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Effects of understory vegetation and litter on soil CH, flux during growing season

in cold temperate forest in China
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Abstract: In order to explore the impacts of understory vegetation and litter management on soil CH, flux of cold temperate
zone forest during the growth season, the characteristics of soil CH, flux emission under different treatments were analyzed
and studied, which provides a scientific basis and theoretical reference for the management of the forest ecosystem in the
Greater Xing'an Mountains in China. The static chamber-gas chromatography was used to analyze the characteristics of soil
CH, flux emission in four forest types ( Betula platyphylla forest, Populus davidiana forest, Pinus sylvestris var. mongolica
forest, and Larix gmelini forest) with 4 kinds of treatments ( natural state, removal of litter, removal of understory
vegetation, and removal of understory vegetation and litter). The results showed that the soil of the four forest types all
appeared as CH, sinks in this area during growth season. The soil methane showed a single-peak change trend in the four

forest types with different treatments, and the absorption peak appeared in July and August. In the natural state, the average
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soil CH, absorption flux of the four forest types showed the trend of Betula platyphylla forest (=79.23+14.92) pgm>h™'>
Populus davidiana forest (—64.27+9.60) wg m™> h™'> Pinus sylvestris var. mongolica forest ( —-62.54+15.48) pgm > h™'>
Larix gmelini forest ( —48.73+12.26) pg m™> h™'. The average absorption flux of soil CH, in Larix gmelini forest was
significantly smaller than the other three forest types (P<0.05). Compared with the natural state, the soil CH, absorption
flux increased by 2.12%—12.15% after the removal of litter in the four forest types, but the change range did not reach a
significant level (P>0.05). After removing the understory vegetation, the CH, absorption flux of the four forest types
increased by 0.84%—20.55%, of which only the Populus davidiana forest showed a significant ( P<0.05) increase in the
soil CH, absorption flux. The removal of understory vegetation and litter had no significant effects on the soil CH, flux of
Betula platyphylla forest and Pinus sylvestris var. mongolica forest ( P>0.05), but had significant effects on Populus
davidiana forest and Larix gmelini forest ( P<0.05). In short, the removal of litter and understory vegetation both increased
the soil’s absorption of CH,. The removal of understory vegetation had a greater impact on soil CH, flux than the removal of
litter, but there were still differences between different forest types and different treatments. Therefore, a scientific and
reasonable forest management method is the prerequisite for regulating the absorption of CH, by forest soil in this area and

the ecological environment protection.

Key Words: cold temperate zone ; natural forest; CH, flux; litter; understory vegetation
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UEAE EAR R b, CH I IR A KA ) CO, M 25 57, Abk 39 CH, B2 AYIE, AR CH, I B2 °H
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PRHE T R AR R0 R AR AR CH, B WA ; Fp I A 3 5 BREBL B 45 SR | S 164 2 B 1L A Wk A o 1 358
CH, HYAEM R 116.32 kg hm ™ a™' | i TR FRZLHM9 71.30 kg hm 2 a™' 1" LBRAK T R B S 2 4 180
BEAIG, b 3R -1 103 SR K T PP e B A BT 55 ) AT 1o 17 Pt S8 CHL MBI, E RTPR T AR 1 R V%
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1 #MRERFE

L1 AR5 XA

IS XA T R 2 06 b DX RT L J s VT BE] AR A 25 R 456 6] 5 o WL B 5 3l b B A B oy 122°06"—
122°27'E,53°17'—53°30" N, ¥4k 5 B 209—378 m, 1% X @ ZE IR A KBl 2 WS e, X ZFER B K H R
MEW , T B TIRAE-4.9C , ZETFHFEKETE 350—500 mm Z 1], B FFKZ 8 hE 7—8 A, &4 L7
80—90 d ZHHIXALSETRE AR A 10 T B4 A X, iy Pk B3 A B AR L i PEAB R D VR I
(Larix gmelinii) ¥k, B A1 8 18 45 ( Pinus sylvestris var. mongolica ) #K | F1HE ( Betula platyphylla ) #F1 111 4%
( Populus davidiana ) PREEFRMAE L IS AOR ML 8 32 224 242 #1 BY ( Rhododendron dauricum) ¥t 3 ( Ledum
palustre) L WiEkAE ( Vaccinium uliginosum ) 55
1.2 FEMBCE SRR

2019 4F 4 F | 230 92 5 585 e FUREAR (LA AR AR AR S22 J AR (IL3R 1) 4 Fh ZRARZE B Sy A
FER G PRI 3 B 20 mx30 m AYREHY , B —HRAEHBEAT 4 AL BE BI 3 SRS L EBRIAVE Y EBRART
B A BT R A5 AR T 040 B85, B — b FRAE TN 1.5 mx 1.5 mo BROT AE A 23 B2 R A e AR S5 44 L
BT, P85 W) 25 BRIR G AR A F J2 R A A 2 B T R0 AR — R e A A B g R R B — K, HLRR R
RT3 d SEER AR, R PRARE 3 RS (L AE TG AR HE WG 5 43 ) , # S AR IS 3 (50 emx50 emX
20 cm) T 4 AU E RN AH A MR 5 cm LUT, IF U8 085 8 88 s 52 HLIALE . i S AR THAR (50 emx
50 emx50 cm) FMEBA PRI AR, F PBEA /N AU R BE T SRAERE S I AR R TS =2 [ (4 7K R 2 ik 2% 3

F1 4 FREFRERER

Table 1 The basic situation of four forest vegetation types

" B -2 iz -0 5 P i FHEAMT A

o 1) Wi s TR .J’rﬁm [§EiDeS AT ﬁ

R Slope . Mean Height of Canopy Understory species

Forest type Gradient/ (°) Age/a . .
aspect DBH/cm tree/m density compositio

i

FIHER NE 6 44+5.6 11.5£5.5 13.1+4.1 0.9 1.3.4.6

Betula platyphylla forest

ik . NE 7 33+4.3 16.2+6.3 16.5+6.8 0.7 6.7.8

Populus davidiana forest

TN

tﬁ%ﬁ‘*}k . . NE 5 96+7.2 27.3+£5.4 21.6x4.5 0.6 1.3.5

Pinus sylvestris var. mongolica forest

RS A E N

HIETRIH NE 6 78+5.9 14.1£6.2 19.2+5.6 0.8 1234

Larix gmelini forest

1; %% BY ( Rhododendron dauricum) ;2: F:7F (Ledum palustre.) ;3 : #iA ( Vaccinium vitis-idaea) ;4 : ¥4 ( Vacciniumu liginosum.) ;5. ¥
5B ( Gymnocarpium jessoense) ;6 £LAEREWE & ( Pyrolaincarnata) ;7 ; SEES 5 ( Maianthemum bifolium) ;8 : K75 #.4% ( Fragaria orientalis) ;NE; I
[f]; DBH: M2 Diameter at breast height 2&H AR A4 55 TR 9 - {H + A5 2

2019 4F 5 A5 9 A, Bl K 49 9.:00—12 .00 ( [ b AR 8] ) SR ) BU B R SURRE S, IF
AU BE P AR 5 A e 4 P il i 202 BUSURAEIRIRG 1S min REE—IK, AL 4 0, BFTR] 45 min,
UHURE S0mL 2247 53 5T A K P B SRR A R AE P2 AR AR ARAS . B U BURE 1) [R) 3.2 S AR ] A Y
HMEE S em 110 em () HERE AR . ARIE RGO, 8 20 d ZEAT L1 RASURRES: . T SUREE SR
WML I T — A NS AT (FEER K trace1300) 204 E CH, AR

BB [ Bl A AN G 98 A/ L AT AR ) SR B (i R BB ), BEAILE 3 A4S 4, 43 S 0—5 em Al
5—10 em () BHESEFEIR A, 5 M SCH0 2 AR5 PR AR A B SR 5 SR F I SRR o 5 6] 3 E b 4 T o
+ 88 pH RBEES RS (oK EE 1:2.5) A2 = 56A ML E i 70 R 1 ( Vario-TOC , Germany-Elementar ) ]
E, AR SRR HIESH B ML (AA3, Germany-SEAL) U 5E , [ SRR - HESLA BAL 1
il 2,
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R2 AMHKREBERRETEERBUER
Table 2 The soil basic physical and chemical properties of natural state in 4 forest types

A WLk 2R

R T RIREE Total soil Total soil %j“tﬁ Eﬁ?,&&%
Forest type Soil layer/cm pH organic carbon/ nitrogen/ NH3-N/ NO3-H/
(&/ke) (&/ke) (mg/kg) (mg/kg)
AR 0—5 5.34£0.15Aab 70.99+1.45Aa 2.97+0.14Ab 2.97+0.54Aa 0.37+0.08Aa
Betula platyphylla forest 5—10 5.89+0.21Aa 29.45+0.73Ba 1.68+0.09Bb 1.79+0.22Ba 0.30+0.06Bb
Ltk 0—5 5.21+0.18Aab 57.76+1.98Ab 3.78+0.33Aa 1.42+0.33Ac 0.36+0.07Aa
Populus davidiana forest 5—10 5.45+0.31Aab  34.15x1.01Ba 2.22+0.12Ba 1.37+0.30Ab 0.3420.06Aa
RN 0—5 5.66+0.27Aa 46.71x1.12Ac¢ 2.24+0.19Ac¢ 1.67+0.51 Abc 0.38+0.10Aa
Pinus sylvestris var mongolica forest 5—10 5.71£0.33Aab  20.11x0.98Bb 1.02+0.10Bc 1.1220.27Bc 0.35+0.03Aa
DL TN RR 0—s5 4.92+0.19Ab 40.34£1.10Ac 2.52+0.27Ac 1.91+0.48Ab 0.38+0.05Aa
Larix gmelini forest 5—10 5.11£0.21Ab 11.5220.34Bc 0.9120.07Bc 1.65+0.34Ba 0.35+0.05Aa

PR b T (B bR UE 2% R R RS S B B MR PR AR ] 2 A S b2 5351 i KT (P<0.05 ) 3 Al /NG - 3 Ml J2 AR ]
BRI ] 456 b 92 5 3 31 . 0K F (P<0.05)

1.3 Al R
ML 23T CH 5
_M P To dC

Vo Py T dt

K P oA R (pg m™ b)) MO RIRBEE IR BT (g/mol) |,V P Hl Ty 53 BRI FR RS T S AR IR AR
(m’/mol) KK (Pa) FREE (K) , P A1 T 43 5 BRI () 52 PR (Pa) FIRLEE (K) |, de/de S AR BE B
[ A5 Ak 1) [T U5 28480 (wmol mol ™' h™" ), H A 4F PN b 2 B4R T =5 3 (m) o XY F W IEER R HER, F R
FAELI R T,
1.4 BdEibH

K H SPSS 25.0 F Excel 2010 X #2517 50Hr , R H Duncan Z2F FLE 53T A R AREIAS [F] AL BE Y CH, 3 2
PHEZES , H Pearson 3%} CH, il & 5 3855 N 7 17 AH & PE 43T, H Origin 2018 #EAT/ER B s AN v i %K
i A P b i 22

2 ERE5H

2.1 4 FRORIRIAS ] A B 4 S0 IR V2 AR

TEREAS LI PN | 4 FhARF R [RI A0 FE 398 5 em A 10 em 1815 B AR (L FL AL — 3% (I HEpk L pk RS 1
PRI 98 5 0 B AE A R A B 25 S PE R 3 (P>0.05) |, {H 2422 95 R PR B - S92 5 05 13 A [) 4cb B ] 25 S5
3 (P<0.05) , [A]—Ab FRAN[R] H 45 22 1] - 8 0 00 B 2 ) 25 v Bk 35 (P<0.05) o 4 FARBUA[R] AbFE 418 5 em
110 em JEIETEWER 3,
22 ERFBHRIRET 4 FhAkS 3 CH, @ HERE

& 1T A] L IR 4 Fh R SRAR 448 CH il s Y o0 TAE, BT IX 4 FiRBLI4 R B CH, MY, 4 Fobiotl +
B CH, @ s 7E 5—9 H BRI U] 0 A0 s fh 222 ka3 W 1 BRAE 7 N Ak 8 H b, %2 i it Fa bk
+ 4% CH, WSGE S (-77.17221.61) pg m™> h™" W3/ NV HA = FobRAL (P<0.05) , D4&V% M FAMRE) CH, K
G A K Z T B /M (—39.42+8.28 ) wg m ™ b 1 FFZE WM UEAR ( ~77.17+21.61) pg m™> b, TRy
95.77% , 9K i MR ISR T R B A= K ZE AR A (=20.13+4.23 ) g m™2 h™' BRI N 73.92% ,  FIRERR IS 1 2442 7%
WA 5 5 A A AL 1Y) A8 Akt 34, HL 7R S W 0 30T P, %22 I E A PR CHL, W WG i Bl 2/ T TR AR
(P<0.05) , FEFHIRA HE T H B =Rk B AR A i B b, H 48 CH, W Scam & AR K 2400 3 1Y) Jee /M
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(-10.54£2.21) pg m> h™" EIFE ISR (- 110.75+32.18) wg m™2 h™", SR )5 DI Wi 1 ¥4 380 24 K 23 K A
(=30.63£6.12)pg m™> h™' . JJ AR RN, A5 A BRI 11 CH, W ISCE & 1 2 /N T H A = Fh Ak A (P <
0.05) ; M A A ZEAR 1, RE AR 1438 CH, WGHE & i 25 R T4 (P<0.05) , 4 FAREL CH, -3 Wi 2%
RN EAREAK (=79.23+14.92) pg m™ h™' >R (-64.27+9.60) pg m™ h™' >HE THAMK( —62.54+15.48) pg m™>
h™' S2LZEPE PR (-48.73+12.26) g m™> h™', D4ZEPE AR L35 CH, P35 W% 50 o 5 38 /N At = Ffopfosy
(P<0.05) , H BRI, I AR G 52K T8k

R3 4THRETEREE

Table 3 Soil temperature and humidity of four forest vegetation types

o Ko Hp Ak 3 5 em Ts/C 10 em Ts/C 5 em VWC/% 10 em VWC/%
Forest type Treatment Fiens ¥E biniEl ¥iE bieni] ¥E FieniEl ¥E
IR CK 2.1—13.1 9.8 1.2—11.6 8.4 5.1—15.8 9.0 7.0—24.8 14.3
Betula platyphylla forest DL 3.9—15.0 106 2.3—12.0 9.0 4.5—13.4 8.3 6.8—21.5 13.1
DP 2.6—13.8 104 2.2—12.3 9.2 4.5—13.1 8.5 6.2—24.3 13.7
DD 3.4—133 107 2.4—12.5 9.2 4.4—13.3 8.6 6.0—26.9 13.7
ITE72N CK 3.4—14.4 104 1.3—11.3 8.3 53—157 112 9.1—26.6 19.3
Populus davidiana forest DL 44—139  10.6 2.6—11.6 8.9 6.2—142 106  10.1—23.6 18.5
DP 43—145 110 2.3—11.5 8.6 6.2—15.1  10.6 9.8—22.0 17.4
DD 6.1—14.6 115 3.8—12.3 9.5 5.6—13.1 9.5 9.6—22.0 16.2
(R AN CK 47—153 113 3.1—14.2  10.1 5.0—15.7 9.6 8.4—23.6 15.4
Pinus sylvestris var.mongolica forest DL 3.9—17.2 119 3.3—14.4 104 5.6—13.3 8.9 7.3—21.6 14.7
DP 53—15.6  11.6 3.0—14.8  10.4 4.4—15.1 8.9 8.2—22.0 14.9
DD 3.6—17.4  11.8 3.6—15.1  10.8 5.1—12.7 9.2 8.6—19.6 14.6
A S SR /N/N CK 3.0—9.4 7.4 0.9—8.2 5.8 3.1—15.7 8.0 4.8—26.6 14.2
Larix gmelini forest DL 3.8—10.8 8.6 1.9—9.4 7.0 4.6—10.2 7.1 7.2—15.3 12.8
DP 54—13.7 100 3.0—10.7 8.2 4.3—10.1 6.7 8.7—22.0 12.2
DD 6.0—12.7  10.0 3.9—10.7 8.1 3.4—10.1 6.5 6.1—18.0 11.8

Ts. THEIRE Soil temperature ; VWC T HERE Soil moisture; CK: H#IRZS Natural state; DL: Z:BRIETEY) Removing litter; DP . KR HEHE
Removing understory vegetation; DD : Z:BRAK T 4 8% FlJ# 745 ¥ Removing understory vegetation and litter

2.3 ERFEBEIEY) 4 FhARR 3 CH, M EERIE

AP 1 W], 4 RO AL 5 BR U YA W 5 L CHL, W] A (i, BR TR T A AR 5 CH, W Wi i
(-108.88+21.78) g m™> h™ HHIAE 8 A, HoAth =FhAk A I (4 M3 7 AR, 5 H F A 4 Fpks CH, 3 2 22
AR E(P>0.05) (HRHE B RIHERS R RIMRALZ (Bl = A 25 5%, 6 H 25, 4 yE bk 3 CH, Wi
R E /N MR FARMR (P<0.05) . FIMEMRH 3 CH, 8 & AE K WY (-21.36£4.27 ) pg m™> h™' 5K
SIS (-114.77£16.34) wg m™> h™' AR AUIRBE Rk 4.37 %, (AR A K 2K ] CH, @ 58 (-79.00+10.76)
pg m> h AR R 31.16% , FRFFAMCEI LA AT RS Mo A2 v B T 7 R A LA ] 25 = RN
F(P>0.05) , 4 FpRABIAE LBRIATE Y5 H 18 CH, P XM IGHE 7RI FIHEMR (-81.58+12.18)pg m™ h™'> 1l
Witk (-70.58+8.01) pg m™> h™' SEEFHAFK(=70.14211.84) pg m™> h™' > 2422 P8 AR ( -49.76+£12.87) pg m™>
[N N R L 7 7 N
2.4 HRKFEBATHIPE 4 ARS8 CH, E4RE

HE 1A 1 AL, 4 Bl R e B o S I CH 38 534 R 1, Ao H IR CH, I, 4 Rk 35
CH,, 38 it 52 PR AR i 35 AR M IRAE 7 1, H2S LT MR AR 1438 CH, WRSGHE I8 (- 73.37£3.66) g
m > h™ /N T HAL =R (P<0.05) o LIAARFN S22 B M FA RIS SR AE 7 A T RIS B W fE , Ho i Ak
13 CH, WIGH 5 1 3 K T 24P AR (P<0.05) o T RSO A MRAE BRI TS (5—7 H) , 284k
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Fig.1 Dynamic characteristics of soil CH, flux under different treatments in growth seasons of four forest types

BRI I —3, 2 REANEE (P>0.05), 4 FIARALLE LBRAK T B G CH, F 3 0 0 28 30k 11 e AR
(=79.90+14.19) pg m> h™' >ILUHA(-77.48+17.94) pg m™> h™' > PR (-68.27+13.41) pg m > h™' >M% 9%
MAAMR(=51.25£7.30) pg m™ h™' o ZRHT R B, 24242 P4 MR350 55 T MERORT LA R 22 S Al B8 35 (P<0.01)
(%&4),
2.5 ARFLBRMHEEFMEEY S 4 FobfR + 58 CH, il R E

I 1 AT, 4 FhARBURK R AR R AN 25 00 22 B )5 130 CH, 38 5 BH I A B i 28 R T 2% 28 95 R K
) W WS HE U (—88.12:48.42) mg m™> h™ HHILAE 8 H, JiAth 3 FARIU A th I AE 7 7, H 422 95 R bR I i
W R E/ANTHAL 3 FARAEL(P<0.05) , FE NI AT R b, 4 FhoAR Y 1 8 CH, S 202 0 43 51 Dk 1A% AR
(-87.58+15.57) wg m™> h™' > AHEMK (-82.3548.80) g m™> h™' >EE AR (—69.86+7.26) pg m™> h™' > 242 9% 0t
PAMK(=55.38+7.83) pg m™> h™', BT R I, D4E T M FAR S FIHEMR 22 Al B 3 (P<0.01) (R 4)
2.6 4 PRI TR AL B IA] 43 CH, 8 BEFE

A2 FI 4 AT, 4 FAREUR R P 5, Y 2 80 CH 3l WO ik 3, AMEMRTERRIALEEZ J5
3 CH, -4 W 15t 22 90k 23 BRobR T A B R % ) ( —82.35+8.80) g m™> h™' > L BRIAVE Y (-81.58+12.18)
pg m™> h™ SEBRAR IR (-79.90+14.19) wg m™> h™' > HARR A (-79.23£14.92) wg m™> h™' | HOR[E AL AR L
F ARSI R E (P>0.05) . IWAMRIEARFAIRZ G, RBRIFTEY) | 22 BRAR T AR B, DL I 2 BRAK T Al g Al
JHIEDIA LT HARIRAS (-64.27+9.60) pg m™ h™' 73 54E 5 T 9.81% .20.55% F1 36.26% , Hirp J W 35 122 1 35 448
(P<0.05) , FEFAMAEARRAIZ J5 AT B IRRE (-62.54£15.48) wg m™ h™" WIS e 22 1) 02 B
JHVEYI (=70.13£11.84) pg m™> h™' | RFRM N RLBEIE i /N(-68.27+13.41 ) pg m™> b {HARfL IR AR I A 153
WEKF-(P>0.05) , ML TEMAMAEAR R AL HL 2 J5 | +3E CH, V-2 0 32 300 2 BR AR T R B F 8 75 9
(-55.38+7.83) wg m> h™' >EFRAR FAEIHE (-51.2527.30) pg m > h™' >FERIATEY) (-49.76+12.87) pg m > h™' > [ 4%
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R (-48.73£12.26) g m ™ ™", HEBRAR R A A A LT A SOIRAS 19 (P<0.05)

R4 AMHRBELRELELE CHESEZELER

Table 4 Multiple comparisons of soil CH, fluxes in 4 forest types with different treatments

PRAY Forest type CK DL DP DD

FIHEM Betula platyphylla forest -79.23+14.92Aa -81.58+12.18Aa -79.90£14.19Aa -82.35+8.80Aa
Ik Populus davidiana forest -64.27+9.60Ch -70.58+8.01BCh ~77.48+17.94Ba -87.58+15.57Aa
REFHAR Pinus sylvestris var. mongolica forest -62.54+15.48Ab -70.13+11.84Ab -68.27+13.41Aab -69.86+7.26Aab
MLAZFEMFAMK Larix gmelini forest -48.73+12.26Bc¢ -49.76+12.87ABc -51.25+7.30ABb -55.38+7.83Ab

F B (bR 8 ) 25 0 AR AR Ak B 4517 22 S 31 5 /KT (P<0.05 ) 5 AR /N bk 3% A e Ak LA o)
PRI 45 547 22 S8 58 2 K F (P<0.05)

AN A B 5 s AR 135 CH B AT — E R, R RMEUR AL B 2 (B 7R 22 5 AS [ AL BT 1 At
MRAEEFHAAR -4 CH, 3l B R AN B3 (P>0.05) , 2 BRACT AR 8% LA [R] B 2 BT R 4 RN 08 9% 0 % Ll Az
4 CH, 38 F52 00 2 2 (P<0.05) |, 17 [R5 F25 BRAR AEDL FIR 75 90 X6 2422 35 bk 38 CHL 3 152 i B 35 ( P<
0.05) . FULATUL P8 Y LB S X £ HE CH, @ 2N, R BRAR T A0 Lz AR 3 CH, 38 5% 1 i
2T [R] S 25 R B X6 LA PRRI S 22 T A AR T 1 CH 8 i 520 3

—a— HARE —o— RERIAHEY —a— KBTI —v— BB TREBREEY

or FFEbk 0r itk

-0 | Betula platyphylla forest Q Populus davidiana forest
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Fig.2 Dynamic characteristics of soil CH, flux in different forest types with different treatments during the growing season

2.7 CH, il & 535 N F A et
2 S AJA, FIHEMR S B SRR L LBRTETE Y DA K B AR S AR 9 38 CH il &5 +H0E B 248 % 7
K(P<0.01) , 1fif [ B 2 B MR ALt R 8 7 4 DU 22 J8 2 6 A G ( P<0.05) 5 LiAg AR L B V& ) 48 CH il i 5 +
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SR P 5 PN 2 UM O (P<0.05) , HBRAR RS 138 S em TR AN A SR 2B UM DG (P<0.05) 5
TR A BRI 5 -4 CH, il 25 580 B 2 A 3% TR OC (P<0.01) 3 XL TR L BRIRVE W 5
4 CH, 38 5 3R AR 0 2 A G (P<0.01) , FAARIRAS R A BR IR I8 W) J5 18 CH 38 i 5 28 U B 2
B2 A5 (P<0.05) 34 BRI [A] Ab #1455 + e B 2 [RIAH GR35 (P>0.05) , FH G ] UL, 45 A 3 45
T 438 CH, 38 5 5 R A SR D), 7 R 44 CH 3 e BRI AR N

FIHEMR B SRR L BRIA 75 PRt -3 CH, 3l 5 138 pH 224 B35 TG (P<0.01)  HA A AH G, 1l
R EBRIREY S 5 om AP B3 IEAI DS (P<0.05) ,5 5 em M B & IEAHE(P<0.01) ; R PRI S
HHLEK .S cm 2E M 10 em EAE R EHIE(P<0.05) ,5 10 em A EM L F A E(P<0.01) ; FIE# L PR
55 em 2F M 10 em SR FE MK (P<0.05) , B FIMREBRMR TS 5 om A HLIR R4 2 535 Uk 56
(P<0.05) , i EHBLBR 52 A W E M (P<0.05) , MLVEMAT 5 em A HURR A4 R 2 EA G (P<
0.01),5 10 em pH EEASE MBS AN B E A IE(P<0.01) ; ZERIETE Y MM HZ EEH S 10 em pH BER
K (P<0.05) 5 KBRIFIEDI A LBRAR T AR S 10 em AR 3 A DE (P<0.05)

3 it

CH, i 2t 3= BT F o S AR A1 T AR A0 7 A T 2R 7= RS R AR 3R RS CH, EEL AT, 1
CH, Wi 22 /D W22 B 24 TR R 2, B an i A 2t | R HERIREE |+ 38 pH | 58 p (9557 55 LA AR B 2
RIS AR ST A SRR, 4 bR -3 CH, WROGE i B W I A e fh 2R AR fh R 3 W (L BLE 7 A R )
ok 8 H ), X v RE S ACHH R AP M KSR &, LM e BRI AR - 9 0 CHL, IR G o v T AR, X —
T FE s e A iy X712 R At i X2 R 98 45 SR — B0, 33X — 7 1T T B I P A 9 ) 38 AP B TR A
BARS 0 A R TSRS, B T e B e S AL B A T B, AN I B v T - X CH, Bl RE 1 55—
5 1 T RS I AR BT 408 4 B 2 I PR ) B e SR AR A A5 DT 9 ) - S L, A S fE
WFSE IR, 24 RN AR - 33T B S5 (/N T At =P AR A (3% 3) i - 98 H o S0 A T 1 37 M 2 i I8 32
IR AT X AT RE R T AR 4 CH, WSGE B /N T A = AR R G R (R
3) o AWFFESE IR R A AT 1 —Se B ST 45 AR BT R X A — S5 2 X nT g R[]
i DX B S A RIS TRY BRI R o 21 L R R 95 40 o RS A

VAT 2R ARAR SR A T B R A, A A R 2 RIS TR RS R o ARk R T
KRR AR A AHRIE LB, 4 FARRTE 2 BRIAVE P e 3 i T 5%t CH, AR, A7 9% 45 55 Ho A
X AR RBRIRTE I, I R R, S AT R T SRR R i A e A T T
PRI, T HRE R T CH, BRI, AN TR) i DX 1% AR = 398 7 25 5 U 4 400 S X CHL, W MACHE 2 79 386 i J3E S
[A], AL X 4 PRI AR L BRIA 5 W0 )5 23X CH, B MRICEE &5 T 2.12%—12.15% , iX —WF 5 45 R /N FAR Z b X
(Rt JE O30 AT e 5 AN [R] b XA 7K R SR A R RV P R R A i R A O, RS R TR T e Rk
PR 0 B4 3 2 T A ot IX A S 34 AR I T AT 78 31X DR 0h 335 oS AR L DX 08 9 400 0 fie ok S5 R % At 3
X, UbAh, M RAFTEPE Y i JvE W o x4 m P g N R A, 1 N/C Rk, MO CH,
W PR, VR AR B R P A e T RE CH, P (EJRIR TSR S i B AR R - s o R )
THFEXT CH, AU DR YR 2 TT RE T BELAS CH, ™ B2 38 rb i R B A €0, DA T 25 M AR A7 R 75
J& 22 REARXS CH, AW, (EAEARETE R0 T 38 CH, 194 & ( BRI SGE &) |, A 64 i L 4
SRR, BT LA 2 — 25 SR RIE X — ik

MR ARBE RS R G A B ) , TR A W) Z PRV AN+ B3R 8 A Jy 1 R ¥ BRI
25 BR A A Bk E T LABI 36 K 9 & AR R REAR HE Qi i 2 1% DR, 2 SRR R A Bl Bl DA S 4R v B pR A 72
TR A R A RGR IR Z — % ARBFIT R I, bR M b 2 52 5 X CHL, A Rl LB i B R
JUARTE , FE AR R T 0.849%—20.55% , 41 MR R T 5.18%—9.16% , 33X 1T fig & 25 bR M 5 2348 o s 36
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- A DT (A - 3L T R O EL D K A3 28 AR HE T H B AR B TR AT N 4 CH,,
W X SRR A R —8 Y — SR R Kt R, AT RE S B R CH, Y BTRAY
BRI AT, CH, 388 5 7 WROMSORIHIE TR (A WAL S P Ay ) A e 2 ) 2 WSO in 7 1) R e, R BRRT Al 23
TRAGTE YA WD T VRIS Y BcR:  REGE 3300 N/C R T v 338t CH, Wi, A i A
NT) il DX bR 25 BRAR T REBE S CH, 3 i 22 57 14 B R T BB A 5 S Mty MRS L R B 25 o =R (O 65 1 I B
F) A

MR HE B R PR P R LB , TR /NEEAR (BAS DL KJR Y  JE (EE A R ER T RHOGR T I
RIE T HOKAYZE R VR E T . AT B AL & 3, 4 FbRELZE 22 SRk T AE BRI IS 05 5 SRR S
Lt CH, W WG et 52 AN () R B i, T ME AR LA AR | 7 R BRORI 2 22 6 I B bR, CHL, TR 3 o 43 ol B2 3 T
3.94% 36.26% ,11.70% 1 13.65% , XFPEABE XA T 51— K BRI EE IR (0 4 FhobRAYIG hn i B2 A AR R
PR T 22 B R L BRI W AH L, FREAR | 1L A PRI 2% I A AR - HE CHL, W WG & 43 il 3 R T 0.95%
24.09% K1 11.29% , (B A% FFABK T B 0.40% , P W13 2 kb B 7 385 1L dg Ak 38 CH, @ A B & 0 (P<
0.05) ; [FE, P HT 2 BR AN H L BRAR T AR LG, ETHEAR | LAz AR 17 FA PR AN 2 22 7 it WA PR 1248 CH, R Wi
TN T 3.07% 13.04% 2.33%F1 8.06% , H HAT LLAZARIA W 27K F-(P<0.05) o 3 156 WA MK A 4 A 7%
Yt 2B 0n , 18 CH, WG 5 0BG N AN S5 T 25 BR 1A 9 W Bl 23 BR bR M 148 CHL W A3 28 169 m =2 0 i
AT B 2 X R TR R S5 6] 3 CH Gl B A A7 R A0 . R BRAR AR 7% Al
Foop—Ab B + SR E TR L BRI (UL 3) |, a3 2 i 15 F o S0 A0 B SN % B, AT X CHL, A 8% WA
R TR —Rh A U, AR AR RN V5 25 B T BE SRR A 3 N/CU R 5 SR O R O A
A4S CH, WG 38 i, 0 CH, R I A & BINSE R X T B 5 R A B3R S e

- R AR R CH 3 A 2 AN EE A (HOR R X A K IR 75 CH 8 R A AR R, A%
WFFE B0, 4 FhpRA + 58 CH, 3 a0 5+ HEIR S AR DG R BRI, 4 ARk 44 CH, il =5 I
TP 2 AU A S A DG OG 2R i T g S 33T R X CHL, 48 Ak 3 25 A0 2 b sl 30 S 774 28 AR FH 52 ), 1
IR U] 2 1 sk A5 M ) SR PR ) — B Ay, BRI B X 3 CH, S Pk 3 10 52 i 2 IR 4 26 A8 Ak, B -
R R AR AR R A 2, CH ISR g/ - A ST CHL 38 et AT AR KR M, (R [R) AR RS
[l A BEAT AR K22 55, 4984 MLA & 0T LA MRORT 22 7% I FA MR 43 b B 38 CH 3 i 2 IE ARG, Rtk - 84
HURR & BRI CH B ) FZ AN R 2R R CH, WA R N 72— (AT Z 0,5k T A
FEAR, At =Pl AL A 53 Ab P15 4 2602 R — o A OGP, ST B2 TR M X N 3RO 2 52 ) 1 A 1 18
CH 30 2 () B 7 . FIREMRIRE TSP Rl AL R -4 CH, il 5S8R A EMCEARRE X5
PN I BB TE S R — 5, pH X FAMERRRI S 2 I R PR i b 2 LK LA BRI AR 1 P MR i S S
KT RESE pH A A SR 2 S I S B XA REE— PR R

JUE CHE RS R S B AN K CO, (UL A= 0 8 8y TR0 Tt 3 ) A1) A 24 22 JE S AR X
MOE T BRI WA S BRI 2 i R R B R, AR B, AN AR FRAY 4 Fhobk o 1
By R CH, AL, BAH LT [ 2RSS R M e i 34, G v (Y MEARAE AN [R) 4 35 - 46X CHL, 1 Wi
BETINAS 5825 LA PR 25 SRR AR R B 2 5 S 4 S T M CH, R, 1 T A RTE S BRVE )5
+- 48 CH, WG N 22 | D4 I MAAMRAE 2 bR 3 J5 % CH, WSO in . 3, (R e X Al B b, U7 9 25 Bk
5AXF 4 FpARAL 48 CH, 3 5 AR XT3/ PRI , DA v A s = ST T BB 1 F R, 6 4 e AR L X 7R
MRZEE AR D, AT LA X0 LI AR D22 v R AT AR RIS B, (AR — R 0902, AS5 IR 2T AR RS 1
SENIIFIESE R, W REAFAE R RN , TR T AE A5 N 8 Y 1 X0 12 11X - 98 CHL 38 2 52 Wil 1) < 39 3800 3 o 22 i
— IR

4 #ig

AR AN R 7% 0 A B X FE AT R SRR AR 4 2 -3 CHL 38 d5 A9 s i) DRARBRU I 55, ) 9 0 2 B 5 75 v 138
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CH, 38 2 i B AT I8 B 0 357K P bR AR 22 BR AN LAz AR 12 CH 3 B 52 k) S 3% 0 ) 6 25 BR AR AL 9 A
P WYX LA PRI 22 v - FA AR 8 CH B S e 038 A AR AR PR T 88 CH 38 15 9l 2 AR Sk
WY, 07 e 4 CH Gl A R AR X RGN A IR iR R 7l CH, 388 8 38 EORE A R A3 1 ) L 4
W, k5% 13 CH, il 5 20 53 AT
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