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Comprehensive evaluation of the water conservation capacity of litter and soil

layers in three typical forest types in the Luoshan Nature Reserve, Ningxia
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Abstract; The litter layer and soil layer are the main contributing layers to the forest eco-hydrological effects, significantly
influencing the water and soil conservation functions and water storage capacity of forest ecosystems. This study compares the
variations and water conservation capacities of litter and soil layers among three typical forest stand types in the Luoshan
Nature Reserve, Ningxia, China, providing a scientific basis for forest eco-hydrology, soil and water conservation, and

forest management in the region. The study focuses on pure forests of Qinghai spruce, pure forests of Chinese pine, and the
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mixed forests of Qinghai spruce and Chinese pine. Measurement, laboratory soaking, ring knife method, and regression
analysis are employed to determine and model the hydrological effects of litter and soil layers. The entropy weight method is
used to assess their water storage capacities. The results indicate that; (1) the total thickness and total storage of litter in
the mixed forest of Qinghai spruce and Chinese pine are significantly higher than those in the pure forests of Qinghai spruce
and Chinese pine (P<0.05), and the thickness and storage of the semi-decomposed layer are higher than those of the
undecomposed layer in all three forest stand types. (2) the maximum water-holding capacity of the litter layer ranges from
63.29 to 95.08t/hm”, with a maximum water-holding rate ranging from 335.97% to 353.85%, and the effective water
retention ranges from 34.09 to 63.92t/hm”. In all three forest stand types, these values follow the order of mixed forest of
Qinghai spruce and Chinese pine>pure Qinghai spruce forest>pure Chinese pine forest. (3) the litter water-holding capacity
(Q) of the three forest stand types exhibits a logarithmic function relationship with soaking time (¢), while the water
absorption rate (V) shows a power function relationship with soaking time (). (4) the ranking of hydrological effects of
soil layers among the three forest types, based on their physical properties and water holding characteristics, is spruce and
pine mixed forest>pure pine forest>pure spruce forest. The water conservation capacities of the litter layer and soil layer are
in the order of spruce and pine mixed forest (0.43) >pine forest (0.3) >spruce forest (0.27). Overall, the water
conservation capacity of the litter layer and soil layer is the best in the spruce and pine mixed forest, followed by the pure

forests, indicating that the mixed forests have greater advantages in soil and water conservation than pure forests.

Key Words: forest hydrology; litter layer; soil layer; water conservation
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1 HAREERMARTE

11 BRI

R XA T T E P I E R K A RAEYX (64 37°11'—37°25", K248 106°04'—106°24") , B AL 36km,
ARVEFE 18km , X IR 1560—2624.5m , S HIFH 33710hm’ , Hit Ak 7 5 b5 1 52 X A - U R i 15 358 B A
A R TR T RS AR B BRI, 2881.5h, SRAE | H S K AERBOK B/ D
XN 262.5mm AR BARNTREEE R 49%  AHBEIEAY FEEDIARAR EPN Ff) FRL R O 3 MR A F
=42 (Picea crassifolia) JHFA ( Pinus tabuliformis) 114 ( Populus davidiana ) %5 , KT L8 AG FEAE F ( Ostryopsis
davidiana) i B ( Ulmus pumila ) . 2 ( Chenopodium album ) . F+ #K ( Actaea cimicifuga ) . 7K #] F ( Cotoneaster
multiflorus ) \Z28% 3% ( Potentilla chinensis) %% 1 Ji Bk ( Prunus mongolica) (#2575 1€ ( Astragalus laxmannii) YHH
( Elaeagnus angustifolia) %5 , 1€ 3= B R A8 + KA 1
1.2 BTk
1.2.1  FRHBEEHE S RAET ik

2022 4 7 H AR T BB IR Z R H SRR IX 3 e O Y BB B 1) S HE R - AR — BN F i s
afbk A SN I S A2 MM ACHR . SRR A vk FE A obk s i B AR AR 3 4> HE b T
TR 20mx20m , P Ax = Frbk o3-S BUMGEAR P RE AR AR Az K IEA TR AR, FFiC 3 m) R ST AR E (R 1) .
TEA RO HE L N BEALIZE I 3 1> 30emx30cm HY/INETT , BNE 7 HLIA A I v 04 Rk J2 7 A 2B 00 )2 o3
BEATISCER | 1 037 T 1 5 J2 08 v W 1) D2 B R et ol | Bt b 4T [T S 3 % 85°C T4 . & IR )R,
FEARIF) A7 B iz PR TR AR AR B AT URE , 500l £ 0—10,10—20,20—40em HJZEEI AL, )2 3 K
WA FEMTIE A Sy B AR K PR RE (A TSR] 0—40em =2 FIEHT ST 0T) .

R1 ZFHARERS LB R MR R

Table 1 Basic overview of plots of three different forest types

BFE i

; ) - s W e A

MarR ZJE/E ZiBE/N 13/ m R Gl @ E ity Under Diameter fls

3 ) . . o Slope Densitty/ Tree Canopy

Stand type Longitude Latitude Altitude Soil type s . branch at breast X
degree (#/hm?)  height/m . . density

height/m  height/em

HERH Picea crassifolia 106°28' 37°30' 2531.5 it ] 2000 13.61 4.46 21.68 0.63

WA Pinus tabuliformis 106°28' 37°28' 2331.5 YR ] 2800 10.40 1.86 24.17 0.65

AL

Picea crassifolia+ 106°28' 37°28' 2378.3 YRS i} 1500 16.63 6.49 22.25 0.65

Pinus tabuliformis

1.2.2  JAEDGG A
PRIEYIE A AT .

M _ B n E 6]
n ;-1 $
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Ry =2 T x 100% "
G

Ao, M ARFMEE (kg/hm?) |, n F8 B REH BT /INEE DT 80, m Fn IVE DIt TJ5 & (g) ,s S/ VRE DT T
FL(m*) 10 BN e AL, R FNIRIE Y FAR G K, Gy (G FIRTATE Y E T H (g)
1.2.3 PR ERRI &

FHE MR TR B TE YR 100 H e Je MAS SRR AEE K 2 BRI 0.25h
0.5h . 1h 2h 3h 4h 6h 8h 12h Fl 24h 5 HUH e 2 N5 KBS RS B2 R 0.01g fY FL - RSEFRTR B, A R
KA N 3 WEL . NI TR 0 R RK i | e KK R DL R R0 & K i oK% T
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Ry PEAL 3 TR A 2T 8 P ) RN - 2 B /K SCRON FZK IR TR SR B8 T, A AU X M 25 F8 A itk A T =4k
HEAKXWT .

P. =L[21]
y m
Zi:l Yi
H == kY plop, k= 1/n(N)
i=1
_ [14]
g = 1 - I{J
_ gj [14]
W = o o
Z &j

j=1
2, i RGN j PR AREREL, P, ARR TTRRIE b N R85, HARRIE, g, 25 5 R B w0, AL
1.3 Bdlasrprab 3

TE Excel 2016 H HEAT 5098 5 3, 4241 70 M 7E SPSS 26.0 W k4T, 2[RI 1E GraphPad Prism 9 ( GraphPad
Software Inc., San Diego, CA, USA) H 47, 37 Duncan’s multiple range tests EHTER D EFEERE (P<
0.05),

2 HRE5SH

2.1 RIRIRAT 2R 7 1 5 B 5

3 X 7 1L AS [ AR R A M 8 75 0 2 1 R A RN 43T, 3 OB 43 2K B 5 W 8 R AR B3 LR
4.53—7.47cm, FHF =2 HN, 2 2 SRS IR K Bt & A S 37.33—51.081/hm? , 1 K E/INHET -y
ZACIMANRAC IS T AL ST (K 2) o Jr 2 W2 . 3 PR oy S ALR 5 WA 43 fiff 2 52 P8 R R B 25 S R
BT 3 AR R VW oy il R TR AR AL 25 R B 2 (P<0.05) 53 iR R BU VR IR o it 2t R 25 7
AN AEE 0 it S LG DU I 5 A2 T M TR S MR I 35 5 T = A2 SR R A 2K (P<0.05) . M 3
bR o2 YR 95 40 JEE 3 i B B o U I 2 AR | 3 R 2 i) 2 00 i )2 24 18 T R it )2, Herh s 423
ARSI i )2 i TR 2
2.2 ARG H P T5 ) )2 K SR
2.2.1 A HEANEIE )2 R KK &

e RHFAK R i AR /K S5 R 75 ) /K SCARON IR L FE b, o] LR R RIS DR K BE J1 . 3 Fbk oy 2 7l
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T ZAZ ISR SRR A3 2 R A3 i 2 D) S B ) i KRR K e ok, B i KRR K B B & & T H B a2
AEARFTIAS AR (P<0.05) , #K YK M 95.081/hm* ,67.76t/hm” .63.29v/hm? ;3 Rk 43285 189 (1) 5 R A5 7K R 138 Bl
335.97%—353.85% (3 3) , AR = HAERITIHZ 100 )2 ALE ) s R K b 22 5 A B (B AE B Bk
K R AR 2 AZ A IR SRS T 1 2 A2 SR S TAR Al bR | B B KRRk i iR — 3

K2 MRS RBEEENEESHE

Table 2 Litter thickness and reserves in three forest types

Litter Layer thickness/cm Litter Layer volume/ (t/hm?)
pr A R ¥4
) o4 T i e

Stand type koo B i ke O ww e

Undecomposed - . Undecomposed Proportion/% o Proportion/%  Total volume

decomposed thickness decomposed

HG A2 Picea crassifolia 1.53£0.68a  3.00+£1.00b 4.53+1.66a 18.73+3.6a 46.60 21.46+2.2b 53.40 40.19+1.52b
AR Pinus tabuliformis 1.83+0.51a  3.27+0.59b  5.10+0.10a 14.17x1.71a 37.96 23.16+2.1b 62.04 37.33+2.65b
TR+
Picea crassifolia+ 1.33+£0.58a  6.13+2.17a 7.47+1.85a  19.03+5.49a 37.26 32.05+3.79a 62.74 51.08+7.85a

Pinus tabuliformis

R3I MRS ERBBEMERFKREMRKEAER

Table 3 Maximum water holding capacity and maximum water holding rate of litter for three forest types

RIFEKIR/ (Vhm?) Rk % %
Max amount of water holding capacity Max rate of water holding capacity
MR
o IR P . KA P .
d type pav il pegil
Undecomposed ~ Semi-decomposed Total Undecomposed ~ Semi-decomposed Total
layer layer o layer layer o
HMF B A2 Picea crassifolia 27.29+4.77a 40.47+4.72a 67.76+5.06ab 147.65+4.79a 191.59+28.70a 339.25+24.33a
JHAS Pinus tabuliformis 21.25+0.36a 42.04+4.54a 63.29+4.77b 152.73+15.19a  183.24+8.10a 335.97+8.23a
TS+
Picea crassifolia+ 32.83+11.24a 62.25+28.87a 95.08+23.81a 192.81+97.49a  161.04+23.24a 353.85+100.71a

Pinus tabuliformis

222 AR IR YIRK BB

3 BRI AT YR 5 W5 K i BE IR I (1) S8 7 B i AR A RRAE . AR E  TERI 0—1 /DB N PR I
K EEIGHEIE T, 1—8 /NP A 7 W35 K B G R B I8 2% , 120 J5 PR 5 WK i AR IR SR AR S . A
BRIV 3 IZAR K S AR AR U8 5 )~ 23 it J2 35 /K 8 R B0 7 96 2 A2 IAR R SR > I A 2 A >
T AZLEM (1) s ROMZFF K R B0 75 ¥ = A2 AN IR S S T 1 S A2 A0S IAR 2E AR, 7E [F] — K
SRIVE I R RK R S T ARMRR

Xt 0.25—24h Z[8] 3 Rk B IR i 5K -5 IR I ] AT [T U5 20 B, 75 10 R P Rk R 5 R v s TR]
SEXEREAIHSCR (R 4) , H RPABAE 0.9 LLE, RknT .

x4 MRS EBBAFMHFIKESRERENERGE

Table 4 Regression equations for water holding capacity and soaking time of litter for three stand types

PR F43i#JZ Undecomposed layer I3 2 Semi-decomposed layer
Stand type [A 975 8 Regression equation R? [ 572 Regression equation R?

F A% Picea crassifolia y= 2.4225In(x)+19.5 0.901 *** y= 1.7346In(x) +35.016 0.939 ***
AR Pinus tabuliformis y= 2.1193In(x) +14.042 0.956 *** y= 1.9727In(x) +35.826 0.923 ***
AL

Picea crassifolia+ y= 3.8115In(x) +21.336 0.982*** y= 7.8268In(x)+38.211 0.927 ***

Pinus tabuliformis

s AL i 25 AH G (P<0.001)

http ; //www.ecologica.cn



7992

A

PN
FON

Ay,
&

#H

43 %

RO FK R

Water holding capacity of undecomposed layer/(t/hm?)

AR 2 Bk i

Water absorption rate of undecomposed layer/(t hm™2 h™!)

40

30

20

10

80

60

40

20

- Hiffals

0
02505 1 2 3 4 6 8

12 24

FIHRE Rk R

Water holding capacity of semi-decomposed layer/(t/hm?)

80

60

40

20

0
02505 1 2 3 4 6 8

—— AL —e— S+ AR

24

WL ] Soaking time/h

A1

=Ry K EAEWIFKERZKAEHEL

Fig.1 Changes of litter water holding capacity with immersion time of three forest types

Q=alnt +b
X, Q AIEVEYFKR (Vhm?) 50 ARIITE] (h) ja R 2500 9 5w,
2.2.3  AR[REIM ST T oK HE R S AR

3 FlAR A ZEHL YRI5 P WK G R B IR v st B S 45 L7 AU R ADAU R . B IAOR R 7EIR 0 0.25h J5 , 59
W K 23R 38 B e KA, 7F 0.25—2 /N B Y By MK S S8BT [, 6h 5 8 7% 1 I /K o 020 0 T ok L 452 0k
MRV 57 )2 WK R ZR B S AR A E AN RIS TV W) AR O3 it /22 W 7K R R R IR = AN IR SR> 5 18 =
FZAEMRSTHANGEAR (B 2) 5210 it J2 WK SR I 30 R LA b 2 AZ T AR TR SE MRS TR SRS T 1l s A2 4ibk . 7E TR
— MR VR 0 2 WK R i TR A2
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Fig.2 Changes of water absorption rate with immersion time of three forest types
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X 0.25—24h Z[8] 3 Flbk SRR v )W R A< BRI [E] AT [T 23 A, 45 L U8 7 0 W K R R 5 3R
1] PR B DGR (3R 5) , H RPARAE 0.9 LA E, Rk
V=K"
Ab VOB ETE ORGSR (L hm ™ ") 50 IR (h) 5k TR PERE 250 n S84,

x5 =TRSO RBFEMIORKER SR AN B EIRTE

Table 5 Regression equations for water absorption rate and soaking time of litter for three forest types

P KAt Undecomposed layer iR E Semi-decomposed layer
Stand ype 17 7 o 7 8 R
Regression equation Regression equation
TiF =42 Picea crassifolia y= 19.19570-882 0.979 *** y= 34.96x709%2 0.999 ***
AR Pinus tabuliformis y= 13.86x 084 0.993 *** y= 35.753x70% 0.998 ***
ZAZ AR _
il y= 20.86x08% 0.998 *** y= 37.585x708%6 0.998 ***

Picea crassifolia+Pinus tabuliformis

224 ARFEMGRAREY A E =

AR AR RZ IS R)ZE D YR T 1 B 2 AN RSSO 518 242> TS, 43 3128 30.141/hm? |
15.25t/hm* | 14.60t/hm? I 33.78t/hm* . 19.90t/hm* . 19.49¢/hm?, #1 24 T #2 % 3.0lmm. 1.53mm . 1.46mm #
3.38mm . 1.99mm . 1.95mm IR (% 6) .

x6 AEMRDEBHBENEALIEZERN
Table 6 Effective holding capacity of litter layers in different forest types

Bk e
sl 52 o A e 5% AR EE 2l ke R
A BORFPRAE Max amount  HERFERAE o EEEYERIST
Bk MR . " Max rate of of water Natural . Effective
Litter volume/ . K . holding .
Layer Stand type ) water holding holding moisture . water holding
(t/hm*) . . capacity/
capacity/ % capacity/ content/ % (/hm?) depth/mm
(/hm?) m
RIMRIZ TG 242 Picea crassifolia 18.73+3.6a  147.65+4.79a  27.29+4.77a  44.04+7.39a 15.25 1.53
Undecomposed layer T Pinus tabuliformis 14.17+1.71a  152.73+15.19a 21.25+0.36a  26.79+7.78b 14.60 1.46
Py ZsITVN
Picea crassifolia+ 19.03+549a 192.81+97.49a 32.83+11.24a  5.44+3.30c 30.14 3.01
Pinus tabuliformis
i UG A% Picea crassifolia 21.46+2.2h 191.59+28.70a 40.47+4.72a  70.12+8.12a 19.90 1.99
Semi-decomposed layer TR Pinus tabuliformis 23.16+2.1b  183.24+8.10a 42.04+4.54a  71.62+11.51a 19.49 1.95
TAZHMR
Picea crassifolia+ 32.05+3.79a  161.04+23.24a 62.25+28.87a  31.50+9.62b 33.78 3.38

Pinus tabuliformis

2.3 AN[EIARAT AR 3 2K SR

3 FAR 2R A S T A A2 TR SR B3R T 5 18 = A2 40K (P<0.05) |, HR/INHEIT 5 ¥ = A2 4l bk >
TR LIRS 25 A2 AN TR S AR s 3 FbRk o3 25 78 AL B BE 2 A2 T TR S MR I8 35 R T I A Sl MR R 7 165 2 A2 4libk (P <
0.05) MK A =AZIHANTR AT AR (91.68% ) STHAA AR (82.53% ) >THIF A2 4K (73.49% ) ;3 FhAR/p M B4 AL
BRI S AZIAMR AR BB K TH I 240K (P<0.05) KT =AM R ASHR 81.13% , IMAA 4k 71.36% , 75
B AZEIK 57.11% 3 ZHERF K B RE 1R, 25 A2 T WA TR 38 PR 8 38 R TSl A 2l AR AN 75 38 2= 42 46K (P < 0.05)
(K7,
2.4 KRR FERE S NER G A
2.4.1 AR RBIEMFE IR ERE 4L

K A e 88 O PR FRIEATIEMY, 43 B VR Wit i 3 i KRk AR s w LA E B
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EALBRRE ARBAFLBE B FKE Rk I KR (K 8) o 285 9 W8 bp HEAT AU (R AR
TRP UMK 3 Bl R REDR I IR EETT

RT =S KB T B IR BRI

Table 7 Hysical properties and water holding characteristics of three forest types

- .ok R R . o BERKE
A EETES OO [0S S .
oA Volume Natural . Field moisture pran " o LB
. . of water holding . moisture Non-capillary Capillary o .
Stand type weight/ moisture . capacity/ . . . Total porosity/%
(&/em?) content/% capacity/ (/kg) capacity/ porosity/ % porosity/ %
i (g/kg) (g/ke)
HELA Picea crassifolia 0.64+0.12a 46.05£341b  1355.17£300.03b  738.25+158.19¢  998.69+167.11c  16.38+3.61a 57.11+4.43b 73.49+5.24¢
AR Pinus tabuliformis 0.520.05ab 56.63+3.36b  1770.5£189.04b  1105.26+163.95b 1521.08+26549b  11.17+5.39% 71.36+8.16a 82.53+2.8b
RIS
Picea crassifolia+ 0.38+0.05b 72.56+8.30a  2570.96+352.25a 1658.99+122.63a 2272.34+286.11a  10.55%1.51a 81.13+1.48a 91.68+1.48a

Pinus tabuliformis

R 8 ZTARREMRSEBTMIEREIE

Table 8 Data on evaluation indicators for three different forest types

#Ar2HY Stand type Ay A, Ay A, A Ag A, Ag A,
TG BAZ Picea crassifolia 40.18 67.76 32.04 1.29 57.11 16.38 998.69 1355.17 738.25
AR Pinus tabuliformis 37.32 63.29 34.08 1.00 71.36 11.17 1521.08 1770.50 1105.26
mAZ AL

Picea crassifolia+ 51.07 95.08 63.92 0.76 81.13 10.55 2272.34 2570.96 1658.99

Pinus tabuliformis
AL VB litter reserve ; A2 : Al T ¥ 5 KAFF7K i Maximum litter—holding capacity ; A3 842 & fit Effective storage capacity ; Ad; 13 % &
Soil density; A5 : BAFFLBRE Capillary porosity ; A6 : JEBEFLBRE Non—capillary porosity; A7 B4 #E7K i Capillary water holding capacity ; A8 ; fix K F

JKH: Maximum water holding capacity; A9 H [ 377K 5 Field water holding capacity

2.4.2 IS BRELTE bR B FRCE (i

R A — 0 AT, P BT IO A B LA RN T AR HE AL I (32 9) SR IG LA 3 &4 48
P IR AR AN 25 R AL AL (3R 10) . 1R BN VE Y 55 3% , P TE Wi RFEK i 6% , A& =
20% , T IEAS T (5 8% , BAESLBREE 5 4% A BE LB 5 7%, BERKE 5 20% , S KK E 5 13%, HH]
Kk 19%.,

x99 BIERHIRELIER

Table 9 Standardized matrix for each indicator

HI3ZERY Stand type A Ay A; Ay A; Aq A, Ay Ay
HUF LA Picea crassifolia 0.31 0.30 0.25 0.42 0.27 0.43 0.21 0.24 0.21
WS Pinus tabuliformis 0.29 0.28 0.26 0.33 0.34 0.29 0.32 0.31 0.32
P AR

Picea crassifolia+ 0.40 0.42 0.49 0.25 0.39 0.28 0.47 0.45 0.47

Pinus tabuliformis

F10 BIEGNEE
Table 10 Weights of each indicator
A, A, A, A, As Ag A, Aq A,

0.03 0.06 0.20 0.08 0.04 0.07 0.20 0.13 0.19

2.4.3 AR BRI EE R L& E
AR RGP BLHE R AL R (E S AL E R AR Z AN ZR 5 PR B (R 11) LG PN E R /MR T /KR
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BFREEST IR/ BT LA 3 Ffbk 232 B K ISR % BE 1 R /IME IR T 1 5 AZ IR SR (0.43) >R ik (0.30)
SHIF IR (0.27) .
R KEEFESINEEITM

Table 11 Comprehensive evaluation of water conservation capacity

VAS 31| s
ket Ay Ay Az Ay As Ag A Ag Ay //T".jﬁ
Stand type ’ ; Composite value
T BAZ Picea crassifolia 0.01 0.02 0.05 0.03 0.01 0.03 0.04 0.03 0.04 0.27
VS Pinus tabuliformis 0.01 0.02 0.05 0.03 0.01 0.02 0.06 0.04 0.06 0.30
TAZ+HMAL
Picea crassifolia+ 0.01 0.03 0.10 0.02 0.01 0.02 0.09 0.06 0.09 0.43

Pinus tabuliformis

3 it

3.1 ARFEMI TS A P O 5

ARG SR v i e R TR S e T AR AR 25 AR GE A IR o0 A R RE S TR B LA S R A A 25K 308K
JOEH B gt PN REAE W IEST Al SRR T TR SR I R T ) R AN e T, L A i )2 1 SR
FIMif BT A2 5 ik RR RS 562 MBI SE 285 1 AN ) AT T O TR S MR 9 JRE B /N 4libe | L
G 2 1 JEE B R B R /N TR AR . AIFFR A R R, X T MRS A AR, B S AZ IR
TR SCPR YA V5 1 14 Sl 52 8 R i 2385 08 T 5 10 s AZ MRATHIAR 2K ( P<0.05) , 3 FfUbk 73 5 (4 3t 2 1) )5
Rt T ROMRIE o X ATREE AN, — T3 1, U v ) B BE R R/ NS2 MR ST MR 8 15 MR A
R ) 3 i SRR AU K RS SO T AR 5 5 2 S P BB 32 B2 9 X3 e VR L LD XS
RSPRS00 5 — D T, 2 BRSSP TE UL R I TR | DA 55 A 0 A 3 A AR 1 S
(353 A L SO R AR 2
3.2 ARG FER5 I 7 ) K SCRONE I R

a5 1 R K SCREBAE AR A 25 R GEKAE PR oA 25 AR W E 2R AR AT, X S 48 BRobk AR 250K SCad ey E R 3
X, WD BAGAN Z LR L5, A5 K 7338 1 2 1 5k 7 W R B 22 AL S5 R S EOR AR B A9 5 K
eV AEARBIETE Y B KA K b B KA K 3 S s AR F] (KL | BT S A2 AR IR SRR T 75 18 = A2 Slipk
RS AlAR, 3305 BRI 2 A ST S5 SRR AT A SR KRkt 5 iR KR AR I LA AR , 37T 2
DA A 3 FlobR oy S B0 P it JSERE AR LA B S XA R R TR A, BS54 RS I R T4
— B AR AN B R K B S R KRR A AR B R

T i KRR AR R 7K 5 HRE R IR W 457K 24h J5 R A, A RE BB 3 Flobk 4325 R 7 1 ¢
IKEISEBRIE O, B LA, EATTAS BRI R LS R 0T 3 R A2 AR T, — BT 200 3 4 A S e A v W X e K B 52 B
EWENT AR RO B R TR R B R AR . AW R AR B R R S A2 A
o RIE T YR E B A MANR SIS T A2 S WAL, BRI )28 T R IZ | 1 5 5 RS AR F
FEAR 2, ATRESE T T AL IR TR AR U v ) V5 B At i KT S AZ AR RAR albR | LS S ik Je
YGRS/ PN D NINTTES ¥ S e D18

AT R MNEEAR I T ) 3 245K ShZS TR Sh AR A [ AR U8 v 14 0 Al 2= FR 0 il )= 457K
IS 7K H R I F A T 2 A2 MAMR SRR T I A alibk , AR R — R 28R | U8 i W08 0 i J2 Rk o
AN AR AR i TR IR o UL 9 2 A2 A TR SS AR B9 35K BE J1 58 T 7 13 = A2 ZUAK R AR 4lEbK . X 0.
25—24h Z[8] 3 PRI FERLR v 10 R K R A K GHE 3 0 550 T U s TR AT [T UA 0BT, A5t R P 5 K o
LRI T 2 0 R pR BN SE 2R (R*>0.90) |, U 1 Mk K i 30 55 3 Y I ) 52 eR KT A 56 2R (R >0.90) o 3
IR EREEN T s R -,
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3.3 RIEIFRG ALY K SCRUN 1 K R

- HEAK SR A K R 2 AR SR K IR D BE K R FFRRE T MR A K R B ARSI, 3
PRI ISR + 3825 B 75 15 = AT IR SS MR R , YOI SlAR | I A 75 18 o A2 Sl R, DA -4 R5 7K
MIBE I , 16 A2 ISR AR B 3 R TR A AR AN 1 = A2 4R (P<0.05 ), F 2R /K 3 (1 LA B + e 4
IKAE ST BRI —FE T B FLERE  BALBRE R LA S IR FR A, X SAMIEE W R g4l
W8, X U bR 3975 A RN I G B S AR A 26 R HOR TR bkt 6 R 95 0 A7 0 i TR
R 2 A TR V5 4 i e A AR K M R S T AR Z 6T K A A WL R VR 0 G o i A AT AR 22 5 T 3
B ME FRA22 5 0 BT T AZ A TR S PG K TR T8 55 i g B K AR RERE T HE Ik A Al AR oA
T AR | 0] DL R A AR SRR %, NI e A SR B I i
3.4 AFEIMRT KRR IR RE S L &0

PR 75 ) 2 0 4382 00 500 R BRAMOK SCRIONE (R 55 —AE FHZFNEE = AR, 2E /KU IR I AR 045 DL R %43 i
A WG A EE R X, B WA R A AR BT, ZE A X 3 Al R AR 4R S T R 95 4
JE I 3R K IR 35 R I ASBIT ST B TR A T X 3 RhobR AR S K IR 35 R H HEATVEAS 19 39 1 = A2
WATRZEAK (0.43) STHAAZIAK (0.30) >TFIF B AZ20HK (0.27) , BT 1 2 A2 A TR S AR I8 2K 5 360 35 B T dm ok, Tl
SR Z B R T oAk, X5 RIR A S5 A58 45 R — 30, ) IR ASHRIN /K IR 57 RE 1 K
Falipkt

4 Zig

TRE 3 Bl SRR 2R P 2 0 L R A0 K SCSOR AR IR 57 BE 8 Z BIAR SR R RSB RER A
T2 (1) 3 Bk JE RS 7 W0 4 S T S AZ AR IR SS AR R R, EL 16 = AZ IR MR G 81 9 ) Sl i 5
5 T AZHRIAASEAR (P<0.05) 5 (2) SRR F /KA Al KA 7K AR LA B0 38 1) R/ IR 329 8 5 98 2 AZ Tl A
TRIMER, ALK Z AR bR /) | ELUA 7035 7K 55 35 U I 1) 52 6 280 e 50 [ 0915 2%, 1) i 0 IR 7 Gk
AR ] S RE R AR OC R W RPERAE 0.9 LA F5 (3) M 3 FlobR oy R i) 4 S 3 Jo RO /K R 1
L3 AR 28 B4 32 K ST B A5 G HE I D A2 IAR TR SEAR S AR LMK S 59 A2 210K ; (4) fie)im, i
Xt 3 Fbk > SRR IR A IR BE J I ZR-G PR 1] DUAS 1516 S A2 AR TR S AR (0.43) STl (0.3) ST AZHK
(0.27) . Z& EAS3, F i = AZIMAME SSHRI P W= F0 3= K IR SR BE T e
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