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Effects of long term vegetation restorations on soil organic carbon fractions in the

karst rocky desertification ecosystem, Southwest China
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Abstract: The response patterns and intrinsic mechanisms controlling the distribution and accumulation of soil organic
carbon and its fractions were determined under long term vegetation restoration in the southwest karst area of China. This
paper aims to provide a scientific basis for the scientific management of rocky desertification in karst areas and the
clarification of soil carbon sink effects during karst vegetation restoration. Seven typical restoration measures implemented in
four vegetation restoration projects ( Tree forest construction; Cupressus funebris and Tectona grandis planting; Shrub forest
constructions; Zanthoxylum bungeanum and Hylocereus undatus planting; Vine forest construction: Lonicera japonica

planting; Grassland constructions: Pennisetum sinese and Amomum villosum planting) , all carried out for 28—31 years,
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were investigated in a typical karst rocky desertification area in the southwest China. The distribution and accumulation of
soil total organic carbon (SOC), active organic carbon ( AOC), slow-active organic carbon (SAC), and inert organic
carbon (I0C) under long term vegetation restoration were systematically analyzed. Three main results were obtained. (1)
The long term vegetation restoration in the region significantly changed the distribution and accumulation of SOC and its
fractions. The construction of artificial tree and vine forests significantly improved the distribution and accumulation of SOC
and its fractions. The construction of an artificial grassland not only failed to increase the accumulation of SOC, but in most
cases reduced the content and storage of SOC and the content of some SOC fractions. (2) Long-term vegetation restoration
in the karst region clearly affected the structure of the fractions of SOC pool. In addition to artificial grassland construction,
vegetation restoration significantly increased the proportion of SAC in the SOC pool. Artificial planting of Zanthoxylum
bungeanum significantly reduced the proportion of AOC in the SOC pool. Planting Cupressus funebris significantly increased
the proportion of I0OC in the SOC pool, while planting Hylocereus undatus and Amomum villosum significantly decreased the
proportion of IOC in the SOC pool. (3) Soil total nitrogen (TN), total phosphorus (TP ), and bulk density (BD) had
extremely significantly positive/negative correlations with the distribution and accumulation of SOC and its fractions, and
were the main factors influencing the distribution and accumulation of SOC and its fractions in the study area under long-
term vegetation restoration. The results provided a theoretical basis for the science-based vegetation restoration of the fragile
ecosystem of the southwest karst area of China, enabling the regulation of the soil carbon cycle based on vegetation

restoration to achieve carbon neutrality.

Key Words: karst; rocky desertification control ; vegetation restoration; soil organic carbon; fraction
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Fig.3 Soil total organic carbon contents and storages of the seven vegetation restoration measures and CK
Tef: FAARTIHL; Tig: AHAFAL; Sab. MEHUFIAE; Shu: JORRFHL; VIj: LT Cps: BATRFNL; Gav: BMFE; /NG TR
—AHBIE IS IEA R RN 2 5, RS FRRIR R — LR AN A8 S Rt ] 14 22 5 (P<0.05)
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AR A AR KORRRESRAEFRAETA 3 A )23 8 3% T AR (P<0.05) , T S AT FOFp Al 7E 0—5
em 1 )2 5 X IREEHLTIC i 3E 22 5 (P>0.05) WM FPHEAE 0—10 em 2 4>+ )2 5 X FEEEHTC 3% 22 57 (P>0.05) .
e EL AL AR R A A LR 5 A e K 2 I it 2 TR 8 in i T R R T X R
HAHE 49 B A ML B i A — R
2.2 AN[EIRE#E B S ) e T DR Ao 75

4 PR BB 52 TR BOGT BEARE b 1 3835 M LKk 7 5t (EOC . DOC Fll MBC. & 8 Z 1) i [ 1.64—9.42
g/kg (K 4) . A 3412, NTRE L1 EOC B 2T X AL (P<0.05) , AR 118 EOC 1 25
FXF BEREHD (P<0.05) , 11 A R AR H3E EOC {UAE 0—5 em +J2 W& T4 IBAEHL (P<0.05) , A A +
EOC 7Er A + )2 5% BFE L TG B 3 25 5% (P>0.05) . 514 EOC AN, AEFRARIE AR +3E DOC 78 0—15
em 3 1 JZ 4 b 2 S T BEAEHE (P<0.05) | 1T A& HE AR FIEAS 19 158 DOC & f7E 5—15 em 2 >+ )2 SRR
FEHLTC & 25 57 (P>0.05) . SR B/R, 7E A 3 12, NEBEA N L5 MBC W3 & X BEEHL (P<
0.05) , 1fif A3 HEA RN HAS () + 3 MBC 5% BAFE ML TG 2 2 22 5% (P>0.05) , A& TR AR 1Y 13 MBC {7 0—
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Fig.4 Soil organic carbon fraction contents of the four vegetation restoration projects and CK
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7 PR WG 2 5 it K REAE M - TR A HLR S VU 1.42—10.41 ¢/ke (K 5) , EFTH 312,
BRI R ) 3 EOC % T FEEE ML (P<0.05) | IR TG AR AERAE Y 14 EOC 387 T
FEHL(P<0.05) , AERUFN KRR AR B - 48 EOC 5 %) BRAEHbTC i 35 22 5 (P>0.05) |, AR Fh AR 19 £ 3 EOC L AE
0—5 em )2 i = T X IEREHL (P<0.05) . wi+HE DOC & H , HIAR A KBRS AT BRI Rl 1)
+3 DOC 7EFA 3 2 B & TXF RAEEHL (P<0.05) , AL AE T A 3 A+ )2 5 0 BEAE G | 35 22 57
(P>0.05) , &R ACFIME R 145 DOC {NAE 0—5 em +)2 18 3 5 FXHEAEHL(P<0.05) . 5 EOC fil DOC &3
PARE R 3 A4 2 IR FI A AR AE Rl 09 133 MBC 1335 5 T-%F BEAREHD ( P<0.05) | T AlTA AEHR, BB Fh
Y 1€ MBC 5% AR BTG 1 35 25 5 (P>0.05) 5 KOBAFIAF Y 1458 MBC {XAE 0—5 em + )2 i 3 5 T X HR A
H(P<0.05) , 7EIE BT L, 7 FiRE w08 & 5 it 26 B H i £ 3 EOC . DOC A MBC 5 234 2 BBl 4 2 9%
JE BT B AR
2.3 ARG E 1 S PR o

4 FIFEBAE 5 T AR RO RERE Hi i) - S 92 35 A BB 3 i (POC il LFOC % 12 2 ) S [l oy 2.02—18.00 g/
kg (K 4), 1EFTA 342, A TR A 3 POC 35K T X FEEEHL (P<0.05) , 1 A& T A A R AR
() -3 POC 35 = T X BEEE L (P<0.05) , H A HE AR () 138 POC B KT A TR KA (P<0.05), A
TR EARFEEA M 13 LFOC ZERTA 3 /4> )2 R 2 5 X IR (P<0.05)  {H SR 11 4% LFOC
HEATREZ S (P>0.05) , N TAPEL R 5 LFOC 5% I Hbt 0 1 35 25 & (P>0.05) .

7 TR B A6 52 45 it BT BRURE H 1) 3SR AT AR 5 Y EL R 1.54—19.58 ¢/kg (E15), 7EATA 3 4+
2 BATECRIAM R AY 3 POC B I T X EREHL (P<0.05) |, TTAAA A A4 4RAEAIAR A £ 3 POC B3
o X A (P<0.05) o T8 LFOC & &M 7 AR AR AL KO R A S RAEFIREAE T 3 AL )23
T TR R EE D (P<0.05) | 1T A R RS R 5 % BREE B G 1B 3 22 57 (P>0.05) |, AEHURI A/ AE 10—15
em )2 0 & T ORI S RAEFIME (P<0.05) o 7EHI I FL 4040 L, 7 FhAE B A8 52 5657t S 0T FERE Hin i) 1 48
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Fig.5 Soil organic carbon fraction contents of the seven vegetation restoration measures and CK
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2.4 AN[FREBEAEE ) L HEE A PR o &

4 FIAEDAE T T A B REAE b i) 1 49808 A HILAs & B Bl 4.28—23.83 o/keg (1 4) . 7EFTA 3 12,
N T ANEL Y+ S A ML & 0 35K T X BRAE b ( P<0.05) , T\ 3 TR AR FHEAS (9 T S s ME A DLk & 1
5 TR RERE L (P<0.05) , NI HEAR Y - 45818 M A AR 5 £ 5 % R L TG I 35 25 5 (P>0.05)

7 PR G S 1 it Bk BERE VA DA & S LR 4.24—26.21 ¢/keg (K S) , TERTA 3 12, 2
A B RIS TR (1) - S P A DR & B B (R T4 IR R B ( P<0.05 ), TTAAAS A 1 4 4R AL b AR Y 30 1
A BB 1 3 R T B M (P<0.05) |, KOl S 3R M ALK 7 5 B ML TE (B 35 25 5% (P>0.05)
A L1, 7 AR AE 2 1t Bk HEARE b ) Y M AR 7 i 14 S BB 2 1 i i R Ik 3
2.5 R IEE A 53 HURIZE 4 7 5 He

4 FhRE WS B TR KR FRRE M 59 1 8 AOC/SOC ( EOC/SOC , DOC/SOC il MBC/SOC Z H1) 7t Bl
18.519%—20.99% , SAC/SOC i Bl Jy 24.27%—38.26% , 10C/SOC ( POC/SOC 5 LFOC/SOC Z H1) i Fl
46.57%—56.83% (18l 6) o LA, W e 1384 HLAR 4, 10C o bRy, SAC IRZ, AOC 5 Ak, 4 FhAE B
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Fig.6 Proportions of the fractions of SOC pool in different vegetation restoration and CK
AOC/SOC ; A HURk S 3 B A UK BY HEfH Ratio of active organic carbon to soil total organic carbon; SAC/SOC; Ak A PRk S + 55
A WL HAH Ratio of slow-active organic carbon to soil total organic carbon; 10C/SOC 15 P4 LAk 5 + 3 S A HLEK B9 LA Ratio of inert
organic carbon to soil total organic carbon; K5 FHRE RN AR RS + 54 HUARIELL 53 5 25 (P<0.05)
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R TR, NG AN 13 AOC/SOC KT X BEFEHL (P<0.05) , T A TR A | AR FHE A 15 X6} Bl 1]
)38 AOC/SOC L #2257 (P>0.05) , 5+ AOC/SOC AN[F), NiEFEA FEAFIBEA 1 14 SAC/SOC 1
B TR HREE M (P<0.05) , Forh A R A 19 148 SAC/SOC FLk, i AT A AL 1 13 SAC/SOC 5 %f BEFE Hiy
T EXEF(P>0.05) . AN, ATETFARR HHE 10C/SOC B35 w3 T4 AL HL (P<0.05) |, T\ TR R 3E A Y
148 10C/S0C B EALT X HFEHL (P<0.05) , A3 HEA Y + 48 10C/SOC 5 %) HEFE M TG B 3 2% 5% (P>0.05) .
4 FFEBIE R T AR E A 158 AOC/SOC T i 25 5, 1M 11 SAC/SOC Fl 10C/SOC BIfFfE & 2557 .

7 ARG B2 1 it SO B M 3 AOC/SOC L BYE Bl ok 17.75%—21.09% , 133 SAC/SOC L4135 [l oy
24.27%—39.98% , +3% 10C/SOC FLBIVEH N 39.14%—57.12% (K 6) ., {E 7 FRE g6 &2 15t b, AEHUAG £ 358
AOC/SOC 8 IKF X HEAEHE (P<0.05) , T HL 4% () A 94 18 52 35t 1) -3 AOC/SOC 5 % HRRE b G B 38 2% 5
(P>0.05) , AAA A  KIRR AEHURN AR AEFIAE AY 135 SAC/SOC I 3% 3 T4 HE A M ( P<0.05) , 1T RP {1
SRR 58 SAC/SOC 55X FRAEHL TG B 35 25 5% (P>0.05) o thAh, AR B AR 1Y 13 10C/SOC B3 & T
X BEEEHD (P<0.05) |, T RDA = H1 K Jp SRR A 3 T0C/SOC B AR T X RFEHL (P<0.05) |, Hil AR L 2475 AEM
A RACFIA Y 135 10C/SOC #4 5 X FEAEHLTC W 25 22 5 (P>0.05) 7 AR B 18 52 4 it (5] 7 1338 AOC/SOC
Jo L E 225 1 4 SAC/SOC H1 10C/SOC YFETE B %5,

2.6 THEAMR AN S G e S L TR C R

DU L H A A0y S5 B T 2 [A] () Pearson AHSEPE L 3, 3 RA HLAR & -5 25tk
A BB TE VA AU 6 A LR (R A i i RN ) A BILAR ) 7 i A S IE ARG (P<0.01) , S5 AT
PEA BLB S B R B A (P<0.05) 5806 1 | SRR R A ML 5 2 7 194 [ 22 b 2 1E M G (P<
0.01), THESA MRS o A S A 0 & & (BRATIEEA LIRS ) 5 A H 20 & fAHC (P<
0.01) , 5 3 BRI E M S0 0 35 IE A DG (P<0.01) , H3En s A LAk & BV S 3 pH B4 B 3 IEAH &
(P<0.01) , T3EtE A VLR ALZ) S A DL & 55 - 8 & L (C/N) 2008 2 IEAC(P<0.01) , B8
BB & A DL R A B & B 5 3 O/N 2B IEM I (P<0.05) . HIEEA DL & Ul A HL
TR AT A DL &5 R L (C/P) FIERE F (N/P) S0 3 IEMI 6 (P<0.01) , + 54 Y A4 4
e 5 3% C/P A N/P 5 B 1EAE (P<0.05)

F3 TEANBRRESESSE5 T EBELERMEXE
Table 3 Correlations between the content of SOC and its fractions with soil physical and chemical properties

BD pH TN TP C/N C/p N/P MBC DOC EOC LFOC POC 10C

SOC  -0.711%*  -0.132  0.902** 0.638** 0287 0214 0.116  0.750"*  0.288*  0.960°* 0.830** 0.903**  0.959**
10C  -0.707** -0.139  0.833** 0.667** 0319** 0094  -0.045  0.665*" 0359 0.945** 0.835**  0.896"*
POC  -0.611°° -0.020 0.804™* 0.601°* 0262  0.172 0.072  0.770**  0.423** 0911°* 0.850*"
LFOC  -0.449%*  0.142  0726*% 0.342°%  0264*  0409*" 0313*" 0.648*"  0.648*" 0.802*"
EOC  -0.711%" -0.144  0.817** 0.605**  0.344**  0.185 0.051  0.736**  0.353*"
DOC  0.044 0.424%* 0.154  -0.215 0.196 0.394**  0.309"* 0.427**
MBC  -0.485**  0.078  0.702** 0.386**  0.124 0.269*  0.265*
SOCS  -0365*"  0.080  0.804"* 0392%"  0273%  0469**  0.400**

# o FORTE 0.05 KV EBRZEF (P <0.05) 5 %% M7 0.01 KT L BEZEF(P<0.01); SOC; HHEEATHUMK Soil total organic carbon; 10C; HEHEA LK Inert
organic carbon; POC; BRI HLER Particulate organic carbon; LFOC; 4 A HLEK Light fraction organic carbon; EOC; 58 ALA HLEK Easy oxidation organic carbon; DOC;
AU Dissolved organic carbon; MBC; 2k M Bk Microbial biomass carbon; SOCS: B HLHRE Soil total organic carbon storage; BD: A Bulk density;
TN: 2% Total nitrogen; TP: 4xf# Total phosphorus; C/N: B C/N ratio C/P; BRBEH. C/P ratio; N/P: &BEH N/P ratio

VR 7 A4 3L - (BD .pH TN TP .C/N .C/P FI N/P) XF +3E4 HLRR K o4 20 TUA /i i) 22 3
PEARREREANER 4 BT/ 7 A R IESAG R 7m0 P HE P il ST R 1 A AR S A& 4 40 FRAE 1Y 80.23%
HXTPE R B RE R IS 97.5% , AT UL, TUA AT BRI 9 ~HE e Sl REAR 47 dh Sz e+ 964 WLt B HL45 40 43
THERES A PR, HF LM [ ke, XEETva-S HEF il 1778 B RS T0 R 20 B HE v &
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(B 7)., Z55R /R, 135 TN BD Fl TP B#7 kB4R, WoRiX 3 /4> 8 Ak PR - XF 1 584 Bl S 45 41 4
1) R RIATE R &,

R4 TEANBREESEASNBRETETRSN

Table 4 Redundancy analysis of contents of soil organic carbon and its fractions

WiH 251 Hh 25 1 %h £ 551V i
Items Axis 1 Axis 2 Axis 3 Axis 4
FFE{H Eigenvalues 0.7340 0.0683 0.0163 0.0021

AU S L R R

73.40 80.23 81.86 82.07

Explained variation ( cumulative) /%

195 FE A 41 431 HE A Y
£ ﬁﬁmwﬁ"ﬁ Hﬁ.i*‘g-%w%ﬁ 0.9759 0.7324 0.4997 0.4878
Pseudo-canonical correlation

AT HAR -1 R T B e
ASEATHLIR S ILAR P SRR TS R 89.2 97.5 99.48 99.73
Explained fitted variation ( cumulative)/%
HLYEAEAE(E Canonical eigenvalues 0.8229
BAFAE{E Sum of all eigenvalues 1.0000

0.8

Axis 2

Axis 1

7 RARDWHFE
Fig.7 Redundancy analysis ordination diagram
SOC: +4E B A HLEK Soil total organic carbon; 10C: #5174 HLEK Inert organic carbon; POC : JUki A HLEK Particulate organic carbon; LFOC ; 5241
AP Light fraction organic carbon; EOC: 5 & LA WK Easy oxidation organic carbon; DOC: T HLEK Dissolved organic carbon; MBC:
T W) e ) B W Miicrobial biomass carbon; SOCS: BT HLAi% R Soil total organic carbon storage; BD: 2 H Bulk density; TN: 4% Total
nitrogen; TP; 4 Total phosphorus; C/N; FRA L C/N ratio; C/P; BB C/P ratio; N/P: &ML N/P ratio

HE— 25X + AL P 7 1T Monte—Carlo R 56 % B8 (36 5) ,7 A~ 48 7 xF 34 BLa S Hoas 41 o % i
FRZ S 43R 3] 1 8 35 5o 0 27K PP AR . TNSBD>TP >C/P>C/N>N/P>pH, HiHt TN BD,
TP .C/P Fl C/N XF + A7 WLt S H 45 41 53 F d R R 52 ) 22 4% 8 2 7KF- (P<0.01) , H TN BD i1 TP X + 13
A WU K A% 20 5 3 AR B R 2 I3k 57.40% 39.40% F1 29.00% , 1 2 T H & K1, i N/P il pH %}
I L S A5 Aoy B A B 2 B KO (P<0.05)
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x5 TEEBEAEFHEEHHFMEZERBER

Table 5 Importance ranking and significance test of soil physical and chemical factors

EELY T fi AL P p
Indexes Importance ranking Explains/ %

TN 1 57.4 94.4 0.002
BD 2 39.4 45.4 0.002
TP 3 29 28.6 0.002
c/p 4 9.7 7.5 0.004
C/N 5 8.6 6.6 0.006
N/P 6 5.7 4.2 0.03
pH 7 5.5 4.1 0.03

3 itig

3.1 BHERCE VLR AR B BB AE E HEiE A i

VG A W TR TR O™ B K R, SRR ML K B B R B A | R DR A
B AR T HAD ARG R, BT A SRR [ 7 38 0 - SEm 2 X 0% DX RRARG PR 5 | B ke b R S i
A B R 2E 0 (R S, RS AU & 5 F A2 PR R W BCE F SR TR O IR
G2 AR EMLEAR | nl UL, 06 R AR 0S5 R e b A MR G BB AR g 4 SR itk —
ARSI —4518, E 0—15 em 12, To R EARFBEA PG R B2 T T H S A VRS g, 1
ST AT AE A — B AT ST A R R, AR AR B 18 AU BE B T 1 A PR S A
FMAEZEUE O TR T HIEA DR R SRR, — 7 5 BEA FEREDAR RS TR EAR
FUBEAAH LY, ABIESE 1 P FR B AAE ) ((SLATREFIRD) Y2 55 Wyl A7 AE I 0 A N X B FR A, 5 B0 %
Wy 8 E 08D TR T A ML A B R0 5 55— i, D mT i -5 g 0 e A 5 v B SR A G TRIER, R
M AR W G Y AR R, ISR R A R A HAE U S A SR AR AN T AT LK R AR LR R 3R 4 R
VAR FH 7 A 0 T 2R 3] Bl e | i — 25 ) T g SR AR B 1 S

WS LSRR RIS Gt E 3 S PR & g R AR E RS . SRR EE
1) 35 A B 5 R i 28 S T IR o] UL MR SR TR R M A I B MR sh A TR
N K R 5 R S SR AR S ML A B A 4R R A ALK A R, X 5 DI A R —800N ) e
AEIT M T A AR K T R IR AR R R G REHE R 2 AR R 431 , i Hb b e 2 R 1 7 55 e AR R TR
14 ] s 3 T L) 583 38 ZAORT 1 S8 g bk ek A T DT S0 35 6 M - S8 A LA i) RAR . A WTE S A e R
BT AT RIS 25 Jd 35 R ) - e 25 T - S P SR AR 4 0 8 i [ 2 i - A LR o A AL R AT
G, NIEFAARMA I AT, 52 N R s shsgma /s, B G 16 B AR BRYIE I , 1 3R 08 75 P 4 i 2 RRO0T Be g Hr 2 oy
TR IE . PR RAME A (RATECRAN ) AKX ERR A 8 T A AL A D T sk
Bl i SRR . 76 JO AR B b, BRI IE WA A s W R (A AR K B P IR AS TR X +
SEEA TS MR, DNt A MRS e ey A R T A LR B RER, AT ST AR E T A L
T e S e rh AN B AR YR R RE RIS B NG S G O . AR 25 A iR , AR s i
it T A WU S A T o R P B ER S, Sa A B g R 8L, X ERA
T HERZ AR AR R IR AE RN, BT A W0 B AR A R A AR R IS W AT A ) iR )2 A4
I, R G, R K S 3R FMUE PR R0 B T R W I e 2 T A PR Y
950
3.2 FHBE T A LR 253 454 ()52 Tl

AREFFE R, 28R GETRA FEARRMEEA R 1 EOC MBC ,POC \LFOC 1 10C & HEH B EH T AT
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FREL M 38 DOC & 5t (10 70 A RRAE I T A A X — R . 76 7 AR 08 B Rt b, fE ALY 128 DOC & it i
A B AR T SATRCREM T, AR — 5 T T A2 AR R TR A AR B A A R S R ] AN [
A LR A 53 XA S At A e R B A — 22 5. — W 5B ZAERA ¢, AR5
AERUA AL Bl PR A AEBR K GA 29 48 AEME A K B gk A T 2B 00 s R 8 95 G i/ | IR Ik £ 3% DOC
Gy Z WK B RZ ], {E IR AEARURE X8 97 0 2 0 5 SR AR R 955 , AR T 38 Hla BB (b, I 22
TR BB b 32 B m FR -G A DL Y THFE , A A T H R EA HLAR A 35, AE ALY 158 POC Fil LFOC
TE 0—15em )24 10 3 w5 T 2ATFAAM IR 17X a5,

AW HE 0—15 em 1J2 , NG TRARM CHIAFIRMATNAL ) FHE AR (S RAERPIAE ) B TE 2 2Pk i P
A HUIRAS A 53 349 v T 0 R b T N T AR R AR G 5 1 it ( S AT R RN R AR ) (%) 124 EOC . POC 1 10C
T AR T AR, 1245 MBC Al LFOC WI7E 240 L2 h S5XF A 8 2% 22 . X5 100 Lk
B IR —E AR , ELRR 458 DOC SMATEPE | A0t AT A HLk 5 A LRSS 22 A e 2 1 A
5, R WX 0 + HEA WL AL 4> & AR KRR AR T LB LR, 5 DU IR Z5ie AL 2 ik — 2 4%
BT WY, AR T RERE AT 35, AR A R 4 AR AE A DY 18 52 1 &l 25 228 T 0—15 em )% 13 POC | LFOC
F10C 12, WX i A MLk EOC .DOC Fl MBC 4541 43 52 W (1) i 2 P M FE A ] L2 iR AfE e 22 5 . X 1 B AH
BT H M B E RN, 280 Mg A PR E 25 5 52 2R MR M &R g e B R g, —
D5 T, N3 T AMRORI AR K 28 (AR 2R B LA b AN AT LA SR R0 A BILA 1) e 235 B AL e A7 37 i, i w1 &
X} Ji 2 b 77 25 4 ) A A R T G A LR ) SRR D5 — D T, N TR AR AR PR #0824 it ek
AT Mo A W R AL RN T - St i) B i T AR v R N T e A DR A B

ARG A [ R A 54 it Bk FEURE ] 1) 38 0 1k 2 A P RS PR LR % o 5 R B A > 82
RACPESTEPE , Forb HIENG A HLIK & i o5 PO AR [R)AR B A8 52 6 ) O e I 35 1k 25 S T RSB G A P RIS PR
MUK 5 HOAFAE 3 e 22 5, ELTE R R 3 AN M LA 79 V94 (1 3 ) 8 3 A O, i R e K i pl s 2
PR AR R TG A LR 1) G2 R TS A AL A i B O e A LU PE A MLk 9 B U fF
fiti e 4R IR MURR o BT DS - S AR E A R e T, L L v, A DLRR R E MR
ARHIEFE T AEABU 8 A ML o b X HERE L 3 2% B K A A8 52 B ALY 8 DL B 5%
IN NGy Ak, L B A AL ) SRR LR T A e 35 LA WL B i ST o A 4 2R
FTDMEERE , BEAh ARS8 of @ BTG PR RN G2 8eME A L & bE 55 6 BRAE b T B 3 25 S5 T M BILAR o b 2
ARG T 0T BRAE b 0 N TR i e R G 5 e A b L R LR S M TR n, iz 352 A A X
U, B0 MR 1 R RE 1 S 8 S HoA ML A A B 2%
3.3 KB E T 5T SHEA LI S AL 5350 A B R G 2 R T

KW R/ , TR PR AL 2R WA DL R 3 3243 70 K B 506 & A2 B i 284k, 448
A HUBRANAS 20 53 (43 A7 FR R A2 3]+ 3 BRI M FROR TR RE EE A S i o) AR BIF 9 B TUAY e M Rt 6, + 3%
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