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Study on spatial heterogeneity and reserve estimation of soil organic carbon in a
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Abstract: Using a grid-based sampling method, 2755 soil profiles consisting of 23536 soil samples were sampled and
analyzed to study the spatial distribution of soil organic carbon (SOC) in the karst basin of Guizhou Province. Further, we
established an estimation method of SOC stock exclusively for karst after correcting for soil distribution area, particle
content, percentage of exposed rock, and soil thickness, and optimizing the calculation formula. The results showed that
there were obvious differences in the SOC content of different soil types and at different soil depths. The content of SOC
decreased with an increase in soil depth, but the extent of the decrease differed in soils of different types. The content of
SOC in soils on shady slopes was higher than that in soils on sunny slopes. The content of SOC at different slope positions

decreased in the following order: upper-middle, top, middle, lower-middle, and bottom. There was extensive SOC
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heterogeneity in the karst area. The order of SOC content under different land use patterns was as follows: woodland > shrub
grassland > dry land > paddy field. SOC content showed a very significant positive correlation with slope, elevation, and
percentage of exposed rock, and a significant negative correlation with soil thickness and soil bulk density. There was a large
spatial variability in SOC in the karst area, with the influences of different indicators for SOC reserve estimation being as
follows; soil thickness > percentage of exposed rock > particle content > content of SOC > soil bulk density. Using the
revised formula to make estimations, the SOC density of the surface 20 ¢m of soil in a small watershed of the Houzhai River
catchment in Pudin was 3.53—5.44 kg/m”, with an average value of 1.24 kg/m’. The SOC of the surface 100 cm of soil
was 4.44—14.50 kg/m”, with an average value of 12.12 kg/m’, and the SOC storage was 5.39 x 10’ t.

Key Words: optimization index; influence factor; soil organic carbon storage; small watershed; karst
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FEEAKEA = 5 KT A KL BEEMKRT -, 55T ok & B P08 ph v 22, Mk EEAMA
( Cupressus funebris) W45 ( Populus Adenopoda) . F5H ( Toona sinensis) HPZL ( Pyrus pyrifolia Burm Nakai) 55
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Fig.1 Location of the studied area and sampling sites
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Fig.2 Distribution map of different soil types of Houzhai River
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Table 1 Description of different soil and related indexes

R HEAKE KLk SR EPNSR Hibt K H

KAEHR v

RS ﬁ AL oy = Yellow Large Small White White Large mud Yellow

Relevant index Yellow clay . . . . .
’ Rendzina lime soil loam clay large loam sand field soil clayey soi

h Y i

. %Jﬂﬁﬁ} ) 12.88 13.79 8.93 3.39 9.87 2.81 2.38 12.59 7.53

Soil distribution area/km

HATRREE 2 Rock exposure/% 0 43.34+23.62 37.83+21.51 29.22+13.06 33.09+17.65 37.82+15.26 35.42+19.67 0

1155 & Stone content/% 1.02+£0.13  21.56+£10.56 19.68+7.07  9.26+5.06 12.32+4.29 15.42+7.21 17.01+9.43 0

+HEEFF Soil t thickness/cm 100.00£13  20.00+11 32.00£16 85.00£27 58.00+£33 64.00+£33 33.00+25 87.00+23 9317
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100 em, MR K XL R 20 em, FB KIHE R gou Zai River
UL, #U8 + X A i, 5 U 20 8 2 + & 5 1 il
P B SRR A TR RS, TN /0 43 eh D D 8 T S P B S O K R A e e 4 DX PRl v g - X SRR
T4 100 em, KREPRK NERX HRIRX FHD LRG0 2, REA—, AP X%, KIEHX
FHCYE X R K L a3 iR DX A 38 JEE B A v, U IS, B e I X - SRR R 23t 100 em, BB
AR A XA K A DX B R 55 S A TR N L 3R Tk
212 MK

AN MR AT R R E AR W 2 RS b B EaA Kkt e A K ERVNEREEME 2
TR TR K B £ K YR AR TR U H B 25 E A B 2 R R e KR N R
KERFEAKLRERZE TR, e L AERZE A K& m b LA EREE )2 I 255w G 1
KiaH, Bk doaKefvhHRIEZESERK, Rle HAE R HAREFERK, R L EAE
PIfE A2 S B RZ RN K, F— 2 A E R A 2 F K, FE 15—20 em KA E R G A
KERK0.16 g¢/em’ s, KIHAIRZEE R KM N 1.44 g/em’ , B A KL RZHEFA/MEHN 0.94 g/cm’,
ANIF) IR R 4% i IR 5 SR, 0—5 om R FEEH HIER B AR, B350 T Hifth 8 b
FHERAL 510 em RE FRFAKEHPEFERA, BESTEOAKS: HRLE RER ARER DN
T AP E 1015 em WE N ERH HEAERK, B 55T KL &Rt K+ER AXElR DER A
W4 15—200em RE N RO E Ve H HREA TR K, BEm A KL Flet ARE;20—70 em WET
BIREL AU I+ IEAE H R K, 70—100 em R T R4 K+ H AR RR, 5 H AL - AU R [
FER) W EE2E 5
213 AU

KT XN A A LR S S GE TR IE S NS — WA ) TR (3R 3) % 23536 AL
PEHATE MRG0T o TN TR S A BT 1 B i 16.40 o/kg, 8RN 0.13—128.74 g/kg, i 22N
128.61 g/kg, JEIFEHLTE , S RAESEFe/IMELIY 990.31 £, K2 T3 (0—20 em) A LIV & 5 25.07 o/kg, B
IMEALH 1.61 o/kg, M KRN 119.11 o/kg, M ZEIE I 117.50 o/ kg, HA = BEAR Sk, 1 T+ 38 Dok T
BN 20.71 g/kg, 28N 1.35—119.11 g/kg, 2+ J2F ,0—5 em + 2 HIEA VL & ERE, 4 29.66
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o/kg,5—10 em HJ2RZ N 25.77 o/kg, W& + 2N, 34 WL 15 &
/N, R 5.25 g/kg, A TR PIER T, HLE 1) 22 (A BE T2 MBS E )
M)A SRR, & 1R R IEA LR S

], 5t AR R S

I/,
bR 22 FAE 53 R RN FEAR

90—100 cm + 2153

AR SRR, AR R B AL TE Dl 52.68%—75.28% , 1 10%—100% 2.

£2 AEALBHRIBEFEFHEGREZE)/(g/em’)
Table 2 Soil bulk density of different soil genus

+HEF Soil type

0—5 cm 5—10 cm

10—15 cm

15—20 em

20—30 em

30—40 cm

M A K + Rendzina

# A 7 K+ Yellow lime soil
# P+ Yellow clay

#YRH Yellow clayey soil
KM Large mud field soil
K+ Large loam

H K18 White large loam
/Nt Small clay

F >+ White sand

1.22(0.009)D
1.19(0.006) C
1.19(0.015)CD
1.27(0.020)E
1.22(0.024)D
1.13(0.017)B
1.02(0.030) A

1.10(0.028) B

1.28(0.009)E
1.24(0.007)D
1.21(0.015)CD 1.21(0.009)D
1.28(0.017)E  1.29(0.023)BC 1.37(0.020) B
1.26(0.025)DE 1.25(0.019)B
1.18(0.017)C
1.04(0.035) A
1.05(0.017) AB 1.11(0.016) AB

1.14(0.023) BC

1.15(0.017) A
1.20(0.020) A

1.27(0.035) A

1.27(0.020)E

1.20(0.037) A
1.25(0.036) A
1.28(0.041) A

1.30(0.037) A
1.29(0.057) A
1.33(0.009) A
1.49(0/059) B

1.36(0.028) AB 1.52(0.029) BA
1.36(0.018) BC1.43(0:059) B

1.19(0.016)CD 1.26(0.021)A
1.26(0.020) DE 1.34(0.037) AB1.40(0.018)B
1.29(0.043)AB 1.39(0.015)B

1.34(0.018) DE

1.37(0.018)BC
1.35(0.033) A
1.32(0.017)D
1/45(0.029) BA
1.46(0.025)B
1.42(0.010)B
1.35(0.033) AB
1.39(0.015)B
1.42(0.054)B

+ A Soil type

40—50 c¢m 50—60 cm

60—70 cm

70—80 em

80—90 cm

90—100 c¢m

A8 A JK £ Rendzina

H ALK Yellow lime soil
# 1+ Yellow clay

#HPEH Yellow clayey soil
KIYEM Large mud field soil
K+3R Large loam

1.38(0.007)B
1.37(0.028) AB 1.38(0.008) A
1.33(0.092) A 1.32(0.034) A
1.43(0.020) AB 1.43(0.054) B
1.48(0.059)B  1.47(0.059) B
1.43(0.025)B

1.39(0.029) AB

1.45(0.020) AB

1.40(0.054)B
1.40(0.010) B
1.32(0.029) A
1.41(0.054) B
1.45(0.059) B
1:44(0.027) B

1.44(0:054)B
1.39(0.010)B

1.46(0.029) BA
1.35(0.049) AB

1.31(0.021)CD 1.29(0.057) A

1.39(0.022) B
1.42(0.054)B
1.42(0.054) B

1.39(0.020) B
1.42(0.054) B
1.44(0.077)B

1.44(0.077)B
1.32(0.009) A
1.28(0.030) A
1.35(0.033) AB
1.43(0.027)B
1.44(0.026) A

K I8 White large loam 1.37(0.019) B 1.36(0.028) AB, 1.39(0.007)B  1.38(0.022)B 1.36(0.049)AB  1.26 (0.021) A
/NA- 3 Small clay 1.39(0.007)B. 1.41(0.054)B  1.38(0.028)AB 1.37(0.019)B 1.38(0.028)AB  1.37(0.020) B
H ¥+ White sand 1.40(0.007) B 1:43(0.025)B  1.43(0.010)B  1.42(0.054)B 1.38(0.029)AB  1.32(0.052) AB
SRR KRS F-1FRm 2 5 8.3 (P<0.05)
x3 TEANBSEHRESITHE
Table 3 Descriptive statistics of soil organic carbon content

SiiH Statistic 0~5'em 5—10 cm 10—15 cm 15—20 cm 20—30 cm 30—40 cm 40—350 cm
SF-44 Mean/ (g/kg) 29.66 25.77 22.26 18.84 14.60 10.96 8.96

% /ME Min /(g/kg) ) 1.04 0.80 0.53 0.97 0.43 0.42 0.23
FeRME Max/ (g/kg) 128.18 128.74 98.22 84.14 77.05 81.17 62.06
F{ 3 Median 7 ( 2/kg) 25.21 22.34 19.83 16.79 12.57 9.25 7.69
bR S.D: 7/ (g/kg) 15.91 13.57 12.28 11.40 9.59 7.43 6.14

A5 ZAL CV/ % 53.63 52.68 55.16 60.50 65.68 67.78 68.55
4114k Statistic 50—60 cm 60—70 cm 70—80 cm 80—90 cm 90—100 cm 0—20 cm 0—100 cm
S35 Mean/ ( g/kg) 7.57 6.80 6.17 5.64 5.25 25.07 20.71
H/ME Min /(g/kg) ) 0.23 0.15 0.21 0.13 0.13 1.61 1.35

] KME Max/ (g/kg) 56.63 52.23 51.50 29.68 31.23 119.11 119.11
H %L Median / (g/kg) 6.17 5.56 4.83 4.34 4.22 21.40 15.99
FrifEZ S.D. /(g/kg) 5.22 4.83 4.64 4.05 3.95 13.93 14.90
A5 RECV/ % 68.94 71.05 75.28 71.79 75.23 55.56 71.96

Ry itk — 2 B 5 BT AN ] 3SR A LR & 0 2SR R (T8 4) AN ] B A P S B AR A TR IR

BTN, ASE] JE N R AT T 22 5%, #E 0—50 em + 255 BN, HHEAT HLAR % A 2 2R M OC R

http ; //www.ecologica.cn
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50—100 em +ZEHIN, AR S BZUAK, [F— 20 8 A Pk & & 22 ROk, Reaa K +5&
AR SRR e 0 2.61 £ VAT, BOA K HA VUK S EREK, mI A PR S =&/ RE T
A LR 5 K T2 A AU 7 i, R K R €0 40 K - P RR G AR ] 8K 13 A BILIR & KT
HAx 7 MoBHE IR A DL 5, B 3Ry SR K H A ALER & 5 K T R Sy 2 oA K A Bl
i XPAN[E R AR B A MR & (0—100 em +)2) LA ANFEBRECN B K+ A K+ TR
+ R AREOT R, TR y=-17.212In(x) + 48.897(R>=0.9415) .y=-12.723In(x) + 37.838(R’=
0.9852) .y=-6.6206In(x) + 20.832(R*= 0.9814) .y=-9.4901In(x) + 26.713(R*=0.9332) ; FA¥> + #FIkE
P KU IS BREL y= 39.226e-0.1807x ( R* = 0.9708) .y =29.939e-0.1315x ( R* =0.9602) .y = 31.926¢ -
0.1502x( R*=0.9438) 5/ LI R+ 0 23, R4 318 y=0.151x% = 3.7972x + 29.74(R*=0.9981) |
y=0.1543x>— 3.7127x + 28.466(R*=0.996) ,

60 —— B K+t —a— A KE
—a— R —>— WEH

50 f —— KUEH —e— Ktk
—— HKTBR — R
—— B Pt

40 r 3

30

20

LS R SOC/ (g/kg)

0—5 5—10 10—15 15—20 20—30 30—40 40—50 50—60 60—70 70—80 80—90 90—100
F VR BE Soil depth/cm

E4 AELETEFNRIE

Fig.4 _Content of soil organic carbon of different soil genus

9 1) R A7 %) A8 Ak 20T - M TR 5 ™ A= B S (3R 4) |, AN TR 1] (B0 MILAR 15 1 K/ N R B0k PR
KT EABE, B3 AN ] - HEURBE R R BN 1 25 25 5 o S[R3 R By - 2 148 (0—20 em) A HLIRT-3 5
R TR 3 (0—1000em ) V34 & 1, I b B3R )2 H 80 MLIK & 2 5 o 39.83 o/ke, BRI AL
19.21 g/kg, B3RS 2.07 4%, B3 b 384N LA A7 [ R [R) 8RB+ 3 MLAk & e 2 25 etk i
T A ASFI T (0=100,cm ), B 7085l 37.84 o/ kg, W HeAR N 12.77 o/kg, b b EBEILEH 2.96 1%,
)2 1A Ml & 5 5 8 A LR i 2R AU, AR 1.99—6.44 o/ kg B B AHZE R/ S AR 25
K. FR)ZFEATN A UK NRZR IR 3 b s e 0> 3 s 3 b R3S JEIK

ATV g PRI X6 4 336 WL 2 B p AR B B3 (32 4) |, AN TR] 3t R A 7 20 2 232 (0—20 em) A MUK
-2 Pt v T T 3 (0—100 em) A HLARF- 35 55 i, 3 LA 75 1 R /NI Ay - AR > VE 5l > 5 b > 7K
., RZT(0—20 cm) ,FRHIEE N 33.83 ¢/kg, K HFARH 20.51 g/kg, & AH2E 13.32 g/kg, MU HE -
HEG ML B i 30.80 g/kg, K TN 12.92 g/kg, MRtk HT 4 2.38 175, /K 132 A HLAR & 15 31w +
AW & T 22K, N 7.59 o/kg, BERE LI /N, Ol 2.41 o/kg, 5 R B i AS ) R 32 10) - 38 A5 LR 75+
B SR R M AIK PRI A SE AN A

o A MU S RN R ARZE , RIRA G 3k LR EE AR SR AE A AMERS
A MUK &t Z A OCOC R, R SPSS AT AHOC AT 4 2R (3R 5) R R 2 LA Lk & 2 59 % i
P A A REER I R E IEA O R AR r 40518 0.865,0.993 Fi1 0.880; 5 4 J2 5B S bt i 2% £ A ¢
KR MXREr N-0.910; K2 B E AR AL RE r J-0.832; 5 A BR S H 1 0F EHSC MR
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R 0.510, I A PR & R S YR R A AR ER R I A AR MR r 4
0.994,0.971 F10.959; 5 + 2 2R 2 MAH R RS r H-0.932; 5AETE R B AMKEKR LR
o AFI-0.790; 5ABRET BAMCE R AR, HIREE 5k A EER DN, MR BN
-0.513.0.601, ABREH SRS A AR5 REIE B EHE, 5 R S 0 E M A AR R 5
JE RFRIE B MG, 5 R B R RO

x4 ARAKEEE LHAAARXTLEEGNRSEFHEFRHEL)/(vke)

Table 4 Average value of soil organic carbon under different slope, slope and land use (standard deviation)

T3 Herw) Welis A 7K
Soil Slope direction Slope position Land use pattern
g B3 13874 Yo WP bR Wb BRI i K H T Mt
Depth/cm Shady Sunny Bottom Lower Central Upper Top part ~ Dry land Paddy Shrub Woodland
of slope part of part of part of of slope field grassland
slope slope slope
0—20 33.57 37.12 19.21 26.23 32.25 39.83 33.72 22.78 20.51 31.86 33.83
(L.14)B  (1.18)D (1.16)C (2.16)D (1L.14)C (2.12)A (2.45)B (1.63)D (1.12)D" (1.58)B  (1.87)A
0—100 25.18 26.26 12.77 23.46 28.89 37.84 29.78 20.22 12:92 29.45 30.80

(0.027)A  (0.92)D (1.47)D (1.01)C (0.75)B  (1.84)A (1.58)C (136)C (1.52)D (1.03)A (1.53)A
RPN KRG 7R 22 53 83 (P<0.05)

x5 TEANBSNSEZMERNGBEXS T

Table 5 Correlation analysis of soil organic carbon and influencing factors

AL AL

A s =pe)
o By . + LR A FRRA S (0—20 em)  (0—100 cm)
e . K . PREEZR . )
Slope . Soil Bulk Stone Organic Organic
Index L Altitude . . Rock
direction thickness density content carbon carbon
exposure
content content )
i Slope direction 1.000
W Altitude 0.632 1.000
L JZJELBE Soil thickness 0.123 -0.513" 1.000
%5 H Bulk density 0.432 0:243 0.601" 1.000
AR Stone content 0.127 0.515* -0.706* 0.423 1.000
HORE 0.483" 0.312" -0.816"" 0.456 0.643 " 1.000
Rock exposure
=AU S (0—20 ¢ \ , : .
RRAHRE R om) 0.865°%  0.993°*  -0.910""  -0.832° 0510 0.880 " 1.000
Organic carbon content
il 1 (0—100 . . .
R LB MW N0904t 0971 -0932°  -0.790" 0.262 0.959**  0.512° 1.000

Organic carbon content

#  FERAEEARIE O )2 0.01 I, FISEHIR B3 BY 5+ FORTEEARIE (X)) 24 0.05 I, ISR B35 B0

2.2 ARG A B e bR U

FH2755 ARFE s BARIEAT AT A5 80 T 8 5 ZE N A AU i R R 5
A7 T VR 7 R R R AR X BB (K 6) , TERFSEIX, 7E 0—20 cm JEIHE N 5 em J& - 5EH HLEK % B X 8]
0.21=3.43 kg/m’ ; 7€ 20—100 cm B FEIN 10 em JE A MRS X [E] K 0.16—4.21 kg/m*; A A /& 20—
100 cm J& + 34 ALK 2 B2 X (8] 4 5.14—19.32 kg/m*, 7E 0—100 cm Ju[H N HIEAFE XA R 0.94—1.44 o/
cem’ . TIEJEREE XA 20—100 em, 75 HIEJEEE KT 100 em BFiR 100 em, #7538 X 3 EE R 64 cm,
e ST AR, DX A MR R X (B R 29.22%—43.34% , A BR & i X ] R 0—75.71% , W] I FAEIE H 8850 fa i f . I
BB 75 km?®  HAOKIE AN 0.83 km®, AN 74.17 km® (B ARG S 5 A 00 i385, T
FEX AN I8 A ML i | 3 i S R 25 A K R [R) R s A AR 2 AR, B K+
YA AR R AR 22 SRR, R, A58 AT LR i i R FH 4538 05 0 20y 215, ok
A HLAR S
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®6 TRERXEIE

Table 6 Interval value of different index

N AL B/ME CNIE] SR ik
Index Company Min Max Mean Remarks
soc kg/m? 0.21 3.43 1.24 5 cm JE(0—20 ¢m)
0.16 4.21 1.36 10 em J&(20—100 cm)
5.14 19.32 12.12 20—100 em JE4 T
p ¢/cm’ 0.94 1.44 1.20
T em 20 100 64 >100 cm I HL 100 cm
5 % 29.22 43.34 36.12
G, % 0 75.71 7.71 KT 2 mm BIARRET S R AFRE S (%)
S km? 0.83 (ki) 74.17( +3%) 75.00( A1) RIEEARE AT SRS

SOC LA UL 5 p 378 TR E ;T R LHERIZ ; 6 R A RER R G F/R KT 2 mm ML BRE 43 Ll 5 S FoR R A

2.3 HEEAHLIRE AR

FE 0—20 cm 35 B AR )8 401X 5 em JE A 3EAT AR 25 B S A b Bl )23 TR B R I a8 sl /)N, PRty
TR A LR ek, T U8 A LR e/, AE 20—100 em 75 Bl N AT JE 48 X 10 em J5 4 386 HLEK
2 R AR b B IR s )N I AE R IERZ B T RS s 10 em B A ALK % B i KARLZ i
JME 1.58 1%, K2 20 em JE A HLER S E X 8] 4 3.29—5.44 kg/m*, 100 em LAY + A HLER 25 X ] Ky
4.44—14.50 kg/m* (£ 7)

£7 REARELEEVNBREEZBRS HREE (kg/m®)
Table 7 Spatial distribution eigenvalue of soil organic carbon density of different soil genus in basin
PR e BrfE MOORE - S Opae TR b Lj‘f? L e
thickness/cm Yellow clay Rendzina lime soil Large 1ogm §gpall clay large loam White sand field soil clayey soil
0—5 0.97 1.35 1.32 1.19 1.19 1.14 1.30 1.46 1.34
5—10 0.88 1.22 1.15 1.12 1.07 1.03 1.12 1.45 1.29
10—15 0.77 1.04 1.01 1.04 0.99 0.97 0.92 1.38 1.23
15—20 0.67 0.83 0.83 0.89 0.85 0.79 0.74 1.15 1.10
20—30 1.06 — 1.22 1.48 1.30 1.19 0.86 2.52 1.57
30—40 0.86 = 0.80 1.05 0.88 0.85 0.46 1.63 1.03
40—50 0.78 — — 0.85 0.62 0.56 — 1.33 0.78
50—60 0.67 N — 0.65 0.44 0.35 — 1.09 0.66
60—70 0.59 — — 0.54 — 0.30 — 0.91 0.56
70—80 0.53 — — 0.42 — — — 0.89 0.45
80—90 0.41 — — 0.33 — — — 0.69 0.43
90—100 0.35 — — — — — — — 0.36
Ak Total 8.54 4.44 6.33 9.56 7.34 7.18 5.4 14.5 10.8

BB B S T R —— X

2.4 THEA NG TR T TR

ANTR) LA ATURR A e 1035 1 LA, LR 8 AE A ML & i | S R R R AR e AN
AR A S DU T S5 260/ N 4 A BLAR A IR SOCS, =9.37x10° t, A HIEA LI & & |+
S R A SRR G RO, T 2% PECH A A 1 722 S M I JS BTN i SR LR G B 3 )l SOCS, =
9.61x10° £ ,SOCS, =9.28x10° 1 ,SOCS, = 8.53x10° t,S0CS,<SOCS,<SOCS, (7 8) , Uil + A HLw & i | %

P - SR AL S A LR ik A N R R Y

IS4
o

.

FrABE 354 100 em RF 43, + A HECEAME 1.20 ¢/em’,SOCS, >S0CS,>S0CS, = 1.850CS, , BB
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& A DB S TR FE A IR, - 33A LBk it = AE AT/, B SOCS, 42 SOCS, (CK) 1 1.8 £, 7TEAR%
IEEAREE R AR RGO 528N A B i SOCS, =9.37x10° t, {H# i 5 1 BREE % |
AR RBIE )T, LA HLER AR SOCS, =5.39x10° t, —#F B 45 25 a0k 16 75 km T RSk A 22
3.98x10° t( K 8) . KW, A A HEE e A7 TR O S J2 50 0 g 307 e b DX - 300 LGt it ki 2 R o 1 1) TR

®8 ARBEMHEAXTLEENRMEE

Table 8 Storage of soil organic carbon of different value and calculation mode

X . SOCS A
= SRR AR R PRCYIES \
. . . . Reserves.value of
Mode Variation factor ~ Invariant factor Calculation scheme w
SOCS(10°)t
S0CS, - Csoc B 0—30 cm #{E . p =1.20 g/cm® . T=100 cm .S T AN 20.86
SOCS, - Csoc B 0—50 em BI{H . p =1.20 g/em® . T=100 cm .S TR R 19.32
SOCS; - Csoc L 0—100 em B{E , p =1.20 g/ecm® . T=100 cm .S T AR 17.05
SOCS, A Csoc L 0—100 ecm ¥J{H .S O JE + AU 9.61
SOCS; Csoc T p =120 g/em®(HIM) .S I3 2+ E 9.28
SOCS¢ Csoc, p T=64 cm(¥MH) .S 92+ R 8.53
SOCS,(CK) Csoc.p T S 32+ AR 9.37
AN L1k
S0CS, Cooe G . p TS - O3)Z+ T ARALE  JF 5.39

VL8 G IZIEHER

3 e

B A AL 7 e SRR A Y R 2 R, S R ) R A LR 22 B A SR i DA S
A ELAE RS 22wk DX (A 2s [ ) A R A 2, RN 2 | TR S B A, LW i 28 R
R AT AR B RN — I B, BT AR R AT A BBk & 2 AR, MR T
(8] 5 B ik 2T A AL & i L IRR R AR RS IE AR AL S I SRR IR AR E T R A LR A
eGSR BT R BN 3 R B HLBB AN 3025 T A A W 35 1 S PR IO OGS AR g 4 SRt 3
W, T A LIRS AT B W S, iRl A WU R A F A 25 (8] A AT e S i) e A %,
A BB A R R B TR G 1075 L2 R B S UM G 3K Zhang SERFSEA R BT, WE
WrRE L IX 22 A R i, — R RO A LR P e B R TR i T AR TR R SR R
R AREE  ERANES BT A, IR T R IR Y B AT B B AR R AR LS R
L P Y 22 5 R S R R PR B B R DR AR A AR SCHLRIF AT T B R (B
1] ) N £ M A FH D73 0O0F R A HLBR B2, 25 8 R A AR IR SR s LSBT LB i 2 S 80K

TCA N IE AR 1A HURR it i A AEAR RSl B/ 18 K/ NFISE B A AR RSB 5 e, T 4 Skl -
B gE s, R A BROK SB AR AT A A S R B R BRI, 20 0.4—4 G LIRS 136 BB PR 114

AR LA 5L A 8 350 1 Rk T P T AL - 2 TR £ B 0 A B i 2R S R 55 SRR T R AR
14621548 Pg 1], 1iif v [ A4 22 3 AR AR A I 5 R - 383 2 WOk} R b 25 B R G AR BB —E L

o0 - SRRk, S AR SR SRR R GIS #8725 1] 73 D BE 3155 i Hp il b - A7 HIL AR B 4k T
50.6—154.0 Pg Z[H], IR A — Rl 9 (D H R RAE 5 fe /IMELED AR 22 2 A5 2120 X SERfF T 45 SR 2 R A
IR A SRAF: 108 DX I PN AL e AT A AL, A iU BE SRR AR A 58 7 ik 22, AT AR A BT Y £
SRR Ak R A ST IR — B AL, BURIE—Fh I kAT A0 45 R MR, B ief e, JL B P ]
T RFEPEREANE SR 170 S04 DX 38 2 18] 57 Joo g, ) P 20 B Qi i o 5 A AL f oA RE 100 P 8
e DI, e, ASBIFFE I ] 2755 A - 3ERI T, 23536 > R HERE AL R AE B Z , B TEAN R SERE B  REME
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A IR L A HLI R B B fitt i [R) ISP AR 5 6 B TE e A 12t A B A 3K 7 T — B 1T A W ST R DX
TSR A AR

F AR R 2R IR AR AT S HURREL A 2w A5 L R A TTEE B GO R 58 0 A TG A
TR B H A DG TR BE AR O T B0 UEAT R 5 12 X+ A WLA A oA B 45 SR B e % R 784 25 R g W R b X
9 1 2 () S R TR L | - S T BOF ST XS4 1.20 g/em®, FHIBAR X425 (0 28 3K A 55805 ZE3A0 /N i 4k -
A MLIAE RN 7.33%10° t, LEARTFFERAL I A2 T HHSAER 1.94x10° t; HH AR EA X B 11545 7.63%10°
t, AT FE ALY A THEAE R 2.24%10° £, A0 A B PR A A B ER 3 S Bk 5 1, IRl RE S i A 43045
PR 1, 2 BRI 2 K15 25 i PRI W T At DX R AN R R 8 A R BT 3, MR T RE L IX 2 L 5 AR
bR E A AR AU R ST A EOR AR RS R A T R X - 3 ML
it e N0 25 E IO TR GEAl B 7 ik | T4 A DX Y S PR

W ST R b X - B MILBI A B A SR R I HERR R T S A E A G S HIEA DR G R RS E 1
SR FE AN A B A A B SR AR U MERR MR G . A A MLk At i A SR, A LS R A T 1
JELRE 3 S BB, A8 B 25 i LAt 38 A 1) A8 Sk sF, A AL Al it i A8 A 1 8.53% 10°—9.61 % 10° t ( SOCS,—
SOCSy ) , 757 JEWE IRy 138 Jg M2 18] S BT PRI 3B 20 -3 DILa & i | L e S dR bn 19 28 S MR R G
SHEE I PR - AR FE 7 22 L) Sl it s A B v . S5 R A LB i | A R M R A R, AN
X e A IR AT O A WU AE R 9.37x10° 1(SOCS, ) , TEA SR 37 R fid 1t R B 585 18 N 78 43
FIEEAREE R DIREE AR, W DLRRBEA SR 2 . X SFR bRl T MLB Ak o 1) S 2R
2,0 b TR b X A S5 A T RS R A AR R RS, BRGE T A - 9 A T R L SE R TR K, 7
FAOMEER AR A RIS IE T LA BIER T 25 8 5.39%10° t(SOCSy ) o 45 48 A -5 1A ) Ak 35 45 1
FE TR, S0CS, H SOCS, K 0.24x10° t,S0CS, H SOCS, /)8 0.092x10° t,S0CS, b SOCS, K 0.84x10° t,SOCS, Ht
SOCS, /) 3.98x10° t, 2 B ik e A ) + 34 HLAm it 2 A8 M i B OG220 RIS A R s A ik & >+
A MU > IR PRI, 7R A 5 4 A X A ML i Sk o 1 ST R IR A A R R
ATRE R SR ER HROE H AR S e e A E, W T A A SR ARSI IERNEE
Ty BAEAG A Sl X 3R 2 R A ALk A I OE AR GeAh 58 0 s, TE e DX SEBR A, JG A A 50 s S
T A S R 2 A L it e i O LY R A% A B R OO 3 S A0 B B AR v R 1 A BIL B
fitt

=L
Ho
4 Zig

(1) WS st DX A ML & B LA T R R 0 BRER R SE AR AR A 2 () AR SRR BOR A 5 o
A LB A 11 R e Es [ S Bt T A SRR A SR R LA T B R KPR G RL
(2) 5 AT M S 4t DX - A LAt A 5 90 v B2, 7 LU BRER R B IR A 5 B IR R g s

m

I DU J B S RS SOCD,, = €, xp,, xT,, x 102 AIS0CS = 3 Y S0CD,, x

Sex(1=8) x (1 -6,) x10°,

(3) AN [FIHE BrxT v R X - A BB A et ik B3 A 50 T R B O 32 IR RE B > AT s A ik o > 1
BEAPUR S > TIEA T, WA AREER AR B E S 1T A 2 AN 3 S 2R N R
BLift iR 5.39%10° t, HA R )2 20 em A DR FE X [H] 2y 3.53—5.44 kg/m’ P34 . 1.24 kg/m*, 100
em AT HLRR S [X 8]l 4.44—14.50 kg/m”  SEHIEN 12.12 kg/m”,
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