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WE: [ B8] Wi AR Aeky LR TR Z DT A LERF KRG T, HIRSRE R ER KR IEZ IR At
HFaE, [ Fik] Adriz g &5 T 3 A RRE RS R AR K Cunninghamia lanceolata ¥ Fe 8 vt 4k Fy 38 %, B4k
REREME LIE (0~10. 10~30. 30~60 cm) #fd%, ME B EH eI E . BRERBEREALLEAOEE, LR EFH
KF, [#F] BARKERERNKGAEWESTEIRT 252%P<0.05), 8% R KK EFHHEZE R0 A 5o
T 24.4% %= 47.1%(P<0.05); RIET M A ZiE S L EEFvn, RAZYRRXBREFALEE T2 A LREKY
¥ T 42.5% F= 42.2%(P<0.05); P EMDAFACHE AL BARRILA M A& T RS, REREFRZH T 4Kk 10~60 cm
THEFLFILRERELETRFAET (P<0.05); MAKZER I T Hr4k 30~60 cm £ & L3 3F £ LI E (P<0.05) %
0~10. 30~60 cm £ B X3 E L FH K F (P<005); MEAPBAWKRELEZLERZRHFKEAZFZH T RAARET#
(P<0.05), F ELIAR4 KM 0~60 cm £ B XIEZ RKBHARET 3775.19thm?) & FHehsy, [&# ] MIREERST A
AR B FK AL ) Ae LI AR, H P AR A KA B R IR AR OK R B AT AR R R, B 3 RS 5F 24
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Effects of thinning and stand types on litter stock and soil
water-holding capacity
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Abstract: [Objective] This study aims to explore the effects of thinning and stand types on forest litter stock
and soil water-holding capacity, and to provide scientific basis for evaluating water conservation function of
different forest stands. [Method] Two forest types (Cunninghamia lanceolata forest and broad-leaved forest)
and two types of thinning (thinning C. lanceolata forest and thinning broad-leaved forest) in three small river
basins in Jiande City, Zhejiang Province were taken as the research objects. Litter and soil (0—10, 10-30, 30—
60 cm) were collected in the field, and the water immersion method was used to analyze the influence of thinning
on the forest litter stock and water-holding capacity of different forest stands. Three standard plots (20 mx20 m)
were selected in each forest stand for litter collection and soil sampling. The litter stock, water-holding capacity

and water absorption rate, as well as the soil bulk density, porosity and water-holding capacity were determined.
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The statistic data of litter and soil characteristics were analyzed using one-way ANOVA and Duncan. [Result]
The litter stock of thinning C. lanceolata forest decreased by 25.2% (P<<0.05), while the maximum water-
holding rate and effective retention rate of litter increased by 24.4% and 47.1%, respectively (P<<0.05).
Thinning had no significant effect on litter stock in broad-leaved forests, but the maximum water-holding
capacity and effective retention capacity of litter increased by 42.5% and 42.2% (P<<0.05) respectively,
compared with those without thinning. The overall water-holding capacity of litter in thinning forest was higher
than that in normal forest. Thinning significantly increased non-capillary pores porosity and water-holding
capacity of non-capillary pores in 10—60 cm soil layer of C. lanceolata forest (P<<0.05). Thinning significantly
increased soil non-capillary pores porosity and non-capillary water-holding capacity in 30—60 cm soil layer, as
well as those in 0—10 and 30—60 cm soil layer of broad-leaved forest (P<<0.05). The maximal water-holding
capacity of each soil layer in the thinning C. lanceolata forest was significantly higher than that in the thinning
broad-leaved forest, and the maximal water-holding capacity of 0—60 cm (3 775.19 t-hm™) of the thinning C.
lanceolata forest was higher than that of other forest stands. [Conclusion] Thinning significantly improves the
water-holding capacity of forest litter and soil, and the water conservation function of litter and soil in the
thinning C. lanceolata forest is the strongest among the four treatments for two stands. [Ch, 3 fig. 5 tab. 24 ref.]

Key words: forest ecology; thinning; Cunninghamia lanceolata forest; broad-leaved forest; litter; soil water-

holding property

KT R EEN AL —, —HRAERFSRKICHENCERIR N E RN AEY . &
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JE AR LA R AR B BRI, Hh &) 25 I8 R AR SRk IR RE 01 85% LA 1), Bk
HRRMOK AW AR o AR, REZFETTRE T ANEM I B Z BT 7% . TR K RE
MY EEEL, DA XS B — ARG S B A TP & T AR R TR AR BRMOK IR TR R B ) 52 . BF9E R B . ARa)
RSN E B R . LR . AP RS & IR R AR Y, I & [T LA
TS RGEM, FEERH T, B R IR SR RE 1, EEXPRRI IS AT, AR
RIPEE RIESEERTEY) . LI SR K IR RE 70 5 A Y LU A o S A 40 o AROMEAURTR], ART R 754 e+
SRR SR K IR RE TG BT 2500, AB YRS B2 (R E A2 eiAR I, AR A3 2Z (RN AR T 7% 40 B 38 1 Tk R 7K DA
REJIHOC R R AR E? AUET I, AU NEF AP RE R TEY S 11, (HRKE:, i Far
RARMBMRS 1K 4 a BIFZ K Cunninghamia lanceolata MK . & ARIHIE YA LR K3 RE, BAEHEREIME
A AMAN FE R S5 D bt . VR RSP RE AN B /K SOPE 2 8] 56 R ARAL A2, R4 7R AR TR b4
KA KIS e P LR 2= A

1 M5 7%

1.1 HREHER
WP XA W TT A8 ST B 22 VMK (29°29'N, 119°16'E), J& il s 22 KM, 5238 22 TTIK /)N
MRS, HARER BN, BT E . AR 169 C, &dRA 7 AR 29.2 C,
A 1 1 TR 47 0 AEEIIMARE N 1 504.0 mm, AE TR K 82%. 4FF-H) H ARG
N 1940.0 h, AEFHTCFEYI N 254.0 do AFFEIRZEH 9 33.0d it LHENRE TICARZIEL 2R,
WL X149 5 A MK AT 1 AR S5 A B B S BRI B3 Elaeocarpus decipiens . LT
Liquidambar formosana . 1 Cinnamomum camphora EE AT 1985 4FEEHR, WIHAZEEE M 1095 £ hm 2;
AR T 1990 4EIE AR, FIAAEEEH 2 505 k- hm ™,
1.2 HARFE
1.2.1 A3t #F 2014 4F 10 I, XPHITLAA AR TR TR TG B N A2 AR . e i AR A T 3 K T AR
o, DULGIETBUBRECH, FEAKR. BRI BRI 3Ly 45%~60% . hy 34 I e FUAR 52 B 2k %
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Pttt S R K BRERY SR, 2019 4F 9 H, 18 3 AN/INRBUM DI ISOE . W B SEIE AR
—EE 2 PRSI CRIBAZ AR R IBIRE MAR) A2 Ff il Y (MIERAZ AR, AR AR, AT
AbBEREHL TR 30~35 hm?, 7EAS Al AR AR 22 R 20 5 B 20 mx20 m AOARHERE ML, W &TF AR Mte, Jf
HRHE . ARSI ARSI 1R,

®1 AESEZAKIMEH AEEBEARBE R

Table 1  Basic situation of C. lanceolata and broad-leaved forest plots in different treatments

posz| R i /() il /a % /(FR - hm2) A /em
E NI /N 4135 30 35 1095 14.9
[ ARAZ A g 30 35 600 21.7
E NI LN 135 25 30 2505 11.5
() AR A 4135 25 30 1005 15.5

122 KAz 4N REE 3AEL, b 12 MR, 78 12 DMARIERERL T, A3 IR b
U R A BRI 1 mx 1 m B/NET 45 S A, REERIE WA R BAE, IFAE/INE T 0 B 424 18R]
T, 43 HE0~10, 10~30. 30~60 cm ¥R JIREN .
1.3 WEFE
1.3.1 AEMbEE A FRENE  FEREMEY LIS, PRI AR A 85 Tkﬁﬁf’étljkﬁ

ZEBEME, DTREMEERAEDNME, IR AREKE, RIIENEEE, R st Tr
FTEYIRE TN e e A (CFR ) 1, PR TR YR Je e AR AR T K 2 as ﬁ@,\mé
B, R 025, 0.50. 1.00, 2.00, 3.00, 4.00, 5.00, 6.00, 8.00, 10.00, 12.00. 24.00 h Ji5 4> HL
th, FET 240K 5 UKD FRED, BRRERE TR E PN R S T i 2208, BRI ke
i FEAN R A R K, It S A B R B R K 3R I KK . KRR . kP E
FOARPEER . AHEERY., ARXWT . we=M—-M,, R,=WyMyx<100%, W =My—M,, R=W,/Myx
100%, Wy=(Ry—Ro)M, W=(0.85R,—Ro)M. . wy RFEEYI R KEFKE (2), Ry WERKFFKE (%),
My HFER TR (2), M, WREERED TR (2), M, MEEREETE (g), Ry WHREKE (%), Wi Hh
FEMARGKE (2, W NERAEEER thm?), WHAMEER thm?), MAHEEYEHE
(t-hm™), 0.85 NAFEE REL
132 EEHEMFAerp e AR A E | EBEILE . BELRESY, EE
B HIEROKEITE AL S=10 000PA, Hirr: S HAERE T EEKE (t-hm™?), POy HIEAEBE L
B (%), h N EIRZEE (m). BE HIERKETEALN: S,=10 000Ph, HA: S, W HIEEERKE
(t*hm?), P, NHIEBEILEIE (%), h A EHIZRE (m), HHER AR RS LB A Fe ik o
B S K. EMITREARXN: $55,=10 000PA, Hr: S . A HEEKKKE (t-hm™), P HELSAL
BRI (%), h R 32 (m).
14 HIFEQEBSSHF

K HI SPSS 20.0 BAFHATEIE ST 0T, BRI R 5 225308 (ANOVA), FIH Duncan #1722 H LK

22 5 W ST (P<<0.05), Ff#IH Origin 2018 #AFZ: I EIE .

2 HEREHAAH

21 AREMSEBIFZFMEER kR

211 REMS EXBAZNEE 4 P A IS YA AR N 2.20~5.67 t-hm 2, AIREI/IMERUCH R
[BIHAZ AR RIRAZ A (B ERR AR TR HRE i, o R (B ERAZ A RR A v oy i ek S 25 TR (] £
R AR (P<<0.05), ] RAZAMRER MIERAZ AR P P it Sl & R AIR T 25.29%(P<<0.05), 1 ] A o] i
R [  I H AA  v  fi d RUEAT TER (18T 1) 2 MR JE BRI AT PR Ve W i R B P 22 5%,
) ER MUbR 23 S TR 0 I 7 1 2 R R4 A TR R JEE AR 52

212 RRAKSEBAFYFALE  FEHRAKE RGN, 4 B0k BRI A9 PRk R
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— RS —FesE” M, S AEEMRTETFIRIROK Y, RK R ZEE R, AR, RKaE K
FNIMER B R R RE AR . AR BRI AR, RERAZARM . RERAZAM, RS & T A2 AMNIEE Y
#£2.00. 3.00. 5.00, 6.00. 12.00 F1 24.00 h (Y +E/K &, B8R 2525 1 AR 5 P #E 5.00. 6.00.
8.00. 10.00. 12.00 F124.00 h A7k it (P<<0.05, [l 2). ZEFIRIFMET, JAEDRACGEFERRA, X
RN RAE YT IRARE, I RE A MR mk 2k, KRAKPE, mEmK, FEEF
TRERARET A, 127K 1.00h J5, 4 RO MR Y sk a5 24.00 h 1 63.3%~70.0% ., 211 12.00h )5,
PR TE D FE K AR BN AR, IF B& M MY R KRR R K 0.25~0.50 h B 28 R R, 1.00 h
JEFRPKHCRIEART T, 227K 1.00 h BFHRE7K 3G K 00 TR R K R AR B #R AR 22, nl DLIRJK 1.00 h
SEPVE Y AR KRR 7 ) G I (1] 2 Fnk 2) o, (Rl AR RE MR 3 oK S K, TiT 0.25 h 4y
KRR 7190 g-kg '-h', BEE T RMMEAZ A (P<0.05, % 2).

WA FA G 3), 4 PSR EEAR ST PR TE IRk () FIRIKETE] () R, ATRAH 200
PR R y=at+bt+c FATHG, EANZ BN AR KT (P<0.01); JHIEIFRKESE (v) S5RK
BFE] () DGR, FTLARREREC FE y=ar® TG, EATZ A AR DG IS 7K (P<0.05).

4000
7r ~ 3200
a Tbb
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= © 2400
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= B | 600 BEhs . L
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£ 3 ¢ c ™800 f
=
B 2
= 0 2 4 6 81012141618202224
0 BRI/
Mtk REME (M ORER N NI,
BA A AR A R e N A AN
e B 5 % (P00 e VR o SRl R b
NENG ~AE H s (P<0.05 N — NN e
e TR (P0.09) ARG R AR T 5 5 (P<0.05)
A1 Ao £ B e R HAA 2 0% h v N ,
. o B2 ko KA Ao AR R AR S B K
Figure 1 Effects of stand types and thinning on litter stocks of forests e &
7 Ve,
Figure 2  Effects of stand types and thinning on water-holding quantity
of forest litter
R2  HROEBFNE RIS REFE D FRKE RN
Table 2  Effects of stand types and thinning on water absorption rate of forest litters
- FKHE/ (g kg b))
Bkl /R
Al AZ A ARIEERAZ AR ) p i -k ES L LIRS
0.25 4266.6£225.6 b 3298.6+140.2 ¢ 7190.0+483.5a 7041.8+386.6 a
0.50 163.9+420.2 b 438.5+555a 661.5+83.0 a 156.2+153 b
1.00 113.9+8.3 b 119.8+10.5b 375.7+£35.8 a 39.5+5.6 ¢
2.00 159.1+18.0 a 79.5£14.9 b 156.6+14.2 a 79.7£15.8 b
3.00 76.3£14.6 b 41.5£12.0b 94.7+11.2 ab 158.1+17.5a
4.00 53.44+6.3 b 553+£8.6 b 21.3+5.1¢ 104.6£10.9 a
5.00 41.144.7b 29.9+10.6 b 135.0+16.8 a 41.0£9.0 b
6.00 2734+35a 11.3£1.9b 23.142.6 a 19.243.2 a
8.00 44.0+4.9 a 43.5£12.1a 67.9+13.2 a 60.8+11.8 a
10.00 12.843.8 b 13.0+1.8 b 62.7£15.8 a 13.144.0 b
12.00 4.0+0.6 ¢ 7.3£1.0¢c 111.0+13.4 a 47.146.3 b
24.00 16.343.4 ab 11.6£2.5b 24.0+4.0 a 11.1£2.9b

VLR ANRIING FRE R ARy B Y 25 5 i 25(P<<0.05)
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x3 AREAAEMEZFYFKESFKERSEEYRAMNEZENERAESHEXE
Table 3 Regression equation and correlation between water-holding capacity or water absorption rate of litter and immersion timefor different treatments

TR () SR R ()5 2 PR WK R () S BRIl () B9 5 &

AbER
I AR FREL g AR ZREL
B ARAZ A y=—1.607 5/+85.37t+970.4 0.968 3** y=2075.6 >'¥ 0.864 9*
AR BEAZ A y=—1.252 6/+67.24:+794 4 0.973 7** y=2170.3 228 0.932 6*
V) AR A y=2.374 6£+89.981+1 799.7 0.965 5% y=31209.1 93 0.779 8*
PNELATLIIN y=0.372 2/+71.33¢+1 657.3 0.980 6** y=1635.1 "% 0.704 8*
Wl * FIR0.05M BEAKT, ** FIR0.01M L E KT
213 FRRAZLEMKRSAEZMFAKES EEHEZANK, FHAREEDZAGREEE R AR ER SR

KRR A EIEAR B, P RRAZ AR [ AR 75 90 2 SRR K 3 A AR [l b oy
EHNNT 24.4% 1 29.19% (P<0.05), 1)1 I b8 95 W0 e KK i (8.20.5) t-hm2, 4o i) £ ok
(5.7+0.8) t-hm > 2 ZHE N T 42.5% (P<<0.05), Jf H. MR i it M 2 A E m B E 3N T 42.2%
(P<<0.05). XYLl (AR T E7E D IR MERE . TR1A R bR KRk 3R 8 v T ) 1A
AR (P<0.05), HMHRAFRIKEZEF AT G&4).

R4 FRENS LR ZEWMHIFKEE

Table 4 Waterholding capacity of litter in different stand types

Qb B AREARF/% EKEKFR/%  BAKFEKE(Chm™?)  EREER% AREHER(hm?) BHEEEFE%
[RIARAZ AR 21.442.2b 183.9429.3 ¢ 8.0+2.4 a 162.5+40.4 ¢ 5.9+1.7 ab 134.9£33.9 ¢
HIRMEAZ A 33.9+0.8 a 147.8+11.3d 8.4+13a 113.9+10.5d 5.4+0.9 ab 91.7+8.8 d
EIE e [N 19.840.7 b 335.24204 a 8.2+0.5 a 315.5£38.6 a 6.4+0.5 a 265.1£32.7 a
ENEId LN 15.1+4.5 ¢ 259.7£113 b 5.740.8 b 244.6£10.9 b 45+0.7b 205.6£9.4 b

B AE/NG PR RO 28 57 2.3 (P<<0.05)

2.2 AEMSZEE T EY IR MR Rk e

22,1 FRREKAEMY LEGY IR AR BRI B Y PR, 45 RANEE 5 P B )2
TRIERIEAN, A5 BEAR Y LA T I A H, 4 FhALBEAR M9 3 A LR A LA T R B/ IME IR
DA AR R R AR R IERAZ AR RIS AR, HAPAE 0~10, 10~30 em )=, FIfRIZA

x5 AELERSHLEYIEMR

Table 5 Soil property and waterholding quantity of different stand types

2 /em o +iERE,  MfLBUE BEIALRUE  EBEIL BRFFK R/ EERkE EEERKE/
(grem™) % % BRI /% (t-hm™) (t-hm™) (t-hm™)
EfRAZARR  0.87£0.01b  67.3£0.7a  48.8+3.4a  18.5+2.8ab  672.7+69a 488.1+34.0a  184.7£28.3 ab
R EAZA 1.03£0.04 ab  62.9+1.4ab 457+1.8a 17.2£09b 628.8+14.4 ab 4572+17.7a  171.748.7b
0~10 ] £ ] e 1.08£0.08a  59.3£0.6b  36.0£4.5b  23.3+2.7a 592.7+5.8 b 359.7+45.0b  233.0+46.6a
REMERIHAR  1.074014a  59.7455b  37.5:3.4b  222+21ab  597.0+545b 374.7+344b  222.3+21.1 ab
EfRAZARR  0.95£0.08b  64.043.2a  442+42a 19.8+t13a 1280.4+64.1a 884.8+84.6a  395.6+25.1a
A FRAZAR 1.08£0.07ab 60.3£2.8ab  47.0#4.8a  13.332.0b  1205.2+56.0 ab 939.7495.6a  265.5+41.0 b
1030 ) AR b 1.1940.07a 55.142.5¢  394+4.6a 157+29ab 1102.2+503 ¢ 787.6£92.16a  314.6+57.7 ab
A% ] fe e - 1.16£0.03a  56.4£09bc  42.4+3.1a  14.2+2.6b  1128.3+18.1bc 847.0£622a  281.3+51.8b
[ ERAZ AR 1.04£0.03b  60.70.9a  42.0¢1.1a  193+0.8a 1822.1427.1a  1244.7433.8a  577.5£229a
REMEAZAM  1.10£0.11ab  59.6+4.4ab 443+3.6a 153:43Db 1787.4+132.1ab 1328.2+107.1a 459.2+1253 b
30-60 [ £ ] e 126£0.01a 524+04c  31.8+£32b 20.6+33a 1573.1x12.1¢ 954.6£95.2b  618.5+97.4a
RIERFAAR 12240142 53.9+52bc  40.0+4.5a 13.9+3.6b  1617.0£156.7bc 1198.8+1344a 4182+108.8 b

BB RIR/ING FRER R AR R 22 57 .25 (P<<0.05)
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MR R AR AL AR S 52 R T 15.5% F1 12.0%(P<0.05). Bl 2RI, £ kb Ak
oy 3 BB RN AR A A, R A S FLBR A 3 MO L2 PR &Rk, IFHE
0~10, 10~30 cm + )2 i 3 55 TR H-ARAY 2 ASAEFE (P<<0.05), 1AL, TAMERAERZ A 10~60 cm + )24 B4
FLBREE 21 (P<<0.05), ANHFE T ARE B A FLBRBE{UAE 30~60 cm )2 W &1 (P<<0.05), B EIX
XoF = LB BE 114 52 W] 32 K53 B S (A 5

222 AREIABAMAKG ZEHF AR ARSI LK RERIIFAEEES . [F— 120 1R
RFF K KB IMRUCN BIERAZ AR . REERAZAR . AR EREAR, AR AR, RS AR £ 1
(10~30 cm) AR F K 35 0 TR AR 2 b3 (P<<0.05), UM MEMRAZ AR LI H K PERE Rl TR
I, MR A ARRIE RS R KETE 10~30. 30~60 cm + 240 5 B EH A1 T 49.0% F1 25.8%(P<<0.05), {ifi
W i AR B A H K BETE 30~60 cm )2 WER N T

47.9%(P<<0.05), i 2 4~[A b FEAY + R B A FK oiig_ i
WL B EIRESR (R 5). Bkt Rk 5 . b
IR WA 6 LRESRK =

AN, A3 2] 0~60 om Fe K FFK Y 3 2680~ %

37752 thm?, A EIRGE 2 FAARE B,

AR (P<0.05), I H A2 a4 it i 5% ﬁ 200

. bR AR T A Rk, 0

e, AL R R ER, 7551 0~ SRR N

FAM BAM Rk Rk
RFVINE FREFREARIF AN ]2 57 535 (P<0.05)
B3 REZAEHKS 0~60 cm L3E 6 LT H

60 cm I B KR (896.4~1 166.1 t-hm™?),
Bl 3 ATH: £ AR AE B RK S B TEER,

] A2 AR ] A2 AR BN T 29.2%(P< e

0.05), [} FRE T AREA ] AR MIENN T 26.5%(P<" Figure3 Non-capillary water-holding capacity of stand soils (0-60 cm)
0.05), ULHIE]FRES e L IRALIRE , 1A for different treatments

B E

3 it s %k

AR VR Y08 2 VS IR R L MR | RBUERR | BRI BAIAR M B BE | AR A IR A 55
USRS A R { Sy v ol - I i = i A B 5 0 N N B2 7 e el | SR
AN RBETE R, [EAZARAR E Ph EAR TOR B AR, X 2R i TR A AR N T
RERAZAM, @ B, Ao BE Al — 5 T80 T R Ao, o5 — 7 T2 (AR AR P 2 A1
MANZEICIERE SR, AT RS, MR YR REBOR B AR Z 80 X5 et i
AN Larix principis-rupprechtii 87 YRR T AR B AR AR RS RA S ASBETE A, AR ik
J Ty it s TR AR AR, (P Z B 22 BEADN X B i TR MR R MO R R, A
FRIZE R, SEEEMERZBIW, AR AEYEED; J5— TR R kA= g, - R Ak
PRSI0 B4 G IR 3t 3R P TR R v M R o0 i, B P Z )R P 2R BN T 3 S (] R
50% HYRGZEUE RIS RARMAI . AT A AR v iR T Rk, X S AT F AR B
DXAN [ A B2 R A v W it A I e 2 2R — 2

AN R4 BRI P 05 K AR RE A A R A AL AL HAT AR LA MU, X5 WA 2 ZE AR MR TR A AT
GUR—EM, Vs YR K SR AR 2 TR BOC R, MV YR K i8R R K I B 1 5E R N
TRREL FRTIRKBETI WAL G R E B, TR B SR T o A R R SR R AR R bk g3
e, FEBRGEE AR, FKREIESAEERESR. A5, ERMD R R ERK R A%
B A E R R TR BRI, AP iR KRR | AR R B, X5/ G
e LT R R R R AR K AR TR AN [R] 18] A B2 9] 22 5 A8 38 WP R 4 SR A — 8™, FUJUH AT REJE: th TR AP
[, JEDRRT LA 255 o EEAZ AR P KBk | AR & 5 R B AL AR Z ) 22 57
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