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Spatial and temporal differences in soil erodibility influenced by typical herb roots
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Abstract; In this study, artificial planting ( temporal dimension) and field sampling ( spatial dimension) experiments were
conducted to examine the spatial and temporal variations in soil erodibility through flume scouring of undisturbed soil under
the influence of root systems of representative herbal species on the Loess Plateau. The findings indicated in temporal
dimension, a marked initial surge, followed by a gradual decline in root densities ( expressed as root length density and root
surface area density) of Lolium perenne and Medicago sativa over the course of the observational period. Propelled by the

root growth, the organic matter content in soil enhanced significantly from 1.65 to 2.74 g/kg in Lolium perenne plot and from
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1.53 to 3.37 g/kg in Medicago sativa plot. Meanwhile, cation exchange capacity of soil enhanced significantly from 9.24 to
15.54 cmol/kg in Lolium perenne plot and from 8.63 to 15.91 cmol/kg in Medicago sativa plot. The changes in root
characteristics and soil physicochemical properties caused a prompt decline in soil erodibility in both Lolium perenne and
Medicago sativa plots during the initial phase of observation, with erosion reduction rates ranging from 35.68% to 54.40% ,
followed by a phase of progressive stabilization. In the spatial dimension, root densities ( expressed as root length density
and root surface area density) of Stipa bungeana in Yongshou and Shenmu were significantly higher than those in Ansai. On
the other hand, root densities of Artemisia gmelinii in Yongshou were significantly higher than those in Shenmu and Ansai.
Changes in the root systems caused the most substantial increase in soil organic matter in Yongshou. In comparison to fallow
land, soil organic matter contents in Stipa bungeana and Artemisia gmelinii plots were 43.63% and 97.23% higher,
respectively. Furthermore, cation exchange capacity of soil in Stipa bungeana and Artemisia gmelinii plots enhanced most
significantly in Shenmu and Yongshou, by 18.87% and 68.21%, respectively. The root characteristics and erosion
resistance capacity of soil across different experimental areas indicated that the impacts of Stipa bungeana and Artemisia
gmelinii roots on soil erosion were most pronounced in Shenmu, where soil erodibility reduced by 97.50% and 98.61%,
respectively. Consequently, the reduction effects of herb roots on soil erodibility are significantly different in both temporal
and spatial dimensions on the Loess Plateau. These results contribute to a systematic understanding of the mechanism of

plant roots on soil erosion, and provide a theoretical basis for the prevention and control of soil and water loss in this region.

Key Words: herbaceous plant; root system; soil erodibility; spatiotemporal difference; Loess Plateau
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%' His gl 23 W/m  Baes(o)  WEE/(0) KPRL/% B/ % Wi/ % AR
Code Location Latitude Longitude Elevation Aspect Gradient Clay Silt Sand Dominant species
1 HiA 38.79°N 110.37°F 1221.50 304 14 9.24 43.61 47.15 BATE Artemisia gmelinii
2 38.79°N 110.37°E 1214.34 273 14 12.26 41.56 46.18 K155 Stipa bungeana
3 38.80°N  110.36°E 1115.27 318 16 5.90 36.01 58.09 —
4 29 36.79°N 109.28°F 1241.93 328 16 8.42 56.12 35.47 BT Artemisia gmelinii
5 36.80°N  109.28°F 1262.75 305 14 10.13 58.50 31.33 KAZE Stipa bungeana
6 36.80°N 109.28°F 1240.91 220 15 8.29 59.30 32.41 —
7 K#E 34.84°N  108.13°E 1262.51 289 16 24.31 67.84 6.76 BT Artemisia gmelinii
8 34.84°N 108.13°F 1245.27 311 15 26.97 66.81 6.12 K15 Stipa bungeana
9 34.84°N  108.13°E 1235.42 292 15 28.02 65.81 6.17 —

112 ATAHUR IR LS

T - . A AR a0 ] R T A 22 11 22 26 X 7 B st AR {4 U e (ML TR 1Y P g PR R X, 36.75° N,

109.37° E) o Z IS0 B4R b ORPRL bR AL

f=

HTJ

http ; //www.ecologica.cn

Ml 15.04% 46.75% K1 38.21% . 156 HH +1z [0]



4858 JAE = 45 4

RIS AT KT 3 5 mm 2075 ARG LN (B2 10 em) | FEI0ke 3 2 BB 1 4 H 5 1Y
HMAT X IR TR D 1.25 g/em®, BEFIHT, 0] HIEAGEMIRER (25 ¢/m?) , LUFI T 5 W05 A IR
Wi,

IR AL .

JNM R LA ) A 27 B (Lolium perenne ) Fl ELAR 3
TR AL H & (Medicago sativa) J2& 8 1 5 Ji 2 X K
TR AR, N TR 3R Gy A A B AT
FRRE I XS 52, B8 22 BRI S8 A6 B 78 Fh R A i =5 76
/K FFiR I 10 h, FE RS T 25°C 724, LA B e dE
THIRBEHE . APE R4 BT 25 BERS 1 s
TR AL /T 500 #/m®, #EFPE B 1—2 cm
+ PR LR SR EED ) e Ak
HOAE AT R R PR U 5 X A A 7 o W e K BR AL, H2 FEFETRE
o HECHE 5 R M F 7 37 SO IR, LR M $ﬁ4ﬁﬁjj%; :g“Eeﬂ“’;‘i;‘g;;f;’;;‘fi:’::j e
BLAnE 2 . HAE R Medicago ;ativa I;i;t,CK—Xﬁﬁﬁi’il, blanlf plot o
1.2 HAEbRrgE 585

PG R) , NTMARES T 2021 4F 3—10 A MR th Al (1 A S BHRME ) #-4T R AE | 4 Hube s o 52 R
FE=UK, RIVEE ) SR AR T TR R S SR o B RE A 2% 9 A, FH T JUIR /KRS il B4 45 4> (3 M
Hix3 DNEE XS MERAE) . BPAMRFEALE T 2020 4F 7—9 A it 47, ke “ S” L B4 i 5 R A 3 IR,
R T 2R B - S BR AL 1 B 5 A it 2% 27 A, T IR A KRS i A AR i 135 > (9 e x 3 4> HE 5 x5
MR .

TEN AP AR 0 A S SR AR b A7 A AR 28 | R ERAL 1[5 K 4 48 ml b P g 00 7 Oy 32— B, AR
LI
1.2.1 L3R phpE

i—Zm—j

S IEAT iR FH TR KR e 200 5 (KA - T SR
FxB=3 w0 mx0.15 m) (3), MBI, LR v

I, SRAR 1) A & ( ZSBRAE B0 b 350 40 ) 75 76 3 /K
AT 12 h (KT PR 7EBCRE AR R AN B 2 em
Ab) SRIGHEK 8 h, LABREE J1K . Pl £ oK 2l )i
B S ABEEE N TR R 4 vl 2 430 R 0.05

0.1,0.15.0.2.0.3 L/s; BFARRAFEIE (4 vl 3 12 50 551 4 G

0.1.0.2.0.3.0.4.0.6 L/s, YN 15°, e
HRE T HHCH 16 L B9KRT , JE T I vl R
7J(:t{tEI{$% o Yqj}rﬂﬂii*%qj s E7K*§@ﬁél\jﬁuﬁ {Wﬁiiﬂiﬁﬁé {;[tL Fig.3 Schematic diagram of scour flume

AR I JL o I T A48 WA WA 3R T e A R B 0% € 7R B8
AT, R 10 IO A . v ] 10 min, PRRRIS S5 ARG | KA Hh AR R R

ARFRG T FRABAEA (105°C,8 h) ARJFICR IR TH, I ATE (K, s/m) 2 8 WEPP 7 ( Water
Erosion Prediction Project) {4 /K i 5324 68 71 Jy FE A%, BAKANT .
Dc=K (7-7,)

w Q
De=—; =pgHS;  H=-—
c At’ T pg 9 B

V.

http ; //www.ecologica.cn



10 4 XUPH A5 o e J ) R A AR AR RS0 e S T b 4 I 23 22 SRR 4859

X De Ry ST EIRE ST (g/m’ ) , W TR IR ID It (g) ,A S AR L R AR AR I AR (m?) ¢ Sy fu ] BF ]
(s),H M HEAZRTE(m) , Q F bl TR E (m*/s) v IR AT E (m/s) , B AR5 KA 1) 58
(m) 7 ARG VI (Pa) ,p /KB (kg/m*) , S LB A B ISR (E.
122 WREASH

YRR SECR R ARG T E . BAR RSP R E A (T LA-S R IR R 73 A
A4 T, FREE A E R WinRHIZO 248 (5K Regent Instruments Inc. ) #E4750 87, 7] 3R AR R
B FLEAR R T AR . MR B (RLD em/em® ) FIAR SRR AS BE (RSAD  em?/em® ) BYTHE L 0T

L
RLD= RL
V
RSA
RSAD=——+
V

HH RL AR R BKSE (em) ,RSA AR AR BRI (em®) , V EBEER A AR (em?) |
1.2.3  IER PR

ISR ML TR 5 -3 HLTUR FH B FR M SN BRI AT I A 5 - 4 PH B A8 e SR Ak
M5E
1.3 Hdiabr

BRI 5 ARAT BB, SR 7 25 53 BT K 3 A [a] A 4 Bsf 490 AR AS T] a3 DX Bl ), AR 5 R+ 08
AL BT Y 2 5 1 M 5 38 FH Pearson AHOGAIHT I, 43 BT AN R AR 8 0 4S9 3L AL M I3t 55 98 ] P 22 ] f9 A DG
M, A IR0 2 B S R 38 ST 348 F A 1F SPSS 26.0 (IBM SPSS Statistics. 2019) Al Origin Pro 8.6 ( Origin
Lab. Corp. 2018) 5% i,

2 HRE5SH

2.1 WA FE
2.1.1 MR MR L ARAE

S (3—10 F) AR R 32N F SR IR 55 1 B A B AR R AR s i, AR 285 38 R 3% 1 R 2% 13 3
FEI SR T I N AR AR (T 4) , AR R A R A FAR K B R AE 7 A AR b B B 12.56 em/
em®,7 H 205 HAR K BRI A 0 (HASE AN B3 (P<0.05) ; B R 2200 1 1 IO AR K 25 B [WIREAE 7 A i
WEWINZE 3.93 em/em’ (0 7 H JE HAR K S B B 208/ (P<0.05) , 2 10 H{UA 1.07 em/cem’,

—o— BER —o— SAEHTE

12F b S \§\

MK &

a —_—

. be SN 0.6 %

§/§\M \§\d C %Lbc d g od d a

A I e e

4 5 6 7 8 9 10 3 4 5 6 7 8 9 10
H 4% Month

Root length density/(cm/cm?)
o
—0—
MR T AR B
Root surface area density/(cm?/cm?)
o
-

c
-]
e
@
3

4 AERZSHOHEHTE
Fig.4 Changes of different root parameters with growing time

BRI /NG TR IR AR YR R S 0 2 e

http ; //www.ecologica.cn



4860 xR 45 %

RE R R IR BEAE 5 H A i3 (P<0.05) 3 & 1.51 em’/em’ B 6 J J5 FOAR SR IR HE Rp 2
W/NE 0.65 em®/em® (9,10 J1) o 546 H 18 M AR 2% R B 3 1 2 A8 8 Ak k34 55 R A RO AL, U /E 7 i i
EWE 0.21 em’/em’, 7 HE BEW/NEZ 0.10 cm®/em’(P<0.05)

2.1.2  RARMWZS AL FRE

FEAR R R B AR X, 32 8 R A5 AN L 38 AR 2 R IAE 40 94 MR K 28 3 R 3 T B LA
FEF(ES) , KTEEAE AT 41 X AAR K3 23R 2.89 em/em® Fl 3.42 em/em’ , i 35 15 T 40 283 X
(P<0.05) , 7 HIEFL 2.24 £5 51 2.65 % ; T8 7 7k 75 b DX AR S 2 B 2 3.50 em/cem’, (2 35 8 T4 R 142 5
H1IX (P<0.05) , 4352 H: 3.93 5 F1 4.67 1% .

F P AR PRI K 7 b DX A0 AR 3R TR B 43000 0.23 em®/em® 1 0.21 em®/em’, i 35 /5 T2 FEHBIX ( P<
0.05) , 752 2.09 £5F1 1.91 A% ; BT 16 7k 75 Hb IX AR 2 T R3O 0.38 em®/em” , 1835 5 T 1K 142 98
X (P<0.05) , 53 & H: 2.38 £ A1 2.71 4%,

CIREE AP H

5 05 - a

I
o

0.4 |

&
[
T
©

%%
03 -

02 | b b

0.1 - ﬂ_%
0

K FHF AR I K FF

&5 [X. Experiment area

MR
Root length density/(cm/cm?)
— )
W (=]
AR R R
Root surface area density/(cm?*/cm?
)
®

(=}

b
2L s
29

AR

B5 FARRFESHMN=EEN
Fig.5 Spatial variation of different root characteristics

W2 /NG TR RN RS R R S0 35 28 1k

22 ORI AR A RAE

TR ZR 1) AE AT Bl A a2 - SR Ab A 0 % A A ) AR Ak AELAEAS [ A RN SRS 5 ) T 48 3 A 5 1)
AR S —E 225
221 HHERRALE S I R AR AL AR

PURIUR: G N e Y/ =R I DO B ot R e w2 S| Wi we 2 P ek (5 W A N 0 B s S/E
(Bl 6), MBEZEMELE AN HEATETMEE, RS E 1.39 ¢/cm’(P<0.05) , {H 4B 5 %5 18 H i)
TR IO 225, SR UL AE A IS8 AR R R R A B R (HZ AR T A R R
B7EAR RIOAWH R AT AE T, R m A o PR X ] e AR AR R %+ I S 5 i 75
TSI ) A RS2 A P 5 DR A BRI AE V8 R 3 DL K 835 (P<0.05) , A8 Ak L 43 31k 1.65—
2.74 ¢/kgfl 1.53—3.37 g/kg, X MEMLAY +IEATHLTT A Irdg K (045 B 0135 /N T A WA b DR A B RS AE
A 1 ) - 478 PH B8 7 ac e i 1S K I 2 (P<0.05) |, A8 A6 [l 431l R 9.24—15.54 cmol/kg i1 8.63—15.91 cmol/
kg XoF HE 1 110 - 39 PH B 50 B g thy S B Ik 3 (/N TAE AR
222 HEBARYE A AS ) AR U RRAE

FEA R HTAMAE X, A AR 22X T PR AL M T (s el LA 35 22 57 (P<0.05) (1 7) o o R RORIER
FRE AR LAY 1+ R KN R RBUN AR S L IE >k 5, AR, A AR 2 70 A A b X % 4 45 T (10 52
M) fge K, R T R M BRI o A b 17 3R A3 0 FRAIR T 15.09% (0.23 g/em®) i1 20.13% (0.32 g/
em’ ) s BT BRI E LY 560 HLTTZEAS [R] b DX KA /NG R R BLR K 75 > MR > 22 2 | HA A 7K 77 b IX

http ; //www.ecologica.cn



10 441 XUEIB 2 B g D R A A AR AR R ) ST ol P ) o 2 2 SR R 4861

0 LT FARERE ] Xt

%
CREAE a
gg bbbeab bbbl e e b dpab’® £ 74 % abab
®e c c
-H%LZ—
0.9=
0
1 3 4 5 6 7 8 9 10
5_
g\g 3+ abcbca a ab ab
'&% dCdd dddabchddbc ? iE: J ab ab a
Rl e
s
A0 L 0 1T T (L (W1
L2 Y 1D |
_ 1 3 4 5 6 7 8 9 10
3 our
E
ME‘ 20 . a
Mo 16 a ab c2 |ab ab, @ .
géﬂ abcd abab | @ ba abb
B’ c be
_Hg 12F ¢ b d
° 1 3 4 5 6 7 8 9 10
H 4% Month

Bo THEBUEREMNBEHTEL

Fig.6 Changes of soil physical and chemical properties with growing time
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Fig.7 Spatial variation of soil physical and chemical properties
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Fig.9 Spatial variation of soil erodibility
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10 4 XUPH A5 o e J ) R A AR AR RS0 e S T b 4 I 23 22 SRR 4863

AT 2 TR BIEER
3.1 FEYIAR RN AT b A P ] 22 S

YRR A RIS T, LAl e AR AC BAT B A I R) 22 5%, ARWESE b, SR RIS AE A8 RE L Y 1
ST AR ORI AT 3 35 DR 0D U RAR B T 35.68%—54.40% , Z IR G H TR (B 8) . X5 ZATAIBITSE 45
SRBA—F, B0 TR R MR ROV AL B S AT T SR 35 LI, 25 SR W] AR X 4y B R
HAEPR AR A LE R BHEAR, th T UM AR 16 J8 A0 24 TALIR AL 0739, Rt , AR AR 2R R i) 4 ]
o e D R 5 A A — 0 L S5 Y XPOR AR AR R (12,18 .24 .36 4F ) A RERIBRAT #5 FE S E A
IR B, R A SRS LT i 2 SR R BOC R | RV PR SR AR AR B A3, - S8 T pf e Sfe Ui R
JE WL LR Liu 55 XPARAAERR (05,1224 36 4F ) IR PFREHL A998 % 3L, AEA VR S 4039, LM ok ok (2
FN BB 12 4ER TR E A

13 2 AT, AR R S8 (MR B AR SR I AR ) 0 - e AL ot ( 33 ML SR - S BH 2 s e i)
5 e i B B R UGG R . BRI, A SO e il Rt 8] ) ShS 22 (R AR 2R A B B LIRS Y £
SRR T A DUEE A B 4G

R2 REMIEENERS T ETREREXE

Table 2 Relationships between root and soil physicochemical properties and soil erodibility

sk A B R 1 AR L T AL B R T A
IEId/'F tore Root length density/ Root surface area Soil bulk density/ Soil organic matter Soil cation exchange
ndicators (em/em?) density/ (em?/cm®) (g/em®) /(g/kg) capacity/ ( cmol/kg)
J98 T Al
LR ot -0.699 ** -0.528" -0.432 -0.603 " -0.745"*

Soil erodibility/ ('s/m)
* P<0.05, #* P<0.01

NI A AR 22 F B S 2SS AR SR B - AR % AR 3R AR B B 3R LAY 1 STl sk 8 o s
AN S Fs Y R R O A TG AR R T B SR AR B R WIN,  =t
A R AR R B R AT S EFEUR AR ASEEH TG B TRE, XM RS AR
BEAF GRS S5 ) MR OC ) R Y 1R S 3—4°C LU LI AR R FFIG A K Bl 2 SR A AS 17 [ A=
AR 3 TR A0 I, AR R R AR GH I A 0 P R 2R 0) L S A < I sl 11 A TS B e b, 205 B AR AR 4
F18) T T S, R R P A B T U 2 A DRALEAB 8% (9 1E 0 8 () I A - S 0 0 K vh /N B S 1) 0 A i
VERIR MR A A W it B/ N 3, HOul b L B = s

WLIEA A, AR AR 2R 0K Sl Y - S B A AR A R I D 1) B AR R 2R KA T 3 P i
Bt N, SR SRR A MRS 1.65 o/kg B9 % 2.74 o/kg, SR H T FEHIN 1.53 g/kg % 3.37 o/
kg, Witzgall % F Wang %57 38 i AH DG SG 0 AS 3] 7 — S0 25 5L, AEYAR 28 7 38 3 43 s s 20 i 25 AR AR
I S50 1) M rh A KR AL T, O 43 i AR T A BB R LR 1 - A LI
U 2) MR R A AR R ARG I T S BH B e e S R M Y - 4 PR B A e AN 9.24 emol/kg 1Y
F 15.54 cmol/kg, S TE FEHLAY 1 HEBH B 753 B it M 8.63 cmol/kg 4 % 15.91 cmol/kg, Saidian 2 FIjE
L S 0 TR IS AR B T A RIS R AR R A S R TS e A W A e . R FEONAR R
Sy UAYIRE A AT AR LA SR AL AR BH B R AL (0 A SR R, SRR IR 1) SR A AE R R | TR
FERT LS AT v i) K B B8, G Fe™ RN AL AT 58 4, e 26 S B0 1 g v BH B8 - 2 e 1 1Y b 2 0
I MR R IR - HEER (-3 HLTOR 3 PR B e i) AR Wk, AT ER T IR e 1, 22
it I I R AR AR TR (R 2) .

WA, LIS A, Xof Bt 1) 0 S AT i Pt R SR 1 OB/ N R B ([RT 8) o X FR R PR A A B X R - S FR
SRR A (AT LR - S B S 7S i S ), LSS MR ASE A BT i, IR AMI K TR Ty
RE I LBEZ 158, (EL R 0T B P JC A AR 28 X 338 < fim SR A 1 % i A AR P, JFG 3 Tl 1 0/ i 32 A
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B, AN 6.13 s/m,, XA MU THT 52N T AR PAR 20 + (2 ihaim K i BHE 1R
3.2 HEYIAR R R AT ik 4 s ) 25 5

LA Z 00 I mT ik s M LA 0 3 10 A IR 25 5 ARG b 1 BRI AR R A7 A A XX+
e PR 5 ) 5 A, A X R b P B AT s A b AT e 43 BRI T 97.55% 1 98.54% , vk &
LHERKFFHIIX (] 9) o X FP2s 8] 25 5 1] BE 5 R IR BE T PRI IR 22 2R KA B0 DA K IS5 HA C

ANV EFAMAE X AR R AR R AE DA W35 22 5, ELARSR IR « Z0TAR 28 A K 1 R K 7 R AR
DX P AR 22 5 B (MR 2 B AR 3R I R ) I 35 5 T2 JE M X5 EAR R AP BRAT 185 76 7K 77 i DX A AR 3R % I
FR T AR ZIERIXK (P<0.05) , X GAFMIK A AR EE R R A L2 filan, et TR A K T
o A SO RN B R TR R R A T R s T AR A AR BTG Bl SR e TR AR B B F R AR
H BHOR 4 FEFIK b DX AP 34 [ 7K 153531 441 mm 505 mm F1 602 mm , 4P IR BE 53510 8.5°C (8.8°C
1 10.8°C, - HEPHES T2 e it (L HEAE 7 A B BRAE 2 —"7) 43514 7.26 cmol/kg ., 10.50 cmol/kg Fl 14.47
cemol/kg (Xt HE M, 18] 7) o P, AR EIRT T, 7K 77 Hi DX 8 PR 5% 4 PR el BUREAIAR R 10 AR 4 HOROR AR ML X, 53X
HAIRK A 45 R —5

TRV EFAMRIS X, A AR FR AR K IR 3h 1 A e B AR (L BT W 25 5 &l 7 R RS ORI
R ZRTE 7K 5 i XX S AR B M ek, 23 BN T 43.63% (11.81 g/kg) F1 97.23% (26.32 g/kg) (AH AT
HE ) 5 4 B AT 5 MR 2R 40 ) 7 4ol A R 7k 77 i X%t - 98 BH 8 - 50 e it B IR Je K, 20 138 i T 18.87%
(4.41 cmol/kg) 1 68.21%(9.87 cmol/kg) , FH_L iR IS HEN A AR 28 107 7E 7Kk 73 Hiu DX X6T - 438 AT bt 4 114 5% i) e
N3 A AR RIS AE AR . ORI YR R AR 2Rk TEAR KRR B IR T A
B (45 RRAE Rk PR fE

AR ANTRIEF AR X % B ) S AT ki B B 2 S RN R BRI MR (13.05 s/m) >4 %€
(2.36 s/m) >7KF(0.27 s/m) (7)), BG4 0 B A5 ) 3 2 X AS [w] DX 8 14wl ok ek A 2 045 3 1 A 4B
MEE R, T o 2 ) 22 S+ — RGN HE (22 B TE A SR AR B X R, - g m]
PS5 PR S R OG5 R RSB 4 B B IR A AR G . A S AR s XA AL B R
B 7) Bk RTERLE 43 & B (R 1), SEOLAR G WHTR IR 55 . Bk, MR R 78 +HEhT
bR 7 A5 553 B4 A A XX = S b ) £ PR SR o A

LiAy IR AR ZR T A ST o 1 5 A A I S s A (LA s B i A A g
AT AR B, 0 BEL A2 - 3952 ol P 0k A R A3 3 A7 7 A [ A R A B 28 BV I ] I o 5 A 0 AR 2R 0 11 3
%, - HERT Pl TG RS R TR RS 8] L A AR FR 7 AR T R O A S ) e DXk 39 R sk 11 5
M TS A, (ARSI r AR AR 2R O ] sk e %) SO s i) A2 [ ARG A B, SR AN BB M 4 T b
B AR 2R M) - R bk (0 B 25 25 5 PRI S T J T 2 B RR 2 B 5 i AR SIE RN 72

4 4t

ARMWE5E LB+ i RO IS X, DA DAY 8 RE AR AR Z D BIFTE X G, DA TR 2 o] I S 1 1
WFFEHE IR Z2 52 M) 398 ] Pk () e 28 25 S ARRAIE . REESIBUT .

(D) MYWRREREA BENRZ 2520, N TR b AN AR IR AR AR R A B A KM
FESZIA T | B RURISEAE B A5 A AR R 85 8RR 2 TR R 88 7 R SO 00 01 5 08 2P D S 1 = 0 48 Ui/ N £ 35
HPHRRAEIRTS T TEIREE R | IR0 55 HAR SRR B ERTT  Res R AR 3R %% BE AR K R A R b X 3%
o T TR X AT AR R %% B 7R 7 7 b X 3 o T AR 22 FE M IX (P<0.05) .

(2) HEBAR R IR h 1 + A A A B B B s 22 5k . N TRV b ZE AR R 2 KR
WHE ST, LI P R & FERE ) IR LT B N 1,65 o/kg Y F 2.74 o/ke, SEALEEAEHIIN 1.53 o/
kg #% 3.37 g/kg(P<0.05) . HI TR S WA #5H K vl AR o fip | JF REAR AL 2 A BH 2 B A0, R T
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10 4 XUETBH A5 o 8 e oy i U B A AR AR AR S S AT el 9 I 2 2 SRR 4865

FEHD Y +3EBHES 122 it 25 M 9.24 emol/kg 2 15.54 cmol/kg, EAEE T FEHL 8.63 cmol/kg 14 & 15.91
emol/kg( P<0.05) ; BFANRAERLS o, AP AR 22 78 7K 77 i XX = 8 HILITE 0 52 Ml e K, R EL G FE L, 1
BRAT AR Y T LR S R A I IN T 43.63% 1 97.23% . KT B FUERAT 15 AR 22 40 BITE PR FILi 75 i IX.
Xof A HE BH 2 - 28 i P52 1 i A, A EEXF ECHEL, 43 I T 18.87% 11 68.21% .,

(3) FHYIAR R X IR v A s e 2L 2 A i 25 22 k. N AR b, i AR AR R A K Bl i) +
SRR T B A AR AL, BRI BORUEE TR A M Y 498 T ol A ORI A B R D | U AR B T 35.68%—
54.40% , Z J5 B W 1T AR BR AR B AE AR 3R 78 K 77 i XA AR RKOIR B e A (H T R B X Y
IS5 ST TRE ) 555, P RV v AR AR TR A R b DA DR ORI A B B P R
BRAT s A b Y A R 3 AR T 97.55% 1 98.54%
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