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Abstract: [ Objective] The southwestern karst region is characterized by both geological fragility and sensitivity, with soil
erosion being a significant concern. Biological soil crusts, as widely developed surface coverings, play a crucial role in
regulating soil erosion. However, the underlying mechanisms of how biocrust coverages at varying levels influence soil
detachment control under different lithological conditions remain unclear. Therefore, it is essential to investigate the effects of
different levels of biocrust coverages on the process of soil detachment and the main factors influencing this under varying
lithological conditions in the southwestern karst region. [ Method] In this study, we selected moss-dominated biocrusts
developed on dolomite and clastic rock, with undisturbed soil serving as a control. Biocrust growth characteristics were
determined in situ at five levels of moss coverages (1%~20%, 20%~40%, 40%~60%, 60%~80%, 80%~100%). The soil
samples, including undisturbed soil and loose soil, were collected, and scouring experiments were conducted under different
hydrodynamic erosion conditions (shear force of water flow ranging from 1.68 to 12.87 Pa). Quantitative relationships
between moss coverages, growth characteristics, soil properties, soil detachment capacity, and rill erodibility were established.
The differences in soil resistance to water erosion under moss coverage of different lithologies were analyzed, and the main
controlling factors influencing soil detachment and erosion resistance were identified. [ Result] The results indicate that: (1)
The overall thickness and biomass of mosses on dolomite were significantly lower than those on clastic rock, while the
roughness was the opposite. The thickness, roughness, and biomass of mosses increased with their coverage, following either a
power function or exponential growth model, and soil properties were significantly affected by both lithology and moss
development (P<0.05). (2) Moss coverages significantly affected soil detachment capacity and rill erodibility (P<0.05). The
rill erodibility under moss coverages on dolomite decreased by 54.57%~99.98%, and on clastic rock by 69.11%~99.93%. (3)
Regression analysis revealed that soil detachment capacity and rill erodibility in dolomite mosses were controlled by
water-stable aggregates and mean weight diameter, while those in clastic rock mosses were controlled by water-stable
aggregates. [ Conclusion] In conclusion, the development of biocrusts significantly improves soil erosion resistance, with
variations in water-stable aggregates and mean weight diameter caused by lithology being critical factors influencing soil
erosion resistance. The results provide important scientific insights for ecological restoration and biological crust-based soil
erosion prediction in the southwestern karst region.

Key words: Biological crusts; Soil detachment capacity; Rill erodibility; Dolomite; Clastic rock
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Fig. 2 Diagram of the soil detachment experimental apparatus
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Table 1 Hydrodynamic characteristics of slope runoff under different shear forces of water flow

Tk - B3 (ERFTRVN A Ky
Y FE Slope/%
Flow rate/ (L-s™) Average flow velocity/ (m-s™) Runoff depth/mm Flow state Shear force/Pa
0.20 8.75 0.51 1.97 i 1.68
0.40 17.63 0.82 2.44 B/ 4.15
0.60 26.79 1.04 2.89 i 7.34
0.80 36.40 1.41 2.84 i 9.53
1.00 46.63 1.61 3.11 i 12.87
1.6 HEG 2 45 R

K Excel 2019 I SPSS 19 #4471 54 b
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Fig. 3 Variation characteristics of moss thickness under different coverages
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Fig. 4 Variation characteristics of moss roughness under different coverages
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Fig. 5 Variation characteristics of moss biomass under different coverages
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Fig. 6 Moss growth characteristics as a regression relationship of moss coverages ( Coss )

22 AEYEREEXN TR

J7 2557 W 25 F 3% I - E R Ak 1 0 32 2 P RN &5
KB BERW (P<0.05), 25572850, HAFSE R %
FEERIFAE—E 2. W 2 PR, Hna MiEE
TRE YRS R, RS FRhaE. KR
P ) SR A R340 ol i P AR A I 235 Bz i K T o 44
n, R, AR A E RS, X pH KA
SRR 2 I 5 4 i e i et i S
M IEA BE2ES (P<0.05), Hrf, A= asikE
AR A BRi e AR KR A
RARFE-2 Bt HAST3435 I 3.20% .3.44%.27.99%
5.26%F01 9.30%, pH. tHEZHEFREMRL & 5>
1.60% . 6.45%F01 13.86%; I 54k K 78 w5 -3 pH .,
AP S MR A BN S KRR PR SRR
-2 e AR TSN 1.24% .7.70% .8.19% . 86.03%
12.61%F1 27.72%, -+ 5875 5 MDA 51 20k 20
5.54%1 12.54%. BAIFEAR ¢ IR, HaakE
3 pH . AHUTE L HUBALL . K ER PR R AR AT
Y B B m TE S (P<0.05), THEAHDE
R THEEE (P<0.05).
23 EYEREEITIES BRI

TS RE A2 A R e . R,

5y B HE T AR W 4 e 4% 5 BE AL B 0 B e
TEHERE . NEAEER B L0 B 6e ) b4
SEEAALUNGR 3 Rk 4, FESWIEREN, WE
HRELESERIBERT O, B4 K ST
YN ISy B ) B WA ( P<0.05), %
wME R T LS B he ) B R 2 K 5 B R n i 2
B 3 . = A RS 5k B R 105
fiE 1 Jy 45 B 7 5 Y 2.64 135 ~5350.00 151 2.93
f5~1300.00 fi5, V-3 L3555 B hE T 530 AR b )
0.3324 kg m > s, 1.297 kg m > s PR 351 Ty 80%~
100%M 0.0001 kg: m > s, 0.0010 kg m > s, S#EHIAH
Lo, 25 TR ESRE 1Al 62.05%~99.98%
H1 65.82%~99.92%, 1] L 80%~100% 5 FERT A=A i)
TR LT AT AZWE AT AEW2E B 5 BE TR b 2 5 )
G5 Kz bR TR] ( P<0.05 ), BEESS KSR REREIN, 25 K vl
ISR, 5 1%~20% 5 A, Mz FIreE
25w BE L B oS TRl AR 29.72% . 68.92%
122.31% . 182.69% Fl 23.41% . 75.19% . 472.82% .
615.85%. [HIHSHTEEIREN], 25 B mivasint [ it 45 1
TGP RTREOE R (B 7).

Sk 7 5 Sk AR RN DX AR 5% 5 LA 5% rh 45 e
T R I AR S, BRI X 48 55 B e
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*2 ARGREETAZENEEERXBELEERTL

Table 2 Variation of soil properties in dolomite and clastic rock-developed soils under different moss coverages

G EE00
SE R TR AL A KFRPERIRR PR
A Mechanical composition
Moss pH  Organic matter/ Bulk density/ Water-stable Mean weight
Lithology (A bR A FkL
coverage/% (gkg!) (gem?) aggregates/% diameter/mm
Sand/% Silt/% Clay/%
Hz Bt 7.88Aa 33.30Ac 1.21Ba 39.32Ba 47.02Ab  13.66Ab 82.57Ac 2.28Ac
Dolomite Bare soil
1~20 7.74Ac 33.11Ac 1.18Bab 35.90Bb 49.31Aa  14.79Ab 84.77Abc 2.27Ac
20~40 7.84Aab 33.17Ac 1.16Bb 36.80Bb 47.79Aab 15.41Ab 86.52Aab 2.42Ab
40~60 7.77Abc 34.04Ab 1.11Bc 31.87Bc 48.46Aab 19.67Aa 87.45Aab 2.53Aab
60~80 7.69Ac 35.55Aa 1.11Bc 33.15Bc  48.37Aab 18.49Aa 87.82Aa 2.61Aa
80~100 7.73Ac 35.95Aa 1.10Ac 31.63Bc  49.25Aa  19.11Aa 88.02Aa 2.63Aa
YRy 3 6.27Bb 16.93Bc 1.30Aa 58.72Aa  36.17Bc  5.12Bc 42.91Bc 0.57Bd

Clastic rock Bare soil

1~20 6.34Bab 16.80Bc 1.30Aa 57.44Aa 3546Bc  7.10Bb 46.74Bab 0.58Bd
20~40 6.36Ba 18.24Bb 1.28Aab 52.73Ab 37.38Bbc  9.90Ba 46.45Bbc 0.71Bc
40~60 6.39Ba 18.26Bb 1.22Abc 51.30Ab  38.48Bb  10.22Ba 48.93Bab 0.74Bbc
60~80 6.33Bab 18.51Bb 1.20Acd 48.14Ac 42.46Ba  9.39Ba 49.26Bab 0.81Bab
80~100 6.32Bab 19.36Ba 1.14Ad 47.15Ac  41.86Ba  10.98Ba 50.23Ba 0.80Ba

1 kR 2~0.05 mm, #3KR 0.05~0.002 mm, Zk24<0.002 mm. A, Note: 2~0.05 mm for sand, 0.05~0.002 mm for silt,
and <0.002 mm for clay. The same below.

*3 HoeHHBEZETESBEN (DO TSR E () FITHHFIE

Table 3 Statistical characteristics of soil detachment capacity (D.) and moss breakthrough time (#) under dolomite moss coverages

TSI ERET) 55 K¢ w1

Moss breakthrough time/s
Soil detachment capacity/ (kg m?s™") &

Moss coverage/%

R/ME & IN ;1 HfH F/ME BRI H{H
Minimum Maximum Mean Minimum Maximum Mean
#H Bare soil 0.0021 0.8775 0.3324+0.3469Ba — — —
1~20 0.0010 0.4025 0.1481+0.1579Bb 4.55 1200 284.5+488.4Ac
20~40 0.0004 0.1401 0.0548+0.0566Bb 11.61 1200 436.1+522.6Abc
40~60 0.0002 0.0367 0.0145+0.0143Ab 56.83 1200 587.1£537.9Aabc
60~80 0.0000 0.0023 0.0009+0.0009Bc 77.81 1200 838.8+493.8Aab
80~100 0.0000 0.0002 0.0001+0.0001Bc 237.6 1200 1024+373.0Aa

( Relative soil detachment rate, RSD ) fEmfitn. H Bifi 5 A= W 235 Ky S5 S, RH R A 3940 1 R B R AL
o AR 3 B RO S R T I R S ., SHMAHL, A A MEEaas R EE N
Wb 373 B B8 1Y FOAE R [ a0 B an i 7 B, 20% ~ 40 % Isf H A X 4 398 43 25 3 R 40 53] K M B AIG
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Table 4 Statistical characteristics of soil detachment capacity (D.) and moss breakthrough time (#) under clastic rock moss coverages

TSR hE
e) & i

Soil detachment capacity/ (kg m™> s™)

245 B2 v B ]

Moss breakthrough time/s

Moss coverage/%

Fe/MA STPN ] ¥IE /M SN ¥E
Minimum Maximum Mean Minimum Maximum Mean
#itih Bare soil 0.0126 3.323 1.297+1.326Aa - - -
1~20 0.0064 1.067 0.4432+0.4032Ab 0.91 327.0 73.22+117.4Bb
20~40 0.0026 0.4721 0.1856+0.1710Ab 1.35 364.0 90.36+124.8Ab
40~60 0.0005 0.0920 0.0358+0.0355Ab 2.14 507.0 128.3+176.7Bab
60~80 0.0003 0.0386 0.0149+0.0159Ab 4.73 1200 419.4+528.0Aab
80~100 0.0001 0.0024 0.0010+0.0010Ac 3.74 1200 524.2+584.4Aa
1500 - 14 AKIFFE —m— 124+ Dolomite
A5 —m— 1127+ Dolomite ~ a L
. - RSD=2.440exp (~0.844C,,..) R*=0.995
F239I;?74exp (0.296Cy) R*=0.980 <12l e JL Clastio rock
1200 - —8— fitJH%+ Clastic rock ) £ RSD=2.854exp (~1.050C,,,.) R*=0.993
3 1=39.278exp (0.529Cy,.) K*=0.892 2 ol TS _a RSD=exp (_1.009C,,.) R*=0.992
S, | 2l 28] 2, < . oss.
- T —a =exp (1.354C),,.) R*=0.929 s q“é SR - RSD=exp (~0.025C,,.) R=0.950
=8 900f e
% 8 u 5F © O
=2 55
NS = & 06
% £ eo0f Z3
2 2
§ § 0.4
300 £
5 021
4
(3 0.0+
1 1 1 1 1 1 1 1 1 1 1
1%~20% 20%~40% 40%~60% 60%~80% 80%~100% B 1%-20% 20%-40% 40%~60% 60%-80%80%~100%
Gty ot iy Bare-soil G ply iy
Moss coverage/% Moss coverage/%
&7 SR ebaEasEl (o), FHXT B3 (RSD) S5 ( Cyess) MFIEHEHR

Fig. 7 Moss breakthrough time ( ¢) and relative soil detachment rate ( RSD ) as a regression relationship of moss coverages ( Cytoss )

83.11%F1 74.46%, FfiJ5 2218 T B I AHX R AE o
24 EYEREEI T MHE BN

HRAE WEPP #5541, ¥ + 387 #5681 5K i85 b
TIHATERMERNE, BUE AR 25 Rz 56 B i + 342 1 pH
NSH CHE T RN A BT 07 ). ik 5. % 6
Fin, g, WRJE A R 5 3y v il 4y
H4F 0.0001~0.0810 s'm ™" .0.0002~0.3101 s* m™",
KA MR E A v kot Y B A 4 R 55 R 3 n
MU B maH . SHMAMHL, B S

o 4 R B 5 1 AN AT R Ay IR T 54.57% ~
99.98%Fl1 69.11%~99.93%., 12 45 I 7 w5 W2
9E Al Pt (0.0107 sm') /N TREJE S5 45 B 7 o
(0.0296 s'm'), {HBMSLFEA ¢ 4G50 2 W 25 Ttk 25
225 WA, ABEFRIES LB SR IR 5T
Y1 7143 54 F 2.67~3.08 Pa il 2.64~3.04 Pa, 45
IR A AR 250 (& 8) KRB, W
FlE M & B - eS8 Bt 245 B 5 3 1 18 4 ) mT
BRI
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x5 TRLEXRZETHTERABELEMAAMME (K FIRRETN (r0) HEL

Table 5 Variation of rill erodibility (K,) and critical shear stress (z.) in dolomite-developed soils under different moss coverages

(a1 77 7

20 A Il S 85 4713 e
Moss coverage/% Regression equation Rill erodibility/ (s m ") Critical shear stress/Pa

i Bare soil D:=0.0810-0.2442 0.0810 3.01 0.930
1~20 D=0.03687-0.1134 0.0368 3.08 0.923
20~40 D=0.01327-0.0391 0.0132 2.96 0.924
40~60 D=0.00347-0.0094 0.0034 2.80 0.942
60~80 D:=0.00027-0.0006 0.0002 291 0.904
80~100 D:=0.00017-0.0001 0.0000 2.67 0.863

. DA EHESERE S, « AKFEBIYI S, R, Note: D, for soil detachment capacity,  for water flow shear. The same below.

R6 FRLXRZETHBERELRMAFME (KO FMIERETN (zo HEK

Table 6 Variation of rill erodibility (K,) and critical shear stress (z.) in clastic rock-developed soils under different moss coverages

RELEE Ea%E A I 595 91 @
Moss coverage/% Regression equation ) o - o
Rill erodibility/ (s m™) Critical shear stress/Pa
#iHh Bare soil D.=0.31017-0.9095 0.3101 2.93 0.932
1~20 D.=0.09587-0.2385 0.0958 2.49 0.972
20~40 D.=0.04037-0.1014 0.0403 2.51 0.951
40~60 D.=0.00827-0.0227 0.0082 2.76 0.913
60~80 D.=0.00377-0.0111 0.0037 3.04 0.900
80~100 D.=0.00027-0.0006 0.0002 2.64 0.886
0.35- 5 4\ B3 332 1=
030} K=0.197exp (~0.879C},.) B9 MR R, WIRPCATEA T L E e
R=0.995 . 9 -

— o2k —o— /8 Clastic rock IR AT e 5 AR A A D e S R AR B A
o RT0Osoop (CLIZSCwd g, I SOV S A ARG . X
&z 020r TUES —a K=0291exp (-L153C,)  FARAEKET, (155 55 B AE ) M08 o ih
= R*=0.992 . o .
£ ‘-3 0.15} KAEH™ 0oty 0028,y TETAMHRIE TR BN 52 K i

= 010} R=0.895 FHHIE (P<0.05 3 P<0.01); FEJE 2 L4 B TiE

J7 RN A0 98 AT ik M A 5 g R B R I A G
0.05+ o N . o
(P<0.05), X FHIEMAETTM T, HoahfEE
0.00 Sy B R T AR AT il S R R A L K AR
. P T R ORD - 1 o AR R I i 3 A Ok
S . I UGN, e
‘ﬁyb (P<0.05 3% P<0.01), HH =a5 LR E . A
§

Moss coverage/%
K8 Amanimtt (K) SEHHIE (Cuoss) RIIHSER
Fig. 8 Rill erodibility ( K,) as a regression relationship of moss

coverages ( Cyposs )

I UK B IEAOG (P<0.05 B¢ P<0.01), fif
JE A SRR i 5 B IEAH G (P<0.05), KAk, PH
FiA & E 325 B A K e AR a1 X % DA G .
BR T pH, HoAth 1= e B A0 48 A ] B H 5 45 e A= K

http://pedologica.issas.ac.cn



190 + %

¥

HFFEE S PIARC

SR i 7 a1 o S Y 1S i A R B N R
WaPE, WIRAS I IS By MRk BHL) Y EE R R
RIFFE LA ERES) (D) M4 (K )
JAAER, DS AAEREEMHEKFL L (P<
0.05 ) A OCHE 5 A AR S A 73828 L 408 (3R 7)),

a) ["1z %+ Dolomite

A Mantel test

— *=p<0.01 | | — *xp<0.01
pH - *P<0.01 \ / pH *p<(.01
FHLEY —— P>0.01 / AHLEY — P>0.01
R R e P IRAMG B AW BURAMGTE
e Pearson test e Pearson test
DN v T P
1= R lgg ‘ ) Ak l&%
i wne 03 e 03
- WSA ~02 WSA 98’%
MWD 20,6 _ MWD 0.6
L E R Ei

EIUNE

X 2 45 B 7 o A B RE g A mT ik
SRR R K EEPE B R B E AR, HAfRE
A 99.4%F1 99.8%; X HEJE A4k v I E

AE 3 AR {8 AT photE S 3 SR TR K AR E AT R A

HfR RN 84.5%F1 83.2%., [iRZGEHEFHE, Ak

22500 eI B R ARk BHL D S TR R 22 S R

b) #EJE %+ Clastic rock

e EHERAE
AP Mantel test

e a ® 1131'?‘ \I\;“:ia\ © ®, e =)
HHA] =REHEZES:
ErERAL KR EEE S ¢
*ok Hp®
* JRLpE?
* B
*

\

63 %

e DA 8RB, Ko oAMmmniphte, oo AGSRETYI S, WSA AKBYEH KA, MWD AFHfim E%, FlE. Note:
(D Coverage, @Thickness, @ Roughness, @ Biomass, ®Organic matter, @ Bulk density, @ Sand, Silt, @ Clay; D, for soil

detachment capacity, K, for rill erodibility, 7, for critical shear stress, WSA for water-stable aggregates,and MWD for mean weight diameter.

The same as below.

KO HEor i S ARAmBH Ty . 45 Be A AR A S TR O 2R KRR

Fig. 9 Correlation matrix of soil detachment and erosion resistance, moss growth characteristics, and soil properties

R71T TREMERBEEYWIESBRB/UEINEIZER

Table 7 Dominant factors of soil detachment and erosion resistance under different lithological moss coverages

At EBMRIUE A
R? F P
Lithology Best-fit formula
Sy D, =0.087X;+0.411X>,+6.580 0.994 392.424 0.000
Dolomite K=0.020X,+0.074X,+1.547 0.998 1507.972 0.000
T D, =-0.177X:+8.723 0.845 28.194 0.006
Clastic rock K=0.042X;+2.070 0.832 25.707 0.007

I X RN H B AR IRYERTIR K WSA, X, 78 H 20 - F 2 B ht B MWD, X3 3R e K R PE TSR A WSA . Note: X; denotes

dolomite-water stable aggregates WSA, X, denotes dolomite-mean weight diameter MWD, and X; denotes clastic rock-water stable

aggregates WSA.

3 17 ®©
31 AYERAEXNEREEISTRTE LIS

jed:nkAl
FEMES B i) e T AU BRAE S B AR 1, TR
B R AE YRR AR R I AR, X

WTEIEYE . (R DhBH Ty S mT b = A i e s i ), Ak
R, MEZKERKET, LiRfehs 25 mEL
SR BRI K SHHEE 1%~ 20%(1% 55 AH
e, g5 AR KRR A R, 80%~ 100% /= i B 3%
BOC A, H 4518 br 2 8] 7 7E 3 A OC M
(P<0.05), IXRUIZEE | BEEEFIA Y Rt
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Zi AR AT NEBERIEEED, A s e
gh i BRI, R E R kB REET
A&, 5 Bowker ZECORFFR 4B M, B s
PP B3 T o - AR G I 22 R ] BRI T A
FXHzAKE DEEASWRESSESFfm pH
FibE, Ca® Rl Mg i 2 23 I i) &5 #6814 £ T & Je 22
RIELE, [RIBESEAE Y 0 3E W RV, 5 H
BGPTSR — 8. 45 R 2 PR R R A
iR sa LEAES . PSR A 2D e
K BBEMEFEREER, RHISS 1 3RZ TR K it
fEed), HR THREZESEWA, DEME T4
Bz 7K 4 i A e A2

TE W 7 R X R T 32 b BT T S RN B S SRR A 5
M), [A] S K ST R0 TR T PR 0 A e 2
S, (HAW S K B AT W R e R R 2
R HAE R DY AR, o RIS A 2
KZEREHEERS T LEA LS MRS
i, R RIEAEAR S, UGE T ERRLAE
MR, Sat A R —a 2, st
REHEA TG G VR RIS e O [F ke, Rl Ak i< DA
JL 51 22 5 3 Wb R SRAR O3 file 4 7 X A - 48, R HEER
BRI E L, AFT I RIRAIE O ot 1+
SERYUSL AR R A 45 BT B R R AR R
FisERl, S5 kB T LIRS, iR K
SRR W B G o, AR Ok - R B 2 A
(STE 22 RN % AT = o w8 U1 Ay < B R A
AR 5 1) B4 5] R FR A0 A e A A R A0, ik —ad
Xof g SR b X 1 R B A s AR B A B .
A TESS BN R B SR, RS K2
(14 % B AR EAR 0 IRV AE S ks & 40T, %S
PR 28 TR TR 22 AR 0 AT LA SR 8 A 0 3 DA ) 1) R 2
TER, Iz &EER4easmtY, DR T HHENL
oo B RN P SR AR E . A REUERE R, Y
i RE WEUCGE T RS OKFRMEE SRR FE
Y HARRE N, E /D), TIESUR e
WoR . WS RAENEENESERE, £ ERE
R fF AR T R 2R R R B RS
125 5 o A AE By SRR L AR PR Bl O TR AL
AT Y B SR, v RE S e 1 e
BT ERG AR, JUHAETTRE EHLRAL ™ H1 A W ST 1
X7,

E=]

32 EWMERABMNTESBETRENZM

AHFGE 5] AL, B v i [l 8 b, & BRBEE 45
B AR, P sk W, HE s
IR T 25 0 245 e i ) (8] 55 45 B 55 B v B AH G
(435120 R*=0.980 1 R*=0.892 ), — EFLF |- Al /e e
o S EEA N B E T T R, AR
W, BT 36%M R4 il sE e+
B2 A2 AR IO AT ST 25 Fe 7 75 A F1) 40%0
I 2 R S A 3800 B RE ) R IR REAIL 83.11% 1
74.46%, W5 5B He S 4EFF R ARK T, 80%~100%
TN LT AR R AR, X5 Gao DI
AN — B0, S R 0 4 B 56 T A RAE
Z okt f - R R & . WEPP BRI T R,
iy v v B B 4 R 5 R I 2 A O . IE
WA, AWasEs g - R RINE A4
BRRER, wGE T R B A R IR R e, M
MR TE el A . MR 5800 A0 T 22 AR i
PHLE | HNEPFRIE UKL LK S WA A I 43 W% B A
., TR E 58, AR R AR5 H, Kok 14
PR BEESICY . puah, AWah R AR e SR A
SR ISR - BT R AR DG — . 4 R R
1o, HCJEE R A W o 3 et 25 Bz SR AR S R A 5
Ik, HEESS E s BA B ENIR . ok
ARBERR , A o 3 10 U X 14 B 25 5% 1 Ml R 40 T 1Y
TR L T B R DA R KR A A, PO AR IR
THLRE Sy sk, DT RE S 4 s 28 % T B A 42
TR, SRR AR R, Al Rt e
A5 M RAHIY | BN R RS B, R R T R
FH 53 v A O TR B AT — R T R
gi b, ARG KA R O - S b ik LA B
B A S E

g5 Kook OV B 5 3 T 25 S IE ARG,
X FE AT 55 T 45 HGE o FE A . OWEE s A
KIETRSFRRE R E S, AR5 Z =0
RETHE, —DEHZOEESHAPLEE, XK
T A 45 e )22 T LT 7 30 A R
AR M nT pk, R IR A AR B
BUA TR, AR A PESh fe 3 55 00 + 180 i g
FAIA P Z AFREE R T, AnG4RES L
43 B HE 1 R4 A ] bt A7 4 T K R A 3R AR RS
KREEHR, HarnkB HEPh s ERs, 5
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B4 A A B TR BCR A ATRL, A A TR
IKASTE AR LE], AR 3 3 A BT A= e
AE, [RF i BB Ry XS K A IR ERBE ), IR
AR A R TR, R -2 e AR
PUERIR R A HBmp oy s AR . MIELZ T, w8
Al TR B, AP, 2P
i ELAR RN B0, KA SRR R 3 5
Ro XKW, ARV AT N R A
ZE5E, XL SR REURT LR AL . TR
ik K AR ZE R A5 3R
AT KB, TR A R ) B hE

S e, 3 AT BT T X A AR A Az A%
TR | HrikERE A M R A I
PU, AR 70 R M 3 A [ 9 D DR 7 T M oy
S IR AR BT R AR I N R A 22 e ISt
T HE > BERE 1 MR T8 W] PR 5 45 B A KRR Bt
PEFU ZHEEbR B E A (P<0.05), {HIG S 5T Y] )
5 B EAR R R B W E ARG, X — 45 RS Liu
SRR SE A AT Y — 2, AT RER R g i 55T
DI 3RS 48 B A AR T S i P A 3 2 e ) R
AngnE ATk, O A B R BRI B A
ABEN: . Wi, J5LEHF T AR Ik 5 551
TR NAERLH,  BE— 20 7n HAE TR

4 & ik

AW A5 B R B AT R A B A KRR R
B, HZArm iR (P<0.05); PiflATEL B4
B 78 5 B HE N RE A% 10 25 W AIUAE X - 18 4 2 i 3 R 4
ATl R R R A B B T A ROHE 5% ik A 1 4
Rk A, BT RE R BT RIS B R
PhBE S 52 45 je A e . R Z R E R, &
PR A AR SG (P<0.05 B P<0.01); &[]
AR, KA F R AOE IR B 1 2 A TR S A 4
B 5 490 B KA BH ) AR AR IR R R R . B
I, FEPURE R IX AR S R Gk R R, T LA
P 1 T A R A Y 5 B 3 KOS5 X R B AR K AR
PERTRAR G i, SOl s ISR RR e, NI
5 IE PR R AR
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