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Effects of natural and artificial restoration approaches on soil water-holding
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Abstract; Thousands of hectares of spruce plantations were established in the eastern Tibetan Plateau of China after the
deforestation of primary conifer forests. However, the water-holding capacity of soils in these plantations remains unclear.
Here, we investigated how soil water-holding capacity varied across a chronosequence of spruce plantations (20 a, 30 a, 40
a, 70 a) in the western region of Sichuan Province and determined the differences between artificial forests ( spruce
plantations) and mixed broadleaf-conifer forests, which naturally developed on the cutovers. We further analyzed how the
fine root biomass, litter stock, soil organic carbon, and soil physical structure affected soil water-holding capacity. Our
results showed that across spruce plantations, the maximum water-holding capacity of 0—40 cm soil depth linearly, but not

significantly , decreased with increasing stand age, from 2200 t/hm” in the 20-year-old spruce plantations to 2138 t/hm’ in
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the 70-year-old spruce plantations, and the average annual rate of decline was 1.24 t/hm’. In contrast, soil maximum water-
holding capacity in the natural secondary forest varied nonlinearly with the increasing stand age , from 2142 t/hm’ for 20 a to
2565 t/hm’ for 40 a and 2302 t/hm” for 70 a. The correlation analysis revealed that differences in soil organic carbon, litter
stock , and fine root biomass, which would affect soil physical structure, were the main factors leading to differences in soil
water-holding capacity between spruce plantations and natural secondary forests. Overall, our results indicated that we
should avoid establishing dense monoculture plantations on cutover land for restoration. Instead, afforestation of mixed

broadleaf-conifer forests would be better for the improvement of soil structure and water-holding capacity.

Key Words: natural restoration; artificial restoration; secondary forests; the eastern Qinghai-Tibet Plateau; soil structure;

water-holding capacity

ARMIE R A S R G T B M2 AR AR R R DR A S 2 Sk K L AR A
KRR A D RE Hh K A RO, e rb B3R 20 i 35 K A AR AR AE S R GUKIRIR IR BE Y 15% , L=
SEARMAES RGUKIRFRI I B R R KA AL BT, KT BB S 1 5 FLBR T 8, Uk 3K
RSt AR, HE TS AR, TS B SR SR RIS K L PRI . YRS R G N TR E 2
YR — P A S RO S R, R 1) 2 7E R FR30 b Pt AR B e S R TR B AR S R g A Y, R
ORI BB, B — PR bR PRI SR P — PR ZS AL EE A, BN T R Yy i i — AL iR
A 5 AR R L, N TR T 5 R AR ARFAE (PR RS BE AR RASAES) 22 5, IR Fh A &
2 5 SRR R W A3 R AR ) S TS5 06 A LA UEL I S 3 AT 5% 00— 38 e A L3R 1 % o 55 a7 T
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b Ah 75 e Do 2R % (AR AT e AN A e 25 BN TR U] 08 A v L A A L 3 DX T e LA AR
IR 6—12°C RS ik 32°C i e IR - 16°C AR TE AR 129 200 d , 4F B FT B 700—1400 mm , 4F:
Z& K 1000—1900 mm , HIEAHN 1L HLIEARIE  BFFE B E £ A K B AR X 28 0 AL £ | N B 3 Je
L TG, AFKE BB N T A2 8K (Picea asperata) KA LLHEMK ( Betula albo—sinensis ) 8 54343 HiIX.
MR REFEARA FiAT ( Fargesia spathacea) |22 F ( Rubus corchorifolius) . 5t A6 W (Acer laxiflorum) 215 Tl
(Acanthopanax giraldii) M) T ( Cotoneaster davaricatus) . Ji §il 3% 75% ( Rosa sweginzmaii ) %548 T2 ( Euonymus
porphyreus) JE & LLAR ( Quercus aguifolioides) %5, EEFAAG N ( Thalictrum uncatum ) & W 5 ( Cacalia
roborowskii) Y¥ WK ( Cystopteris fragils) . & % ( Carex sp.) M3 ( Epilobiurn laetum) FIARA B Z @4 |
1.2 W55k
1.2.1  FEM B E SR R A

TERT IR ST A 3EA 11 ARIEIR I 3848 RIS TR S 2R BT ORI 2 bR X KRR AR AR, S ) 5 3
BT RINVKE R (20 2,30 .40 a,70 a) N T. = A2HK (Picea asperata) , FIR A LI HERK ( Betula albo-sinensis) ,
2 AN ERARAE A AT ST G2, R AR 08 AR 4l >4 AR TR 1R B, 43565 B3 ) A A B U SR W
SE PR AT [ S50 2 RS HEA TRE B A o R ST L R A R AR Rl %)t B A At U e/ IV S ]
TR F, A b B IEARE WL 1,

F1 HRBXAEREEEFMERFFIE

Table 1 The basic information of artificial and secondary forest stands in this study

TOPNE Wb R lm A S(C) BIEC) mf’g; Bii/m B9/ ‘Jﬁﬁfﬁ?
Restoration measure  Stand age Plots ltitude Aspect Slope  Canopy density Tree densily Height DBH Litter stock
ANTHE 20 3 3164 SW68 25 0.94 4111 7.9+0.8 9.3+1.0 (15.5£0.8)a
Artificial restoration 30 4 3315 SW55 30 0.69 2007 10.0+0.4 12.8+0.7 (14.2+1.4)a
40 4 3133 SW71 18 0.65 645 13.0£0.7 24.4£1.0 (9.4+0.3)b
70 4 3115 SW55 30 0.65 935 16.2+0.7 23.243.2 (7.2£0.5)¢
AR 20 4 3327 SW62 25 0.67 1356 9.760.8  17.6x2.7 (4.4£0.3)a
Natural restoration 30 3 3300 SW58 30 0.6 1233 10.4+1.5 17.6+1.9 (4.1£0.1)b
40 4 3533 SW70 22 0.53 881 10.8+0.9 26.8+4.3 (3.7£0.1)c
70 4 3441 SW58 30 0.58 1006 7.2+2.1 17.8+5.0 (3.4£0.1)d

INE TR R R R AR 18 22 5 1A 5 K F P=0.05

2015 4 10 H 47 TR R AR TR DML RENL A 15 2270 3 > 20 mx20 m ARifERE b, A 1 2 1] 5]
F/ 50 m, ERAEEHISE | o RS 2 4 1 mx 1 m /MEDY e B TEY) SRS TR 4 53598 14
- HEH T IR TR AE 0—10 1020 em & 20—40 em 3 ANJZ R IFERE S 4 0] 525628 P I 2 3L B Ak
Sy AR VR P 0l S8 % 65°C M T B HEIFARE I RIS WG RS RS HERN S em
) 1455 12 (0—10,10—20 cm F1 20—40 cm) R HHERE S R —FE R — L2 MR A 55 [ H
1000 g VRAHE K BF IR AR 1) L HERE i rP R A BORUR B DL AR G BR , I8 /N T 2 mm A AHAR Bpk ki i
ETFEEN A EEEE 65 CH T B EIHFRE, T AR LY R, PSSR RS Ay [l BT
B di XA XU T 5E 3B BLBR (TOC) |, +3E TOC 7 2R I K 43§ ( Vario Macro Analyzer, {2 [ )
M7E
1.2.2 T EERpK R

R AR T PR DT T I A, 2 TR S A IR T AE K iR 12 h FREE (my, , ) , THR K FRK
H(C,, ,&/em’) SRGHCET T L2 h, BRI ] b H 3 AR B KE &3 FRE (m,,,2) , IT N BEHE
KE(C,,,, ¢/em’) o ZIEVEILCRARHHEEMATFSE ) ) 2 Rk s A= T
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msl - mxo
Cmax = ( 1 )
v
_ mg, —mg
Ccap - v (2)
Cnon = Cmax - Cvap (3)

K, my omy, omy (@) 43 M FR TN AT 2 12 h S ER R EEREKENER, v (em®) H
WIHERG € Coy Con(g/em®) 300 HIEA R KK B BEROKEREAEBERKE, ARG, R
AR 7 4% T A MR A B )2 R K (/hm?)
1.3 HdEab

X6 (] — - J2 AR R 2 R A MR, - K i (e KRRk it | BAF RK i FaE B RK &) FISLER B 45 48 15
Bl A4 5 AR F B0 22 224307 (One—way ANOVA) | [a]—1% 52 3842 AN [R) bRl A9 3 9% 400 i et 25 5 B R BRI
2722501 (One—way ANOVA) X T [a]— - AR [RIARE A [al PR 52 i A T 345 7K 1 R AL B S5 45 m 1) 22 53
PERH ¢ K555, + SRR R R R S - e A vk ot VR P hid i R R AR W R AR B AR DG 2 BT R person AH
KAy HTEE , SEEBE R SPSS 20.0 #EATAL RS, i I Origin 9.1,

2 HIR&ER

2.1 bRl e A EEA A

M2 T LAFEH, 22N TS LR FAEEEELE 0.8—1.4 g/em’ PR 1.02 g/em’ , A HEFEE
ARUE G iR i, AR L2 A EALE B 0.6—1.0 g/em’, 3498 0.79 o/ em® | 25 bl 8 ARIE Y
HINTAIRRAR, FEAH RIS 5 FIRAEMEN L EAEM T AN T a2k, R, A 205800, AT a2
FR AR 75 FARAE W &3

S0t IR, e R FLBR S S AR PRI K S R A A A5 B b S AT S E (3R 2) | B RIS B3, vk
AR EER HESABEER T AT A (£ 2), AT a2t )2 SALBIELE 49.2%—70.9% Z )22
b, 38 AL IR Bt MRS A3 RN/ . IRAE RS )2 B LB TE 61.9%—78.9% Z [ AE AL , Fiti 5 PRl o 3
T, e FLBR RGN, RIS BE 2 )2 B3I PR A Y AL R ERAE A . A T s A2 MR AR A 1 3
BE LB BT 34.5%—44.3% K1 34.2—53.3% 2 [], B RIS 938 0, N T = MR A ARk - 3 B A AL
PR 35 3R B (B R A MO A IR EE RS K T AN T2tk i AR B ILBTE AN T o MR A s £
BERZERAWE, N TWKE S ZN HHEAEBEILBIEN T 16.6%—36.2% Z (8], b & ME 3N ,0—10 cm
TIZAEBE LB AL, AR LR AR, H AR 4 B Be i IR BAFALBRE A T 4.2%—30.9% 2
], 2% 1 )2 - 49 R B A LB B AR 1 AR LB AR B

H AR B KR RAEMAB BT K RS R 2 WTLLE I, AR S N TIRE SR T, L AR S K2 51
i, B RIS 3G A SRR 1 40 F AR SRR LR T AN TIRE M, N TIRE 4 )2 AR S KRG
TE 27.8%—47.1% , W& MRS RGN0, FAR B K RAE B S PERRAR, BRI 145 12 A R & KRR
31.0%—64.5% , B RIS 3G I, A SR 3 K SAE DL SRS I

NG AR A WL AR AL S L 14.7—85.5 o/ke, HLBEE AR I8 (0BG N T 08020 | T [ SR 52 1 A
MR AZ AL A 24.0—93.1 o/ kg, FMREE 1928 T & SANBH (., BEE MRIS 30, A SR 2 1% 336 LB 5 B L
KFNTIKE (F2), AREYEIEN T EMAR A [0 A7 75 22 5, BB MRS 38 0, WA bR 40 AR A=
Pt KT NTIKE o, N TIRE AR A Wi AE 0.54—1.98 v/hm® Z [ 254k, Bifi 2 PRI 1 385 im0 4R
EYIRTERAG . E AR AR ARAIAR AR ) 7E 0.58—2.33 v/hm® Z [A] 254k , it 25 AR () 438 110 404 A= 0y Bt 7
BN, TRV B )2 A3 N, PR IS AR A AR AL ) AR e RRARR
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Table 2 Fine root biomass and soil physicochemical properties in artificial and secondary chronosequence of subalpine forests

szt SR SRS T Gl = TN T S S o
Restoration Stand age  Soil depth Bulk density  Total porosity pol;osiiily NOI’I-C&}piH&I‘y Nalflral Soil organic C biomass
measure /a /cm /(g/cm®) /% /% : porosity/ % capacity/ % /(g/kg) /(Vhm?)

ANTIRE 20 0—10 0.8(0.02)  709(0.6)  37.9(7.1)  26.2(4.9) 47.1 85.5 1.98(0.03)

Artificial restoration 10—20 0.9(0.1) 66.7(3.4)  35.4(46)  31.3(0.1) 38.4 62.2 1.38(0.12)

20—40 1(0.1) 50.8(4.0)  39.4(3.0)  22.4(2.0) 36.0 62.9 1.18(0.12)

30 0—10 0.8(0.1) 709(1.8)  42.8(9.5)  26.2(7.2) 48.1 80.4 1.82(0.09)

10—20 0.8(0.1) 69.0(3.2)  40.4(9.9)  26.3(0.1) 39.6 41.8 1.13(0.12)

20—40 0.9(0.1) 67.2(4.6)  345(46)  23.0(6.8) 35.7 38.9 0.91(0.08)

40 0—10 0.9(0.1) 66.0(2.6)  42.5(4.8)  22.4(4.6) 39.9 333 1.46(0.07)

10—20 1(0.1) 57.9(5.0)  427(35)  16.7(0.03) 315 23 0.85(0.05)

20—40 2(0.1) 53.8(5.1)  41.9(5.1)  16.68(4.7) 27.8 2.8 0.63(0.04)

70 0—10 1(0.1) 57.5(2.5)  42.0(44)  16.6(2.1) 32.9 23.1 1.31(0.05)

10—20 2(0.1) 53.1(0.02)  42.9(0.04)  21.9(0.1) 30.0 19.9 0.68(0.01)

20—40 4(0.1) 492(2.9)  443(19)  21.8(10.5) 29.6 147 0.54(0.04)

AkWE 20 0—10 0.7(0.1) 72.6(4.1) 36.7(1.8) 26.9(6.0) 46.1 65.4 1.22(0.13)

Natural restoration 10—20 0.9(0.1) 64.8(3.2)  39.3(85)  16.8(8.0) 39.2 44.1 0.94(0.04)

20—40 0(0.1) 61.9(4.9)  342(23)  21.4(8.6) 31.0 24.0 0.58(0.03)

30 0—10 0.7(0.1) 727(29)  415(34)  29.0(7.1) 47.4 93.1 1.35(0.09)

10—20 0.8(0.1) 69.1(3.2)  533(109)  42(22) 56.1 74.8 1.02(0.01)

20—40 0(0.1) 64.2(5.4)  39.6(3.8)  19.0(4.8) 36.9 29.4 0.78(0.06)

40 0—10 0.6(0.1) 77.7(2.6)  41.7(44)  30.9(4.5) 70.5 89.4 1.92(0.10)

10—20 0.8(0.04)  70.8(1.5)  46.5(2.5)  14.8(1.0) 56.7 49.5 1.71(0.14)

20—40 09(0.04)  67.0(1.6)  41.0(1.9)  18.6(7.2) 45.4 32.6 1.22(0.31)

70 0—10 0.6(0.1) 789(42)  41.0(40)  28.9(16.9) 64.0 58.0 2.33(0.16)

10—20 07(0.04)  73.9(1.6)  458(3.3)  22.1(13.3) 64.5 55.1 1.78(0.10)

20—40 0.9(0.2) 67.6(5.6)  47.9(7.2)  14.6(10.9) 53.3 32.4 1.57(0.06)

155 N R kR 2 ( Standard Deviation)

2.2 HIERPKERE
221 +HHERREPKE

N TARE ZAZMRFNUR AL PR BE 2 MRS A 3G, 3845 23 1) d5e R /K o i % 1) 28 e T 2 AN () 1 34 (IR
1), 7£0—10 cm )2, BEMRES BN, N TAKE ZAZMFIR A bR 3 i KRR K %A B B b 28 e, AT
WA AR e KA K AR AR TG BN 557—588 v/hm? , YRAEFK A 534.19—621.19 v/hm? ; &K & #4256 0—10
em TR AR KRG A I B2 5 (P>0.05) o R BN TR 2 A2 PRI AR AR 38 d R Rk AR fb R
TE-8.32%—4.58% A I 3 28 Ak, 75 20—30 a B 7, 30—40 a Fir B T FE,40—70 a BB X EF+- (&
1), 7E10—20 em £ )2, AFRIWKE A2 0] 15855 KK 025 5 0 3 7EARIR S 30—70 a BBk AE AR e K
FK BB B ERTANTIKE =2 (P<0.05) , BEEPRIE I TR = AR (510—543 v/hm?) e KRk
AN B3, H R R B i R K & (574—668 vhm?) WA FEARES B934 I, A R i 42 1]
T KK R R TEARES Jy 20—40 a BYBEH1-5.37% FIEE-23.65% , 2 J5 X I F T2 -14.17% (&
1), 7E20—40 cm + )2, ANFR R @B AR 0] i KEF K RAFAE 2 5 TEMRIE R 40 .70 a HSFUR A= bR e RAF/K
R ERTATIKE (P<0.05), KEFHMIE AN T E = 2 KRA R KR K 8 (1047—1084 +/hm*) 251k
ANEE WA R R REK & (984—1277 vhm®) ¥4 B 82 5, e KIFK A8 (b FAE 20—40 a B B il
10.18% 1 GH R 2 -17.20% , 2 J XITHE T2 -8.45% (I 1) . B4K | ,0—40 em + 2R KK EIKE &%
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AW 28 5, N TR R AZ PRBEAE AR 88 0 3 e Rk i (2138—2200 tv/hm? ) 38647 B R A2 4k, ik 2
AR AR O3 I L SR KA K A (2142—2565 v/hm? ) WAEREAN, R HITEMK L 40,70 a By BEUCAE AR £ e f
REFRBEEREZERT ATIRE 2 (P<0.05) (K1),

O AL%E mm AAWRE - BER
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Fig.1 The trends of the maximum water-holding capacity of different soil layers under artificial and secondary restorational

chronosequence

RNIF KRG FRACIE AR AR RIAR IS 400 22 53 535 (LSD K85, P<0.05) 5 EATARRARMEDR ; + FoR [ — Rl TR R 1R 42 18] 2 5 9

Cip - Cy,
% (1SD ¥, P<0.05) 5 A5{LiEH (Percent change) = ARC M X 100% | C g Bl C g 58 BIHE N TR A AR - 3 K B
NR

222 BHEEEROKE

N T ARG ZAZARFIAE ARBE RIS BB ,0—10 em 1 10—20 em + 2B Rk 8% W 5 1 251k,
BRI AR ] IR R K R WA W B 25 7 (P>0.05) (B 2) . BEBE MR B98I, N TRE = A2k 4 4%
0—10 cm JZBERK AR EE A 383—443 v/hm?® , IRAEMABIEH N 367—429 v/hm® , A TSR A M
5,0—10 em T2 BEFK R EARIE-3.97%—4.05% 8] 2 P ik sh 28 4k . BEE PRI B9 5, 10—20 em
TR EERKEEMEE R 354—417 vhm® , RAMKE) BB R K &2 05 B R 427—533 v/hm?, A T AR5 K
AR EEEL, 10—20 em /R BE K EEMHEA(-40.00%—-33.91% ) £ 1 —F-F22 1) ETRIRZS . BEE AR
W BE I, N TKE = AZMAR AR AR 14 20—40 om JZ2 BE KR B K (P<0.05) , N TKE =R
BER KRG N 694—895 t/hm” , RAEMH 679—942 v/hm? , N\ T Ak 5K A= bR L%, 20—40 em + 2
BRK A RTE-14.58%—12.51% BN s B b, SR b BE AR A3, N TARE = 2Rk AE
K 0—40 em + )2 BERKEZHT B ETHE, N TWKE = 20 3B 8 KR B LR 1496—1755 v/
hm? , RAEMRCH 1473—1835 v/hm? , IRAEMEEKEETE 30 MR B B0 2 & T A T o2,
223 HEEHEREROKE

NTARE mAZMFNR AEARBEE MRS B35, 4% 2 R B RK R 2 AL (K 3), 7
0—10 cm A1 10—20 em + 2, N TWKE 2K 583E B REK it B FRIE 0 BT/, 100 AR S R AR AR
16 0—10 em +JZ2¥A W BHASAL 78 10—20 cm JZ 70 ARIES I AF AR T H & &2 B BE (P<0.05) (E 3) , A
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Fig.2 The trend of the capillary water—holding capacity of different soil layers under artificial and secondary restorational chronosequence
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Fig.3 The trend of the non-capillary water-holding capacity of different soil layers under artificial and secondary restorational
chronosequence
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TARE ZAZME) 10—20 em +ZIEBEROKEALEE ) 128—191 v/hm® , IRAEMHK 136—218 v/hm?, 5K /E
MRLGER B 40 MRS N T 2 2R R BARAN , T A 8 B B fh sl 22 R . #F 20—40 em 12, AT
WRIZ 2 A2 AR AR B 2 MRS B 38, 3 E B FK B %A B B b AR ka3 5 AR AR LA, Bk 40 AR A
TR BAEARAL , FoE 5 B B R 22 A B, Sk b B AR R, N TR E = 2R EE
BERKE (384—702 v/hm®) 7 i FEAL, AR M 1 8 B A FRK & (467—793 v/hm?) 7E 40 ARl B i KT
HEK BB (P<0.05) , [A]AF LB BEt 2 B K T R TR E =K
2.3 ARWKE iR T RKE S IRIE Y i AR AR Y i | 3R AR A S A BT

FARDC TS 2R (32 3) /WY, N TIRE 342 N LR KK 5 HHAFLBE AR KR LA
B ANAR A My AR P Ak A B EAR G (P<0.01) , 5 I3 B R 3B A FLIR A W M A C (P<
0.01) ;11 A SRR w42 T e KAk 5 RIESALBREE | F AR Bk M4 A ) i 22 0 3 IE A OC (P<0.01) , 5
T (P<0.01) MIAE Y8 (P<0.05) 2B EFAMK, NTIKEEEF HIENEERKES HIEAE,
TR LT 2 W EAR DG (P<0.05) , 5 H B EFLEREE (P<0.05)  HIEAHLIR (P<0.01) AIfRA P (P<
0.01) JrAR%E (P<0.01) JH7EW it (P<0.01) 2 W3 TUHDC I H AR i 152 T HIEEE Rk E S BEIL
BRI SRS K SR AGNAR AR B 5 5035 TF A 56 (P<0.01) , SHRFE (P<0.05) J7& Wi (P<0.01) 2 B EH
G, NTIREHET MRS KR 5AEBEILBE (P<0.01) , HHEA MUK (P<0.05) AR i
(P<0.05) 2 B F IEAHDE 1 HARK R B2 T HEEE B E Rk E S 3R B FLUE 2 (7] &2 B 3% EAHC
(P<0.01)

R3I TRHREEEREWHEE AREMES LFERNBEXXER

Table 3 Correlation of litter stock, fine roots biomass and soil indexes in artificial and secondary restorational chronosequence

W E - S S VS % 4 . . iR
i g S AT - B R MR T ploin
measure cp NCP NC S0C FRB LS
NTWE KRR -0.97**  0.97**  -0.69** 0.19 0.81"*  074**  081** 0.35 0.48 0.84 **
Artificial restoration BRI 0.58* -0.58" 0.62*  -045  -0.21 -0.68**  -0.72**  -0.36 -0.56*  -0.73*"
FEEERKE  -049 0.49 -0.27 0.83** 0.1 0.56 0.62* 0.36 0.46 0.47
ASIE BokFK i -0.94"*  0.94** 041 -0.02 0.82°* 031 0.66°*  -0.45 -0.23 -0.63*
Natural restoration BHERKE -0.27 0.27 0.86"* -0.49 075" 0.32 0.66"*  -0.64*  -0.48 -0.78 **
FEEERHKE  -0.12 0.12 -0.24 0.83**  0.05 -0.24 -0.07 0.22 0.45 -0.11

# % P<0.01, % P<0.05 ;BD; Bulk density; TP Total porosity; CP: Capillary porosity; NCP; Non-capillary porosity; NC: Nature capacity; SOC : Soil organic carbon;
FRB :Fine roots biomass; CD:Canopy density; TD:Tree density; LB: Litter stock

3 Fit5iTie

NIV B BRIX, A VA2 A SR Aol ) B A 5 B AR 2 RRBERAR LS 64T T A S ARl 19 A
TEMRE , [R50 XL R AP AT LA & Wi 2009 A SR 508, HAT, X XS AR S R GEAL T B AR
TR LR 3= 00 SRy ) REOCI ST SR, W5 R A 9 R s R S R R 1 A , T 22 ) ) o 2 B K
R BETT AT RSO I I IR AE TR S SR AR HE R | bR b M s K AR 2 KRR 9 A5 1L
R I X R A A D RE LUK IR 75 S i, DRt PPAR AN RIWR A i 42 LK BE ) S B2 R A 3% %) T
N TEARAZS RS TH R 42 e il 78 B A S BR AN (B MR 22 1 S AR SCMUbK L - 7K U5 57 2507 T AT T
FE A T RIS,

3.1 AWK g Axk L7 E b FLBRRE 152 )

e T FLR R A S B AS F B FEAR SR AR | BE SR - HEROK RE ) . AR AL T 70 ARRY
N TR HN A SRS, ¥ 53 L ey SR AR K GOk PR e & AR 1 I 52 (B SO O R B A 1 ol TR 02 3
B2, BEEARER RGN, A RIS e T L3 8 N LR BE AR A T AN TS 75 31 B s (3
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2), ATNRAR 5 A TR - B 5 AN RV B i 48 AR S5 Ai M A i AN [R] 5 1R U8 7% 90 o S R 1k 22 5, o T
SR FEIR S R AR RAH ), SR g ) 2 RIS E AR 2 R B DU E A TR E
FRI MBI 8 75 P BRAF S 32 KT ARG R RR A 2 0 B SRR MR, (38 1) , BB TR S bt S 350 1 V% 9
T EAME LSS | i dt b R 95 VA A S - S ML A0 TR R, AT ML S s - A A G T IR AT
1 8 7 0 ) 58 R A2 B 4 S B LA P4 0 o AR ) € NP G R I3 3 SRk 22 >0, 1k I 5 i A ML R +
SErERTE IR AR AR Y R, 5 AR R A A, N TR E = AR AR R I S R B I CH
TP T R AN R R 22 T RS 5 AR P - e R R 25 R BRI O
TNTARIE R RIC AR e B — R R (3R 1) AR JBEOR T F AR A R A= b, BELPS 1 R DI R 5
KBRS T AR AR 9 A 4 55 B, I LR Vs W o e B 0, JC Ik B IR A 5% 40 0 3R Y IS5 B
RIS B 3G, A5 TR AT T [ SRV R, 375 st in , FLIR B AR (£ 2) . e , IR AR AW Koy
AR e AL B = A TR Y — T, R MU AR RR T M R IE Y, bR AR AR R
FEAN G I S TR T A Y R4 B RIS ARG N B SRR MK ) AR A R BTN T s A2 M
(£2) . RIETIITEY AR ZR A LT T G 78 5, ) MR 2R 5 A B HL 4 W) s 235 Wk - ok 2 i i
FLBIE AL o 55—, MR AR A A T 1 s B AR B ALY i TR PR AR Z,
W2 70 a BIIRE S, FLBR IR EEE R ER )2 (£ 2) . M LRSS SR R 7+
B gl B RUE T RIER T UGE T LIRSS K ALBUIR L, LR Z LB E R TR 2D BB A
FIRE I F SRR G LB I KT N TR E e bh, v 45 2 0AR R A B B KT N TR AR 53
fERE(K2)
3.2 RIFEWKE A2 R M AR

T HEK A RRAERR T 32 X SR FEAE S5 A0 I 25 A R i A0 A B S e — A A 0 Mk
RN 2 5730 o O PR TR BT DRVE D TR UA A AL i AR R A0 S B ok s R A Y
KT AR A% 25 570 T 8BRS A i s e DR 2R T 3AR | 1) SRR S bkt 1y o s LA o] o o 32 AR N TR
BT AR ) T o0 i, el I 3R T A AR T E A B N T - SR ML, IR AR R A SRS S 1
LB B W RN, AR R BT B T B 23 BRI 28 81 6 %) A 0 ()30 sl #8838 7 38 i A B A FLBR 42 (o - 58
TE I R p 254, (8 - 9L B R ORI AR U, A R oK A AR SR B A i 386 ) 1 S R 23m aof ik
A5 - S PR A F T (R4 5 ] SRR KRR

- PR P S LR A R R K RE T A | B A 9 R R FL B R A0 R AL B R e b K A
AR AR, B AR KRR AT 7 2 W It 25 PR A 388 i 1 SRR B2 b A e KK R R T A
TR MM (1), 3B AR AT EE 5 (3% 3) AT A0, PRI K &2 3B 428 1) dne KA K AR 5 1828 o 2 W 3 f A
K, HHHERFLBE AR A Y R IEADE, SR B AR R e KR K S VR Yt R R UM
X:(=0.63,P<0.05) , N TR A% 2 IEAH 56 (0.84, P<0.01) , Ui B B RPIR 5 iR A2 V& W) 0 18 22 F Al g 2 3
e KK 25 5 0 E 2R i A ML & BEAE N TR 5 - e KRRk i &2 0 35 IEAH G (0.74,
P<0.01) ,1Mi7E A SRR 1428 vh — 35 A B A DG D IAFE N TR AR 12 T, A WL A X T R KRRk
UG REEAEH IR, B A ARG RIS 15 4E 0—40em I RK E AL B I, 0 B R E
B HIEEAA SRR R B ERT A TE (K 2) AR CE A il AR B iR A2 1 B Rk -8 S BE AL
Wt i 2 R I S TEAR DG R v P i i S 0 A OC , (HLAHAR AR W RN AR B AR T R K
AARFERFW (K 3) , AN TR RE T HIEEE KR 54 A9 2 00 B 7AAE 5 (-0.72, P<0.01) , 1
FEFHARIRE 42 T R B R R S5 AR AL 4 S 0 0 IE AR 2C (0.66, P<0.01) , 1 I 40 AR 2 5 2 Fp ok &2 34
BT EEEERKREZRW S —RA

BRI BT 70 a VKA, th FIKE R R AR S 80T 2HOKIRMIREE 225, BEEKE AR
N, FARRE 3 42 T R AR R F AL, FLBR B B3 Rk e L F AN TIRE =2, B TFATIRE
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(A2 PRI BT e P Y 22 53 Y S BURVE P A3 A0 A HLBR I A2 B 27 BRI LIMEA O T iR 2C
MAIE SOC (3 2) S Mg a5 T HI I W 2 o0 i v, — D7 st 17 L3R Ah M, i H S i 2 4L 75—
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PERAIR 2P 40 5 8, 2, T o0 il S8 SO A LY 10105 L A2 B, )32 5 i -+ ey RS K, S BUbk
TIRIR B OREFRE 55 . Wl b — P AR e 3R A, AP A s A B 9 Wk A ALK 2 A4 AR i)
REZ M At + S BRES R A5 K BE T i) BB R S X LBE R, fE X R A M sl B AL AR 25 R G AT i AR
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