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Effects of litter on soil organic carbon and microbial functional diversity
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Abstract; Forest litter is an important factor affecting soil microbial community and organic carbon content, and plays an
important role in soil organic carbon formation and microbial growth and reproduction. The changes of soil organic carbon
content and microbial community during litter decomposition have become the focus of current forest ecology research, but
the extent and mechanism of its role are still unclear. It is of great significance to analyze the carbon cycle and resource
management of the forest ecosystem. This study aimed to study the differences of soil organic carbon content and carbon
source utilization by soil microorganisms under litter removal and addition treatments, to clarify the effects of litter removal
and addition on the metabolic function and diversity of soil microbial community, and to preliminarily explore the metabolic
mechanism of soil microbial community under different treatments. We hypothesized that soil organic carbon content was
affected by the functional diversity of soil microbial community when litter input changed. The surface soil of the mixed
forest of Catalpa chinensis and Quercus mongolica in the altitude range of 1405—1435 m in Wuling Mountain, Chengde City
was selected. Using incubation combined with the Biolog-ECO method, the content of soil organic carbon (SOC) and the

average well color development ( AWCD ) value of the microbial community, Shannon-Wiener index, Simpson index,
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Mclntosh index and Pielou index of the microbial community were measuredon the 21st day of cultivation. The changes of
the soil organic carbon content and microbial functional diversity under different treatments of litter during the cultivation
period were analyzed. The results showed that 1) different litter treatments had significant effects on the soil organic carbon
content and soil microbial community diversity (P<0.05) , DL>HL>NL>CK; 2) There were significant differences in the
metabolic activity of soil microbial community and the utilization of carbon sources by soil microorganisms under different
litter treatments ( P<0.05). The carbohydrate and amino acids were the main carbon sources of soil microorganisms; 3)
There was a positive correlation between soil organic carbon content and soil microbial diversity. The effects of double litter
addition on soil microbial diversity were difficult to reach a significant level in the short term, and it inhibited the metabolic
activity of soil microbes to a certain extent. The functional diversity of soil microbial communities had an important impact
on soil organic carbon content. The results of this study can provide scientific basis and practical reference for the

sustainable management of the mixed forest of Catalpa chinensis and Quercus mongolica.

Key Words: forest litter; SOC; soil microorganisms; metabolic function; community functional diversity

REY) Y E K EE IR EFECE R =, A A T3 3558 HLER (soil organic carbon,SOC) AIIE
TR D0 16 P B R 2B A B0, S e VR TR W o e DL AL 55 05 T R R AR FRAk
ARGl DL o R 50 05 2eBR 108 ( detritus input and removal treatments , DIRT) e AF 53 5 7% 4 %o +- 332
TE R IR L K SOC & i AR L BN BT RIS B S P ] IR B K S A pH IR, 4
RXF A S AT R AMA S BA — & R S M

PRI ot B b SOC & 8 55 I A= W A v 10 228 A0 e E 55 TN 225 J80 R > 1 AR AR A 25 2 0 BB 98 1 S N
2 WEITUEW], AR VE I AN SOC S MBRA LY  EALA BRI R IIR NI Y5 %, SOC I T
BEZFION e A YR S5 A 57 B RV B R T G S I R e SRR R R AR E A
iR DIRT SRR 528 75 P80 A8 Aokt -+ 3 S0 W W S i I S O A 413 o 3R W R Y& 0 s 5 25 B ik
PRAE I YRR S R W E AN, B AN R 0 PLFA S HA g 25, BRIk
BB X A Y ) AN [ R i 5 S A W R IR A YOG R I AT IR AR . ARk, BN LR R LA A
Biolog-ECO + /R BB f5c A BR b £ B2 104 M v 14 DA AR HRRAE ) J2 - 300k M e 114 2 BRRE N 1)
RS TR

H A7 BB 2 e i 7 5 35700 IR Y 09 5C Z 05 T, (H IR v 00 TSR G E W R T 45
RS LA K A SRR MRV S5 A AL B A5G 3R SR ML 1 () A i ANVE A L A WE S (B B e V& W A R AR
AR 3R L B i 52 B A WU TR D RE 2 RE M RS DASS R ILAZ PR —5 AR R AR IR ASHR AN R 2
THERWTFENS B, T8 i 2 BRAA AL O 5 52 AR Vs P Ak B = N IR 3R 0455 Biolog-ECO J7ik, 73
FrARTRI A DAL PR SOC 75 A -3 5 A: W i B I A FH 2 55, W5 A 76 0 00 25 B 5 TS inoxt SOC & 12 F - 43¢
T D BEE A I RE 2 REE AU IR RSN A AL R SOC & A8 A i - 3 il A= W BETE AR ML, M B Wk Wk —
5 T ARIR SE R Y T R 2L 28 E AR R = ARHE TS B 2%

1 MBI

1.1 A1

AR AR 93 0 55 RN E R HARGEPIX 1405—1435 m Ak AR —52 1 BR 1R 38 bkt 0—20 em (14
T2 HE, BRI | R RN RARIEASHR, AR R 7.6°C AR /K & 763 mm , H [ FE/K iR
21.15%, TEZMHL P BEE EFR 20 mx 15 m (FEHE, 2Bk 32 7 905 1 T RAR R B 0—20 em 1+
B B RUREE 3 T LRG0y HERAE LIRS S A IS =
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1.2 KBt

FPRAEZE N HE TR AL B A FE 0 — B0, SO 25 RUREE I L AEIR G i — 107, ZXBR O S ) R R )
BRAR (BRACS AR ) MPTEY) . 53 BIFRE 500 g T L 05 F 1 3R T HRBR A 22 (CK) PR B AR A (No litter,NL) |
TR B AR Z AN Y 7% ) (Haploid litter, HL) O B AR Z I F S0 XU 8 7% 9 ( Double litter, DL ) P fift b B
W AERE L SRR 1 52 T R AR L B 88 43 BEASAE ) 1) it PR VR 0 B e 2 mm 0 S AR INOT 5 R4 IR
5] USIBRAED 2 g/100 g 4, DL NG . Fras e J 95 40 S A oA 25 087 ), NL (HL 1 DL pAR 2 fR B
h8—10 g,

AR A 1000 mL AIEFRIR, A AL BEE AT 3 0, RS K = W AR KR 70% )5, BT 25°C /Y
FeM PR SR B 3 R FHPRE L AN R SRR AR I FERE IR 2 21 d AT BIARAE . DXl NG IR 4 SOC
S5 YA YRR I 52 B FRF LR HT ) 123 (before cultivation, BC) M FEEE 21 K 1+ M)
SOC &1 S AU W B 75 B9 A 185 35 12 (average well color development, AWCD ) | Shannon-Wiener 25 #£ £ 48 % |
Simpson HLFEFEEL  McIntosh ¥ BEFE AL Pielou 4= & FERE AL, M2 4 J3 Bk AR AR R 5 IR Y
1.3 W55k

P PB4 7K B R FH B TR0 2 5 - 3B LA R: FH o 6 1R P A — v TR A IR 0 5 5 0 3 JOURE 2 IR AL
JCHLIE 73 A A ( Bettersize 2000) M E . S AE P ACHHE PEA LR Y I REZ B4R KR Biolog-ECO J7
2 AR 96 h IERGHR ST A WG EE TR A
1.4 Hskbai

IR SPSS 25.0 F Excel 2019 3K HE1TAEE , R Origin 8.6 ZHlEIE . R ANOVA #4705 25
3T, 22 LA F A/ JiE 38 2 57 15 ( Least-Significant Difference, 1LSD) , 3CHV FHEM [ 4L R 22 2 A B3 (P>
0.05) , FHREAFREMYCFE 25 B3 (P<0.05) . RS HT (principal component analysis, PAC) SR FH B 2 4 7 32255
ANTRIREAS 14 22 76 ) 272 o BN A G 1Y 32 T8 1] s 3R A T 404

2 ZEREHH
2.1 FHEA MRS BRI
WHEDR EoR A, 4 FORFAL I L3 SoC FRA 3
7. DL 5 SOC 4 5 , CK 9 SOC 5 1 516, FL B 2%r A
PRI A fE, SOC Ak S ETHAS (1 1) S =2
FPA IR SOC Ak FUA 0 5 s, 5853 % ; °l
ZHT(BC) AHLEL, B CK ZbPHAY SOC &g T 4.15% i ol
AN, NL . HL DL 4 ¥ SOC & & BN T 1.88% . gn ol
5.79%%1 9.29% ; BRI Y SR R AR SOC & & IT 3 .
Teh#E 25 (P>0.05) , M I8 & Y AL B SOC F it BC ai;;sgg pNLg;E HL
B FTHE (P<0.05)
T EBR S XT SOC A AR AFE T, KBk Bl TEANSEBEUNE

Fig.1 Variation characteristics of soil organic carbon content

dj%%ﬁﬁﬁ 2 Eﬁf% i&xﬁ S0C ﬁijﬁi%ﬁ BC: B FR 7T, before cultivation ; CK ; BB AR 2% R ¥4 49 ; NL: {3 B 4R
5t NLAEHEAY SOC 35 it i 5 5 T CKG MM TEIEL 2\ e, HL. 6 B 2R M4  Haploid Tters DL
A FNE A X SOC 7 & 1% i B2 W, HL A BRI s 00 ot B 954 Double Titter
SOC % it 5 DL 4B T b 25 5 (P>0.05) ; i 7% )
AEFREY SOC 7 i i 35 5 T L SR A 5 Uy ab B 3 (P<0.05)
22 IR AN P AR AR

A 2 AT LUE ), 30 Y i A E P (AWCD B B4 528 S AU 2 AR 4k, X5 Bl % 33 ) [1] 1) 42 4
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S % 41 4%

B, 41 TR IR E RYET 24 h AR,

24 b JRHEATVGES BB LRSS 48 /b HL AL 10T
DL XI5 A A 35 4 B S5 R AR BE 2 B 6 &5 F BC g §0.8 e
CK I NLIFE: 168 M B kS URRML, 85 | 7
5 BC Mk, CK 5 NL (94 AWCD E76 0 & 4 Eg '
144 /)i BB 8 BE A, 10 HL A0 DL #9727 AWCD - E3 04
(BT 755 48 b i BRI (P<0.05), &t 21d B2 ,|
HEEIR IS, T3 E YT R IR R R SR 2 WA 2
RS T EAS R4 PR R e Y v A T v O S 24 48 72 96 120 144 168 192 216
Z 5, HL i, NL ik, Z 3 F HL>DL>CK>NL H5%WH 1] Incubation time/h

(F 1) ;78120 h 2 168 h Z[A] HL 2L AWCD {EH] B2 REEFWHFNE RN RE TR
ﬁjﬁ? DL,ﬁﬁ HE 168 h PIJ5 HL #1 DL mﬁvﬁ%%ﬁ Fig. 2 Average color change rate of soil microorganisms with

Ak BEICH] 25 5

different litter addition treatment

2.3 R Y AS R B 8 R

H I 3 W] 0L, B2 - A W i S R R s, B 28 R K AL G 2R R b . SRR ZATH L, CK
I NL A B ) = 3985k A= 40 ik ot g 2 0 ) P S 3 388 n 470, ko At i 058 ) 1) T 347 S 80 o B S P R B 4, LK
FH T B I 3 (P<0.05) 51 HL A1 DL A0 FR A - EGCAE 4% 4% e 5 i 1) 340 ik 248 m ( P<0.05) .,

0.8

0.6

0.4

Average well color development

T A AR NS AWCD

0.2

3 BC
vza CK
5N NL
ez HL
&= DL

RIE A Carbon source type

3 TEREMETEX 6 KEHNFI REE

Fig.3 Utilization of 6 types of carbon sources by soil microbial community

FNEEE 21 d J5 4 PSR TEE D A BEXTRR IS A 2 B R, R 3 v LUE H, 5
WX 48 AR IR A R $4J2 DL $5¢cf , HL A1 DL KT CK F1 NL; CK A1 NL AbFE R e oA Yy B o Fil 122
S 3 CK>NL; fER SRS MIR 2L MR |, HL F1 DL A 1.3 19 2 5, DL %2 SE B2 i R 18 3% 55 T HL,
1M HL X RIS FH A .5 1 DL(P>0.05) .

http ; //www.ecologica.cn



7 39 EHE SRR A HUR- S A Y D REZ AR R R R 2713

24 TIERUEYIREE 2R BT

M2 1 LRI, SEFRZ R L, 7R E S 96 /NS £ A B[E] AWCD (B K 4 38 E W Z R v 5y
HI P CK 1 NL AbFEFEAR HL 1 DL ACBE T A4 HL AR 3 AY AWCD {HH &, NL 51K, CK F1 NL Zb3 Y +
AR BEYE Shannon-Wiener ZREMFEEUAN Pielou £ F EFEHOCH 28 4k ( P>0.05) , HL A1 DL Ak B0 i 2
B0 CK R NL AbBE Y 2% 2 M BOD B85 372 Z 00 Frs/ )y, B NL 2R3 Meintosh 342) BEFE B0 BC FE IR i
F(P<0.05), ENHFE 21 d IG5, &0 IR B ZREAERREU A B2 4G . TIERMA Y REVS Shannon-Wiener ZFE1:
F5 45 Simpson JLHFEFEEUR Pielou 5 B4 5 VA Wi i 2 BLIEAH DG OC &, R I A DL>HL>NL>CK, H
DL Al HL \NL # CK 2255 2% (P>0.05) ; Mcintosh 4 5) B8 BUU AN [F], & A0 3 2 [ 5 10 22 57, R K
HL>DL>NL>CK #bPH(P<0.05)

F1 TEFMEWMETE AWCD ER SHEMREH
Table 1 Soil microbial community AWCD and diversity index

ZREMEFEEL Diversity indexes

P ViSEE:N SFEIB AR ; :
Time Treatments AWCD Shannon-Wiener $54{ Simpson 8% Mcintosh 5 %( Pielou 844
Shannon-Wiener index  Simpson index Meclntosh index Pielou index

BC 0.531+0.004c¢ 3.148+0.003b 0.949+0.006bc 3.593+0.009d 0.928+0.003b
CK 0.519+0.028¢ 3.131+0.056b 0.946+0.002b 3.532+0.069d 0.921+0.017b

21d NL 0.479 +0.015b 3.150+0.016b 0.949+0.006bc 3.235+0.081c 0.922+0.009b
HL 0.658 +0.011a 3.223+0.003a 0.955+0.003ac 4.219+0.060a 0.951+0.006a
DL 0.634 +0.013a 3.256+0.028a 0.958+0.001a 4.003+0.025b 0.953+0.004a

AWCD ; H 35 s v ,average well color development; BC BT , before cultivation ; CK ; Bk R4 2 A1 &Y s NL: LR AR ,No litter;
HL. & AR Z I IS4 R 7% 90, Haploid litter; DL $8 B AR ZIF USRS 4754 Double litter, [R5 rhAN[R] 7 b 3275 26 5 i 35 (P<0.05) , BB R
P2

2.5 HHERUEREE AT RE R o b

L F AT TE 31 AR PRI T 4 NMRIEE R T 1 B ERS 9, BT 2 DT 18 51199.463%
GO AT T ) Ak S AR A WA B BT R R R 74, 543% B HT A R B PCL R PC2 ( BTRE SR 4
46.956% F1 27.587% ) K ATt E MIBEEDIRE AR (B 4) . Wi 4 FR | S5 3R 4 IR VE Y A B 1 56
PC1 A1 PC2 E43Ais3tl, BT PCL M PC2 ML AR S A K THAAS 245 A BRAS 5y R B (3R 2) , AT LUE B 8;
TR LA KA [R5 YA B S 27 545 0 R B2 5 0 3 (P<0.05)

x2 ARBEWDRIRMLEBERSFSRHY

Table 2 Different litter addition treatment principal component score coefficient

] b BT 3 EMr 1 ERY 2 LAy
Time Treatments PC1 pPC2 Overall ratings
BC -0.926+0.101d 1.512+0.105a -0.024+0.102¢
21d CK -0.652+0.057¢ -0.094+0.057d -0.445+0.057d
NL -0.767+0.029¢ -1.521+0.032b —-1.047+0.030e
HL 1.293+0.091a 0.177+0.097¢ 0.880+0.093a
DL 1.052+0.071b -0.073+0.081d 0.636+0.075b

B ERr A R BT A TR —BR IR AWCD (MO E 2B (36 3) , A BLS PCL BB A S i IR A
22 Fft BRI S 6 Bl VEEERRIE 3 M BEJE 2 B DS 3 Bl RIS 5 B K 3 B 5 PC2 WAEAMSETERY
BIRAT 10 Fr, AR RoK AL G2 3 Fl BUEERRZE 2 P WS | Rl RIS 2 A B2 2 Fb, X PC1 ORI PC2
EEAE I B BOKAL S WIS E LR | N IR AL & W 2 B FR A T o3 73 3 v 4% 32 2 ok
(S
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2.0
BC1 53
*
BC2
1.0
§ HL2
@
§ 0 CK2 DL 7'-1‘)];{3L’1m?
3 ® ek DLI
CK3
-1.0
NL2 NL1
NL3
20 1 1 1 1 1
-1.0 -0.5 0 0.5 1.0 1.5
PC1 (46.956%)
4 TEMEMESERESHEERNERS ST
Fig. 4 Principal component analysis of soil microbial community function
F3 H5EMS1MEMS 2 WIEXEERRIE
Table 3 Correlation coefficients of the main carbon sources with PC1 and PC2
oy oy
Fgr 1 PCL Cunelatziafil:fﬁcicnt r EMS 2 PC2 Correlatitﬁn?io%fﬁcienl r
KA &2 Carbohydrates [V AL TES
JiFH Hepatic Glycogen 0.804 ** a-FRRMIAS 0.820**
D-£F4E Ml D-cellobiose 0.630* a-D-FLH -0.628*
a-D-FLWl A-d-lactose 0.589 D-£F 4t —H 0.720 **
B-F 5L DA M B- methyl D-glucoside 0.917 ** IR
D-A¥E D-xylose 0.958 ** L-R A Wi 0.829 **
HIEHE- 1-8FAEE Glucose- 1-phosphate 0.546 * L-22 5% 0.927**
FIHEFRZE Amino acids S
LAE %2 L-arginine 0.943** D-H & 0.870**
L-ZE RN &R L-phenylalanine 0.772** figs
HE&B-L-BEMR Glycyl-1-glutamic acid 0.894** D- S SL ] 4 HE IR 0.821**
2 Alcohols D-:FLAHIE IR 0.620*
1-7R#EHEEE 1-erythritol 0.931** [LES
D,L-a-H7i# D, L-a-glycerin 0.620* -5 40 0.826 "
J2 Amine D-FUREARR v Pk 0.609 *
N-Z. B3 -D-H 2 N-acetyl-D-glucosamine 0.773**
KR Phenylethylamine 0.810 "%
J& Iz Putrescine 0.769 **
R Acids
4-F2 LR HER 4-hydroxybenzoic acid 0.957**
2-F2 KR 2-hydroxybenzoic acid 0.568 *
r-#2 3 TR R-hydroxybutyric acid 0.708 **
AKFEIR Ttaconic acid 0.991 **
D-3EHR D-Malic acid 0.697 **
fig 2% Esters
1k 80 Tween 80 -0.738 *"
TNEATR H g Methyl pyruvate 0.911*"
D-2EFLHERR v TR D-galactose y lactone 0.523*

# R 0.05 K TAHMERE ; + = 3RIR 0.01 KPR AHICHE 25
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2.6 TIEAHLERS TIEBUCEY ZREERY R DCE S B

XFSOC & 5 TIEMZE Y AR AR BT G (R 4) , th3k 4 FTLUE t HIERUEY Z R 5 SoC
FrE A SEMETE 0.4—0.6 Z (0], J& T Hh 458 B /K-, Simpson IE#EFEES SOC & i B AH M E fe i, 20.637
B TR Y) 22 FEVE AR B 8] A DG 3 BT i B, 4 22 R P BB TR) B AH G MK BB, R UE )
Meclntosh $12] FEF8 405 AWCD {H YA K PE e 7, KA Shannon-Wiener ZHEPEFE 405 Simpson fE3#E F5 %K,
Mclntosh ¥J25] FEF8 05 Pielou F & BEFEE AR M mA, 4 0.902,

F4 ZEMEERS SOC AEMNHEXERK

Table 4 Correlation test between diversity index and SOC content

i e LK it%éhﬁ’;t% Shannon-Wiener #5451 Simpson a8 Mclntosh 35 %%
. . PRI . ) . . .

Index Soil organic carbon Shannon-Wiener index Simpson index Mclntosh index

AWCD

AWCD 0.530

Shannon-Wiener $§%{

Shannon-Wiener index 0.584 0.934

Simpson 84X Simpson index 0.637 0.923 0.964

MeclIntosh %% Mclntosh index 0.544 0.997 0.924 0.917

Pielou 544 Pielou index 0.622 0.909 0.938 0.981 0.902

3 iTFig

3.1 JRIEYE AR SOC & E R

SOC FEARIE T AW R AR Y | A IR IE 2 (e B B R G RBUN SIS A 5 +
A LT R 22 IR A2 AR i) 36 2 396 A ML 1) - $960% 122 56 % 110 G S 1 T, B RIS R AE SOC B Btk
B, ASHEEE KB FIE YRI5 A AL B SOC & i W (& 1) , X S AT AR 45 R —80 R
TEWIAE S it R v ) 4 98 P R IOK R S SR T, IR R T SOC MY AR ST A & B HL A B
SOC it 5 DL ACFIF I 5 25 5 X 55 A5 B SRR AN —3, AR5 U8 NS5 8 V5 W AR L XU 8 7% 4
PRV INE A 1A N IR X SOC 1 i3 KRl , ml 68 1 TR 5 WA A i E 3R 4t 7 325 1Rk IR, X 384
MU A IE SRR, IR i T 32 E 3t + 38 SOC f43 il DL AbFE 5 HL kb3 SOC By 22 A |
WA AT B PR — e AR ) e S I N R 32 A BRI BILE 23 if

FEVR 2 8PN 3 AT 2 A AR 5 3 At 43 WA LA I ) 3 A BB R R 2 2R G I B AT
W HA AR, W & B AR 2 R A 300 A AL R A MR 2 1 B AL R 4y, A SR AR R AT
SOC BLEHRIMER , W SOC M FEA S 4xim ™, ARBFE &S BC MIH, ZERIATE Y AR R (CK) 5 SOC
e AL, MR BRIIVE AR B AR R AL PR (NL) 19 SOC E & THiE , B AR RAFE S B X SOC & A B B 52 m |, 1E
GFERUE T X — Uik o 32 KA AN [R] A 3 ) - 3 i A= AR Te v 22 S W1 i (&1 2) , 5 BC ML, 15 9% 21 d J5 CK
1) SOC SRR AT e B T LR R SHIEWIE , CK H b i WA R30S R A 002 | i B i b | DA
TSR HIEWUEY TP SOC S8 107 NL A SOC A8 f A B i A5 AT AE &N g NL 38 rp i {5 74
FIAR 2 A R A 9 0 A AP T T A SRR 0 i ) P X - B A e VAT s B SRR,
3.2 R YR ) RE XTI VE P AR T A i
3.2.1 X IR P AEE M S e

Biolog-ECO J7 VA 7E 385 E W T BEERE (95T Fh A5 2] 12 W, Biolog-ECO # & 6 KA 31 Fhi I . ik
KALE W REERRZE E2E s ek WR2s, MR¥E Biolog BRI AY AWCD (B 2R AE MU/ E Y B
—BRVEA I fE 1 A B IR AR , REA% I e 3R WX RR VR B R AR B YRR AR A A EE
Fabr . A RFIE & R A i 0 (0 A R A A I I X R KRR E 0 3 BB AR ST R AWCD S B
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S RIHhLR AL (I 2)  IEAF A AR KO, i 2 R, 30 WA w24 h AL T3 B % ECO i 1k I8
FIFHARA 200 T 24 h JEHAEYZEEHER T ECO MU A A7 IRET , E AP A K 1 X80 K 30, B iR
WHE YRR . AWCD {H7F 48 h J5 FF4h B W A9 /AL B4, HL Al DL %388 K 3 B 9 g e T CK R NL,
A e AT I 18 B i U5 0 e R RV P i s R T S R A . 7E 120 h & 168
h Z[8] HL 4b ¥ AWCD {6 2 KT DL X — 34 v BE2 i T3 2 i i e — e B 1 H ey
G EA I HIVE R, i BAE IR E 4 168 h LUS HL #l DL #Y AWCD {5 JC B 3 22 55 A 8 3003 R 9% 4 1Y)
TIN5 AT R T U IonT A SRR AR TG S s

3.2.2 X HERUE P RRIE A FH 5 )

FE AT T RE 2 FEEHE 00T DA e+ SR E RV R AR IR R A 22 57 B 3R E W i A 8RR AE .+
B WIS DI RE A RPN AR S RS R e R B AR AR R, U TR R 2 A AL
SO A L RS 1T I A ) 2 BV B R PO ARG AN [ Y A in Ak B 3R IR 5 8 FR
() SR WA ET B — R UR A R (D 3) LA A 2R PR R BIR) (38 2) B BRI 22 55, DU b 2 1 + 1
A= WX B S A 2 I R FH A A I EE (L DL A B 1% - 360 0 0T 45 i 5 %) R R B e s, LR R FE TRV
A LA A M A K AR B R IR S B R0 R IR I R A R TR A R B IR TR I
FRBRS U A FILS - SEfiA: W RE TR S A & AR T R b Ak R 2 WT DAIRTE W 0 25 RS S A B
- B A PRI A Y 50 B B R R IR YA PR AR R SRR AR R - R YRR G 2 R
BT R X SIS BRI AS—2, {H DL R HL 5 AR B IA] G B & 25 5 (P>0.05) , BT TSI
T 5 ERUEY SRR R IEA DC R (ER U IR I P 1 0 8 S5 P T vk AR BT Oy 1 2 KO iX —
PG S5 2 U U 955 0 5 in 2 30 o) SRR W A s M 75 Al — 2B O B 9
3.2.3 N IERUE M REE AR T AR A5
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R RS AL

FE BT BT AR 22 B S A R/ IMC I AR [RIAH (RURE B, 46 7 B B AR 74 ) 2 P A 0 AR T e 2 %
(/I B B AR, XA U A R B TG, AR o e 22 SRR BE /N Y SR PCA 40 0 HTik (PCA ) iR
96 h J5 Biolog-ECO M AEAFLEY AWCD {HFE AL A JUAS = B3, v] DL S 4y b iz e Gl A= 9 435 T R R i 117 A%
ik, HF B O B IR A FH i 2R, i3 PCA S A AR [ 2R AL B U5 R FH 5 B & B, %o+ HE0E A 7R 75
VLR Sus At 3S | A SERAE Yo il nd A AR B A BB A 25 5 (B 4) Ui PCL AT PC2 244 EREMEIX
Gy K5 IR AN [ R 95 4 A R ) e D R AR T R 1 22 5, VA W atE A 398 J5 % - 36 i A A7 38
B T BN, A T U R SR IR, X Swife 25 AIFIE 45 R — B

A Y ZREERE S AWCD (B AE A b R T 3 R A MR A AR A L, (EAS BE S ke - 3 v
A R AR LA (5 BT B R E— 2 4
3.3 ARGHET SOC & AR b iy HIERA Y R AU LB
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9 SRR R A LRI, R B W A A B R R VR S T A DG ] B 2 Bl A A
L FR 20 A3 B AR Y 2 A AL S 109%—209% " | 3 3BT AT HLBR 12 Y B B A, wT
PIFE/R SOC S pyARAE ™ | S Wi ad 20 SOC AR IR, LU 9 A B A Kok Y A& B,
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T ERE REE DI RE AR PEXT SOC AR (b B B, (H 2 A 5% A AH SR8 T rp 45800 3 K, Ui
JRTEY) R 5 i AL BRI N AR XT SOC 7 i il B 3 1 22 5 o 1 L IR IR A — 5 19 R R, ANE
SE 4% R A1 L ARIRZS K2R 1A R T IR T IR A BRZE R, R e 5 BSR4 T R B34 0 1 A h
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TEBR A i AR R 2 1 SOC 5 it RS MR BARRAN | 2R oK 5 1E— 20 F 5 7 L S MR By AL o o 2
4 it
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PRI LA™ A S 28 A ELAE — i PR L X S ol A W (A QO s  ELAT  7 FH 5 AS TR)AR B SOC 5 4 15 - 1
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