 2006, YOSk TR VbAE g K
syl tE (7], BHAESZER, 17(5) « 789-795. ]

MA JM, LIANG SC, YANG DL, et al, 2013. Characteristics of
content and density of soil organic carbon in Eucalptus
grandis X E. urophylla forest and the other three forest types
in northern Guangxi [ J]. J Ecol Environ, 22(8): 1282-
1287. [ Lh2H] 148 ik, 45, 2013, HlbH XA
R At = b 2R bk 6 B - S A LIk 75 1 2 9 B AR AR
[J]. HESEREAR, 22(8) : 1282-1287.]

MCGRATH D, ZHANG CS, CARTON OT, 2004. Geostatistical
analyses and hazard assessment on soil lead in Silver mines
area, Ireland [J]. Environ Poll, 127(2) : 239-248.

PAN Y, BIRDSEY RA, FANG J, et al, 2011. A large and per-
sistent carbon sink in the world’ s forests [ J]. Science, 333
(6045) . 988-993.

PENMAN J, GYTARSKY M, HIRAISHI T, et al, 2003. Good
practice guidance for land use, land-use change and forestry
[J]. IPCC, 35(5):103-105.

SONG TQ, PENG WX, ZENG FP et al, 2009. Spatial hetero-

geneity of soil moisture in dry season in Mulun National Na-
ture Reserve in karst area [ J]. Chin J Appl Ecol, 20(1):
99-104. [ R, s2MiEE, MR, 4%, 2009. kA
W AR X A K A i 23 8] S Btk [0, A
AR, 20(1) ; 99-104.]

XIONG HF, WANG YH, 2005. Spatial heterogeneity of soil nu-
trients in wetland of Liangzi Lake [J]. Plant Nutr Fert Sci,
11(5) ; 584-580. [ f&IUEE, TizfE, 2005. B 7 HiGH +
B as e (0], AR SARRER, 11(5)
584-589. ]

WANG DP, WANG WB, ZHENG L, et al, 2014. Compared of
soil organic carbon of different plantations in China [J]. J
Ecol Environ, 23(4) : 698-704. [ KM, T30, #8752,
2, 2014, PEETA TR VIR R [J]. £S5
PR, (4) :698-704.]

WANG ZQ, 1999. Statistics and its application in ecology
[M]. Beijing: Science Press: 71-99. FIAX, 1999. Hu&cit
FRAERSSAP RN [M]. st Bl b it . 71-99.]

WOODWELL GM, WHITTAKER RH, REINERS WA, et al,
1978. The biota and the world carbon budget [ J]. Science,
199(4325) . 141-146.

WU JG, 2002. Landscape ecology: pattern, process, scale and
hierarchy [ M]. Beijing: Higher Education Press. [ SB%E [,
2002. SRS B R IERAZ s [M].
B AR R

WU ZF, ZHAO YF, QI L, et al, 2012. Effect of scale of model
on prediction of soil organic matter in complex landscape re-
gion [J]. Acta Pedol Sin, 50(2): 296-305. [ ARHRE , &
EHE, 5571, 45, 2013 AR IX e A LT P A A
HRERN [J]. £3E2E, 50(2) « 296-305. ]

ZHANG ]G, CHEN HS, SU YR, et al, 2008. Spatial and temporal
variability of surface soil moisture in the depression area of
karst hilly region [J]. Acta Pedol Sin, 45(3); 544-549. [ 5
4ok, BRI, FRLIZE, 5, 2008. W HRRLL X R R 4
HOKsr it a8 [J]. B3R, 45(3) @ 544-549.]

ZHANG QZ, WANG CK, 2010. Carbon density and distribution
of six Chinese temperate forests [ J]. Sci China Life Sci, 53
(7). 831-840.

ZHANG 7ZX, XU MX, WU YB, et al, 2013. Spatial variability
of soil organic carbon of croplands in the hilly Loess Plantau
region of China: a case study in Zhuanglang County, Gansu
Province [J]. Plant Nutr Fert Sci, 19(4) : 955-963. [ 7k
i, VPR, ROk, %, 2013, B4 kg X Bk
AT LR S [A) A8 S = LU IR BN B (7], A 57
SHEEMR, 19(4) : 955-963. ]

ZHOU GY, LIU S, LI Z, et al, 2007. Old-growth forests can ac-
cumulate carbon in soils [ J]. Science, 314(5804) ; 1417.



