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Abstract; Soil organic carbon (SOC) represents a large component of the global carbon cycle, and the SOC pool varies in
forest ecosystems depending on species composition, growth stage and management practice. In order to accurately evaluate

SOC distribution and dynamics in forests in Hunan Province of China, we reviewed, assembled and analyzed a
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comprehensive data package collected from (1) published estimates of SOC contents in various forested soil profiles (a total
of 277 soil profiles in the province) in the past 15 years (from 2000 to 2014), (2) four times of forest inventory data from
1983 to 2009 in Hunan's forests, (3) long-term field measurements in the Key National Observation Station of Central
South University of Forestry and Technology in Huitong County, Hunan Province of China over the past 15 years (2000—
2014) and (4) field surveys of 59 soil profiles taken from ten typical forest types in the province during the period of 2008
to 2014. All forests in the province were classified into four categories of timber-forests, economic-forests, bamboo-forests
and shrub-forests. The timber-forests were further divided into eight major forest types based on the species composition of
the forest stands. The results showed that the arithmetic average of SOC contents ranged from 9.53 to 22.86 g/kg in the four
main forest categories, of which the shrub-forests had the highest SOC content. The differences of SOC mainly occurred in
the 0—40 cm of soil layer among the studied forest groups. SOC density was in the range of 95.44—181.30 tC/hm’ in the
0—80 cm soil layer, with an average of 137.15 tC/hm” in the examined forests. The differences of SOC density among the
forest groups declined with the increase of soil depth, and the effect of forest types on variation of SOC density was gradually
weakened with the increasing soil depth. From 1983 to 2009, SOC pool (0—80 cm soil depth) increases in Hunan's
timber-forests with a net increase of 414.86x10° tC and the area weighted average of SOC density increased 10.98 tC/hm’ in
the studied timber-forested soils (0—80 cm soil depth) as well. The difference of SOC pool gradually increased with aged
stands of timber-forests, mainly occurring in Chinese fir ( Cunninghamia lanceolata ) forests, Masson Pine ( Pinus
massoniana ) forests and broad-leaved forests. Among the forest types, natural forest accounted for a large percentage
(>50%) of the total SOC storage in Hunan's forests. But the proportion of SOC in plantation forests increased as the
plantation areas gradually increased in the studied province. Economic-forests, shrub-forests and bamboo-forests made
different contributions to the total SOC pool (0—=80 c¢m soil depth) in Hunan's forests, depending upon planting areas,
cultivate systems and management practices. The changes in SOC pool in studied forests were closely associated with the
alteration of forested area, convention of forest types and land use changes. These changes in terms of forested area and
forest type were related to the formation and implementation of forestry policies in local, province and national levels. Our
study suggested that human activities would influence SOC pool in forest ecosystems in regional scale through altering

forested area and forest types.

Key Words: Hu'nan Province; forest soil; forest type; organic carbon density; carbon pool
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Fig.1 The spatial distribution map of soil profile in different forest plots
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Table 1 The regression equation between contents of soil organic carbon and soil volume weights in different forests

AR
Forest types

FIEEE/ (v, g/em®) -HIEA DS B
/(x,g/kg) BIA T2
The regression equation between soil volume

weights and soil organic carbon contents

&R B Correlation coefficent (r) |
FEAKL Sample number(n) ,
K- Significance level (P)

FZAMK China fir forest

Iy FAHK Masson pine forest
HEHBAAPK Slash pine plantation
FAARM Cypress forest

FEIHK Broad-leaved forest
K Poplar forest

2555 Mk Economic forest

HEAMK Shrub forest

BATAR Phyllestachys edulis forest

y=1.3726e0 0%
y=1.4382e 70005
y=1.4439¢00101
y=-0.021x+1.7135
y=1.4206e "%
¥=1.6768e 005
y=1.4761e 0%
¥=1.5006e" 0"
y=-0.014x+1.4079

r=0.5776 ,n=112,P<0.001
r=0.6472,n=95,P<0.001
r=0.5182,n=53,P<0.001
r=0.6628 ,n=14,P<0.01
r=0.6508,n=171,P<0.001
r=0.8104,n=21,P<0.001
r=0.4139,n=79,P<0.001
r=0.8514,n=78,P<0.001
r=0.5968 ,n=44,P<0.001
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Table 2 Soil organic carbon content in main forest types in Hunan Province ( meanzstandard deviation )/ ( g/kg)

RHRN 0—20 cm 20—40 cm 40—60 cm >60 ¢m g*%fﬁ
Forest types Arithmetic mean
F Ak China fir forest 25.04+11.83(49)abA  13.76£5.82(49)aB  8.50+3.80(43)aBC  5.76+2.81(31)aC 14.4245.22a
I AR Masson pine forest 22.79+12.47(47)acA  12.12£4.06(45)acB  8.75+£3.61(38)aBC 6.45+3.96(34) aC 13.09+5.01ac
M HuFAMR Slash pine plantation 16.26+5.08(18) cdA 8.80+2.86(18)cB  6.25+2.72(17)aB 5.86+2.18(14)aB 9.53+2.21c¢
FAAK Cypress forest 15.51£4.66(7) cdA 9.41:1.54(7)cB  5.9320.18(4)aB 5.22+0.68(4)aB 9.54£0.96¢
It Broad-leaved forest 29.07+20.50(73)bA  18.41x13.26(73)bB  12.8129.34(69)aC  11.3127.38(45)abC 18.63£11.91h
Wik Poplar forest 12.98+6.47(10) dA 10.08£6.38(10)acA  11.1728.25(7) aA 12.33£8.81(6)bA 10.81£6.02¢
HEBR Eucalyptus forest 17.76+2.00(4) cA 13.80+1.98(4)aAB  11.14+2.05(4)aAB 9.25+2.75(4)abB 12.98+1.24ac
ﬂjﬁdlﬁﬁ ﬁﬁ*x:ﬁm o, S2AISIB(S)eA 1S8258.67(S)abB 9.01£3.09(5)aB 9.01£3.09(5)abB 21.576.12b
225k Economic forest 15.80£9.18(76) cdA  13.23£7.40(70)aAB 13.09£8.26(69)abAB  6.88+2.78(16)aB 13.4027.20ac
AR Shrub forest 34.97£22.17(31)fA  21.85+17.06(31)bB  16.35£16.29(30)bBC  9.09+8.59(21) ahC 22.86+17.34b
FATHK Phyllestachys edulis forest — 27.64£8.16(16)abA  18.82£5.20(15)bB  13.10£5.27(13)abBC  10.57+3.74(5)abC 19.5625.10b
BEARSEHIE Arithmetic mean 23.55:15.94A 15.00£10.00B 11.50+8.67B 8.21+5.83B 15.35£9.51
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Fig.2  Frequency distribution of soil organic carbon content in 0—20 cm under different forests
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Fig.3 Frequency distribution of organic carbon content in different forest soil layer in Hunan Province
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Fig.4 Soil organic carbon density in 0—80cm soil layer of main forest types in Hunan Province
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3.3 HIEE TR A ML A R sh A

MR 3 FTLUE 4 A E A R4 TR AR MR 42 458)23 (0—80 em ) A HILAH 2 fith 12t i 7 AR T AR i iy 184

hin, i 1983—1987 4F1Y 641.79x10° +C 34 /13 2009 4Ef1) 1056.65x10° tC I T 414.86x10° tC , A F- K
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Fig.5 Mean soil organic carbon density in 20 cm soil layer of different forest types

P AN [ 2 B3 [l — R JR AN R AR AR S B 22 5 {2 2 (P<0.05)

2574 18.86x10°tC ; 1 4)2 (0—80 em) MBI 314 HLAK % B DN 1983—1987 4F1% 133.49 tC/hm*#2 /5 £
2009 4EfY 144.47 1C/hm? 3275 T 10.98 tC/hm?® AFEFX482E 5 T 0.50 tC/hm®, SRUTBI R A Te A 1 52000
RE AN i 2 HL T REUE o 2 7 8 K i LSS T AT AR AR = 398 2 (0 it e 0 BT IR 5

3.3.1  AFEFEAMIEH +HEG PRk 1 sh 4

[F]— ¥ A A TR AR AR - 4822 (0—80 em ) A HLARAf 22 5 B 1, 1983—1987 4FZI| 2009 4 4 > A 1,
R SRR Z 2243 1H 260.23x10° 1€ ,293.05x10° tC ,427.76Xx10° tC,523.07x 10° tC, AN [F T Ak
(1) ) 22 S5 Pt 5 ik ) i AR R T3 K AEL38) EBE AAEAZ AR AR | IR, =3 1382 (0—80 em) A LAk Ak
22 A0 A AR R TR AR AR )2 (0—80 em) A LR B & 11 95.61%—98.93% , F& BHIZ AR FAAM
IFE] MR 380 P 28 TR ARR - 30T BB A v o A AR C B W T, AT 402 MLBs A et 1 B S AR AR AR R
Hi 2R R A T AR 2R A AR At (£ 3) .

M 1983—1987 4% 2009 4F, 2 T+ AR LR (0—80 om) ALK fif it 12 B HE AN RO AR A 3, A 22
WER L FHEE EHIN T 389.00x10° tC, A2 AR AAAMYE FF-, BB E SR T2 TS 530
T 38.45%10° tC ,1.22x10° tC, MAAAMALZSE ETFF, R, SR 12 TR §R b T 51.96x10° tC, [ 4
FARK AREAR AR AR MR AN K (3R 3) . RIIBE S ARMAE LIRS, e A 1 g 48 T bR - 38 )2 e
Dtigrh 7 4 MOk B E ZE A A
3.3.2  AFRETASR LG PLaRAE % B sl A

TE 4 DR IRIE AW RARAR L2 (0—80 em) A HLBRAif & 24755 T W) (09 K, i 25 Ik 1] ) 72
b, AR N TP 398 2 HLAI i 22 I v AR o vy S8 3 14 o, L 3 =2 ) 1 2 S AR RS (R SRk
B2 (0—80 em) A AR fifh 12t o W 7 44 [R) 3 7 bR 1 48 278 BLAR it 2 1) Lo 49 52 TR R B (o ok 67.41%
63.61% .51.72% .60.39% ) , N TRBT 7 L] Ak b 52 B35 (300 R 32.59% .36.39% .49.28% .39.61% ) ; TF
WFFEIIA] , RARAR T35 Z (0—80 em) A HLBRIL A 205.45%10° tC, 5 2248 Fr A+ 32 WL I AY 49.52% , A
T AR 209.42x10°1C, (5 2B TEAM IZ)Z A AR 50.48% , KIRM A1 Z (0—80 cm) HEUIMAEH4 HL
i %85 B 127 v T R BN PR 4 S8 i RN RSO 4 AL 2% 1, L I A I i) R 30 3 v, T N AR AR A AN 1
(F4) ., R HRTRIRMIZ W A TR AR 2 WU it 2 1) = 2L mumka , ELB 7 T AU 3 - 1 [ Bk g
FRELEE N TR - 3582 A MLBs A et B L TR AR 1 in 1 5 2 4 5
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x3 HEATRARBEFAKRS LB TER(0—80cm) BHKIEE BREE

Table 3 Carbon stock in(0—80cm ) soil layer of arbor forests in different period in Hunan Province

1983—1987 1990—1995
TR AR [ Tl i T i TR Tefiti T
Arbor forest types Area/ Carbon storage/ Carbon density/ Area/ Carbon storage/  Carbon density/
(x10*hm?) (x10%1C) (1C/hm?) (x10*hm?) (x10%1C) (1C/hm?)
FZAMK China fir forest 174.04 230.78 219.29 290.78
LL AR Masson pine forest 220.61 267.09 243.20 294.44
[ Ak Broad-leaved forest 80.34 137.06 128.68 219.53
FAAM Cypress forest 5.72 6.86 9.47 11.37
[E#MAFK Slash pine plantation — — 23.07 22.02
K Poplar forest — — 1.21 1.40
7 N Tsuga,Taxodlum distichum, - - 134 217
Keteleeria etc.
AT Total 480.70 641.79 133.49 626.26 841.73 134.41
2003—2004 2009
FRAMRAAY TR Tl 1 T %5 (gt T il it T 1
Arbor forest types Area/ Carbon storage/ Carbon density/ Area/ Carbon storage/  Carbon density/
(%x10*hm?) (x10%C) (tC/hm?) (x10*hm?) (x10%tC) (tC/hm?)

FZAMK China fir forest 267.06 354.12 203.04 269.23
Iy FAAK Masson pine forest 232.26 281.19 177.70 215.14
[# K Broad-leaved forest 251.37 428.84 308.36 526.06
AR Cypress forest 10.93 13.31 6.73 8.08
[E4MAFK Slash pine plantation 23.12 22.06 23.70 22.62
K Poplar forest 6.96 8.12 6.72 7.84
—FZHK Tsuga, Taxodi listich

/i‘//M\ suga, laxodium distichum, 0.67 1.08 2.89 4.68
Keteleeria etc.
FEM MK Eucalyptus forest 1.34 1.79 2.25 2.99
4 Total 793.70 1108.54 139.67 731.39 1056.65 144.47

T4 AERHPHAIRIMEXAKTIEER(0—80 cm) BHRES HBBE

Table 4 Carbon stock and density in(0—80 cm ) soil layer of artificial forest and natural forests in different period

S ] . I WA it Carbon storage/1001C | W
Tnventory time Origin Area/ B — — — P Carbon density/
10*hm 0—20 cm  20—40 cm  40—60 cm  60—80 cm 31t Total (1C/hm?)
1983—1987 N TR 158.66 92.31 55.16 36.47 25.27 209.22 131.87
FIRM 322.05 178.25 111.71 81.51 61.13 432.61 134.33
1990—1995 AT 238.89 135.28 80.12 53.13 37.86 306.38 128.25
NN 387.37 217.58 138.21 101.86 77.73 535.38 138.21
2003—2004 PNER 425.41 237.63 143.00 97.42 70.10 546.32 128.85
PN/ 368.28 219.44 145.26 109.73 87.80 562.22 152.66
2009 ATk 315.42 178.68 108.64 75.27 56.04 418.64 132.72
NN 415.97 249.79 165.00 124.15 99.11 638.06 153.39

3.4 WHIFE ST BATAR EAM A AR A A SIS

MR 5 TR AR AR 13882 (0—80 cm ) A HLAK At A 1983—1987 4F-F] 2003—2004 4F- 14 ¥ 14
11,2009 4EX94G BT T 1 BN 1983—1987 4EF| 2009 4F Y3 BRGHEhN B4t 23 5114 32.14x10°tC Fl 38.51%
10°C, T Z BRI AR A S AT AR FEAMRIA A I, B A8/ 0 /0 T 94.68x 10°1C, IX 5 4 BE bk ATk
VR AR T R s [0 0 2 DDA O
3.5 WIREE AR HEA PGS B I B A

R AR L2 (0—80 em) A LA 5 I H ARMK IR A 1S i, DA 1983—1987 4F1191177.83x10°tC. 3 i
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] 2009 4E11) 1568.66x 10°C, ¥4I T 390.83x10%C, M348 £ 17.77x10%C, 345 HLER % 7 I\ 1983—1987
A1) 138.60 tC/hm* 25 5] 2009 4F (1) 146.88 t/hm* , $5 T 8.28 tC/hm” , 4E¥HE /N 0.38 1C/hm? (& 5) , R HIM
B A8 AR 35 2 A0 MILA A oA B 2 AR T AR M It 185 o vy L B T R AR - 1 it e B T o R T 1
X5 &R | )2 ML B Rl A (] A8 AT G,

[ — 5 A 1, AN [R) BRbR - 482 (0—80 em) A3 HlLBsfith i 22 55 Wb 2, FL B4 B () 488 | 22 SRR B K, HL
AR, 4 DFRMRTTIRIE A, AU, BT R 56.56%—68.48% , HLBE 4 B ]
FRAMRTE R 0 £ 5, PRI AR APR - 338 2 A HIL B i e o, o 991 7 42 () 30 AR PR 133822 (0—80 em) A AL &L
Y 54.49%—67.36% , E 57 TS s i i oK, 2B R AU T Rt 4, H 4 3828 WA At =
7 IR A TR AR AR 1 138)2 (0—80 em ) A LA SMfitt i 1 A 43 LUV T B, I 23.29% TR0 11.45% (3% 5)

£S5 TRARBEMIEEENREE REE

Table 5 Carbon stock of 0—80cm soil layer in the main forests stands in different period

1983—1987 1990—1995
AR A efit izt W A et i T
Forest types Area/ Carbon storage/  Carbon density/ Area/ Carbon storage/ Carbon density/
10*hm? 10%tC (1C/hm?) 10*hm? 10%tC (1C/hm?)
e AR Arbor forest types 480.70 641.79 626.26 841.54
225 HR Economic forest 216.18 274.31 199.52 253.17
1 #k bamboo forest 56.96 87.72 65.02 100.13
HEARHRK Shrub forest 95.98 174.01 162.98 295.48
A1t Total 849.82 1177.83 138.60 1053.78 1490.32 141.43
2003—2004 2009
AR TR T T Bt [ Toefitt it T
Forest types Area/ Carbon storage/  Carbon density/ Area/ Carbon storage/ Carbon density/
10*hm? 10%tC (1C/hm?) 10*hm? 10%C (1C/hm?)
FrARM Arbor forest types 793.70 1108.54 731.39 1056.65
2T Mk Economic forest 126.04 159.93 141.56 179.63
1 #k bamboo forest 82.93 127.71 77.83 119.86
JEAMK Shrub forest 277.35 502.84 117.22 212.52
A1t Total 1280.02 1899.03 148.36 1068.00 1568.66 146.88

4 HiRSHi

4.1 ARG LR & it SO TR oA

FRAR A LR B 2 B O T AR VS P A i A S Lo i, — 38 5K BRGR A R A O, DR L AR AR 1 3
H LR & A S BRI R 0 2 T 2 b (0 S 55, o BIFSE e B, A AN HHRE O,
RRPRIS T Bl Al T - 96 HLAR ) A7 T e e qE VRS (05 RIS ARl o 4 Bl 5 A 9 PR A L, A
R HAE A HUR AR B AR T P T A A KIRMEE AR R AE ORI TR LS |, 1 588 ML
Pt 8 AR, X R A 2B Al AR R I B A ELA B A R A L R A B AR Y - e
JZ(0—80 em) AHLRE A TR & AT 9.53—22.86 g/kg 2], HEAM = H2AK BATA N Ak B35 5 T H
by 7 FpARARISHY A2 AL 3 3 IR AR AR ARG AR, (HHEAMR A2 K  BATAR T AR 5 22 ]
FEARMR B BAABR MR AR LoD ARI P 22 [B] 22 S YA B3 TR 0] BB A2 KRR L T R AR AR IR HBAA AR FIA
MR AR BR FRRAR 22 AR A R Z N TR, A AR B 2 | R, G+ 380 HLRR % o B B KT A8 T4k
AHXT A (AR | ] A B TR AT A N HE R e A i K, R AR R AT e Niib 72 T+
SRR B A LR S AR s S ASARE LU TR 3= (8 S B0 A 6 1 25 B £ 18] 22 180 3 YR AR IXORT
Sy TN S L P N NS A A = I 5B 2% S 0 2w €7 == =10 N AV R0 N s - 3
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2218 AR T A DR R ol R L & s . RUTI R A B - A ML & AL
FRMEALG 5C 0 5 AN THPARD Y MK A K, BeAh, £ 70 R A AN R W 2R - 5EA HLEKk & IR
Bj— , i T8N 2R 5 BRI B ARG, R A IS v, AR R A BILAsR 5 B AU — Fh AR S 4
EATH SR i S et T8 R 8 > AP A LR 5 i A S A

b F AL 7 R 22 43 TR 10 A DL B Stk A 1 3E3R )2 A (A3 Rk 3R 2 1 A ALk 75 W
i TIRE 0 ELREE SR B N2 F R Jobbagy AIFFEHE H AR 2R 1943 A B3R MR 30 h A AL
iR B T ELAM , TR KR SEAR A S AR VA O - AR AL T F 5 BRI L BeAh, BRI AR S St bk
i A A S, T B R AR TR AR AR R MY 0—40 em THEE , B [R]— AR ARSE AL R R XA R T4 0%
SRR AN S WA FERMEEE BRI 225 RIS, 45 RS R (BRI RS ) 135
A WU A 2R 1S 0 2 2 DR B R ek R — R Y SO [ AR RS 7Y + 3R 2 (0—20em)
A B R 25 R R, LR 3R 2 (20—40em ) , RUTMI mA AR - EA LR & B0 0 7 R E R AR Z
113 (0—40em) , 5O A WFIELEF 50 A 3,

FRPRS TR AR ol 2 S AS 5 422 5 1 8 % 400 10 7 B R I o, o ) e b ) = S8 6500 A= W 055 B (R A3 S
SR A AL R R R RS AT, AR FEAAR IR JZE 148 (0—20em ) A HLER & BAUR M i el
O3, FEWAAS ) R R 22 ) AR 2 1] 26 2 4 5 (0—20cm ) A HLER & 7 22 Fe Ak, J2 TR bk 38 R bk 2
BRI AT 22 2 R BRI FE - 56 MILAs & 1 25 R B5 T ok B TS sh MR b XK AR 1 22 541, ik ]
RESR B T AN 7] b DX 3 ] — b DX (%) R R EE AR AR A A B 25 5 o AR, BV AR TR B X, A2 AR AR | B R A
BT ZEBEAR  HAS R SR i B — ELAH R S AH oL, L 3 ALa & 2 0 22 5% £ 20k A F A TR AU
XK SRR 225, D IAT R A A AT B vh |, 25 SRR /N, B2, BRAK A WL 75 152 2 0y T &R
LR RSN B — B B B A B & R AR OGS JRYE B VR W o RN A ML TR o3 2[R
YERRMEE S PRI Ao 45 50 26 A AR AR 598 ML & 1 M HL Al B 0 A A AE I AR 2 4 X 1), (\GE FH T R AE 18
A8 AR 0 DXIRIR B, Jea 0 S LI T A AR AR 398 WLA A Jmy B LR i PR 7
4.2 FRAREA ML B XL

MR A £ EARMEA 0—80 em 1324 MLEK S FE7E 95.44—181.30 tC/hm” Z [a] , 4b T B ZAk L HEa ML
% B (AR AL L (44—264 1C/hm®) " P, 1 4 45 AR AR T 0—80 om 358 2 A HILAR 2 5 ¥ 43 ) g T
VA4 N WA R AR 2R AR 0—100 em HIEEA PR C7 ) Wr A EEHRMIEH 0—80 em 12Ty
{E(137.15 tC/hm?) & FHE 32 (79 em) SEHBREEEE (108.3 tC/hm?) ) ¥ T 28 i 25k 53 10 o [ R AR+
HEJZ (100 cm) FHAH MUK BE (115.9 1C/hm®) M RIXIH 245 B 45 B P93+ JUAR SCHERAS ) A9 b B AR bk 12
S-S54 HLBR A B (107.8 1C/hm®) 1 I B8 735 FVT P64 ARbK £ 98 (0—100 cm) I BUMAF- 354 HLBR 2 1 (102.1
tC/hm*) 7 S RS 2 AR R A LA R A v, R T AR AR A A AR e A MR

FRMA A LR A A R/ INBC T ZRA U 7 0 04 o i i AR 39 B O W A P A i R O S R AR
) Sl AR LA TG T, ARARISTXT I8 95 0 00 7 H5 R A3 et SR 25 B 25 M), 0 77 s RS [) R PR A 28 ]+ 35 L
WA KR ARG SR ZR RS + 182 (0—80 om) A HLAR % B (AR (#3455 H - HE A HL
RS AAT- 2 1 ) AR AR, 25 5 I | DAV AP AR /5, R R R AR = A2 0K AR, B AR T H A K
FOARMR, BT RS 2 bk 32 AT AR B 5 3 P & B 00 R B, B2 BRAR S AR T3t 145 g B
B B T FEACHR A AR | —AZAK BT AR R R T R T AR

WFFT T, - A LR 2 bt - J2 R B 78 Ak R B He T A MLAR & e A R S oA Tk A
P X, A DL A7 e T e S e o e e b, RZ A MU BRI ARBF g, WA
FRMRA (BRABI RIS ) 38 MLAR 2% B 35 B SR FE 38 i T R, 5 B BRI 45 AR —50Y ) iR
EHWE =R —E, B ARG R W B X, (E A7 M — Rl fe AR A R, A T £, K
Z AR AR B AR S o, R AUk S R S e & L EA VR ICH B 225, 3 20—
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40 em HEA MRS EEAR (R 3 FE 4) o PR AR 1 38 HLAR 2% )3 1) 3 1500 A 5 H B AR B
A,
4.3 WIFA SRR LR A PR s A

M 1983—1987 4EF| 2009 45, Wi 44 7+ Ak L JZ (0—80 em) A HILAR 4 fith 32 ¥ 1 K, B2 ThT AR TR A bk
o nt s YN A A R N T et = W T N NS a8 Y i = i 1 B ol T AR S N o W N Y SN T Y S e A TR E
A A2 B S FLTRTARAG B L A= 1 B S A A2 £k, DN 1983—1987 4F 21| 2009 4F 4 N4 B, i B4 e R
AR T 250.69% 10 hm* | 3645 HLAR 25 B Ry b 45 7K S B9 RZ AR AR A ARR T AR 22 T 4= 2 e AP v AR
OB 52 a3 (2300 82.10% \73.85% 62.91% ,52.06% ) , T K& T 30.04% , 1M e A7 ALk 5 1 4 s 14 1
RRTAAR (5 4248 T AR T AR 0y b o) 52 b 3 (2 51 R 16.71% ,20.55% ,31.67% ,42.16%) , #2755 T
25.45% , FE I RE A8 TR AMRIE FHAZ AR B APRR 248 X5F 015 38320 3 2 A8 Ry PR RS AP RS AR | I b oA 3 ) 22
FRTRARMRLE B, 45 55 1 TR AR - S58A ML P A 12t S LB T AR SRR BE T o T UL 76 A I AR AR T FRAS A2
T, T LA A8 18 5 TR AR R B L 31 385 2438 i 5] AR TR R, DR 2 0 7 48 T AP - 6 BILAR s 1
FIE B AETT

] — A, AT AR L 42 (0—80 em) A HLIRAE 22 B 0, HpEE AR F Rt 2z R Wi, R22
H . @O BEE RS , T AR T RGN, {545 b T AR T B i 2 22 SR AR A, JRUSKe T B MR o 388 i K
MRV ARS8 i /N S BOR R TR AR R 22 548 K, 1983—1987 4,4 R Fe AMRIH R AR K 5 e/ N2 22
4 214.90x10*hm* ,2009 45,8 Fp T AMK I FLdR K5 Fe /N2 238 K0 306.11x10 hm* ;@) R4 AR T A bk £ 4
JEA BB B 11 25 S AN A T AR Y 25 57 K (BN R TR ARMR 382 (0—80 em ) A LA %5 i 25 57+ B &, L iR
INEIARSY I E A WU AR (K 3 FI3R 4) o R, Bl B (A1 AR Ak, AN R TR AR 4 498 2 5 LA i 3t 1Y
ZESEBEIGK, FBIE TSR TR AR IR 25 57 Bl sf () 28 A T 18 R i 3

H 20 el 70 AR LK, v ST T R 185 AR | P AR T AR N MR TR AR W 34, I 72 1 e ke
RS T R T B, AUFFEH, A 1983—1987 4EF 2009 4EMAA] 1 FT & A T KR 2L & $E ik
AR, A — P BT AR A BLB ok AN TAR (R S) , XA F A AR AR 238 in, 1998 453k,
] I J SRR GE R AR AP T AR, R SRR FRAS AR i, DRLT (e 75 R SR MK 4= 984 ML 122 it i i 4 i 32
FEFRMA 7 b X ST AR AR —BUE LT, KAR WK AR (5 BB AN+ AR TR AR | i R A I I e Ak
BR-+7F XI5 2 [ 0 AR U8 V% 0 o | 382 MILAR 5 o R HL o 4 0 2 v T A AR AR A A2 RN T
AR TR AT, N T AR R A2 — | A W i/ 70 5 RAT SR B MR L B T 5 3 AR A LR
R EHER EANY), v, SEFTBRERR RSP0 B 1 , LA MO S8 4 s B 19 &2 I pRpRoR A K
S EOMRHb - A ML AR D TR SRAARE R AR MR R 2 R R A, R A R R SR F LA S 2 R
R AR HEARA A K Mokt - 58 HLBR G A LRI, ARBFIE P 4 AN TEA RIRR (A5 AR A AR 1458 )2
A ML P 2 e T N bR, LB RS (] A8 A RS 1 0, 22 B3R B R SR AR A2 5 O TR A Tk A ol 3 A 25 0
TR R I VR, DR B T A AR PR AR TR AR AR RS, SR R AT R AR AR 2
A, AR L o) TOUAR AR P& RS, 0l A, B AR AR 2 7 T R B A AR AR - R e R SRR R ik
I SRR B i

ARHFFE Y, 45 ARSI 5824 WL At 1t 2 PR 25 2 MR T B R 38 J23 A AU 2% B A BRI 45 R, Rk
R A HUBR A 1 A8 A6 5 5 AR TR TR ) AR A2 DI AH DG | T 25 AR RIS Y T AR A 3 0, 5 4% TR 0O
FISEHEAT 5, W] L, N ZS35 SR 20 R M bk - 8 )2 A3 DR 22 6 et S LRI I, M AT AR AR L IR AG IR 155K J2:
it 3 A 285 2R GERRAE I 5 v B AT 43, X R - A LR SIS AR A T i, A SCAGE TR 4 4
AW AR R A VUi (A e SR 2, EE R QR UEA B 2450, H2s 10
Oy A ARNIEEY A WL ZS (B8 5, BRIV ] — b DX []— e T AR A AEAR S AN [] , 4= 384 MLAR & AN [, 78
T ZRAR A WL B, 150 43 DX SR o0 ST GE 1 s @b - 498 S 8 2 B A8 75 4) , A AN
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$5375) s OWS G 14 SCHR 3] TR RO A7 A LI SE IR BE AR — iRk 2 LI RO, Rt B ST e — AR
HE AL MR AE DT ik, AL ARAR SRR 42t o MIBRAR PR RE AT 5T, 12 TR 2 () R ] U R £ 5 A
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