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B EHEAB S IOKEFEIAT THFIE ., S5 . (1)3 FR gl S 280 5 45 b (9 1 NIk B 3R 80 « 55 QU B TPk B 0 B KRR I
KR RIA T BT+ HEH(1317.0, 118.5,1198. 5 v/hm® ) >ERAXXAM(1152.0, 99.0, 1053. 0 /hm® ) > # 3 (1108.5, 89. 5,
1029.0 t/hm’ ) >#4th (954.0, 66.0, 888.0 t/hm®) , FLAE 8 Xof +-3E3f: B8 I 77 Dy e ) i 36V FH R F H e R A7 D RE . 2) 3 Fip
BEIEHL SR ] LA B FREE RIS R (P B F+ H 55, Tom/min; 45 XA 8. 37mm/min; H B 6. 0lmm/min;
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Soil water holding capacities and infiltration characteristics of three vegetation

restoration models in dry-hot valley of Yuanmou
LIU Jie', LI Xianwei""* , JI Zhonghua®, ZHANG Jian' , ZHANG Lianghui', ZHOU Yigui'

1 Sichuan Provincial Key Laboratory of Forestry Ecological Engineering in Upper Reaches of Yangize River, Sichuan Agricultural University, Ya'an
625014, China

2 Institute for Tropical Eco-Agriculture of Yunnan Academy of Agricultural Science, Yuanmou 651300, Yunnan China

Abstract: Hot-dry Valley of Jinsha River is one of the typical serious degenerated regions, The area has abundant
sunshine, rich heat resource, low precipitation but high evaporation which leads to severe soil water deficit during the dry
season. The adverse environment resulted in lower biological productivity and difficulty in vegetation. A lot of studies
proved that vegetation restoration is an effective approach of ecosystem restoration in the dry-hot valleys of Jinsha River.
Using double-rings method , principal component analysis and Pearson correlation analysis, the characteristics of soil
infiltration and water-holding capacity of three kinds of vegetation restoration models ( taking bare land for comparison) were
studied in Xiaokuashan watershed of Yuanmou Dry-hot Valley, Yunnan Province. The results indicated that: (D Soil
saturated water storage, water-holding capacity of non-capillary porosity and water-holding capacity of capillary porosity were
all shown as the sequence of Tamarindus indica L. + Paspalum notatum Flugge (1317.0, 118.5, 1198.5 t/hm*) >
Leucaena leucocephala (Lam. ) de Wit (1152.0, 99.0, 1053.0 t/hm’) > Heteropogon contortus (L. ) Beauv. (1108.5,
89.5, 1029.0 t/hm”) > bare land (954.0, 66.0, 888.0 t/hm’). The improvement function played by each model on

water-holding capacity of non-capillary porosity was greater than that played by corresponding model on water-holding
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capacity of capillary porosity. @Infiltration eigenvalues of three models and bare land were shown as initial infiltration rate
(T. indica L.+ P. notatum Flugge: Tmm/min; H. contortus (L. ) Beauv. : 8.37mm/min; L. leucocephala (Lam. ) de
Wit:6.01mm/min; bare land ;0. 62mm/min) >average infiltration rate( 7. indica L. + P. notatum Flugge:5.93mm/min;
H. contortus (L. ) Beauv. ;: 5.06mm/min; L. leucocephala (Lam.) de Wit:3.94mm/min; bare land;0. 53mm/min) >
stable infiltration rate( T. indica L. + P. notatum Flugge :4. 94mm/min; H. contortus (L. ) Beauv. : 2. 88mm/min; L.
leucocephala (Lam. ) de Wit:3.29mm/min; bare land:0. 27mm/min). Wether in dry season or rainy season, we can
integrate estimation about soil permeability values ( ') by principal component analysis, soil permeability of different
models was presented as T. indica L. + P. notatum Flugge (F:1.2271)> H. contortus (L. ) Beauv. (F:0.5365) > L.
leucocephala (Lam. ) de Wit ( F:0.2688) > bare land ( F:—-2.0323). @ Pearson correlation analysis showed that
permeability of three models and bare land had a significant positive linear correlation with soil total porosity, non-capillary
porosity and the organic matter content, and a significant negative linear correlation with soil bulk density. Based on which
dominant-factor equations were established. @) General empirical model was the best one to describe the soil infiltration

processes of this area.
Key Words:; dry-hot valley; vegetation restoration models; soil water-holding capacity; soil infiltration; Yuanmou

FHOK I AN BFUK I AENE R MR A 1) = ZK SCE R FIT RE , 2 S AR 4 fR K -+ R R K JRAE
MR EZKSCSE KB ATHR—NE ARG, SERAR R 450 H s | HHERkE
AR 5 2P A 56, SR PP A2 K A BE BN ) i T R ORI A R R 5 xR TR, B
{2 A — 2 - 4 HOB B YRR L S AR R 22 70 WS AN RIRL BT 35 T 0 L3k & oK o A8 L
AEHR = FAL G A SE RN, XA 75 A R B S AR SRR A AL B A B X T
A5 TR VY R M X B RR AR AR IR BT R AR D SR A B D B AR A AR ™ R Ak BB 55 R
A AEBIK I R 7 5 AR, T 30X —FRER DB LK £ 3R o0 = 1 R HER AL SR S 58 . JeiE B R VT
T HRIAT 2 X TR 1 B | 32 XS AR AR 3 R AU 3.4% —6.3% . [ 20 140 80 4EAR LR, UK Bk Akl &
B 7K AR R AR A0 7T 5 52 AR B S, DGRk 336 B B A B R 5 B B EIT 10a N TF
J& o 1@ Rk X Z X R RIFGE B T s R R (R ) SRR AREOR R R AT LR DL K K
YA WA R AR XK SO A O AR 5T 50 4 Sl X 3 A B IR 5 A=) FR T A 38 1
R H A DA K 38 A8 e AR B A SRS, Bl 0 IR A B R N I R GG . R T TR BN
[FIAE K S A I A B R R AR A 2 ) 5 TR R K TR DD RE 9 G 3R WF 9 1T A R g ik A2 A X - S
IKEFE KK ABHRIE . i XK 55 B3 A6 0 R0 52 Hi AR FE e 1) 45 B 58 LA R ‘B K 2 A
PERESR LRI 2= SR
1 #EFrE
1.1 BRI

TCHET P T SV VLR T O X 5 0 3 AR AU R 28 R FUIRRE R &, TR 2000, TR g ™
RPN 59, S T AT S I, A AR T D KOS, E AR, KOG IR W AR H R 5
2670h, H B EH /0% 62% , 44E KBRS 641.8k)/em® AEHSIR 21.9°C, =10 CHEFLR 7786 °C , FH4hK
B 350d, LAEFEATCRE , AERER B 624. 0mm,6—10 H 3 5 AERER &8 1Y 90% ; 4FZ8 & it 3507. 2mm , A P i £
5.6 fi5°, PUEHURIZIX FEA) LA R TF RS 5 0 E R 56% . MU vk - BELUR LT £ S A
ATz, LR ARG RS DK PEZE RS AP TUS Bk SRR A AR R R 0
IR 1, A B 5 2K BE T 48 (Semi-Savanna ) St P EARE TR R 7 Z& T4 55 F ( Dodonaea angustifolia-
Heteropogon contortus ) Ff¥& , AR FAEY AL IHFNAE . 20 g 80 AFAR LIk, SRR F SRR & | Wess 37 Hh 251 |
T ZEAEE P S R R it SR A T b IE PR S, N TR AR AR B TARR R . B,
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EWIETE AR R E R IE VR | 7K I R 15 2 R
1.2 HFFEME

MG 3 FIAE K 2 A5 L 4R B0 ( Leucaena leucocephala ) MR(F¥AR) B B ( Tamarindus indica) +
H = 5. ( Paspalum natatum) (Fv-¥) T 3 ( Heteropogon contortus) ( H SR F4%) AR & T W F2 42 25 R 4L 6 FEAR
2, S IRREEHAE X IR, BRE ARE T 1995 4, BRATIE N 4mxdm , #4: H & RE 158, 13a SR B EE
ik 2325 BR/hm® . 2 FHRFAE T 2000 4F, BRATHE 6mx8m, I E 5T 1999 EMITHEGIA , R A RIRL
PERY 22 A A 7 A ) B R AAE ) TR B N UMK 3a IS FFIRTEAR T A, $H P R il ) & %8
i, FEGE S ARBEEIATIRE . AERAMES R A3 5 1) & Ni%EE THREIDRN A,
1.3 Wrorik

TEHBTE S AR — B X Bt 8 EL A AR SR 1) 25 R A B B AR M, /N oA 2 20m x 20m , 25 i 1) - 358 14 h
MLl FEMLEEATEBLILER 1,

R1 EFMEARER
Table 1 Characteristics of sample plots

i Mo Mo TR T TR i
Vegetation type Age/a Density/ ( #£/hm? ) DBH/cm Height/m
A 13 2325 4.54 (Jatz) 6.14
B 8/5 208 22.72(HuAE) 6.64/0.40
C - - - 0.15
D - - _ _
HRPA B/ V& )5 BE e BEA T ) I E AL
Canopy density/% Litter thickness/cm Slope/ (°) pH Organic matter/ %
85 2.1 9 6.81 0.610
38/100 - 4 7.26 0.685
90 - 0 7.32 0.445
- - 3 7.98 0.355

ARG Leucaena leucocephala; B : % WY+ {1 B Tamarindus indica+ Paspalum natatum; C S Heteropogon contortus; D ; #it 1l Bare
land; T [

SPFER (3 A fy) FRERBIS Aha)) R I(7 A rha)) B ZER I (9 H i ag) iR —
RIFFAER T KA FEAR — N E SR A ABITEL, UEIE E KSR — 5, B EEHSE 385w 1 4,
R - 30 T 5 L, & ek R A 1) 1 2 JEE Bl 30—50cm , SE T 1085 AL LA 0—30em 2 AE B REZ W,
FIFHZS L 100em’ ST e A 43 ST BE LI L, 53 512K 4 0—15cem T 15—30cm JZ K A a1 AR + 00 + 188
BEYERE . 73O IR AR SRR 4 2F A2 10em (Y38 B AR AR 0—15cm Fl 15—30em Y 145 1000g 7E % Al E 1
B HLT pH A3 AR SR, DA IREIAE 3 YR S S

- 37 RN LRI s R R T 3E D A AL I e R A AR B Ak — M maE T £
¢ pH HIE R pH pHE "

AB R A IE SR AR T

WG 7K I SR LT 7R SR 4R U 2B 4% 10em B30 BBl JH A4S &R 42 0—15em . 15—30cem 121
BT == I E

A XK HOK S NBRIBCEAS R V2 HIE I AMES R0 SIRMCH R4 R R Rk i
B RE A, T 4 ASF T A BRI & R B 1 1K 7 T B e

(1) Kostiakov BiH . £ (1) = at™ ,f(1) WABHER 1 W ABBHE], a.n HILESEL

(2)Horton BB £ (1) = fi+ ( fo=f)e™ f (1) WABHR 1 BB £ L3008 RSB R,
k RZKRSH
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(3)BHZE AR (1) = ar™+ b, f(1) WABER 1 WABIE 0 b WERSE,n UGS

(4) Philip B8, f(1)= (1/2)st™ 2 +A,f(¢) WABHE 1 HABEE]S B HHEWOKR A FFBR,
1.4 B 55300

W% = W) AB R B NS 3 i/ NS SF- 3018 15 3R = ARSI 1185 S/ iR RIS B (B[] 5

AR ARSI ]2 Smin ; 22 280 B I ] N 38 3% 2 8 TR0 (SRR ] A B K AR 4 ) 198
B ; A MRS E R | h WEBRE, N T T I B8 S5 — U 60min B E R,

TEE A K S . W, = W+ W,

B R /K B (mm) W, = 1000 P, h;

I S B I K B (mm) W, = 1000 P, h;

b, W, WL AW, 530 R 3K o B R I K i (mm) | d5e K BRI K B (mm ) FARATE 7K 5 (mm)
P, P oyl BB (% ) AEBEILBEE (% ) sh AR T)ZRE (m) o

K H Microsoft Excel2007 A4 e Fictfs 47 A PR B S VEIEL, FH SPSS11. 5 A XA RIS - 88 5 %
REHEAT F RS 30T SRR 15608 B 5 PR AT Pearson AHOCAMT 3820 [01IH 43 Hr il 1+ 5818 1%
BAATERY [ S R [ 5T
2 ZER551
2.1 AS[ERE R A ) I KRR o AR 8 BUTEEN o MEF o

F IR R R B SR K R T e e E AR 10

1400
PRZ—  RPRLAR U B 7 Y0 B B, 2 i

1200

S E

S ALBORBLI R b R Y, 7 30em £RIE £ 10
FE PO, SRR R 2 ] e K i 22 R 3 £ oo

Vb e e N 2 e e & -
L e TR o S I PAOr VRS T3 TS TR N\ 22 Il
K ERM AP EF+H E 5 (1317.0 v/hm®) >HHE G o LUIEERNYA  rmifiison 1\

) e ) R ETON/EET ae/S QRTINS (el s S O

WA (1152. 0 v/hm*) >HHE F (1108. 5 t/hm ) > #E Saturated water Water-holding capacity Water-holding capacity
(95 4.0 t/h 2) é:}’ 'j‘J'IJ I ﬁ ﬂﬂﬁ 38 10% 20. 75% ﬂ] storage  in non-capillary porosity in capillary porosity

. m), ey 38. o . 20. 0

16. 19% (1) , X F BB S HLA B i g R 3 E1 RREERGRE RN T REAESH
PR SRR ST RE . R Bk kg Fige 1 Soil water holding parameters of different vegetation
BT T (118.5 /hm®) > A UM (99,0 1/ " e
hm?®) >F# 5 (89.5 v/hm®) , RIAZ 1+ [ = 5% +
TR o3 BRI AT B A AE A, U (66. 0 v/hm®) 185 79. 55% , 1 HeAy 2 Rl &2 20 + S ik 28 I A7 16 S
25, R ORI K B 1) = AP, 2 300 5 = SR ARk S R i BRI K i — B0 AR TR B T
+EBH(1198.5 t/hm®) R WAR(1053.0 v/hm®) FHEF(1029.0 t/hm® ) (455 K IARFI7K & 53 51 Lo A
(888.0 t/hm?) /& 34.97% 18.58% F115.88% .

B ST M B A7 DI RE ) G I B R MR I K T RE . BT A bR B B+ O ROR
FH 55 10 3 i R W A I K A S R B AY 119% 135% F1 116% 5 111 & AT Y B8 I 474 0] 43 5918 150%
180% 1 136% ., I REHTER G MK 2 B+ [ 5 R R 258 1Y B R W e /K B | B K B8 JE /K a2 AR AT 7K
i SRR 3 BRI AR A3 A T X Ry 25404, S5 AR R B AR A UK B R+ B AL SR Y 3 FRIETK
FRIE B ALY 3 AR KRR 25 Sl 35 (P<0.01) o 3 b, 3B dR R WG IT A7 1) 22 /N e R (B B 1
+H B SN () Z I 22 50 B 35. 0% ; 1 AS [ Bl 99 52 A5 X [ 4 88 e U R A7 i 1 25 I A R
RR(PRF+AER) S/ ) ZE 12514 80.0% .
2.2 AR E R AR RHE

+IEB B R R IA T A B IR O BN YR E S —, 3 D A BREE AN R
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PR Z AR R HNE R > P AR RSTRB R, V1B R PSR MRS /N
TERR L, 435028 0.62.0.22 0. 19 mm/min, AR, 3 FRAE B MK B2 B QAR AS [) 22 B8 b i 3% T 38 1)
BiEMERE, LUK ABRE LS 60min BRAB BB —ERIE LBk NBae T, RN 3
Tofo R e R X5 R e 7 A () 21 3 R o B 2 A B ) B 4 A 42 mim (AR B WK ) |, 0640 22min (2 B2
T+ E B ;3 FiAE gk 2 A 2 - R FE 1B B B 60min BELA B B AE AR [ S0E 215 B9 (2 K TR
(K2),

2 o
’E% 10 E § 6 L
Eg s g5
=2 e EE 4
5 & BE 3
%: 4 ] 5
0
8 g 400
o 2 350 |
ZE 6 EZ 300 -
323 Bo 250
EE 4 15
*E% %g 200 H
b R E 150 |
;-%% 2 £ 3 100 H
5 ES
N S
1 £ s0f
A B C D
0 HEMESH Vegetation type
£
=]
< 40
E2E
%5 % b @ 2008-03 B 2008-05
®E 20 EHN 200807 & 2008-09
W E N
Ho N
g 10 N
2, EN
C D
FHM K Vegetation type

2 AREEHREERXHLENSE

Fig. 2 Soil infiltration rates of different vegetation restoration models

2.3 HIEBBEERRNZEA M 500
F RT3 22 FH T N2 SO 1) S AR et v BRI | BRGS0 25 B T8 Bm DL IK 16 R 4 e M
PEBT PRI . S MO 3 B e S AR 2 308 i TR 25 U, AT 4R (i Smin) AB (X)) FaEABH
(X,) B FER(X,) FHT 60min 37 G (X,) SFHEIRHEAT B0, 2B 2 A>Ty, 7 22 21T otk
ik 99.691% (K 2)  JUFMRE TR B 2 FRHAREIER D, B B0 S5REABE(X,) .,
SEHBE R (X)) FIHT 60min B35 Sk (X,) RRBY), M AWM S0 ABR(X,) XRZHY, £3 hE
BT 53 BT i AR e LS 15 B 0 R 150 RECE R R Z R 2R 11550 R L
P, =-0.452xX" +1. 026xX",+0. 228 xX",-0. 014 xX",
P,=1.275xX',-0. 313xX’,-0. 119xX";-0. 056xX’,
HRAE 2 AL, F 5 P AR R 0. 564, £ P, IALE A 0. 436, ML MR LIEBBEELS
FIWHE (F) 1938 F=0.564xP, +0. 436 xP, , JE i — 15 H 0B B P AeLa & FIMHE (F) 8 TR F
=0.811 x X,” +0.442 x X," +0.077 x X' =0.032 x X,"(X,"Z/RSAEhbnEL SR ) . TS EIERES S
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FIMTEL AP W 4, N FAEAEFRE AR PUIR E A LB BRI R P B T+ A E H >
FSHR GRS ERIL (£ 4) .

x2 TEBSEUEIRSSN K3 ERSBEFESREIER

Table 2 Principal component analysis of soil infiltration Table 3 Component Matrix
5% Parameter F /35t Principal component S8 T4 4 Component
P, p, Parameter P, P,

X, 0.342 0.939 X, -0.452 1.275

X, 0.956 0.294 X, 1.026 -0.313

X; 0.810 0.583 X; 0.228 -0.119

Xy 0.749 0.657 Xy -0.014 -0.056
FFE(E Eigen value 2.248 1.740
TIHA Proportion 56. 191 43.500
ZERTTHRFR Cumulative proportion 56.191 99.691

F4 TREHRHBERX TESEEHE

Table 4 Evaluation table of soil infiltration of different vegetation restoration models
FHHIETY Vegetation type P, P, F HEF Ordination
A -0.8361 1.1049 0.2688 3
B 1.3041 -0.0770 1.2271 1
C 0.2617 0.2748 0.5365 2
D -0.7297 -1.3026 -2.0323 4

2.4 HIEABEWHT

WIERE N A, SALBREE N A, BESLEE N A, AEBELBREE N A, , DEAPLR & & A, T3 pH
54 Aq, TIERIG S K EN A, s WIIR (BT Smin) ABRK X, BEABFN X, FEBEFN X, Hi 60min &
7SN X, N HEATHROC T, RIS ENE S SAL R AR B LB A MU Ak i B W R A
K, 5 E AN B E ARG (R 5) RIS e 5 L 502 S e R A I 2 B AR OC Y
P A (A) FRRALBREE (A,) PR RSB (A,) , P HEEAIL S & (A;) FE N A 28
i, U] Smin BER (X)) FRBR(X,) ,FRBER(X,), BB#E R (X,) HRAER, 7L R RIF T
ZHEILLNEMG . B BIHT 15 3] L 5K e R Fai 2 CFHEE R LT 60min 1Y 35 7 2
(3 6) , Bkt i E K-,

£5 TEEAERSTESEEEXREY

Table 5 Correlation coefficients between soil permeability and soil and chemical properties

14898 E ¥ Permeability 4, Ay As A, As Ag A,
X, -0.687 ** 0.612* 0.154 0.718 ** 0.684 ** -0.383 -0. 175
X, -0.670"" 0.745" 0.458" 0.704 " 0.717 ** -0.028 -0.098
X5 -0.714** 0.755* 0.086 0.646** 0.745** -0.222 -0.136
X, -0.644" 0.807 " 0.146 0.676*" 0.772*" -0.260 -0.071

# P <0.05; % % P<0.01;A4,; FHEAETE A, BFLBE A, BETLRE A, AEBEFLBE ;A . BHEA MR & 554, . 88 pH {H;4, . 1
IR K

2.5 R[REMERRE AL A S R

4 PSSR RIS S5 R, 10K AB 4 MR L SR A e 22 R (R 7 3R 8) . Hir,
PUEAE BE LLIE 2530 )7 P 25 , Kostiakov J7FRYK 2, Philip BEHIAE 2% Horton )7 PRI A RCR B 2%, B S5 )7
BRI AHXE R H0.9411—0.9958 , F A X Z % 0. 9740 ; Kostiakov 77 T2 L& I HH X R B H
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Table 6 Dominant factor equations of soil permeability
F 5 HFJ5 2 Dominant factor equations R P
X, =115.1435-68. 00334, +1. 00314, -13. 48064, 0.977 0. 004
X, = -41.6160+15. 77604, -0. 51704, 0. 897 0. 000
X;= —-12.2520+0. 56274, -10. 743945 0. 949 0. 003
X, = —-2688.4721+997. 3064, +34. 4904, 0.921 0. 000
# P<0.05;% % P<0.01;A,  ZHERTE A, BALBRE A, . BAETLBUE A, AEBEILBE  As . HEA DL & & Ag . 188 pH (A4, . 13
WIhH &K
R7T FREHREER Kostiakov # 3 K Horton A [E G £E R
Table 7 The regression analysis of Kostiakov and Horton models of different vegetation restoration models
ik eyl st Ji] Kostiakov 157 Kostiakov Model Horton #%4 Horton Model
Vegetation type Time a n R? P £ fo k R P
A 2008. 3 14.166 0.4216 0.9842 # ok 2.88 7.49 0.1715 0.8938 ® ok
2008.5 3.5494 0.4584 0.9921 ® % 0.72 2.63 0.2208 0.8272 w ok
2008.7 5.5955 0.4516 0.9185 # ok 1.34 2.57 0.1826 0.9134 ® ok
2008.9 8.8026 0.4554 0.9952 ® ok 1.75 4.59 0.1418 0.9592 ® ok
B 2008. 3 8.0535 0. 1459 0.9216 # ok 4.94 2.06 0.1487 0.8751 # ok
2008.5 6.4814 0.2374 0.8089 ® 3.29 4.45 0.1554 0.7701 ®
2008.7 10.819 0.2662 0.9915 # K 4.12 3.74 0.1324 0.8916 # ok
2008.9 11.598 0.2993 0.9837 # ok 3.91 4.73 0.1653 0.8148 ® ok
C 2008.3 9.0259 0.3322 0.959%4 ® ok 3.29 2.72 0.1906 0.8669 ® ok
2008.5 7.5058 0.4233 0.9097 # ok 2.57 2.70 0.3249 0.9188 ® ok
2008.7 7.2246 0.2077 0.9598 ® ok 3.81 1.25 0.1381 0.7800 ®
2008.9 6.3602 0.2359 0.8548 # ok 3.29 1.57 0.1855 0.8851 # ok
D 2008. 3 6.0763 0.7748 0.8884 # ok 0.62 1.48 0.1642 0.7509 ®
2008.5 2.2519 0.2109 0.7893 # K 1.34 0.39 0.1737 0.7735 ®
2008.7 3.3841 0.2879 0.9912 # ok 1.24 0.20 0.0565 0.0379 ®
2008.9 7.2476 0.2993 0.9255 w ok 2.88 4.57 0. 1802 0.7787 *
# P <0.05;* % P<0.01l
*8 AEEHREHNERALIHFER Philip HEE T H 4R
Table 8 Regression analysis of General experienced and Philip model of different models
Ak 2T i ] A General Experienced Model Philip Y Philip Model
Vegetation type Time a b n R? P S A R P
A 2008.3 15.806 1.8527 0.3256 0.9866 ® ok 25.027 1.3813 0.8817 ® ok
2008.5 3.1847  1.6008 0.8085 0.9411 ® ok 6.424 0.2579 0.9790 ® ok
2008.7 4.6524  1.1840 0.9579 0.9892 # ok 14.366 0.6922 0.9551 # ok
2008.9 8.1623  1.2528 0.5996 0.9900 ® ok 16.45 0.4832 0.9963 ® ok
B 2008.3 4.5419  3.522 0.3237 0.9422 # ok 7.0708  4.5313 0.8420 # ok
2008.5 3.2102  3.1205 0.8082 0.9704 ® ok 10.456 1.7840 0.9002 ® ok
2008.7 10.597 3.2516 0.2773 0.9958 # ok 16.417 3.0599 0.7867 *
2008.9 11.189 3.4980 0.3254 0.9808 ® ok 17.820 2.8719 0.9316 ® ok
C 2008.3 6.4507  2.716 0.7183 0.9821 ® ok 15.005 1.6863 0.7838 ®
2008. 5 5.1253  2.395 1.1355 0.9613 # ok 14.409 0.5140 0.8140 ®
2008.7 4.0281 3.2541 0.5758 0.9354 ® ok 8.2458  3.0905 0.8754 ® ok
2008.9 3.1215  3.2001 0.9964 0.9880 w ok 9.6322  1.9189 0.9423 *
D 2008.3 5.8426 0.5714 1.3590 0.9494 ® ok 18. 464 1.9655 0.7423 ®
2008.5 0.9043  1.2710 0.8197 0.9554 w ok 3.0421  0.8321 0. 8863 w ok
2008.7 3.8507 0.5120 0.2290 0.9541 # ok 5.076 0.9182 0.8714 # ok
2008.9 4.8794  1.6620 0.9741 0.9741 ® % 12.196 1.4843 0.9071 w ok

# P<0.05;% % P<0.0

1
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0.7893—0. 9952, F- ¥4 5 R EUCN 0. 9296 ; Philip J5 F2 L& I AH I R EH 0. 7423—0. 9963 , - HI M RECH
0. 8957 ; Horton 75 R4S HHE RN 0. 0379—0. 9592, SFHHHSE R BN 0. 7961, 16 4> 3K 70 A5 B A A
th B2 R 11 4, Kostiakov /7 #E 4 4™, Philip #2751 1 A~ 345 Horton S #E, I AU 7 #2 2 H T4
IR A A B R e AL, Horton 7 R FEAANGE Tz it I 38K 3 A8 FE AR

3 i

R TR P B 2k - I K B T B e b A KA o, i S XU R BRI N A B 5 I KRR AE
SERAECN 3, 3 P b S ] I K 22 I ARSI AR E R IR G R S BT+
B X6 IR K BE ) A B A GEAE T, B R R AR A XK Y b A R 2 R B IR 1. 92em, F i
K 3. 43em!"7 METE IR S ERIEINT A AL B R A0 Rt PR AR R AR T B UR TR 2, DA KR
RIVEEE B SRR RS TG AL, s T IR AR 8N T R IR LR H S e 2 AL K+
PREFEDD , 5 IAT A5, 76 36 5 0T 35 100% , T 502 % 5, o] LLBT 1k R B4 4T o Ho i, DA g 4 45 &
He s [R)isf HAR 2R AR 2 4 | AR VR RN 3 R AR I AR 2R R4 05 T A Ak st: g W B RR v 3
BIE KA IKBE S, K AR AW NGRS 2 5 B B RS O B R S AR X AN AN K BE T | [
HUA R A S5 R | 5 BT 45 S 50 f i 559 A B e s AR T B 1 R L

BT+ H 5 E A BTERENL T H A 2 R RS 7Y | 2 R R 25 5 ) B AR 2 9 J5E L7 35 R v, ]
W HA A4 BT 1k TR LT o T Rl )2 I R E MM YR R LB R R 2 BB IR IR B A2
JEHR X 3 BRI RAER , A R F 80K IR T % B A ORI A B M Re e 25 R 2R PO R
AR IR R A B AP A KRR ), AN AR S AR A KR &R B AR R S5 AN & PE s s Ak AR +
VEFAIZ ,— 7 TR B A HEas /K M RS K 45 S B IR AN 45 # k3 | 59— Dy 1 R B AR 28 % + M A [ 15
VER DS b3 TR 24, (ER , B FAR A W B HH oA , WO A RS B, AR 4328 BE ST R, PRI AN AR 22 (1]
B 5w B, A ORI S PR AR RS XREANRE B b g, 17 HLAE I 2= A R 20 B A TS 00 R, 25 5 3 bk
WIZ T, AR EN, = el TP 23 AR XM o R i S s M A et X
B TR W AR K K AR R BRI R KR, X R L 8 (L R ) A e T G A X,
TCHUBC A B | DA S R B A R AR K% MRS KT 90% . LB F A A B MERE R TR 4R
B e B A S B s e, B BRI Beek B 3, Rl Tk T B, BN A I 55, 5 5
TR e 45 By, 3RS0, ABPERER S . BRAT A S ARG 4 VDT I 23 O[] 2R AU A ol el R A B3k 1 26
FRAA Hb R B2 R AN [ B B A0 A 78 BT i T ™ 3t D I R N T AP i ) - 3 UK
RESF T L, AT - A5 MERE AY I R R 5 7 R A S, LBl AR ARk,

ANFFEEIR BT AR A A 25 5, BB Rl B i 3 RIS PERE (3R 6) s 7675 18 - e 3k
PR R AL [, SCRERE 16 > K AB R Hid 5l 25072 11 1>, Kostiakov J5 2 4 />, Philip 57
1 4™, A7 Horton 72, Philip B8 LG 25004822, iX 5 Philip B84 ¢ A8 B0 —BE H40(-1/2) XL
T N A% Bl IS R T S K A T A B MR LA 5 4T Kostiakov 72 , A2 s 0T LUK
B, FEAS AR I P AB AR TE S5 K, (H 2B ] T RIS KRBT, A i T 0, (B EHEK 530 124 M
K SHTFIKFEAS, BT HA EAHER, ME A B IR Kz S0 s 3R iz o & A
BHERAA L TE HAEREEABRHEL T, AW AB ERA0fE Rl 258 )7 72 1F 2 5
Kostiakov 77 B 7E T LA B MG OL N HEATEIE , 5 BRI T 5 805 b, [ W T 76 1 (8] Jo BR K B 26 58 0/ R ik
) TREAS , SHEGREABERILFHEMIE TiX— 5, WA RSB ESECE 8 A28 1]
B HE R Kostiakov 1Y BE F23T T SEIAE ; 1M FLIE 7 210 b (B 5 fo (H AR R H2 , D GE FH 2850 5 #2530 GG
A FHRNZ R R K A ) E K AB R, & F K5, HAHC R B R 35972 0. 01 KF LR,
Xf 3K NS i BRI TR A0 45 SR B | $ULEK5 LA FH 4256 )7 Bt 1= , Kostiakov 7 FEYRK 2, Horton 5 F241
BRI S, X T Horton J7 FRIEACRIE TR M8 £ HEK /3 A B i B AL, AR AH C RBOR/ME
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i AT RIS SRRSO e L, HAl 25077 R A4S 258 L Kostiakov 75 i B 43/
TR, PR iE T2 5007 R TR R A S i R A i AR
4 it

HERE VO B BT+ X AR OGS - SR IO T B B ARG AR AR K R R R B
7K A R M5 I AR R B 2 B+ 1 5 > T AR A O HL B 50 > AR M, H R BN 98 3 B I 77 T g
P14 A T 32 A J DR T SRR I AF DB . AR TR ER b, 3 iR e Ik S A AN [ 2 B M s 1 LI 2 i
PEfE, NSRS FLREWNT, ARG IR E BRI P BT+ 55 > flEF > Jilla
PR > B, 23 TR St 3 A A SRR IR B RE L S IR P B T+ R > 41
B > TR O > $RM ., 0 E A RGN T AT A RS R RN B E N S S AL
B FLBRIE | A AU AR 3l R IEAOG 5 A A 3 U 3 UG K e B S T
BB BRI X S I R RUAS 8 2507 R A LA 45 R . Kostiakov J7 7 HE 4%
AT S, W HOE ] TR R L A S R Y B (A A

BRT+ A E AR RA R S8 S IR E R0 AR B AR 5 AR A O B I K R
U, LA ARSI T bR 20 L, S 7 18] A, A1) T At e E A Wb 2 R R I AR S R SR
WA, HLEP T R, R 3 — 5 7K S A B RE WS AR R TR, DR, AR Bk 52 S5 v vl LR
PR, PG AR DS 55 R F R R i Al A8 (R 5 3 R LK I i | s s A T E P A L, 78 A
SRIEAE R LR T A B S S T, AT RN . X — D50 7R B X AR YT ST S5 2 A W B T
BIRCR,

THOKIIAE 4 DA R ILE R BEAF e 22 5, Forp SLE R 2 LA T 2246 75 e B5e i , Kostiakov J7 IR
2, Philip BiAI45 22 Horton J7 FRPLA 8K e 25 . Kostiakov FLALE T A AB A X @51, 8 T Ll
HGEH T ABRER BN, Philip SRR AEK 73128 s3T5 U S al_HER 9, 38 I T 322 L5 K
T BOA B A LA B A — LS RGO, Horton BERTERG IR TR IA B LA — & 1Y R BR1E (2
VR B G R T A BB SEBn B TP ARG 2, 8 2256007 R 2 1 T AR 2 e - S A5 i e i e A
B, Horton 75 FEFEAANE TZ R K0 A B i R RN
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