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Effects of vegetation restoration on soil aggregate organic
carbon and carbon pool management index in karst trough
valley region
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Abstract: In order to understand the effects of wvegetation restoration on soil structure,
accumulation of soil organic carbon (SOC) and carbon pool management levels in karst trough
valley region. Three land use patterns including abandoned farmland, woodland and grassland
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were chosen. Soil samples at 0-20 cm depth were collected and separated into aggregate size
fractions. The aggregate amounts, SOC in whole soils and aggregates and easily oxidized organic
carbon (EOC) contents were determined. The results showed that compared with abandoned
farmland, the mean weight diameter (MWD), the mean geometric diameter (MGD) and 2-5 mm
aggregate amounts significantly increased, but 0.5-1 mm and <0.25 mm aggregate amounts
significantly decreased in woodland and grassland. The SOC content in soil aggregates decreased
as follows: woodland > grassland > abandoned farmland and generally increased with the increase
in aggregate size class. The SOC content was mainly attributed by 2-5 mm aggregate associated
organic carbon content in woodland and grassland. But the contribution in abandoned farmland
was dominated by <0.25 mm size fraction. The results suggested that SOC accumulation is mainly
due to the increase of organic carbon in 2-5 mm aggregate and the conversion from smaller
aggregates to larger aggregates. The SOC, EOC content and carbon pool management index (CPMI)
in woodland and grassland were greatly improved relative to that of in abandoned farmland. The
responses of EOC and CPMI were sensitive to land use changes. Soil EOC can be used as an
effective indicator of early changes in SOC status brought about by vegetation changes, and soil
CPMI is a good indicator to reflect the impact of vegetation changes on SOC and EOC.

Key words: karst trough valley region, vegetation restoration, aggregates-associated organic
carbon, carbon pool management index

IR AR AR LIRSS ARG, EHE LA VUK SIS IR (Six et al,
2004). L35 A1 SRAR I TR R o0t LA ML e e EZAEA (Blanco & Lal, 2004),
T L3 AU R (i it [ SRARTE B B AR R A e 1 B B 45 77« -3 HLk (Soil organic carbon,
SOC) 2 -4 48 Wy Al 338 i B (A% 0, X6 SRR AL Ik S5 R0 A= W0 B B E Y, AR/ INI 2R 5,
B REXT A2 BR CO, IR FE Je e T iy = A= FE 52 (Davidson & Janssens, 2006). +3% SOC J&
Sy S R ITEYE A HLRR (labile organic carbon) ZH 74y v +-3E 5y S AL B HLEE (easily oxidized
organic carbon, EOC), HAX & LA NEKIRNAILE], BEEZS 5 LIEAMMN T FAE R
(Wander et al., 1994), fefs 5 R G e i 358 AE 5 A0 R 3G HLBR E A4k (Il 4845, 2005).
BRI T HERE T38RI IR, KA COL IR BE L A HURICT i AN A 3R AR AR A B S0 (MIEs,
2006) . T EEA MUBARAE T A HLBR 3G 04y, R ML P B 5 b R A AR 2R
HOABE A 48 7~ L35G LR PE I [ AR AR (1%/NWISE, 2013). fEULEEA F, Blair et al.(1995)
PR T BRPEES FAE %L (carbon pool management index, CPMI) (M, ZiEbriEd 7 1%
SOC Ml EOC, AJ LA %[ e S8 B - 3 A P S R S 2k o LI LR PR IR e (9052
K5, 2014). ZFRFRAE LR 7 SO0 A HURR R AR I Fo b 2 B (38 AR A,
2014; Lou et al., 2011; 5K#FFH4E, 2016; i EHk&E, 2017).

A b ) X o 35 A 5R AR 43 AT F AR DA SRR BB B 52 2O — N AL R
(Stanchi et al., 2015; Tang et al., 2016). —LHUFIH T BEHERIREE . Tl AE S5 1 588 B A it i) 52
e 1 e 7 K SR AR EARIIL oK, T Ak [T R A 9 B AU I 4 R PE 3R 7K F | (Six et
al., 2004; Yan et al., 2013). FRMFEAL KRG, TIRFREGYIRE T, miEREH
BUBRZERERG AN (Yan etal., 2013). YW FEEH], LA X 138 EOC A1 CPMI AL B &
AR o AR VCE R AR g N TR B R i s , 3% SOC.EOC 4 & Al CPMI 5 2.2 F & (5K
355, 2016) . £ /R sV B LA T AR SRR S, AN RIFE S i T 3 EOC M1 SOC & &,
EOC A1 CPMI AT AT RAEAE SR 5 T3 i 1)AR 1 (G B3RS, 2017). 25 4 e B X3t
ks e, IS A PRGN T 36%~136%, CPMI 8T 42%~192%, $2F+ 1 3 h
Frae ) (5K FHAE, 2016).



rh ] 5 R VA T AR 4 5 [ L TR Y 5.8% (Jiang et al., 2014), HFEsamt sy 5, %
Wi b S aE R AE G, HIETTE (Xiao etal., 2017), JUIR G HE 1R 51 0 A 5
ARSI 20 2 1 A F () BB 1A BB (Liao et al., 2018). 3ok 55 1 Hb ) AN 11 53+ 3B 45 138
b, ik T LA WU LU 3R 0 (Tang et al., 2016). T 4E B HHERANA 54k VG 7
FIHEAT, KERARFAHGERE AR B S, HIEENEE. FEM HEF R A B o
bR R ER R ESOR H f E B R AR AR, (e T e U S AR R (Liuetal.,
2015; BEitYI4E, 2014). B HESE (2011) K B <<0.25 mm [ ZE AR -3 HLRR ) 32 Bk A4,
MZEMES% (2013) W7 >0.5 mm KB R & A PR 3 Z ok, <0.25
mm B WK & B, HO AN TTRREEA 2 10%. L3R FH 07 200 T35 (A R AR
BUBK 5 8 22 7 R HON 2 LR WU R DT Bk SRAFAE AT E 1, I /ask— st RIS
(2014) KB A IR 23 XGRBHE MR B 4L = T 0~20 om 2 HURR 5 & o0 B0 26 B DA KB I
K, JUH DAER AR AR BB RO et . R A B0 A LR . 14158
A WU B R ik 26 5 BEAR HU 52 e R AT 7 2 AR b T I U . (SEMSE, 2006; #1555,
2007). “FJR (ELHESE, 2007) Fllk4S X (Tang et al., 2016; Liu et al., 2015; BitH1%E, 2014;
BRI, 2011; JERYLEE, 2014), EVEREA X HOBE FEARRTER = o DRG0 RIF 70 5 £ I 1 )
()5 VA RE A DX R B P St T3 P SR AR S M A R 3R R o (AR B T RIS AR
WU 53 A0 B4 B A [ 2% [ SR A2 MLBonS 38 WL B DTk o AR SO B R 42 1L 5 VA R 2
DXMRHE . BEHOFI SR 3 P LR A 77 3K, B SRR P 0] L A R AR 2 A e e v, P ER
A WL L3 LR 1A DTk DA K 338 B 2 A BRAR B R AR AL, AT T AR AN VE AR AS [ v
S S 3 S T A 2SR SR 0T - 3 P2 S 3R o R I R R A

1 MRS 5k

1.1 BRFCX AR

FHPRT R LK DS RS XA T B R TTALARS XL, 8 T b S By i i 2= X e
FERIPENEZ 1 000 mm, FHSHE 18 C. ARMESWEANDE, MV EROTUE, WK
HBERE THRIZIE, LI A EER, BRIR SR A W A — LUl =07 15 VA 500,
MR = FEZ) 400~700 m. 3B =S AFRILARIEE AR A 2 KA K E T K.
1.2 FEH R RAE

IEFERFUIX FERE S AR AR 3 M BN R, BoKh T 2 a O FEpb i, A
BeLAJCES (Artemisia) A3, 5 9189 g4k 552 m, HEALE A Y 80%; IBHf 20 a HA
BB (B, FEREEMLIAS (Imperata cylindrica) v 1, ¥ 6 139 ##ik 572 m,
T 78 552 100%; 1B 10 a TR AR B (bkHb), FZELAAM (Platycladus orientalis) A3,
Wig 22109 ik 671 m, HEHE RN 85%. FERIFEBLE 3 10m x10m FEJ7, T
MEBUBEZCREE 0~20 cm £Ff. BREEEHNEARNT G, Bk, 200id 60 H LimfAe
1.3 #EtrillE

3 SOC R HAR B4 SN EN 5 (&b, 2000), -3 EOC RJH 333 mmol - L™
KMnO, AN, et taille, BAPEN. KIE L EEImR e E, RItEE T
FEGRIERE S AT WL & B AE 15~30 mg) 50 mL B0 7, A 25 mL 333 mmol + L™ KMnO,
W, &% 1h, AJEESC 5Smin, B EIEHAGREE 250 7%, [FEIRME3ETS H585 . MBS T 565
nm K AR L, HRIE TS AR KMnO, IR & 1HH EOC & & .

S B A M R R IR, BARZ IR Elliott (1986) 773 FREUXT4f 100 g iE
F 5mm. 2mm. 1 mm. 0.5mm #10.25 mm 4L HEFZ £, F/KIZH 5 min J5HUTT
5min (- FRIEA 3 cm, 5380 30 Ik, AR BIAFERAR R B, T 60 CHETF. FR



<0.25 mm FIF R Z &Rk . BRI 60 H i Tl e B BRI G LIRS &= .
1.4 HEbsTHHE
VNS YA KL ana w: R/

TR A NI TR (%) = L EEib Wﬁjﬂrﬁ%:;%*ﬂ PR % 100%:

MWD = Y7 x; X w;:

MGD = exp [Z—"zlwixmxi].

Z?=1Wi
Ak MWD A MGD ()it %% Wei et al. (2012). 2. MWD -3 & & H 4%, MGD

NIVFPPER, W N i RRFIREEE G, XN i R FHER

Tk P B FE bR 4 1338 SOC A EOC HHAT A, LAFE#HIE NS5 (Blairetal., 1995):
W ZETE £ (A) = EOC / (SOC—EOC);
BREEEFEFREL(AL) = KRS T3 AV 3 AL
W ZEFEEU(CPI) = FEd 13 SOC /2% 13 SOC;
Tk P 5 FR A5 2 (CPMI) = CP1 X Al X 100%.

2 &5 RE5 0

2.1 KA N IR EE AN A RAR AR IR

MWD HI MGD ‘# HI2K /2 S Bt - 35 A SR AR KN A iR S oA g, MWD #1 MGD 18
R RN A R AR SR Rk vy, kAR . B 1A, 78 0~20 cm 122, MWD Fil MGD #
FEI NPT B P2 5 T FE AL (P<0.05) o AN L MWD 40l EE 574 Hb 57 51% 71 59%),
% MR b R B b - S8 A SRR PEARRHCUT o A [RIAEL B R 2R P SR AR 2 il 22 7 B R (] 2)
F LRI LS5 mm BIRAA S 2K, P>0.25 mm FIERENE, >0.25 mm F1 54465 &5
F AR 85. 17% Eih 85.03%. FEHFHL 73.89%. —MKii >0.25 mm (K BIRAARR N 11%E
Rk g tpk, HE RS, TIEEMIIFRE L (Eynard et al., 2004). FRHFIE H DL 2~5
mm [ % ﬁSjjaé AR 44.94%F1 44.23%, BE T AH(P<0.05); AHI, FEHFHLLA
0.5~1 mm H1<0.25 mm /NARMAEAFE, 73008 30.77%H 26.11%, 3 & T ARHLFI B HY
(P<0.05). #iX} T8k 2 a £ith, MRIAIE L 2~5 mm KB R A S E. MWD 1 MGD 18 . 3%
40, Mi<0.25 mm H AR 0.5~1 mm F12 2 T F%, ﬁﬁﬂ:&%ﬁdﬂi KL RERS I B 23 0~20 cm
T 2R, 0 IR P R AR AR E
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Note: Different lowercase letters mean significant differences among vegetation types (P< 0.05). The same below.
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Fig. 1 MWD and MGD of soil aggregates in different vegetation types

U722 #kith Woodland
E—1 #ilth Grassland
FE#EHh Abandoned farmland

0
NNANN NN &
ARRRNRRNNNGES ml

- 38 [ SR A4k L A3
The proportion of soil aggregates (%)

A
==
(3]
W

0.25~0.5
TIEHRARIZL Soil aggregate size class (mm)
Bl 2 A [EIFEARSS A s A B A oA
Fig. 2 Distribution of soil aggregates sizes in different vegetation types
2.2 TR E X 3 F RARH DU 5
FERF LA AR bk R S S 2 BN 1 SR AR LIRS R (P<0.05, B 3: A). AN
RLA A S A LB 2 25 2 It AR > B> SR KRR AE . S AR R A B3 /s
BIKEHIRS B DIRE T 131%~156 %, 104%~120%, LA 2~5 mm $2 5 oy i 5,
W] 2~5 mm HRAA NN LI A WU AR RA E R0 . FEAE BIR AR g n, -+



B RARA WK & A G, o R ARE VUK & B i sl B IEMH>5 mm kg,
B RAE HBUAE IR B 0.25~0.5 mm kifz.

AN FIRERE TR &R B R Ao LG MU DTk A — 2 2= 57( 3: B). >5 mm [
BARGHBETTER G /D, ARHAIE DL 2~5 mm FIRAEA PR STk R ik, 234 49.559%41
42.47%, FEHEHLLL<0.25 mm I EAA TR N 3 (53.75%), > 0.25 mm B R4 HURR i1 5Tk 2
SRR 90%. Eiih 78.08%. FEAkh 46.25%. IXFKH, FEHFHLELA MMM AR 5, 1
HI SR LK 322 RAE>0.25 mm ke, JUHRAE 2~5 mm BT, LSHREA L
B EH/MRIAE (<0.25 mm) [ KOREAR A S A A LR 7%, 43 AR, Bt 38 A HLak & E 18 .

V771 <0.25 mm [[1111] 0.25~0.5 mm =3 0.5~1 mm
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Fig. 3 Contributions of organic carbon in different soil aggregate sizes

2.3 RS IR S0 L SR e ) L B Bk P EE A BT S

FEHHELAS SR B M5, 1 SOC. EOC &, EOC/SOC 1 CPMI & 24w
(P<0.05, [&] 4). H1[E] 4 AT%0, L3 SOC 44 B /N JbkH(14.63 g + kg™h) >Hikh (14.4
g kg™) ST (9.69 g+ kg), S i i FEH B 50.9% 11 48.6% (P<0.05); +3E EOC
SEE RN A (5.85 g « kgh) >Eilh (4.47 g « kg) >FEHHE (2.94 g « kgh), 45
% B T F1 B4 98.99%71 51.9% (P<0.05). ] EOC bt SOC s #4585 Jy iUk . EOC/SOC
B i S e M P 6 398 HLBRAT RS (L et al., 2015). #kH EOC/SOC %K, ik F| 40%,
H5HEPHBEE R, M5 EOC/SOC 5FH ML R %5 .
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Fig. 4 SOC, EOC concentrations, EOC/SOC and CPMI in different vegetation types

R LAl 5, IR A MR R S, IR TR AL BREETE ISR AL AL B
FEFREL CPI FIBR A #E a2 CPMI 338, i HL 23— Z0r AR e iz, RIARHL > 5 1> 57 4
Hit o CPMI 2 VAT iR FH /8 B 0T L 388 ML AR AL, | L 398 ot B A0 38 A0 77 (1) = B bR (Lietal.,
2015; 7h7:%%, 2000). ZfEME, R LI ERL, ZERURHE TS EAN G, +
HEm R N, Mkl CPMI By 231, Fibly 153, 40 HLFE#kHhE Y 130.8% A1 53.4%, £ HH
SRt L A AR R B J , 338 o AN AT A B IR T, 3 WA I 1) R R
ANE L HFIF CPMI A8 {bita34 513 SOC. EOC (AR fL 3L, R B CPMI Xf L34 HL
T B 20 5y (P AR AR

F 1 AS[ARE A ST A M 12 A B AR AR ARk

Table 1 Change of soil carbon pool management index in different land use

FERRAY

_ EOC/SOC (%) A Al CPI CPMI (%)
Vegetation types
ks 40 +354a  067+01la 153+024a 1.51+0.02a 231+33a
B 31+0.92b  045+0.02b 1.03+0.03b 1.49 +0.15a 153 +10.8a
FERHL 3040220  044+001b  1.000b 1.00+0b 10040 b

T ABRIFVEEE; Al BRFETEEEIEEG CPIL BREESREG CPMIL BREEHIEH . AFR/NEFRFRARME



Wi 2R 2 18] 2 57 .25 (P<0.05).
Note: A. Activity of C pool; Al. Activity index of C pool; CPI. C pool index; CPMI. C pool management index.
Different lowercase letters mean significant differences among vegetation types (P < 0.05).
2.4 MRS

% 2 KW, A RIS -5 A 5 & MWD 5 MGD &35 1IEAHE (P<0.01), P&
5 soc &FIEM>*% (P<0.01), 5 2~5 mm #1>0.25 mm B 544& & & 82 EMH54(P<0.01), 5
<1 mm BBk B3 7 AH%.SOC 5 2~5 mm A1>0.25 mm A k&8 8% IE/H, 5 0.5~1 mm
F1<0.25 mm BB EZ k% (P<0.01). SOC H&F—ki ¢ [ S G WLkk & B:45 .2 1EAH 5%
(P<0.01).

F 2 LEEPIRESH. FIREEIRS 2L AIRK R
Table 2 Correlation between soil aggregate parameters, aggregate associated OC
concentrations and SOC

AR A& & Soil aggregates content

TiH ltem MWD MGD SOC  5-~10 2~5 1~2  05~1  025~05 <025 >0.25
mm mm mm mm mm mm mm

MWD 1 0.978™ 0.923" -0.625 00979™ 0538 -0.992” -0.845" -0.905° 0.978"
MGD 1 0.945™ -0.701 0.981" 0.482 -0.961" -0.904" -0.970" 0.953"”
socC 1 -0.789 0960 0.395 -0.939™ -0.805  -0.947" 0.905

HB&EFH  5~10 mm 0.953™

WEE 2~5mm 0.902"

Aggregate 1~2 mm 0.956™

associated OC  0.5~1 mm 0.926™

concentrations  0.25~0.5 mm 0.939™

T TRIRTE P<0.01 K RS, TRIRTE P<0.05 KT R EM K.
Note: “indicates significant difference (P<0.01), " indicates significant difference (P<0.05).
M 3 Ar%n, L3RR PR S CPMI 5 SOC (P<0.05), EOC (P<0.01) &3 1EAH%,
CPMI 5 EOC MK R NE VI Bk PEVE FE A, TR EEVE 2484 Al 5 EOC 2.3 IEAHK (P<0.05),
5 SOC MFXMEARE . REEEES SOC (P<0.01), EOC (P<0.05) &3 iFAH>%. 3 EOC
1 SOC %3 IEAHK (P<0.05).
3 AFEIMEHEIEA TR, Ik PR BRI G R

index in different vegetation types

Table 3 Correlation between soil carbon and soil carbon pool management

soc EOC A Al CPI CPMI
socC 1
EOC 0.878" 1
A 0.508 0.858" 1
Al 0.504 0.854" 0.999” 1
CPI 0.994™ 0.870" 0.497 0.489 1
CPMI 0.812" 0.988" 0.927 0.924™ 0.785 1

7. SOC. TIEANEK: EOC. BEMANE: A BRAEEHIBE: Al BRIEVEEIRE: CPL BRETREG
CPMI. BREEEFIAEH . ~RRIE P<0.01 KF EREAK, "FRTE P<0.05 KV & EHK.
Note: SOC. Soil organic carbon; EOC. Easily oxidized organic carbon; A. Activity of C pool; Al. Activity index

of C pool; CPI. C pool index; CPMI. C pool management index; ~“indicates significant difference (P<0.01),

" indicates significant difference (P<0.05).
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LIREF AR R Y, SRR AR R R B R T 2~5 mm B RS . MWD
Al MGD fH), FRUHFFHHFE MR 5, IR R AR /R g m Kb g % AR, IR
TEARID L GE S D3 LI S M AN A AR e . BARHSE (2015) A 90 RIS TR ME L, 25
HuENARFER >0.25 mm (7K R SR A A S5 i T S, (HAE B L AR 34 B T
MIER TR AR X, RS RGLIEERALL >5 mm Rigioh 3, HICN 2~5 mm fi
g, MR . FAEBRSG >5 mm FIERMASERLT S, M 2~5mm, <0.25 mm FRA S E
T S22 /N F- 52 1, tBAIE RS T R AR B, REEURL /R AR R KRR R A T RS (T
FKER4SE, 2014). Bb4h, Tangetal. (2016) WF TR I STIMNALITIRA X, 5578 1 a b4,
PRI FIELH MWD, MGD. >0.25 mm 54 & & B3N, (et 7 58 SRR P Bofi AR
o TG, PSR, H AR i P ol 2 BRI MR HO AN S %A N O BEE, 38 T
N IR R E, Wfifedt 7 H 3Bk 2 (Wei et al., 2013; ZE%E, 2016). #H %,
PEHURIFEHE 2 a, FEBHHOTE B BT E T S B FIR R BER, Tk G818, FHGTE
P IR AR AR e M 2 . SR, IR EIRIR IR, BIR A MR T, 1k
J& RV A T AR T AR KBRS B8 (Wi et al., 2013). BHIFAZE (2008) F5H!, HEAK
B iy MR Hb AR R B IS, > 2 mme FSRAEE A B TR, <0.25 mm AR A S EEE L
Tt SRR TR B AR E A 5 X MWD. MGD {5 >0.25 mm 7Kf
PEA RS B B, W 3T >0.25 mm A RS EilE, FRERE T, X
— SRR B R A R 0 AN [F] L 1 >0.25 mm K AR B RS B E
MWD. MGD 3 IEA%—%. MWD. MGD il 2~5 mm. 1~2 mm IRk & &G ML
24k, H MWD. MGD 1B A1 2~5 mm }if% & & #EIEMH5¢ (R 2, R=0.979, P<0.01; R=0.981,
P<0.01), FH5 2~5 mm KFIRMARRSE M, (et T HIRAIR A RS . T HEa MU
4358 IR AR A () B &, 1ZWF 50 SOC 5 2~5 mm Fi1>0.25 mm B 44 & & 5 3% IE A5,
5 0.5~1 mm Al <0.25 mm FIRAREE MG, LER, P K ER)S, T35k kh
INKLAR A KRR, TS FE A RS, AFETERAL, W] RN A R RAE 2 1A
LI

TR AL B2 5 7R RRLAR R ARG FUB . 45+ SOC F1 EOC & & . M F kb Al &
Horb BSRARE P 41 SOC M EOC & B3 T afitth. X EBIERN, MR
BA R E DS, DK EREAR R AR, S8 RS — & IR S
N> HFEHE2 a, X RIRRISURENS . IR SRR ORI R e
YEF (Blanco et al., 2004) . ZHF 713 B - 338 [ SR AR AT HLAK 75 5 B [ SR A R4 RT3 In 7 369
#o X L SRHESE (2006) —5, X —45 1554 Elliott (1986) 119 HIZR AT M3 : K
AR WS BTN IR, TR K B SRR /N SR AR R HURS & 43— 2D B SR TR BT
AN IR 2% [ SR A AT A U 38 A B 3 A [T s T RIARE s A TR 98 ) 45 SRS — B 75 SUNA VI
X FRVBIF 0 AN [ R A 28 Y sl e ) ) 38 LB 32 B 40 AT 7E<0.25 mm Fiferr,  BE ISR AR
RiAEsE N, HHAPUR S R/ (Tang et al., 2016; %A, 2011). IMFER RIBRAT X,
REYURAEKHE, FEHRE g, BRI 2 AR, 7R AR IR A bR,
DB ARLAR 980/ 2 e PRI FE B R (IRAKER S, 2014) . i 4h, 1B PUIRTL A V0 A,
FIR AR, FRAEE PR S ERIRIRAEL “V” BoAh. Xa]GEe BNASE - HoF 7
R TAE IR NF S AR FE, SECT Sy R A E i T 25, iz +
BEANURAE SRR A AR ) A (B AGHEE, 2011).

TR RAEA VIR A 54 LA B X REY), AREHIE T, 2~5 mm fl 1~2
mm B REAEYIR S ES2 T AR SR EZE EM, 1~5 mm FEEAHEN 2 ALK



fITTEk AR, e RE TR E A (21845, 2013). ZHFFT T 2~5 mm [ BRAAAH BRS04+
A WLk 49.55%F1 42.47%, &4 A WU £ ZEoTEkEg, 1A HHHIU Dl 0.25 mm 415k
DUBR 9 F(53.75%) . HIZRARA WURIRT 4> LA WU DTk — 7 S B E A 5%, A— 7
5 RIREANIR S EAHK (Wei et al., 2013). 2B IR LA RLAE B RAA G YUK 5 4= A Bl
W IEAHDG, ARHUFIELHL 2~5 mm BIRMAS 2R REEIRES 8RR, BS540
T sl 35 TEAH O, DRI ) 4 A WLBR DTk B K s FE#0F i DL< 0.25 mm 1R HLER & 251G,
B BRI BCE R, W4 LA MUK DTRR R K. DRIk 37 8 b2 25 R b b A0 5 - 395 ML
PR FE RN <0.25 mm FRMA YIS 7 2~5 mm KR A&+, Kk 38 PR R
FERIATT 2~5 mm KERAEA YRR R X523 0E% (2013) 045 RAHL.

AL 3 KRR AN 18 EOC FrEZER VRS AER. RA4EYE. &1
BN A k. MRt B REMETEY, HArfEn #h7e EOC [MHAE, FHR RAEVEF
B, B TAEAA, EEESI RERESM, EYRIEMAEAR. FIARE L
MR kA8 7 SOC AW EM &, Hifism 1% EOC & & (kiLESE, 2016).
EOC/SOC Ak R BE A AT RAE 3G Wik il EAFRE R AL, EOC/SOC My, KA LAk
TR, e MR, B PREYI Rk, R TIRE NIRRT (/RIS 2013).
ZAE T EOC/SOC i, FEdfHiAK, EWIFFHH SOC W EHUL, HE S 1k
B8 73/, B T AV AEA R, FHAA, B sz g, F80H EOC/SOC &k,
&/NWIEE (2013) IR, ARHHERK 40 a i, FEIEA LK b 28 HLEK I ELI AR 22 75 B A EGIR
PR ER IR = 1, REBHHOAMRIE T T L3 m R ME AR AL AR . AN AR, AT
PRHBTE A WU LU 35K TS A ki (5 B 5546, 2011). AN[FAEBEZEAL R, EOC/SOC
1AL EOC. SOC 1 CPMI ARk fA sz 5. (R, i #F i+ EOC/ISOC W BEA R
HERRAE LA WL & . CPMI AT DA S Bl 338 8 BAN L b 1 S5 40 A% AR ) L 338
MUK EII520, CPMI 5 SOC. EOC R fhia#h—3k, JFH1 13 SOC. EOC £ &% IEAH
%, W CPMI BEfs R G FNAURHE S ik 133 SOC F1 EOC ARk . CPMI & A] LA S A A7y
R P A B G 39 g o AN R AE 2 (L et al., 2015; PE%E5E, 2000) . 1A TR HE
) CPMI ey, R B, FEpth i, 6 IR RN Bt ) - 358 i 5 R LB 1) R AR
J&. X—EREBERYEE (2014)—2, TN RIS & L IR R K o DRt - 43
Tk P B K P 5 R FHFIAE B M R 3 DIAR DG, 7R A BEATE B AR o RO s R,
B IR b 7 5

4 75

(1) ARMES XIBHHEMOE S B E 5w T IR MR R R Fa e v, (k133 LA
RN 8 . LIRS GE S5 LIRR SRR T E RS 2~5 mm KB RAERAR A
R, LIEAVKIIR R — TSR EHER S, H—HEZEZF NG HLKE<0.25 mm
RAKGWLRREE A 2~5 mm KRB Rk .

(2) 123 SOC. EOC #&F1 EOC/SOC 35 5 Il pth>F >3, bRHl A8 Hb B 25 42
J+ 7 13% SOC #1 EOC I & &, e 1 LIRa R G th M AL I 7% o

(3) ANIFIAEHE A L1 CPMI R IUA M HE> B> 75 th, 3R WM H R B kb - 396 B LB
MR BT B IS FIRA . CPMI 513 SOC. EOC & &40 B IEAMH%, 1 H EOC & &
AL CPMI ARG NI, U] EOC RIYEJy 338 e AR A ) FL 314 5%, CPMI Refig R 1
ZRAEAE #7210 %) 38 SOC 1 EOC [ 54
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