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Different vegetation and soil degradation characteristics of a typical grassland in

the Qinghai-Tibetan Plateau
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Abstract: This study used a field sampling survey and laboratory analysis to investigate the different characteristics of
community structure, above/belowground biomass, plant composition and diversity, root proportions in different soil layers,
and soil physiochemical properties between alpine steppes and alpine meadows in the Qinghai-Tibetan Plateau. Five
degradation stages were identified including non-degradation (ND) , light degradation (LD) , moderate degradation (MD) ,
severe degradation (SD), and extreme degradation (ED). The results are as follows; (1) as degradation level increased,
graminoid dominance in alpine steppes remained unchanged, but sedges in alpine meadows were gradually replaced by the
subdominant forb species. (2) With increased alpine steppe degradation, there was a significant decrease in aboveground
biomass (P<0.05). The grassland degradation did not affect significantly aboveground biomass with the exception of ED
alpine meadows (P<0.05). The response of underground biomass to degradation in alpine meadows was more sensitive
compared with alpine steppes. (3) The aboveground sedge biomass exhibited invisible trends with the increase of alpine

steppe degradation. The proportion of aboveground graminoid biomass decreased from 88.12% (ND) to 53.54% (ED),
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while that of forbs increased from 0.08% (ND) to 42.81% (ED). In the process of the ecological succession of alpine
meadow degradation, the aboveground graminoid and forb biomass significantly increased except a decrease in ED areas.
The contribution of aboveground sedge biomass decreased from 69.15% (ND) to 0.04% (ED), while that of forbs
increased from 12.56% (ND) to 92.61% (ED). (4) The alpine steppe root systems showed the increased shallowness as
degradation levels increased. However, the alpine meadows showed an opposite trend. (5) The study determined that soil
water content (6) , soil organic carbon (SOC) , total nitrogen (TN) , and bulk density (BD) of alpine meadows were more
intensively influenced by degradation compared to those of alpine steppes. The results could provide a valuable reference for

the restoration of the degraded grassland in the Qinghai-Tibetan Plateau.
Key Words: alpine grassland; degradation; plant productivity; plant community; soil properties
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FH IR FLY 38.8% ), B FMIR Ak A B AR BV AL N R AR R AR AR D) - B HLA
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Fig.1 Distribution of vegetation types and sampling locations on the Qinghai-Tibetan Plateau

1.2 BRI
1.2.1 RfEEERKIy

B i P TR AR SRR, DRI I, A I 5 s 5 BE A Ry Rl iR A A R — b 5 125 P 48 AR 2 LA 35 B R 43
MIRIE R, 2% Xue 577 R0 br e RAEAT W 36 B BFAIFFE X iy 98 A 4] 43 A 2 BE AR Ak ( Light degradation,
LD, FE#% 55 80%—90% ) . H £ iR 1k ( Moderate degradation, MD , 48 # 55 J& 50%—80% ) . # J& iR fk ( Severe
degradation , SD , ##% 75 & 15%—50% ) FI#k B iR 1L ( Extreme degradation , ED A8 55 B <15% ) 4 BB RE , 5 AR
HE#% ( None degradation, ND , 3 LA YR BB} 508 O 8, MB35 2 >90% ) HEA T AR, o 9% L JRUAE B4 s 6, 18
AAh B R A3 B 5 1 FERE A AT AN [R] S0 A3 B 53 8 ND (D3R IR A B 56 8 Y0 Bl & 7| o & 4l
e >T70%) , LD (50%—70%) ,MD(30%—50%) ,SD(10%—30%) ,ED(<10%) .
1.2.2 fEPEMHAE

2014 4F7 A 13 H—9 A 20 H 757 il = AL RE TR | 75 1) | 2007 55 b SR 1o €m0 b DT e A e e, 3t
VEE 22 RS, FE R O AR AT, FE B A LU AR B (Stipa purpurea ) 185 98 LR H I E 5L ( Carex
moorcrofiii ) i FE LT R A, R FERLAIE 13 S B LA LU BE ( Kobresia pygmaea ) (e FEHLfa] I i L
( Kobresia humilis) fm FE R 3, REAFE s 3R A0 BE T A b ( /DR AR AURE ) | R RE b B AL 15
B3 Imx Im WNFE DY . A AERE R R 2R S U WA AR SRR A AR A ) 29 B 153 B, 55
JE R P AHHL( Canon 60D ) FARE, F ] CAN-EYE-V6313 A%} B8 Fr EURHEA T 208 , SREUEE SRy i pl B o5
JERAEEA YR 3 S5, D0 B AN A RO, 4308 A0 B B A B BT B0k

Hiu b A SR FER BRI, BN AR5 PR 3L 3R 20 43N B, A BB B R BRI A3 B
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1.2.3  RHERRAL M B A

BRI BN Tem T AFBEHLEE A SERE S 43 0—10em  10—20cm ,20—30cm 1 30—50cm 4
NEZE . BOEEE L REE ARG, L BIFRE S M SE I A, PR AR BUE A 105°CHEARHE T 48N, 2 - HEAE A IH
AR E, RIS K A A

A U CR 8% TR B AR A0 % |, pHL (BLR FH R LU FE 1 i ( FE28K, Mettler Toledo, i), B
T PR MG HG AR 7 Y VarioEL JTCR 0 MG I, T 5 FE R A L S M {5 AR 3R 50.61% 70 i 78 L3R 2 0—
10em™ | HIEADFGE HAMT T 0—10em H R ALRFE,
1.2.4 Bl

Yy Fh B EAH ( Species Importance Value, IV) = ( A X 155 JE + A %F 55 B + A0 G A BE ) /3, W) Fh 3 5 5 48 %L
(Species Richness) FH#IF 4L (S) %7~ , Shannon-Wiener 858 (H) 115 A AT .

(N, N,
H= ; (Nln N]

K, N, W AR AEE, N= SN, , S HEAFETT I IRNEL,

55381 H IBM SPSS Statistics 23 588, #H O rHrid i CANOCO 4.5 Fl Pearson #H 43477 58 1, — 4
EIH ArcGIS 10.1 F1 Origin 8.5 52,

2 EHRG5H

2.1 MPERILRRIEZE R
2.1.1 & R 2

F 1 WoR FOHR AL R AR 2 RO B RIS (P<0.05) 1 1L e 2 e VR 5
BE R EHIM(P<0.05) Bt 1R A6 B2 Jin i, vy 98 5 JU RN vy € R ) W b 3 5 B 48 BRI Shannon-Wiener 48 %134
L g SR AL WA B R R AL, R E R R A AR T A R

®1 EESRENSEEMBESE. . SE EYSHFMEITL

Table 1 Comparisons of plant hight, cover,and diversity of degraded alpine grasslands in the Qinghai-Tibetan Plateau

ik & IRAL G BE REVE TV o B2 FEE ZFEE
Vegetation type Degradation gradient Plant hight/em Vegetation cover/ % Species richness Shannon-Wiener
oy FE L ND 29.79+3.38a 76.28+1.98a 3.4420.65¢ 0.78+0.05b
Alpine steppe LD 12.60+2.93b 60.52+1.77b 7.71£0.79a 1.17+0.16a
MD 8.14%1.04c¢ 37.75+1.57¢ 8.87+0.84a 1.20+0.15a
SD 5.96+1.03¢ 19.29+0.89d 5.19+0.61b 1.09+0.14a
ED 6.14%1.30c 5.5620.5¢ 4.89+0.66b 1.01£0.56a
e FE R ND 2.23+0.22b 95.1420.40a 6.14+0.74b 1.06+0.25h
Alpine meadow LD 3.43+0.48a 85.04+0.57b 8.7020.60b 1.23+0.09ab
MD 4.90+0.99a 64.95+1.31c 12.92+0.77a 1.45+0.12a
SD 3.840.41a 37.05+0.78d 10.25£0.52a 1.31+0.08a
ED 3.52+0.22a 10.84£1.65¢ 6.45+0.44b 1.08+0.10b

ND: #KiE 4k None degradation; LD BBk Light degradation; MD H1EE IR Ak Moderate degradation ; SD ; H iRk Severe degradation; ED; # & iR
1t Extreme degradation; a.b.c.d.e AR BRI ] 22 5K (P<0.05)

2.1.2 VR4 YR A

VEIUHT W45 3% B Ao 1 1R UK B (Agropyron cristatum ) 85 FE 555 (38°12/11"N, 100°09'31"E) Fli4 £ B4t 7%
T i L R i FE L) (34°497 127N, 92055 12"E ) WA SR A b Ay f31) 0, 1 oy S 4 I gy 8 o i) R 7 &5 400 T 40
PR B (3R 2) o B A I A A DY | B 0 rh B AR A P DRy P ORE | A1 43 11 0.40,0.30 i1 0.23;5
IR IIR P B (Roegneria thoroldiana) (0.16) EEALEF 5 (0.15) HZH I & T AL Fh 5 B IR fb VK 00
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5 LB Fh IR TR ( Stellera chamaejasme) (0.21) FEE K G HE ( Leontopodium nanum) (0.11) FlH H H 2R ( Poa
pratensis) (0.10) =5 5 5] J5 A A8 gl R A R LU R R R R T B ( Kobresia capillifolia ) TEZ{E 43 31k
0.17,0.16 1 0.12; 52 EER AL LU 7E(0.20) KBRS RE(0.17) AN LA # (0.17) T B e e 5 th B IR A 1 1L
B(0.15) JEEE (0.15) M kg3 (0.13) Ky 3 [A] L & Fh EE@{{%E%%%(FU@ pratensis subsp.
alpigena) (0.23) M EETHEZE B 32 ( Potentilla saundersiana var. caespitosa) (0.14) i R @ RERD ; 1 B 1R A0 5% k4%
F(0.31) FIHAR L5 (Aster asteroides) (0.21) B EAR fem, K, BHHLIR AL fE b | 5 ZE R UL B R B0 48
Pt v R BRI ey FE R ) DI B S T A AL

X2 BHSREASEEMYMARTLES
Table 2 Variational difference of species composition of degraded alpine grasslands in the Qinghai-Tibetan Plateau
MR Vegetation type

B TR FEHLJE Alpine steppe R FEH ] Alpine meadow

Degradation  FfifiE WE A HEH

Populations v Populations v

ESIEia VKL Agropyron cristatum 0.40 =i L HE Kobresia pygmaea 0.17

ND 5 K YL Leontopodium nanum 0.19 SR B Kobresia humilis 0.16

B Kobresia humilis 0.18 LB Kobresia capillifolia 0.12

LM 5L Kobresia capillifolia 0.14 T & 5 Carex mooreroftii 0.10

SEMF 22 Dracocephalum heterophyllum 0.10 A2 Polygonum taquetii 0.10

AR B L Astragalus sungpanensis 0.09

MAETHEZEB K Potentilla saundersiana var. caespitosa 0.09

BB KGN Leontopodium nanum 0.07

MR EESE Aster asteroides 0.06

REERE VK Agropyron cristatum 0.30 i LIEH Kobresia pygmaea 0.20

LD LR HE Carex argyi 0.10 S 5 Kobresia humilis 0.17

HHRIK Poa pratensis 0.08 T 5 Carex moorcrofiii 0.17

W% B Roegneria thoroldiana 0.07 5 KGR Leontopodium nanum 0.16

AL Stipa purpurea 0.07 HUAR 2555 Aster asteroides 0.06

WKW Potentilla supina 0.06 4H3E Polygonum taquetii 0.06

H RS Oxytropis kansuensis 0.06 MMV 34 Ajania tenuifolia 0.05

)5 B %F Fragaria orientalis 0.06 AR B L Astragalus sungpanensis 0.04

4R # Artemisia dubia 0.05 LR Astragalus polycladus 0.03

FFRIAK Poa pratensis subsp. alpigena 0.03

IR Ak VKL Agropyron cristatum 0.23 R L 5L Kobresia pygmaea 0.15

MD B FLBR Poa pratensis 0.13 SRS BT Kobresia humilis 0.15

IR Kobresia humilis 0.10 LRI H Kobresia capillifolia 0.13

ZER Plantago asiatica 0.09 R KL Leontopodium nanum 0.13

1B KA Leontopodium nanum 0.09 R Poa pratensis subsp. alpigena 0.10

B Oxytropis kansuensis 0.06 4iH3E Polygonum taquetii 0.07

LRI Kobresia capillifolia 0.06 YR 4255 Aster asteroides 0.06

FUHK A3 Viola kunawarensis 0.06 FH WA H Carex moorcroftii 0.06

FAYE Taraxacum mongolicum 0.05 PUARIEZE Polygonum sibiricum 0.05

Z:7J7 % %F Fragaria orientalis 0.04 W55 Koeleria macrantha 0.05

W Artemisia frigida 0.03 WAYE Taraxacum mongolicum 0.03

ZALHE Astragalus polycladus 0.03

TR 2% # Roegneria thoroldiana 0.16 R RIR Poa pratensis subsp. alpigena 0.23

SD L QELSF Stipa purpurea 0.15 INEETHEZEBE3E Potentilla saundersiana var. caespitosa 0.14

UK Agropyron cristatum 0.13 VAR L Polygonum sibiricum 0.11

4R # Artemisia dubia 0.11 BRI Pleurospermum hedinii 0.09
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HE B IR Vegetation type
BAbEEEE R ZEET R Alpine steppe i FELi ) Alpine meadow

Degradation i WEE PR HEE

Populations v Populations v

B LR Poa pratensis 0.08 R KL Leontopodium nanum 0.08

T FTB IR Potentilla bifurca 0.05 VU R RfF H1 5 Trigonotis tibetica 0.08

WP Iris dichotoma 0.04  HAREESE Aster asteroides 0.07

WIRZEB SR Potentilla supina 0.04 M4 Ajania tenuifolia 0.06

RKAE I Gentiana pseudoaquatica 0.03 SR 5 Kobresia humilis 0.06

FETH R IR HH Saxifraga tangutica 0.03 JEAE AR TT. Oxytropis brevipedunculata 0.04

R Polygonum viviparum 0.04

PR AL M7 Stellera chamacjasme 0.21 5 K8 Leontopodium nanum 0.31

ED & KR Leontopodium nanum 0.11 HHR 2856 Aster asteroides 0.21

FH AR Poa pratensis 0.10 HORBE T I Pleurospermum hedinii 0.20

H . Oxytropis kansuensis 0.10 FEH PR AE Delphinium tangkulaense 0.09

B Artemisia frigida 0.07 WK IR Ty S #E Pedicularis cheilanthifolia 0.08

4 Artemisia dubia 0.06 M- 34 Ajania tenuifolia 0.06

B S HMG Androsace tapete 0.06

ND: kiRt None degradatinn;LD;%Ef@’ﬂj Light degradation; MD; H1J&iRfk Moderate degradation;SD; # iR 1k Severe degradation; ED : #% & iR
1k Extreme degradation; IV, HEE Important value

2.1.3  Hb MR AR AR

K2 £, mE R LR b R b b A B T T 40.60% .68.62% 75.68% F190.58% ( P<0.05) , i
AR AR AT AR 0 3 R R (P<0.05) 5 Mt IR fb s AR v i 2 N (P<0.05) , R AE AR DY 20 R IR Ak
T 172 4% SRR AL R R R T 10.69% .30.32% .60.01% Fl 82.26% , 15 F& i fa) iR 1k i 72 v i
AR AR A IR AL SRR T 70.24% ( P<0.05) i T AR 4 v B IR AR TR A .35 T (P<0.05) ;
M5 LU AR Al A v i 2 R S AR R AL B P T 16.47% 54.22% 79.06% F1 95.03% , X Ut ] g FEHL i
by Ay e A g E R ) b A A X R ke 1 R R g R ) T A A e S S A e X R A
T B AURR e S ) A A e S A %R T e o B R L AR R
2.1.4 Thhgfth AR

P 3 RIS AR IR, = FE R R i b AR R AR AR B (P>0.05) , R b AR Y
FEAR (P<0.05) , 282 sl b A= Wy i S 8 0 S el 2D B o 2R Ak 3 ] o 588 2 ) 0 B Ml b A 0y et b S BRI
LA e 25 53 .25 (P<0.05) , RECRIZZ S R0 AR i e fg il . i 2R A A iR A, = JE R
O AR i DTk 88.12% 08 /0 & 53.54% 24 H M A 7 L 0.08% 3 Il & 42.81% 5 1h Ji A A 4%
EW IR, S FER A TR AR 5 69.15% 0870 & 0.04% , 22 IS B i I A=) 5 He B 12.56% 38
% 92.61%,
2.1.5 WERITERHE

&l 4 W Bl v 2 R JRUB AL R R, % 0—10em MR ZR L B E RN (P<0.05) , H AR R Bk
57.31% 341 Z# R AL 75.63% ; 10—20cm ,20—30cm 1 30—50cm £ 5 F 34 S/ N3, S = 2E R )
RN, 0—10em HE 2 (5 Lb i 2980/ N(P<0.05) |, JEAAEBE AR 3R 5 82.18% , W BE iR KA i 44.76% , 10—
20cm,20—30cm 1 30—50cm M A 7 LR A FR b 4 S 3 e 3 — e PR R Uy 22 43 A 1R AR 6 B2 R0 - 38
TRIE S RO 45 2R 1 7« v € B IR I 3K F(12,232) = 1.732, P<0.05, iR %€ 55 ) 35 B 4 2 25 K 7
F(12,352)=4.259,P<0.001, DA 455 L0 . bR bt B @ 9w JFAR R 10 RZ TR | i FE F A AR R 1] IR
JZiER%, 0—10cm = FEREfa) A AR BER A/ LU A1) L oy 9 B T AR 2R Bl AR A8 I e A9 35 19.1% , Ui T e JE Bl A
R o FE R R RAB bl fE iR AL TP
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Fig. 2 Comparisons of above/belowground biomass and root/shoot ratio between alpine steppe and alpine meadow along

degradation gradients

a b c.d FRA AR AR R E] 22 5K - (P<0.05)

2.2 HHGRILFHE

FH 2 3 W Bl A R AR B 5 FE i 4 8 K AR AN B I (P >0.05) 5 - 8 HLARAR fhat A8 v 43
S 27.08% (31.55% 70.18% 83.85% ; S AR it F2 i 43 Wil 2k 27.16% ,27.76% .35.82% ,67.16% ; 1 1
HEIR R RN T 27.47% 31.87% 34.07%H1 39.56% , 25 FE w4 iR ik 72 v 4 38 55 7K i il 3 PR AR
(P<0.05) ; 3847 MLAR R fb ik 72 b 43 B B AIK 44.46% . 37.88% . 72.77% 91.43% 5 5 AR fb ik F2 v 43 i) ik 2>
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Fig.4 Comparisons of roots distribution between alpine steppe and alpine meadow at both soil depthes and degradation gradients
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32.30% ,22.43% .55.97% .72.63% ; T EZS BB B 2 3G N T 25.68% .32.43% .58.11% 1 81.08% , H
BT UL v FE ) IS K | A ML e A X AR A iy 3 B e FE R R R R A

*3 BEERNSEERARREIRMLEE LB LR
Table 3 Comparisons of soil properties between alpine steppe and alpine meadow along degradation gradients

B AR EE T K I B THEEA AT

f/‘gﬁiﬁ spe Degradation 0/ soc/ TN/ BD/ i%ﬁmg
gradient (em’/em?) (g/kg) (g/kg) (g/cm’)

e FE L ND 0.16+0.06ab 36.96+3.80a 3.35+0.30a 0.91+0.05b 7.92+0.11c¢

Alpine steppe LD 0.15+0.02ab 26.95+4.88b 2.44+0.45b 1.16+0.07a 8.3620.11b
MD 0.1720.02a 25.30+3.10b 2.42+0.31b 1.2020.04a 8.38+0.09b
SD 0.15+0.02ab 11.02+3.50c 2.14+0.36b 1.22+0.07a 8.56+0.11ab
ED 0.12+0.12b 5.97+0.94d 1.10+0.18¢ 1.27+0.06a 8.6620.10a

B IENf ND 0.33£0.09a 71.77%8.70a 4.86+0.55a 0.7420.03d 6.83+0.52¢

Alpine meadow LD 0.29+0.04b 39.86+6.91b 3.29+0.51a 0.93+0.05¢ 7.82+0.15b
MD 0.27+0.03b 44.58+6.26b 3.77£0.47a 0.98+0.05¢ 7.76+0.13b
SD 0.18+0.01c¢ 19.54+3.14c 2.15+0.26b 1.17+0.04b 8.08+1.60ab
ED 0.11£0.01¢ 6.15+0.70d 1.33£0.21¢ 1.3420.04a 8.35+0.69a

SOC :soil organic carbon; TN total nitrogen (TN) ;BD: bulk density; a.b.c.d R AN [RIE AR AR 1] 22 53 7K (P<0.05)

2.3 AHWRRE S A G B

P 5 e e S o 5 T e 9 ) LA AR B B R R M B N AR R L S5 E R =E & | Shannon-
Wiener 850 D REREVS 50 R ANZ2 80 AR S H K& A LR A 5 F & pH (B G
XFEG, PR A R AR R ORI AR R R AL AR IE ARG (P<
0.05) , 5 HHEAF T B U (P<0.01) 1 FAEY & 5 378 5 0 3 TR 5C (P<0.05) 5 i FE i fl A= 9
i ORECAZE A A BEYS S R 5 E RN E | Shannon-Wiener $8 5034 5 + 384 HLAK AR Z1EAH
S MU T AWy ) LRSS T ARG, PR A R RN S K B IE A G . Pearson AH GRS BT 13K BB
K- (P<0.01)

3 e

BRI — AN AR R TR R R AR Ak A7 AR PR AN A B L O g R
T, o FE R SR FE ) iR b R AR A5 AR 2R S R A R T, PEE R RN R B
BRI SR AT, 38 BUR FE RN 55 BE 980N VR 15 B 25 080 0N, BEVR AR A BERAIR , (i Se 4 v ik T 55 A b, &
TR A G RPRI B2 AR A SE 32 35 . IR RhR BORITS B/ D | A2 ifin Y BETE S5 R R 2 R K
Ak, DIReREAE Y B s

K E JETUAEAR KRR B A, 2 5 35 v 8 o R v 9 ) R b AR Ak R R b 22 5 o o i D 1 9 2 o) i
R FhDIAELE AR R A RN S X 7 R e T S R e S R A TR TR MO SR e, T P
AL R v R ) [ S AR B T SR A DX S R A | R MR A e R R R G T LA
FEA X HEY A Shannon Z2REMEFE B LA, BALGH R A4 2 ) B M 5 M AR, 3 B K P R
0—10cm ,0—20cm 1 0—30cm - SEHACH  HUSCR HAE 2R 2 A VLS TR Al BUE A4 i Fo i,
BAAlHCCRE A R R A R R R B R A B MR R R RO E . MY
PR LS %, NS HIEAZIH R TR LR 2, R ERERE AR, FE 4 Mg F R E
ZERN FEA X M F A Dl B T T I i A AR G K, A B KRR, AR R R E . R
A FEAE I BRRHESS AR B AE R I 20 SE 3R 2 R A b b DRI S0 A 2 %) o b 3R A0 o, T O
FEAR MR TR K 5 40
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Fig.5 Comparisons of RDA ordination biplot of plant variables and soil conditions between alpine steppe and alpine meadow
ElH 0 Fm TR K SOC ; Soil organic carbon, 133845 HLEK ; TN ; Total nitrogen, &% ; BD: Bulk density, 325 5 ; pH . - BE R 0 B ;
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FZE O A, fHn LGV s i 8 £ SEERE HHOK RIS RIRZEAB T . KRR E R R
1] 3R R W SR 2K S 3R 4Y . BFE R IR REARUR AT AE R 223 N 85em ™ I REMLIRZE £ 4598
L AR T R, AR R HEREOK S RIFR G . X MR AT G G MR S LR Y AR BT I A
AR TSR A S AL BRI A A R 25 [ BT

4 i

(1) Bt AR Ao B T v 58 e J5 0 7 v 2 3 PR IR ( P<0.05) |, i 8 e fa i 7% v 2 1 33 i ( P<0.05)
B IR A R | v R FE ) W) P B B AT Shannon-Wiener 15 503 52 b A5 4 @ S A Y &
FEE LR R R

(2) EFER R AL R i i A 3 R (P<0.05) b F AR ¥ i BB AL T 46 2 F I (P<0.05)
HRSE LLIE I T 1.72 £ s i ZE R fa) iR fhad A ot b AR e R R , AR IR AL 8 S5 R AIR 70.24% ( P<0.05) , b
T A P E BT IR B R (P<0.05) MR i 3 R (P<0.05) .

(3) wlikth b A=y 5 e FERE SO0 1R Ak 1 B R0 s gl B AR s 1T 7 e FE R ) %o AR A i 1 T AURR HLR
R e B TR

(4) S FERT kb FA YR B AR S R e AL SR IE A OC (P<0.05) ; i FEFEf) P L
i EAY S SRR BE IEA S (P<0.05) , RERIZRZS M AR Y& 5 1 A HLIRRLE ZUE & B A ¢
(P<0.05) ,
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