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Effects of decomposition of mixed leaf litters of the Castanopsis platyacantha-

Schima sinensis forest on soil organic carbon

ZHANG Xiaopeng' , PAN Kaiwen' *, WANG Jinchuang', CHEN Qibing’
1 ECORES Laboratory, Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu 610041, China
2 College of Landscape Architecture ,Sichuan Agricultural University , Chengdu 611100, China

Abstract: Forest soils contain about 45% carbon (C) of the terrestrial soils, and thereby minor changes of C in forest soils
can significantly alter the content of atmosphere carbon dioxide (CO,). Forest litters are the principal source of C pool in
forest soils, which can change C and nitrogen ( N) transformations by altering the soil moisture, temperature, pH, and
nitrogen and N sources into soil during the process of decomposition. However, the effects of forest litters, especially litter
mixtures on soil C, including total organic C (TOC) , dissolved organic C ( DOC) , microbial biomass C (MBC) are not
well understood in the southwest China.

Mixed leaf litters from dominated trees of Castanopsis platyacantha-Schima sinensis forest in Mt. Wawu National Forest
Park, i. e. Machilus pingii (MP) , Castanopsis platyacantha (CP) , Schima sinensis (SS), MP+CP ( MPCP), MP+SS
(MPSS), CP+SS (CPSS), and MP+CP+SS ( MCS), were incubated at 20 °C using the litter bag method in the
laboratory. Mass remaining of leaf litters, and TOC, DOC and MBC in the soils were studied at 14, 42 and 84 days of
incubation, and correlations of TOC, DOC and MBC were also determined.

The results showed that the litters decomposed quickly with an incubation of 0 — 14 days, and slowly with an
incubation of 14 — 42 days during the period of 84-day incubation. The rates of mass remaining of MP litters were the
highest among all litter treatments, being 97. 3% , 96. 3% and 93. 4% and those of CP+8SS litters the lowest, being
91.1% 88.6% and 85.3% at 14, 42 and 84 days of incubation. All litters increased the decomposition rates during the

BEWHE: B0 PO H 1 IRETE BT H (2006BACO1ALS ) 5 o R Be AR QT TR 3 A3 H (KZCX2-XB2-02-01-03)
W B #:2010-06-13;  fBiTHHF:2011-01-13
# MIRVEH Corresponding author. E-mail ; pankw@ cib. ac. cn
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84 days of incubation, except for MPSS at 14, 42 and 84 days of incubation and MCS at 42 days of incubation. The
decomposition rates of leaf litters followed the order by CPSS > SS > MCS > MPCP > CP > MPSS > MP at the end of
incubation. Litter decomposition rates were related to litter physical properties such as hardness and permeability.
Compared with the treatment without the litters, TOC was significantly stimulated by the decomposing litters of MPCP,
CPSS and MCS, but DOC was significantly inhibited by these litters after 14-day incubation. MBC was significantly
increased by the decomposing litters of MCS, and sharply decreased by the MPCP and MPS litters in the first 14-day of
incubation. An increase of TOC and DOC was only found in the soils with the decomposing litters of MPSS and CPSS after
42-day incubation. However, only the litters of MPCP, MPSS and MP significantly reduced soil MBC. There were no
significant impacts of all the leaf litters on soil TOC and DOC, although the litters of CPSS, MCS, SS and MPCP
significantly promoted MBC, and those of CP significantly depressed MBC after the 84-day incubation.

Organic C in the soils with the litter mixture was higher than that with the addition of litters of individual tree species.
TOC was significantly stimulated by all of the mixed litters while DOC was significantly promoted by CPSS after the 14-day
incubation. TOC increased in the soils with CPSS, and DOC was enhanced by the MPCP, MPSS and CPSS after the 42-day
incubation. MPSS sharply promoted soil TOC and DOC, and MPCP, CPSS and MCS significantly stimulated MBC at the
end of incubation.

The relationships among the leaf litter decomposition rates, TOC, DOC and MBC differed at different stages during the
process of decomposition. The results suggested that the effects of litter types and mixtures on the litter decomposition rates,
and soil TOC, DOC and MBC could be positive, negative and insignificant, which were dependent on the litter quality and

nutrients released from the litters during the decomposition.

Key Words: litter quality; decomposition rate; total organic carbon; dissolved organic carbon; microbial biomass carbon

IR R Bl A 2 R GEBR P Y R R R A3, R VR A 25X AR CO, MR BE 1 IR RIS, 38
BUBIR A 306 W) SR A B VA A | FL i i R B2 MO0 & R 38 A0 I DL R NG 3 S I R 1 52
Mt AR RGO A VE R P R4 4 Bl e b L Rk, AR 95 W S AR AR R LRR R Y Sk
VRS TE Y o T LAE s s R TR pH L SRR TR S R R C N IR S 5 ) - 4
MR SRk R (0 BT T IR T Y A i B LR AT AR A R R X AR R YE P 1
MW . HARBRMAE R RG DY IVE WAL th 2D W Fh 2 0, 1R 7% W0 % F 03 ik 0 52 i O 80 — B 25
W AR IR A AT PR 5 A3 A IR R I A A SO R IR 0 R R e
I, 5 B — WA L TR S TR T REXT T A AR A AN [R5 0 RIS R IV ) o g e e R O 1 4
BILBIR A RE I Xt 9ol - 3 HE A, 184 0 - Stk 11 5 F 487 BHXS 555 15t 2 il 2 ik 2 0 R A T S B
SR,

s AR ( Castanopsis platyacantha-Schima sinensis forest) 4V #Hy F &% [ AR Th i R ZE R REVE R AL Z — |
TR LLURTECJ2 1L 25 b X PR AR R e 4 AT BRI AR /NS ™ MR R 2R A
B2 BRI Sl AR CAT IRE (B IE Y 2 i B HLXF A HLRR RO AT AN 2, ARBIFST DL RCR 1 M X
FEAA AR 3 O AT 5 25 [ B9 8% ( Castanopsis platyacantha) Afaf ( Schima sinensis ) F1E 4 ( Machilus
pingii) BRI WA R} 38 3 15 7 AN R A R v it S L i s A8 B O - A HLBR A 52 T, R % R
Tap R V5 0 S e i P (R 2 AR 4l
1 MRE5ERZE
1.1 FEACREE ML

P R AR F PUJR L bl A AR ZEFL X WK 1600m 2247 . AR 10—14°C 4F H IR 800 h, F¥
KAE2397.7 mm, BEZK H 199—226 d , MHXFIREE 85% —90% 1'% Z X i+ BRIl A B k2 2Ty
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RUR KR A PRI RB . L HO L S

SRREIC OB AHE OB, U ) NI RSk R B ZRERE ™ S0
RV SRR A HE . ARG AR RS RS A A8k ( Lithocarpus hancei) , KR BRI FIALHE K
A5 (Ilex macrocarpa) 275 B ( Euonymus japonicus) | I14E ¥ ( Litsea cubeba) ¥ AL ( Polygala arillata) Fl
VUIEAH T (Rubus sp. ) %5 I EBYIF AT T ( Fargesia spathacea) ™™
1.2 HIEEHE R

2008 4F 11 H  fEFG-ARFFMCRAEX BEHLIEE 10 4> Tmx Im WIRETT , el e 07 dh i Ja 75 9 2 6 B, R 5
0—10em MFRIZ L HISIAR A5 T 1 2 5, W55 L HERAGHERR (% 1) ARG .

F1 HEEREALER

Table 1 Chemical and physical characteristics of soil

HHLER/ (mg/g) BA/ (mgy/g) . AT/ (g/cm?) TR K 8/ %
Organic carbon Total N P Bulk density Saturation moisture content
+ 4 Soil 147.33+2.03 3.77£0.03 3.26+0.12 0.51+0.00 155.64+1.97

FERFEIX BEDLIZE 10 > Imx1m BIREDT  SREERE RTr A =g 08 75 0t 4y S0 == 5, 4r R 2R
EY5) AE 60°C LT ZAE T BGH A ERE, 3 0. 25mm 1, W JA7% R EE e (32 2) , AR A4
1.3 EREF
1.3.1 JHEMdE

PRV TS JT 87 A% Lem? K/NEIRE R 22 FBR O Fh 1 A 2 B 3 FRURETE AT G, A0 4E N IR (JC T
PEE) AR RS KA AR R VA AT B A AR+ AR S 8 N AL B ULA R TRVE M N
lg, IR GHEHH A A EEM TR 11 80 1211, FRIEAU AR 5 M IR S 254 1

F2 ABEHIBER
Table 2 Initial properties of leaf litter

HEHE M () BR/(mge)  AFE/(mge) B (mg/e) /A KT/ R
Kind of litter Total C Total N Lignin Phenolic acid C/N Lignin/N

bk 496.9+5.23 b 10.82+0.23 b 221.1£6.23 b 35.64+0.54 ¢ 45.94+1.26 a 20.42+0.26 b

¥ 482.8+5.21 ¢ 13.71+0.08 a 268.6+7.29 a 55.94x1.07 b 35.21+£0.53 b 19.58+0.73 b

NG 513.7+4.18 a 9.34+0.03 ¢ 249.3+9.28 a 85.61+3.13 a 54.98+0.15 a 26.67x1.64 a

T B AT YE SE , BUE G B F 8 04T LSD 2T LI TE @ = 0. 05 /K- LAY 225 8 3k F—3 PR R =3 R 22 5 i 3%
. Castanopsis platyacantha , ARAGT « Schima sinensis N 4 « Machilus pingii

1.3.2 HEERRIEM SR

AS RIS 15000 3 96 2mm 5L HER A 4950, BEHLARIR 100 +HEMA 20BN 250mL BB Ikt i
IS KR BT K E T 60% A 7E IR GBS G ASLE N Imm IRIE R R MELE T BT LR
T A 20°C TR IR R FEA  , AERR 2d BR 1 IRBE SRR iR AR SR AN FE KA

TERG SR A 14 42 84 REURE™ | AR EEASAEFREUE 4 ASFEREA T T U8 78 H- 20 A5 F1 4 398 55 40 Jo 2%
W,
1.4 FESIE T
1.4.1 HIEHEMER

S HLBR (T A% IR A 45 S, GB9834288 ), I MU (WLIKE A )™, L pH (/KR ¥E, GB
7859287 ) , LA H (FF 11, GB7835-87) , L UM A& K B (FRI3E) 2 | AT I A LA (KRR )
I E YRR (IR ) T RS KR (R, GB7883287)
1.4.2 Pyt Bk

AL (AR R A i, GB9834288) , A (WLIRAERIE) ™, KRR E RBRIR K fi ik ) P, i & it
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(Folin-Ciocalteu FL@aik) ) Jy& 2k B M RIG E B MG B8 2 22 S5k 8 R oG &E & 50
R 2 SEAEERNT LY
1.4.3 AR B A A Bk S i e

| &
kcxp :Ngki

N TR E K AR 7 IR A 20 ik I A U I B AR SO0 1 Y b SRR A P
(B KR AR TR 6 e BE it gt s £ 08 7 1 3% B S5 i X I ) - S0 5 B A S
1.5 FdEadr

FH SPSS16. 0 etk 47T 5K 32 7 22 | LSD Z 5 LA FIAH G434 o
2 #R
2.1 AR K B UG

ARG TR0 £ v n A HLK R SRS K R R i pH (H AR (R 1), ik 7%+
REIK , & 5 S HH T R AE IR , A R A5 LT, e 4 2 17K 4%,

R ) e R i AT ST A > % (P<0. 05) 5 SRS A% ST A > A (P<0. 05) s RJTER & > A
far >R , 5 GARMAAR TR & 22 5 A R E (P>0.05) (H 35 1 W25 8 T (P<0. 05) ; By & i i AR fif
>P5 >R (P<0.05) 5 A 5 A M C/N W3 m T4 (P<0.05) , A B AR BT ZR/N W% = TR (P<
0.05)(5£2),

2.2 JATEMERE AR

S —e— MP -- & -- MP+CP+SS

WSRO B LSS 0—14 K 4284 § oo s e
REGRZ, 55 14—42 RIYEg ; b s 756 0—14 3 - ® - CPiSS
RMRTHBERTFIRFAE (P00 JRRAs 257 [ g
B TR R B (P>0.05) (1), I £5 ool T Ty
VLRSS 14,42 B 84 FIUFR W RN 97, 34% . B
96. 267 F193.30% JMRHIG , BB T HmE < | ]
AR (P<0. 01) s M5 + ABEIEIEAESE 14 42 A1 § w0 o L .
84 KIFE %430 91.06% .88. 56% F185.25% B B4 ERF I Days of incubation/d
SRRHETEIAES 2.3 BB RN S (P0.05), B RS
P 3 v A YR B 4R (P<0.01) (1) Fig. 1 Dynamics of mass remaining of leaf litter

1555 84d I, T TE M A0 uie b + R faf > AR faf > 8 MP: W84 Machilus pingii, CP: #% Castanopsis platyacantha,, SS: A
W +4% + AT S TR+ 35> 15 > T A + A BT S VARG (18] 1) g 0 Schimasinensis, *+ ™ {LRAL S
F+#5 K5+ A Aar TR+ + A1y I8 Y 1532 B 23 11 S DU £
H 5 R T IO (P<0. 05) B + A far VR G IR 9 i 1 % B 38 i) S D0 5 00000 {8 A 1 35 25 57 (P>0..05)
(%£3),
2.3 JATEN A AT IR ) 5 e KR G
2.3.1 X R PRk R

TS PR (TOC) Rk F7 N A] R AR (P<0.01) o A + AT % + AT I8 72 I 15 77 1) 1 8 LU TG
M YA R0 45 TOC S (B 2) s R IR B 14 K, RS+ R 75 B 52 00+ TOC &8s, N
143.78g/kg; TEXGEFR B4 42 T 84 K, FHE A + A oy 4 7% i 35 3% 09 T 58 TOC & & 1, 43 008 139. 73
134. 28 o/kg; FHFS A7 7 45 77 1) 1438 L T LA A F i 35 52 09 1248 TOC & I, FE R FR 3156 14 A g4 X
iF, B U P50 A9 38 TOC S A%, 43 314 136. 30 1 127. 93¢/ ke LERG IR RS 42 K, A far 8 7% T 1) 4 4
TOC F e fik, 7 132.68¢/kg (K 2)
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Bi g% 14d W TR +4% TE G+ AT A+ A T A+ o 150 —o—CK --8--MP+CP —— MP
B AR AT T A ToC SMARERT 5|, 0 T T s
B (P<0.05) s ik 42 1 (RS oA Py BE ol fuiiioeed o Mmenss
+HE TOC SEMME T T I (P<0.05) ; 553k 84d F= 1)
i, (L + ARV A 19+ ToC Sl @& e Bg o)
WE (P<0.05) (F 4) . o " p w
SR L 59 14d 8 AR 6 SR Days ofincubation/d
PRTER AT B E 55 T H4 TOC, T A 1 B2 AER RN LA AR

*}%iﬂ 1_ ])_”JXﬂ' iiﬁ% TOC /Qﬁ 5 % %4 l]['rﬂ i% ?&F 424 {R (lﬂ ﬁq'éj+ Fig. 2 The effects of leaf litter on total organic carbon in soil
N M. s H ’
. . . o ck: Xt B MP. W fi Machilus pingii, CP. #% Castanopsis
YEL AN =y itk % e ) = BE .z
*ﬁ \1:%-‘-7'(% i H ﬁ %*TE%‘\&E = T :t e ToC ’ ip ?% platyacantha, SS: KTIF Schima sinensis e +"REAL
84d, T4 I P& Al %t £ 48 TOC WA W 5emi (K 2) .

®3 FAFEMERBEINESTMELR
Table 3 Comparison of percent of mass remaining of leaf litter between predicted and true values

1537} [E] Days of incubation/d

14 42 84
MP+CP T +#5 S 93.96+0.39b 92.20=+0. 12b 87.84+0.37h
T 95.82+0. 18a 94.61x0. 16a 91.54+0.28a
MP+SS {4+ A S 94.62+0.29a 92.70+0.32a 90.50+0.49a
TIE 95.07+0.27a 92.77+0.04a 89.90+0. 10a
CP+SS #+Afar S 91.06=0. 11b 88.56+0. 17h 85.25+0.31b
TIE 93.55+0.22a 91.110. 16a 87.94+0.32a
MP+CP+SS A 93.34+0.06b 92.42+0.67a 87.69+0.46h
AR+ % + Ay A 94.81+0.22a 92.83+0.08a 89.76+0. 18a

FPRUE A BB £SE , BUE G 7R #EFT LSD Z B WA o = 0. 05 K By 25 5 W3k W — SR [ ik 3m 25 5 3
¥% . Castanopsis platyacantha, K10 : Schima sinensis, WiA# : Machilus pingii

F4 TESFANBRINESTMELRE
Table 4 Comparison of total organic carbon in soil between predicted and true values

5 FET [A] Days of incubation/d

14 42 84
MP+CP ik +#% S 140.70+1.39a 136.62+0. 70a 128.18+1.90a
T 136.31£0. 64b 134.38+1.07a 128.89=0. 14a
MP+SS g4+ Ao SENAE 141.42+0.97a 139.73+2.28a 134.28+0.33a
T 137.79£0.43b 133.21+0.89a 130. 74 £0. 44b
CP+SS #%+ A fif SEINE 143.78+0.35a 139.48+0.42a 134.03+1.98a
o e 137.78+0. 11b 133.85+0.43b 129.78+0. 80a
MP+CP+SS SEINE 140.32+0. 82a 134.83+0. 84a 132.15+1.48a
AR+ 4% + Ay o e 137.29+0. 26b 133.81+0.67a 129.81+0.41a

FNEAE V- ME SE , BUEJ W7 BT LSD 2 8 WETE o = 0. 05 KF 128 5 B, Al — S R R 70 R85 7 B 3
¥% . Castanopsis platyacantha , Afif : Schima sinensis, 14 : Machilus pingii

2.3.2 X EIERTE A P R

FHE + AT U8 7 55 2 00 ST A PR A HLER ( DOC) H A R 34 Y 8, 7645 14 .42 F1 84 K, +4% DOC
TN 136,99 137.48 F1130. 58mg/kg, H5FREIHE 14 42 F184 K, {# -4 DOC e fi B #7733l JE A% (123.
31 mg/kg) ARG (116.61 mg/kg) MG (122. 12 mg/kg) (3)

RIRF7E T T (1% 38 DOC & B BER ] 09728 R 34O R] , AR+ 5% AR + A ar 8% + A far 9% R 9 358
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DOC 5E L TH)E TR #5 R fay 8 7% 0 R 19 £ 3 DOC 4t e (K —o—MP

TWEIG LT 4 AR + 45 + A U8 9% T B9 48 DoC WIS E e i

;}—%éﬂ;—l:lg%(rgl3>o %A 014 & - CP+SS -+ -- MP+CP+SS
ERFRIOH 14 K, U+ RAF R B Tt 3 onf

DOC S {E 5 #75 T (I ( P<0. 05) s FEHE IS 42 53 onf

K AL + B R AR B AR T b B on|

DOC SZIMME .3 = FHUAE ( P<0. 05) ; FERE IR 4 84 0.10 ” " "

K AN R + A A A P R B 3 DOC SEE B 2 T B3¢ 1] Days of incubation/d

IRl
BIME(P<0.05) (R S5)o . ‘ B3 RSN L ETR AR S B
ijd"ﬂ“g‘ *H tk‘ ’ iﬁ% 14d ’ Ylﬂ *ﬁﬁ N 1:% N 7k ﬁf N (lﬂ ﬁ&j +1:%{Jﬁ Fig. 3 The effects of leaf litter on dissolved organic carbon in soil

P& E I T 5 DOC, HAR I & X 13 DOC 1Y
SO 2 3557 42d ARG+ AT A%+ AR S 8 7 i 2E 3G T 38 DOC, AV it X 38 DOC A 2%
HIFEIA 5 155 5% 84d , B AT R4 HH#R%T 13 DOC Jo i 5 m (1 3)

®5 TETREEVBIIESTRNELR

Table 5 Comparison of dissolved organic carbon in soil between predicted and true values

B FE 0t ] Days of incubation/d

14 42 84

MP+CP it +#% S E 0.128+0.001a 0.128+0.002a 0.12520.001a
SRl (N 0.126+0.003a 0.122+0.001b 0.125+0.001a

MP-+SS Jia A + A faf S fE 0.131£0.002a 0.135+0.003a 0.127+0.001a
SRl (EN 0.126+0.001a 0.122+0.002b 0.124£0.001b

CP+SS #+Afaf S {E 0.1370.002a 0.1370.003a 0.131£0.003a
SR (N 0.123£0.002b 0.117£0.001b 0.127£0.001a

MP+CP+SS S E 0.132£0.002a 0.128+0.003a 0.12420.001a
TR+ 4%+ AT T 0.125+0.002a 0.121£0.001a 0.125+0.001a

T EUE A YESE , BUE G B FE R 04T LSD 2 A TE @ = 0. 05 /KF- LAY 2E5 8 35 F—3 P RRIFRR E 7 83,
. Castanopsis platyacantha AAif ; Schima sinensis, ¥ : Machilus pingii

2.3.3 X SERUAEY RPN

AR R MBC) BRI R ERE (P 2 | & em
0.00) A MH O£ MBC ISR, = o] B IS W
i+ BRI TR £ MBC S FIEAR EIF B 5 s | =
VA% MR 0+ MBC IIERSE R (1 4) ot

BRIRA 14 42 K RA TR b MBe g B oel——t " "
i 5 O T 8 22 5 (P>0. 05 ) s 5 FE40 84 T2 I S Days of ncubationsd
T+ A Ay P % 0 ) 338 MBC S 2 & IK T F (B Ed4 EEMA R B RS RS

A, HAB P& R A 3 MBC SE0{E 48 50 25 5 T 70U Fig. 4 The effects of leaf litter on microbial biomass carbon in soil
fH(P<0.05)(%6),

X HRA B, K537 14d, J87& T 14 MBC 5% HRJC R 3 25 5 (P>0. 05) s 153% 42d, A +4% A + A fif
AR B ] T 3 MBC (P<0.05) , HAR A TG 83552 0 5 35 3% 84d , #5 + A VA +4% + A fif LK
TF AR+ R PR R T 45 MBC(P<0.05) B2 UE 75 2] T 148 MBC(P<0.05) (Kl 4)

2.3.4 MM

TERGFRINEE 14 K, 13 TOC 5 87% M /0% 13E DOC 2 W IE A& (P<0.05) s 153545 42 K, 11

DOC 513 TOC £ B FIEMIE(P<0.05) s 57750 84 K, JVE T /0t % 5 1 4 MBC & I 3 IE A& (P<0.05)
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F6 TEREVERINESTNELLE
Table 6 Comparison of microbial biomass carbon in soil between predicted and true values
K5 FRHFA] Days of incubation/d
14 42 84
MP+CP T +#% T 1.058+0.038a 0.776+0.030a 0.861+0.023a
T 1.115£0.012a 0.870£0.032a 0.713£0.022b
MP+SS A+ A S 1.026+0.047a 0.874+0.021a 0.745+0.013b
A 1.120£0.012a 0.8570.016a 0.828+0.016a
CP+SS #5+ At S 1.323+0.087a 0.946+0.018a 0.900=0. 0362
A 1.133£0.021a 0.919£0.018a 0.772£0.007b
MP+CP+SS S {E 1.399+0.017a 0.973£0.038a 0.871£0.015a
TR +¥5 + AT T 1.12320.005a 0.882+0.019a 0.771£0.007b

F P RUE A M £SE , BUE G 7B AT LSD 2 IWERIHE @ = 0. 05 /K LS BE M, F—3h RRITFREFRR 2R BE;
. Castanopsis platyacantha ARAef : Schima sinensis, 1 : Machilus pingii

RT FEMSBEN RSBV TEEENR BENEREXE

Table 7 Correlation coefficients among decomposition rate of leaf litter and contents of TOC, DOC and MBC in soil

KEFRIa] VSR S ST B A DL (DGR

Days of incubation/d Decomposition rate TOC DOC MBC
14 P85 M43 f#% 3R Decomposition rate — 0.506 " -0.133 0.145
BAHLK TOC — — 0.458 * 0.195

AR HLEK DOC — — — 0.262

42 JRYE 43 f# % Decomposition rate — 0. 180 0.192 -0.106

BA LR TOC — — 0.721** -0.158

A HLEK DOC — — — -0.174

84 JH7% 531 % Decomposition rate — 0.073 0.164 0.478 =
BAHLEKR TOC — — 0.175 0.241

A HLEK DOC — — — 0.014

x WERK(P<0.05), * * HLEEAX(P<0.01)

3 itig
3.1 VR B E S iR

R A A5 DR URD 248 4 i PR S B B, R 9 I O i e PR R B B TE 0—14d, B E TR TR AN Be (P <
0.01) (B 1), TESMERTI, 32 B2 AT i) 0T () ik SO AE 0 m] A FH 00 SR Ve R 55400 o i R TR 5 78 o0 il Jes
WM R R R LR TSR 0 O R R PR (B 1)

PRVE o 5 HA R kA A 26 C/N KRB /N 2 00 0 74 23 i S (0 A B8 b, HLAEDBR AT
Oy ARSI T C/N OARRZ /N (3 2) A AR 14 108 A R 9% - it SR A S5 T R /N KR
/N BT 8 7 et 1 0 il R DU A e (BT 1) 3 55 08 5 ik g O BRI T O o ) A O 7 b B A R O PR
M FrigsK GESMEZE BTG MR BOT e S 53 T A P 0 2R T AR /DN | I3 G i 38 38 5 R ey 0 %
TR BB ACRBUEY, BT 2 )5, MR A 5 2208 8, 1l 90 40 A vl 1 A0 2 T ARUKG, i b LA 7
Kaneko 45 ) 7ERF 58 A5 AT S0 JR 75 90 oA ik R B, SR i ISR S AR AR AT U Y5 9 o et Aol X
AIRE S ARATHO —E AR S B

TR TV 3% BA 8 0 S5 S0 1 26 S S e 1 O i TR 45 43 A 80, A SR 3 B R SN 8 1 T
DU, o S T PV R A A PR OE T, R 22 AR K537 84d, IR +#% %+ A qar VA +4% + A o
1 3% B 3R A S (AR S 25 I T U (P<0. 05) (K 3) , ARBIERG+#% A5+ A M A+ 4% + A f7 )8 7% A
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P& o VE T, 3X 5 Briones % %' Samantha % YIS SE L 3K,

SENME 55 FOUIN (B0 25 5 S e 1 R TE IR A A RO, (E R B R R A e, G A — R & 43 A Y 5
WVEF . I, DS SR 84 KIS AU TS ), P8 75 MR A 5, %ot H B 8 v i i B B2 i S R AT A O 3 2%,
(1) PEHERY BVAR XS BT SRR PR 95 0T 5, #0578 D225 40 A (4 V8 L, W00 T AR + 6% 08 9 1 B JHOGE 7 ) S 7 78 9 1 1)
AR (2) AR EII R AR, BRI 9 o S e U A R R o A O 7 43
St VA P4 PR, A0 A+ A i 00 7% P LR T AR R 8 T o b L A for 0 7 i A 1 (3) AR kAR D
TR VR T I X6 T 7 140358 40 PR 9 I ik A AR R T T 0 LA 0 U 95 A S 3 S ), B + AR TR A JR 9% - L
PR o b, (85 A fop R 9% o R A R 22 TR+ B - AR TR A VR T L A R BN R T Y 4
figetie (S AR I P A i A 22 527 Briones % ) Fl Samantha 45 1 ISR AR L BL TIR G IS
b XT 7 8 A 9 40 04) A e i e e DRI G R 9 0 o - b %) i o R A TR I 2 Ak i B T 3 T
A P AR ACR T AL b AR SR B R A S T A BRI, A 3R 14 T AR R + K
TR A & T RE 3R A 14 MBC . DOC Al TOC ()75 f2: LU A 8% 45 s AN Y& 35 3R i i ( T/ 2— &1 4) |, L 5%
b B TR VR ) AR AR R (14 S LA R ) 0 g T O A o (9 L B LA RV ) o i I IR AR /N
1) U8 T4 0 A X 1 25 1 1 43 i o TR A5 RV 0 22 ) T 43 ek TRl i 2 2 1) R R N v BV ) B R R TR )
B S ARk IF AR R V5 P oM, WA B 1) s R IS i o L TR S R ITE Y /N IR
FER, CHAGEOARSENZERR(RL) , FECHRA G 6 5CA 7 W AR
3.2 EHEAHLBREEE IR A

FEPRTE oAt R, 3 BB 7 2 5 7R o (] (0 39 2 0 B T R A R 3, e (L BRAE S 14 R (I
2—P 4y, FETETASINE] 1B TR AT I I b G s e A LR B R R, AR Ak el
N A5 (R A3 A WL RN R 9% - e Rl TR AL R B A P e i 5 e Je B, SR A R R 38 SEME S F 0 0T o 1 L
N, 4 A DRSS, 18 MBC &t/ ™ 30O B T 18 DOC & e 2k Wy I W AR FH A BR TR, %
Tl I BT T R, 7 BB AR
3.3 PRSI AN AT HLER AR
3.3.1 N SR EAT BILAR B

5+ AR Aaf YR 78 AL BT 14 T A HLER (DOC) 7 i die i, X 5 HIN A B i A A i A 56 (BT 1)
5 + A A U 75 e, 0 S S T) PRI B DOC HE A 348, 7EIR6 5 101 22 500 v - A BE G 1+ 3% DOC R %,
55X PR 22 B AN 35 (181 3) o DOC 2 BAE Wi &) I 3805k, E W 2RI DOC IF 44 L5250 3 &
A HLER ) DOC AR IR IR T 75 AN+ 38 58 A , ol I T 3 MBC | fERG %510, b5 3 vl i
PEFRAT D KRB R B AE T, BT 72 A — 4 DOC, S 8O IR 4% ATy I8 7% -85 3% F 19 38 7 1 56 )5 1)
DOC & &4 frsém .,

FERFRF) 14 K A IR A VRIS M0 R AR EE RS AN T 4% DOC, Mife 5 31, P 74 %t 32 DOC A3 s
WA (& 3) , R YR A BT A PR VE e S R, AT AR R JR Y5 i DOC MRk, T RS
FEMEE, PATEYIR AR E T AVBRAFEALRE S ek T IS Y= R, Lin % " BF5E 45 1, 13 DOC
W2 R TE PRI TERE SRR ARG I (HAE RS 375 10, & A A 1 48 DOC WA W % 28 57, 00 I IR —(EIC 41
R JHTENT X 3 DOC S sk AL AR AR U IR W R (8] 3,38 5) X RPN 5 R P Y i
RS REGSA G (F 2,83, 8 1),

3.3.2  XF AR YRR

PRATEY) RAE AC TS DOC B9 BRI Yano %5 PV, FRAK R4 12% — 40% 1) DOC
BEE YR S PR 148 DOC 540 L -3 E ki (MBC) . 5537 R0, 13 DOC &, Al
DOC ¥ AL i [ B MBC , fifi -3 MBC #5555 5% )5 1, 13 DOC "F R, T2k By i 43 1 B 1% MBC., fff £ 4
MBC FF§, AT X 5 MBC FSEmA 25, 53R 14 K, &P T ) 158 MBC 57 G I 2%
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225 (P>0.05) ;55 FRINEE 42 K, AR AR +6% VRA + A fo7 U8 75 1 B 35 FRAIK T 14 MBC (P<0. 05) ;3537156
84 K, M5+ AR M TERG+F5+ A A T+ 4% 07 Vi i S 2 AR R T 4 MBC (P<0. 05) , #5 i v it S E i T
13 MBC(P<0.05) ([ 4) , FHHFVE M 43 MBC A9 MRUN A5 e ik SHI A0 B &5 m (K4, 6) ,1X
T3 55 8 9 04 ST SR A BTG A O (R 2,38 3,81 1)

ST L, BE SR 0056 84 K, BRI+ AT PR 5 A1 AR A 8 P B 55 G 1+ HE MBC S (BB
TN (P<0.05) (£ 6) ,n WL RAFE M E T 1 MBC, IR&FE M RNIEA A BRI 2R,
e B S AR T N e IR R i Rl 2 O R SR R T 2R A M R TR RO T
TE YIRS WA T U e
3.3.3 WA HEEA LKA SE R

AL PR T R SRR A0 3B A HLEK (TOC) BIFEMRRTR (B 2) , TERGIRE] 14 K, B A for 75 - il 2
P T B4 TOC, X 5 BAT B B R AT e (1) TR YR A VR IS 2 (AR A o R b A R A 3R Ay
FERSUY AR AR A BN 1 TOC T Ry 28 AT LA X 748 i+ 4% MBC (&1 4 ) , it /b T At iep
W B A LB & B T

X IRA LG, B35 14d, A+ 88 M+ AR M AR+ R IR SR IS B T 1 TOC, T A
PR X 14 TOC TG i 35 52 s 7455 37 84d, TR PR T M #0 %t 358 TOC & 35 152 (18] 2) s {5 3% 424,
AN + AT U 7 I 8 TOC SN 235 25 T HUIN B ( P<0. 05 ) 35 5% 84d I, (S + A i 7 1t L3 TOC
S T INE (P<0.05) (£ 4)  RIAPFTEM X 148 TOC 152 i 32 B4 Hh 7E 40 fif w0, U8 95 i Fh
FNEA X 13 TOC A5 8 AEHE S0 RN i 252 mm (B 2,38 4) SRR A000; 5 8 9 5T 5 RN 3% 0 R s it
BR(F2,%3, K1), SEILEKALL, T EPRIRIE K5 28 B, R AE 50 i 1] P4 (5 4 39 5 ML
Ko AR YR A MR A S R IR W) BRI R V% B R AR 0k A AR B 40 R
DKL, TS I 5 0 I EAS S 1 I A WL, T2 7538 I = 98 LA IO T 01 95 40 4 e o - SR L P ~F- A8
3.4 HHEA MRS RIS A

JHTE 2R 5 58 TOC . DOC Fl MBC AYAH G ) e T 08 9% i o3 A i B I 5 38 C Ak 2 24 £k
bR, JHTEM 3R R HE MBC RUARSCHE (R 7) S5 IV& I C N RN NS T A W 05 i — 2, A
FESM AR, RERTEPE C N SEA 50 B TRE G vE & MBC™ | iy 155 1+ 58 MBC B —E 1
IERASE ; T B R P E C N DR R Y K AE T, 158 MBC AL, T80T MBC 5875050 R
BARARENGAIRE(FT) , WEMHMRRN G55 14d 5913 TOC A BERIEFE (R 7)), B T 1E s
AYFRRI PRV e A DL Y B AR IR . T4 DOC FI MBC AR JGME (28 7) RIATE MWl i, K R Ui 7%
ik B R R DOC HE A 527 75T DOC S 43 MBC AY 2R IES | -5 DOC 0 A i 9
FIRBIE , BT LA, 13 DOC Fl MBC A7 AN S 2 1 1E AH OG5 76 40 575 42 R, IR 3% Rl 3] - 38 v /1) DOC R 3t
/Rl MBC i 3 A P A KA ) DOC, 18 3 DOC kRS 2 ffi MBC F1 DOC A B 5  7UkE 56 ; /it
84d, RIATE MBI DOC B/ | HEFEE i +3 P i) DOC X MBC FRVE, S B RA AN B IEME
(R7),

Bigt: SO IR Griffith K2 Zhihong Xu #8527 {4, JHESUHL .
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