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Abstract; Black locust (Robinia pseudoacacia) are widespread across the Loess Plateau of China. It's of great importance
for understanding the variation of soil water in black locust plantations under restoration to study dynamic of soil water in
black locust plantations with different restoration years and it’s temporal stability by the substitution of space for time with
restoration time going. Based on long-term in-situ observation of soil moisture in growing season from May 2014 to October
2018, relative difference and Spearman rank correlation analysis were used to study the temporal stability of soil water in 15
a, 20 a, 30 a and 35 a black locust plantations. Results showed that (1) the soil water storage of black locust plantations
with different restoration years was significantly different, the soil water storage increased first and then decreased, with the
increase of restoration years, and the order was 30 a (184.9 mm) >20 a (184.6 mm) >35 a (150.8 mm) >15 a (128.8
mm). As soil depth deepened, soil water decreased with the increase of soil depths, but does not change regularly with
restoration years; results indicates that soil moisture is mainly affected by precipitation and vegetation growth, and its
spatiotemporal distribution patterns of variability ( CV, Coefficient of Variation) also indicates that stability of soil moisture
increased with soil depth increasing accordingly; (2) Temporal stability of soil moisture was established by relative
difference analysis and index of temporal stability at black locust plantations with different restoration years, the
representative depths of 15 a, 20 a, 30 a and 35 a were 80 cm, 100 cm, 80 cm and 150 c¢m soil depth, respectively, which
were all close to 100 cm soil depth; (3) Spearman rank correlation analysis shows that the upper and lower soil layers have
their own time stability pattern; (4) The results of linear regression and Nash-coefficient show that it is acceptable to obtain
the representative depth of soil water by relative difference and index of temporal stability, but there are some uncertainties
remained, which should be taken into account in the further region soil water simulation study. (5) Results of Grey
relational analysis shows that soil texture ( Sandy) , soil total nitrogen (STN) , soil bulk density (BD) , soil organic carbon
(SOC) , soil total porosity (STP) and slope degree are the major influencing factors on time stability of soil moisture at
different restoration years which indicates that the spatiotemporal dynamics of soil moisture are influenced by heterogeneity
of environmental factors. The results may provide theoretical reference and scientific basis for further ecological civilization

construction in the Yellow River Basin.

Key Words: restoration years; black locust plantation; soil water storage; temporal stability; index of temporal stability
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Fig.1 Location of Yangjuangou Catchment and schematic diagram of plot setup
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Fig.2 Distribution of annual and monthly precipitation during 1990—2018 and 2014—2018 in Yangjuangou Catchment
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Table 1 Characteristics of black locust plantations plots at different restoration years in Yangjuangou Catchment

S8 Parameters of sites FEHB 1 Plotl FEHb 2 Plot2 FEHL 3 Plot3 FEHD 4 Plot 4
B MR AL Area/m? 10x10 10x10 10x10 15x10
W1 Slope aspect S S E NW

B Slope degree/ (°) 26 26 24 21

SE-H 4% Mean DBH/ cm 5.59+1.66 10.85+4.26 11.76+4.38 20.12+7.14
F-24JH 7 Mean tree height/m 6.94+1.80 8.82+2.37 8.93+1.63 10.37+2.05
Wit Age/a 15 20 30 35
MA>HEE Tree density/ ( tree/hm?) 2500 1300 1200 600

MR AE B Fh Species of understory KPR+ 24+ K Hi+ 4 T BT +F A TS
M AEYEFE FCV of understory/ % 35 35 45 90
1325 TE Bulk Density/(g/cm®) 1.34 1.27 1.35 1.33
3 B FLBREE Total porosity/ % 50.24 52.69 50.06 50.99

FHRL Clay/ % 5.32 5.44 5.47 4.05

kL Silt/ % 38.42 37.48 38.53 29.72

kL Sand/ % 56.26 57.08 56.00 66.23

T HEE MR SOC/ (g/kg) 3.27 3.26 2.73 3.08
+HEBA STN/ (g/ke) 0.36 0.33 0.32 0.34
HIATF 7K Ks/ (mm/min) 0.16 0.31 0.12 0.20

H (Bl F7K &2 FC/ % 12.11 18.87 16.77 15.86

DBH 4 Hij4% , Diameter at breast height ; Bk LURBFAF BR A ARUE ; FCV AR #7735 £, Fraction coverage of vegetation; FC, Field capacity; SOC,

Soil organic carbon;STN, Soil total nitrogen

1.3 HHE e

T 2013 4F 4 H 3K /3 W 22 295 2 2 B[] 20 SR AR 338 RE i F T 18 S 800 e . e ML R+
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SEFLBREE | B R K AR oK A5 - K FIHRRAE ; LA K 3 2% T A B8 0 LR FH T I0 e - S b | e
Bl HHEEASE (SR 1) W >,
1.4 L3RR AR e 1
1.4.1 HIEfHKETE

+- it K R B BRAARFR N K S At A o, A ST AR Al BT DU R FE 0—180 em TSR A Ak
5 0—180 em VR AR et K & THREA R

SWS, = i SVWC.d, (1)

i=1

- 1<
SVWG, = - 2 SVWC, (2)

i=1

A, SWS, A i 5 0—180 em 435 i fif5 7K i ( soil water restorage, mm) , SVWC, Jy AT & /K m®/m?
d, ]9 IR mm 9 R AHEST BTN 4 + )2 E0R, SVWC, 2 j B 2P 24 + AR K B m®/m
142 AX2E5

HRAE Vachaud 45 (4 BIF 5, 45 00 I 55 19 SF 34 40 Xt i 2% ( Relative difference, RD) F1 5 fi 25 ( Standard
Deviation, SD) BERE 4 337K 73 B TR EMERAAE o j I AT UL £ 7 1Y SWS, HYAH XS i 22 RD,F11 SD 7 iy
AIR(3) (4) AR

SVWC, - SVWC,

(3)

i

SVWC,

http ; //www.ecologica.cn



5648 £OE #H 41 %

e
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=1 m — 1
XA SVWC, 2 i W A B[] ) SVWC, m*/m® 5 SVWC, 2y 7 B[R] P27 SVWC 3mSRl 2 YRR
SEYIANT 2443 MRD, e xR B AR w22 SDRD, B3 UNTT .
MRD, = -3 RD, (5)
m j=1
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m — 1=

1.4.3  IFIRE PEE 2L

R Zhao S5 AYBFST , 38 LA 7] - HEVR B A i i) A P36 88 (Index of temporal—stability at depth i,
ITSD, ) 2K LA [ 2 45 R AR [] - 3358 188 1) 1 38 7K 7 i TR S 1, 2t Isf T A e e v A UL A5 3%
WL 5 AT AR 2 L K 3R B ITSD A5 (7)

ITSD, = .,/MRD? + SDRD* (7)

1.4.4 Spearman T R %L

Spearman FRAHSC R EL r & HRITHTTE 2014—2018 44 4 ZE AN [R] WL A5 1 8k B ] A2 Al i R M, il 24
X (8)IHH:
© (R; - Ry’

r=1-6 8
' ; n(n® -1) (8)
A R JEIOK I 0, 097E ¢ M j IZIAIRE R, O & DN A 1 I 209k n DR WL A S, r I 1, BB

WA 9 6 78 j R 1 2 LA R R
1.5 Bl
151 ZHREE

WAL AS 2 (Y B FORR E , RIS S R/, T 52 R B8 ( Coefficient of Variation, CV,% ) F R/ S, A
(SRR W

CV =100 x SD/ SVWC, (9)

b, SD WbsiEZE, SVWC, P SVWC,m’/m’

HRAIE Nielsen S 1475 1 X 25 TR JEE DA S AR BE HEAT 4320 CV<109% R 5578 5345 10% < CV < 100% 1 T
SRS 5 CV=100% M AR S
152 JRERBENT R

RIS S P HE A 0 Y SYWC 5ORERRE 12 1748 SVWC AT [mIH R H o E R (R U
B B 22 5, — M & RPN BEBH N A 0 /9 SYWC 51Z0F 58 IX P35 SVWC 56 Rk U, 22 b/
[l HF , AHIE 98 R FH A8 41 2 %0 NSE ( Nash-Sutcliffe efficiency coefficient) X403 1R e AR AM 19 1
HORGFHEATIPHY AR

3" (SVWC, - SVWCR)?
NSE=1--—"" (10)
D, (SVWC, - SVWC,)?
X, SVWC 48 i +2 j 20 + BRI K i m®/m®, SVWC, #8103 + HEVR B (1) + HE AR Sk B SVWC,
FRWEIE Y S35, NSE fYHUE A -0 —1,NSE 23T 1, Ron QBT 45 R vl {5 BE & s NSE #2350,
FERARTE AT (1 45 FEB W (14 F- BB KO | B R A S S nT (5, (H 522 K NSE i /N F 0, U 45 R AN AT
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relational analysis, GRA ) > PF-Aki 138 5 AF 9l PR 5% 38 7K o Bsf ) A Pk B 52 e, - o 78 1 387K 73 25 (8] 4% Jmy
HhOG IS TA) RS AT DTRR Y FBE 2R R SRR A0 BT e — OB (8 T 12, B P LAl ek A B IR £ 4 TR AN K )
Bl ok KR GA B RFE S I 0IE R AN 5 B R G P4 R R R A R T AP Bk
BRI

HIWHE v (k) WZFHFI, x,(k) N FI .

%9 = (29(1) ,20(2) 50,20 (k) (11)
x; = (x,(1),%,(2),...,x,(k)) i=1,2,..,9q (12)

HYCR B AR EHE P TIH — A B | LB AR5 7 50 B O e — 3, TR s R .

x.(k
athy =B (13)
f2x<k>
H—A P I RIR A %, "

) = (x, (1) "%, (2)" oo, (B) ) (14)

) ey () () IR IR B £ k) L FHEEATRAN(15) -
min min| xo(k) = x,(k) |+ p max max | xo(k) = x,(k) |

E(k) = L

15
(k) = (k) [+ p max max (k) — (k) | (15

EEEF p PR 53 B F B AN, 3B 8K BUERE R R [0, 1], — 0.5, [xo(k) = x,(k) | FRH x5 56
FehR (T2 ZS a]) B 2% mln mln\xo(k) - x,(k) | Fl max max |20 (k) = x,(k) | 3 SFR R R AR /)N %
PR R 2%, B AT «, (k) 'ﬁXT [ 2o (k) IR REL El(k)
H*F,Tl“%:ﬁgfﬁjfﬁfr el .

=S (16)

IR A8 IR B HUE S Bl AE 0—1 Z 18], %%%%ﬁl?ﬁ%xﬂ@ﬂ RN, PRI, 2B e R 2 T X6 I A
e A IR B B B, T 5% M A58 /0N B9 R Jr X I vy 48 8 S BB B, T 220 W 1 2 T PR 3R T X Iz A AR A 2K £ G
B

AT B0 B A 3 55— 3% FH Excel 2019 ( Microsoft office, USA) , J7 2% 43 1 % ] SPSS 20.0 ( IBM SPSS
Statistics, USA) , %3 H1# % FH OriginPro 2020 ( OriginLab, USA) , BIF5% X 75 2 181 il 81 5% ] ArcGIS 10.6 ( ESRI,
USA) ,

2 ZER5WE

2.1 HHOKS S AR ARRE

ANIEL 3 7R ,2014—2018 A A R R A [a) 1 2 4F BRI BR AR 0—180 em 1= 38R B 11 1 L e itk &
(SWS) {3 225 (P<0.05) ,15 a FIBEAKA 35 a FIBLAREG 15 SWS 435124 128.8 mm 5 150.8 mm, & F LT
20 a F130 a FIBEARA T4 SWS (435134 F] 184.6 mm 55 184.9 mm) , BIFFT 455 /R | Bl 25Dk A2 4 R ety 388, kg
PRI SWS S IUSEHE I BEAR A A3, RIS [RIPR A AR BR N TORIRRAR 9 SWS BER (8] i) 22 S AR (CV) AR
HATE AR 3 AR IR AT 15 a Fi 35 a PR AR FRBIREAR SWS 19 CV {EE T 20 a Fl 30 a PRI AFFRUBEAK
SR RUMLAE T3 - 55 JEOBAE I (BT 40 a, (EER 32 B S0 i3, B A AR BREG i, t L2 A T
SN Y ARMEFR B R R 40 a RUBEAK , PRLHAS RIS LU AL K 52 AR BRAXBR T/N T 40a, XELLXS
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AR RRZE LK RIER)Z 5K RE M AR RE = /K7, T 2015 4R SWS 5 2016 4RI Y,
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Fig.3 Survey of mean soil water storage at black locust plantation with different restored years in growth season from 2014—2018

FRRFAM 2R, (P<0.005)

WAl 4 7R, 2014—2018 AFEAEK 2R (5—10 ) 3 BVE /N SR RE T K 22 501 5, 23 & 571.2,264.8
447.4 668.4 423.4 mm, [ 2014—2018 4=4[E] 15 a Fil 35 a PRI 4EFRFBEARAGF14 SYWC 43 5IMA 0.067 F1
0.071 m*/m*, B EMLT 20 a M1 30 a PR AEBRANBARAY 0.103 m’/m’ F10.108 m*/m’ (& 4 Hh /R ), F
4 WAEEF HY, 2014 A AR 2 A BRI RIBEARF-44) SVWC 42 15 a(0.122 m*/m?®) #1135 a(0.110 m*/m*) B R T
20 a(0.144 m*/m’) 5 30 a(0.132 m’/m’) 1, 2017 4FHE K ZREIK KT 2014 A KK, {H 2014 419 2017
AEPUASHIBRARE) SVWC LR T 2014 4E 9 SVWC (P<0.05) , 3K 7> SRK A I RIF A E LR, X
JE T 2013 A AR B R A 959.3 mm (B 2) , HURJE K5 8 T 5870 A5 1T 32 21 24 4 8 K B 5% i 458
o TR G5 RN 15 a F1 35 a PR EAEFRFIBEARLE 2015 4E % 2018 A K Z= 1], 47 40 24 — Bt ] 438 7K 43
AT WP 897K (0.03—0.06 m*/m’) . 2016 45 2017 4ERFE /K B 5, L H2 2017 4, 2 4EFRK ik 3] 746.2
mm , J& FKAE AR KFERE MR 1T 7K 43X AR AR A Wit | J2: RO 8K 43 AN A/ R 25 333
2.2 THOKSE SRR SRR

AN S AF BRFIRE AR SVWC Bifi 2 38U B3 i, JLR ] By oV Wb 2 A8 fk, R B 5 SVWC [R]FE
HYABAERRE 15 a F1 35 a KA AFRRAY CV HFE T VR B2 AR L /N, 20 a 5 30 a PR AF FRFIBEAR SVWC B CV
E PR SR B A B It pdi/ N . MO TA] 38R B SVWC H ¥ eV T & 1 (K 5) :4 4 FEHL 0—180 em +
HEUR B Y 1K o CV (HAB<100% , #F)@ T A2 FHELUT (10%<CV<100%) , HH Il 5 iy g i s a9 48
FPE(CV<10%) , R HEAEF ) 15 2,20 a DL 30 a PRI AF FRIFIBEAR 1Y 187K 7328 Sk A 880k — B i =3
¥ Jmr, HHEVREE 100 em DA BVACH 55748 504 1M 35 a Pk AR BR AR AR - 58K 53 7F 2014—2015 45 [0 3228
HAE AR S 2016—2018 AF5E Ry 55748 Stk B 25 S AAE )Ry, 35 a Pk 2 A BRI MO H e ol - R 45 6 3
R (1,36 1) FF BOZOMO AR T R 7 55 B R T AR AR T AR B, X 8K i TR K, Pk 4R
H 7—9 IR A AR A IBEAR 1 3K oA SRR B LA A TS R T K 4 B2 K LA
FAERE A IFE0R - EAK o323 [A) A8 S P R B 25 0 A AR E — 20 e W 1 338 /K 43 (9 AR P i - S8 R B 1
[[ip:HIN
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Fig.4 Spatiotemporal dynamics of precipitation and daily soil moisture at black locust plantation with different restoration years in growth

season of 2014 to 2018
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HEA[R] , MRD B8 A7 il 23 51 h - 24%—29% , —32%—25% , —46%—33% M1 -53%—25% , 15 a 1 20 a YK 4F
PRI AR £ 387K 539 MRD 224645 30 a Fl1 35 a PR AT FR 114 /0N, 22 B Lo ) A M o v, AR SR TR 43 3 o 80,
100,80 ,150 cm + )22, 35 a PRI AF FR PR 403 R B A Al 1R 2 A FR (4 TR, AT 3K 150 em, 3iX EEEH AN
[Fi) Pk 2 AT BRI RRMK A AR 2R 20 A1 R AE T e s %, A 0 4 0 304 AR 28 0 A3 ok o g A /K A 43T 0, SRR R
A i 43 AT B AR B i SR (BRI R A IR, AR BRI T 2K A i BE %

BB 2R 35 a RS AF B B4 AR bR SRR 43 SIS G AR IR SR

http ; //www.ecologica.cn



5652 JAE = 41 4

Month
Ad BRFH
56 78 91056 78 91056 78 91056 78 91056 78 9 10Cv_,%
20 ‘
55.0
60
100
46.9
140
180
20 388
60
100
§ 306
= 140
o
2 180
= 20 225
%@ 60
- 100 14.4
140
180
5 6.25
60
100 -1.88
140
180 -10.0

20144¢ 201548 20164E 201748 20184E

5 AREREERARKTEKS ATZREBE(CV-10%)
Fig.5 Monthly variability (CV-10%) of soil water at black locust plantations with 15 a, 20 a, 30 a and 35 a restoration years. Black line
with 0.00 value label refers to light variability

—=—ITSD @ HxI£E4H @ KE
I~ 20a

SEIRAAT 24> MRD Mean relative deviation/%

0 1 2 3 4 5 6 7 8 9 100
Fk: Rank

B 6 AEREERFIEMWK LA B EIRE
Fig.6 Temporal stability of soil moisture at black locust plantations with different restoration years

SERIAART 254 (MRD, BB 502R ) R (L05) LAAIRT 24 53 FrifE w25 (SDRD , iR 2585 ) A [ R e MR 4 (TTSD, kB £k )

http ; //www.ecologica.cn



14 34 WRAER: 45 8 Fr b DO R AT BN TR 390K 53 2 2l 25 K s ) A e 5653

2 2 53 T ORTRMR AR BRI AR 0—180 em AN[A] 13K EE SVWC Y Spearman BRAHXC R %L, Rl &
AN AR 52 AT BR R AR - 587K 53 Spearman AR ¢ R EAEAN [F] 1 8RB I SR 22 R ANK 15 a Fl 20 a PRE AR
FRAIARARTE )2 (0—80 em) Z[H] SVWC LA 2 B4R 2 3 AH 56 1% (r, 29 0.546—0.956 1 0.455—0.954) , T2
(100—180 cm ) =22 []4 52 L B o 28 AH Sk (r, 2 0.447—0.971 F1 0.578—0.929) , 1fii | F JZ 2 Ja] S A4 5 Bl 55
AN (R*#4 0.023—0.357 F10.165—0.326) ;30 a F1 35 a Pk & 4F PR HAR AR 52 00 5028 A S 1Y - SR 5l
0—60 em(r 27 0.023—0.357 F110.165—0.326) ;i )2 (80—180 cm) 22 [A] 5 PLM i 5 A1 5644 (0.370—0.937 F1I
0.380—0.952) , 1 I N + )22 [A B EGAH M (r 29 0.023 — 0.357 F10.165 — 0.326) , Z5HRE—HE£H T
+ 2 200 Y 4K o i RIS e AR [R] R EA UE B R 4 )2 K4 2 8] 22 B A s2 i AN — 8, X S RTA
R FE 4 R—s ™

R 2 AELIEFRE Spearman FLiH X REIEFE

Table 2 Spearman correlation coefficient matrix of different soil depth at 0—180 cm soil profile

Pfffmc ﬁf{; Em 10 em 20 ¢m 40 em 60 cm 80c¢m  100em  120em 150 em 180 em

15a 10 1 0.956**  0.802**  0.573"*  0.301 0.168 0.113 0.219 0.067
20 1 0.956**  0.821**  0.739**  0.459*  0.357 0.267 0.156
40 1 0.915"*  0.848**  0.604**  0.515**  0.428" 0.312
60 1 0.950"*  0.762"*  0.689”*  0.591** 0.447"
80 1 0.853"*  0.794”*  0.694"* 0.557**
100 1 0.971**  0.878"" 0.735"
120 1 0.954 ** 0.849"*
150 1 0.924"*
180 1

20 a 10 1 0.933°* 0718 0.608*"  0.455* 0273 0.165 0.210 0.256
20 I 0.852°* 0745 0.600"*  0.368*  0.317 0.326 0.379"
40 1 0.954%*  0.869**  0.628**  0.630"*  0.592** 0.578 "
60 1 0.954%*  0.734**  0.715"  0.646"" 0.605**
80 | 0.870**  0.844** 0772 0.721"*
100 1 0.884**  0.810"" 0.789 "
120 1 0.897** 0.798 "
150 1 0.929**
180 1

30 a 10 1 0.937°* 082"  0.585**  -0.064 0301  -0.097  -0.092 0.074
20 1 0.916**  0.54**  0.072 0.495**  0.119 0.118 0.280
40 1 0.840°*  0.230 0.510**  0.254 0.262 0.386"
60 1 0370  0.673"*  0.523"*  0.463" 0.539 "
80 1 0.180 0.427%  0.432° 0.316
100 1 0.545**  0.299 0.304
120 1 0.792** 0.705 "
150 1 0.937**
180 1

35 a 10 1 0.956**  0.802°*  0.573**  0.301 0.168 0.113 0.219 0.067
20 1 0.898**  0.697**  0.439*  0.306 0.248 0.293 0.153
40 1 0.886*F  0.682**  0.505*" 0.414*  0.380" 0.294
60 1 0.823°F  0.601** 0513  0.567** 0.406 *
80 1 0.871**  0.770**  0.535"* 0.624**
100 1 0.952**  0.476*" 0.835""
120 1 0.547 ** 0.915**
150 1 0.627"*
180 1

* %, P <0.01, W BEHE; . P<0.05, BEMK
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2.5 HEAR R R B R R

FRAE AR A FE 45 R I, 7K 532 [0 A Jai 10 Bsf ) e P Btk &2 47 B A AR PR I AR Ak, SR, 1 AN ¥ A6 TR
b LR R 22 BEE VE B B 4 AN R4 BRI MR () K e FE i i) Re e vk 25 5%, 38 1 TR R A
Bl 5 HERRAE O BT BB (0 25 5 WP, KGR ST (GRA) B FIVE 8 R 2E g R R, ik 3 B
N, DR R | R TSR 16 MBS TR N KT ARSI T, 4rBILA SDRD 1B RS
HIp A SRR LR R R A LR IR N TR SCBRE LRE  FE RL Jia SRR
[Fi] FEL e 28 2R o - S it /K B N ) A 2 PR RO SE MR, L SDRD 1 2% 1581, RF 30885 DR 7 R A7 S R B2 2 A A PR
Bl T R DA K M b AR B S B A, R T 0.7, O BRI R 3 WA ST LA SDRD 1E A2 7% 751 S B
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BEPH 0 S 73 IR RN AR P 0 2 ) B 2 (ELARL A PR R O R i AN AL, BT TR o R IX
- HOK I B S FEZBIEK AL AR RIS A S 3R ) TR K A B AR RFAE L K 13
R ERE | AB DR ZR DR X K o AW, 38 e A2 il AR GOBE R, Im oA R HEIRIE 32 28 A WA R =
55, M0 X REZ BRI L2 2 HREK ABANATY U B AR DR R ORS8O TR BRI 1 2, BEAK A
BAMG R RENS — BRI AR AR 2R W ) | DRI IR B 3K 4 HAT ) S g e e 1

£3 TEKSHEREESTHERRERNREREKE

Table 3 Grey relational grade of all investigated factors in the analysis of soil water temporal stability

HEy W7 KRR HeP WhEHF IR

Rank Factors E(k) Rank Factors &(k)
1 ki 0.817 9 RkL 0.653
2 TSR 0.784 10 R AE e 25 B 0.652
3 TR 0.744 11 FH [ 45 7K o 0.634
4 A LR 0.742 12 i 0.625
5 +- 4 LB 0.736 13 -tz 0.614
6 ez 0.712 14 MGy 0.576
7 TR R 0.711 15 ORI 0.549
8 KR 0.674 16 REoRR iy $

3 g

N TR ZE 5 2245 0 B SRR, A 8K i) 23 R & AR S 38 i A8 Ak, AR5 LA 2s [ R /9 7 vk
F 2014—2018 47X # - 5 Ji Fr big V4 AR DX B /NG Sal AN [+ 1 52 47 RIS AR Ay A 38 7K o A4 7 s ) 2 570 SO
3BT 15.20.30,35 a PRI AF FRAFIARAR - 50K 7305 25 s 2 IR SR AR XS 2243 5 Spearman FRAHSC 2R BM Rl 77 1%
AT AN TIPS A R RI AR 37K 43 s el e M 0 2 A [R) 0k A2 4 BIR AR - 397K 43 AR 3R R B, IR FH bk
FE B R 5041 250 NSE X HHERE AR ST IR 15 0 DU NS5 iE

(1) AR A BRI AR £ 387K 53 25 5 3, At /K 2 R /NVHE PRI R 30 a>20 a>35 a>15 a; FiE KA
AERRIG I, BBRAR A S /K 2 52 BRGNS B AT ) A 3 A [ 1R A 4 FR SRR AR 38 7K 4 Bisf 228 3 A R A1E 22 7 ]
B, 3K AR T i - TR B s AR B R AR R I A R R A s 3K o ARk 2 B AZ B K Kkl
B AR TSR sE | AR S 9 B 25 4 J 11— 20 3R BH A MK o (AR 1 B - SR B B i 8

(2) 38 32 AT 25 53 S A AN TR A A R SRIAS AR = 398 7K 4 s ) e 2 |, SR FH IR TR B M 46 508 2 15,220,300,
35 a BARFIREE S350 80,100 .80 150 em +JZ ; Spearman A E MKW, E+ 25T +)2 89 H30K Ayt
[ A2 P ARRAE 25 57 B i 5

(3) ST 59T REEE R B, P ZE R BITE Rl 0.49—0.91, 4411 %L NSE B3 Fl o 0.32—
0.82, Hr 15 a PR AF FRFIMLAR A AC IR B HAT Sl i AR R b, e RECRN AN A R 55318 %) 0.91 #10.82,
LRNE N 5 9 2R B R 3R W38 AR 0 22 43 5 I TR) A MR 45075 31+ K A AR IR BE iy 25 S 2 vl 452 (1
IBAFHE—RE VR 25, FEAS RIS o 5 % R 43 AN B R 1k

(4) IR B4 R B, i (BbkL) , RIS H AT | A Mlek | 3 S LB R DL Rk R
AN 5 AR BRBRAR -+ 387K S I ) A2 1 =252 R 3
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