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Abstract: Soil organic matter was the major driving force for improvement of soil saturated hydraulic conductivity (K,) in
nine stands of the secondary zone of Ziwuling Forest in the Loess Plateau. Values of soil saturated hydraulic conductivity
quickly reduced with depth under different communities, though at 5 — 10 cm depth both Bothriochloa ischaemum and
Vanward grassland had a permeable layer. The average K, for each soil profile progressively declined from that for Quercus
liaotungensis to early forest, to shrub, to Pioneer grass and to farmland abandoned to Bothriochloa ischaemum , respectively.
Values for shrub land were significantly higher than for Vanward grassland and abandoned farmland. Quercus liaotungensis
supported the highest values under the nine stands, with vegetative restoration notability improving K .. Soil saturated
hydraulic conductivity was directly affected by soil bulk density, capillary porosity, > 0.25mm aggregate content and clay
content. Soil physical properties such as soil bulk density, capillary porosity and aggregate content were all improved by soil

organic matter content.
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7k # K (hydraulic conductivity ) 2K FLERA T BB /K HEREIZE & Lo IS4, BRI K $ a6 B2 T K 1@ &
HERBMEE, TEP A IE L3EKE K RE ML, 2R 1IN B RUK s 3 &K EE
To H W I RRUKSHRBT A A KT E S T BK, XA AUK R 3% b s shBE AR R 245 i
RETMA KR RE, KR E T A 5 2 i 72 1 i 25 284k, Y 3B UK 5 932 3h B8 0 Sk PEAr + 3%
HIZK SCHEBRARME I o HAIS/K R (K) X T — & B TR — M E M Sk R 2L &, 7£ 58K
BEBETHE S, TR R AR R S SR T € B BK S8, T LAGE A S 30 S0 s B A
AR, —BE IS K RN Burdine #5711 Mualem &%) van Genuchten %1 .Broadbridge-White
AN EEBEHERM AR, FHiL, 5 R SR T ERMITREAREENE L.

B R T SRR E B P HERED T B MIEAKHES KRR B, REE A
ST SEES SHEVRKERD 3T 2K R AT 55 WA B0 |+ e Sk SR 78 3 T AR
A o5 B P S 4w 7 7 T A RIF 5 R AINER 2., R0kt , X AR R A2 T 4 T A R 7K R P s e B A o6 R -
THRIMRA B,

HEFEFEKLMRAMUERES TR KRBT, B RSB BT, B L SELHET
KA HIBBEME T TR, G TR A THRRKERE LRERRHRRRAERZ —, MIZ XK 1
BREK 3 SHGHATOIR, BA X B LS R SR 3 A SIKE W4 B o R, WX K LR
FMOK SO PEM IF R AR BERE
1 #R5HEE
1.1 PEREs

MREMTELREFFRILFHRNEGKEERENAY, B THE LEEERERX, Bk 1200 ~
1600m, ¢ T RFENSUE, 25a FHR 7. 4°C 4 FEIFEFT R 587. 6mm, F-FEIHXINREE 63% ~68% , T4
BE0.97, THENIEA (II3E) Bk AE (W4 ) 38 4, BB —f#&h 50 ~ 100m, HF 2 80 ~ 100m L+, F4U%
CFAEBORTE 1866 4F 43 A\ O SMNESG , 76 F 8 b M ZE Al AR B A2 R Y RAR K AEMR, B BB WAEBEE T
H, HE B R A MAAR S ARBRAR LR B HEAR S, IR AR PR S ELHE LA A 45 TR ST AR
H TR XX TR

2007 485 A, ZEEPAM A A BLA b, AR PR A 1 UK 52 AR BR G5 (VR AL RN X R RS IR S5 R L EE T
I AR R 7 ) b et SRR BT AR AR TR 7 1) O M BR BUVE AL B, 43 ) R  FEdf3th  Se e Bl |
B3R VR IR R R LA LIRSS AR R AR . e X MRS AT I AR 0 M T Y B BUA 3
TERAFEH RS 3 ME 4 55 BE B — B 5 AT Hh B AR R A (B 7 K/FR AR R 10m X 10m; #E R Sm x
Sm; EHE 1m x 1m) F I MBRE . TEB M T BERAE RIZ T R IR HI I, 70 102 BORE 1384 7 -0
~5em.5 ~10em .10 ~30cm 30 ~60em 60 ~ 100em, BURE A [R] et U J7 R A JECIR 347 815256 22 404, A< S
FEIMBIEYIN 3 WEE KW FE. HIRAE MMFAKR KORE L DK RERARERER L, B
BB 0. 25mm Gl , LA Atid 2mm AL .

1.2 RABJE

TIEAVUFR R BRI SN ; T3 AT K 3R FIE E /K Sk ik (S5 R 4058 i 10°C T ik
) s WU R A MS2000 FORLGAR 73 BT A0 A€ ; 587K Jr AR AR # 2R BSOS s B E SR ISR T8 5 130K
Tt SRR AT 1, B AR I yoder MR 57 E U A8 , BIARAE 28 LRt , S50 T3R8 , IR 3 A [H] B 30min 2§
N 1min, 5243518 : >5mm .5 ~2mm .2 ~1mm.1 ~0.5mm.0.5 ~0.25mm,
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TIHEAREKBES LIER A Z R REE TR 0=AS * MXEERBE , BIEZREEREEKR
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= (1 -FHE/LE) x100% , H - 7m R LR ILE 2. 65g/cm’) . B LB N HEFK B S5 EE K
BAZE, BB Y BB S H K B 2 E 2

®1 INMEREFRR

Table I Summary of nine typical communities

REEAR TR PRIZAERR BBz i) R Y5 HEA%L
Communities Vegetations Ages (a) Gradient Orientation  Altitude (m) Height (m)  Sample number
IARER . IARHE . 150 17 JEdR 7R 48 1439 11.7 3
Quercus liaotungensis Quercus liaotungensis
TR AL
FIAZEAK Early forest Quercus liaotungensis 110 11 bR Ve 4 1434 11 3
+ Populus davidiana
114 Populus davidiana 100 14 Jbfm 7R 45 1450 12.1 3
{4 Betula platyphylla 100 10 bRV 15 1420 10 3
#EM Shrub YK Seabuckthorn 30 12 b VY 56 1411 1.3 3
TRF | Sophora viciifolia 45 23 T4 7Y 68 1342 4.4 3
SES SES
Bothriochloa ischaemum Bothriochloa ischaemum 24 8 PG 85 1340 0.6 3
S KR GRS B4
Vanward grassland Stipa bungeana, lespedeza 17 19 AP 48 1347 0.7 3
TR S LA
##F# Abandoned land Artemisia giraidii, Artenmisia 6 0 BiTR O 1413 0.3 3

sacrorum , Stipa bungeana.

1.4 BdEab

BT R K 35 R IR | B FLBR B SR 1A ARG A DG , BRI A SO F 200 45 [l H
BRI HTEEXS TR AR X LR A Rk R TR a5y 5o FLBRBE SE B R 7 M R R EAT T 2047, AL AR
B RZE X H MG REER KRN ZIRMTRER TR DPS BBk .
2 RS
2.1 HERMRSKE

TIRIFN KRR R AIEA B — G, 2 DI A E FLBR A FFIE A R, [/ — 5T
b+ A B R BRI IS /K 2 B BB T SR

WA 1 FR B R K R B R, — Bl R3] BN AR AR R AR AR (Bl B
LTIR SC I F-24) A (B IR R TRSF-387 ) - 3B 0 7K S 1 3 T 20 Pk 34— 80, 147 8 % B 190 34 fm T s i
TR, EHLFNSCE FE A SR RERH BB EAR,TE S ~ 10em bF —IREKZ , BAR R IR 1%
hYE ST S RILBR TS, FEdih LR A AR FERTE AR /N . RZ DRI K ST Rk
B, 3. 152mm/min, (4 2EH AR N 0. 291 mm/min, ARYEH A % # + 5 F R SRS X,
FEABHELE .35 ~3. 5mm/min M8 FABRNMBRX , FHIRSMER T 0 LIRS0, e 118
HITE A AL TR A TEE KRR

TIRIFNFIKFLE 60 ~ 100em + ZTESMEBZ R BN, ArifEZE R 0. 0698 mm/min, 7ETHE 3%
K RAER A2 ARET , % 58 60em DL IZAE RENA] o ZELAR B9 HT R A O ~ 60em B4R #4744 .

I K R H T T 1E(0 ~ Sem 5 ~ 10em 10 ~30cm 30 ~60cm 4 MEE M EHCF1E) , TR
B, 2 1. 918mm/min ; LI ZRARFIHE AR Z , 43514 1. 510mm/min 1. 360 mm/min ; 555 B FIFER ALK,
435012k 1,024 mm/min F1 0. 818 mm/min ; B HLFZAK 0. 625mm/min, T HKAFZFHIHA) 2.34 f%, BEFEE I H
13.07 £, AR Ks SEHATTENLEEE 5% MBZRE, NE2TUEE, MK EIENZ
JG , HA A SRR E SR SEE R A AR R 22 R B, USRI BN B)E , K K B8
PR KR B AR TR RS , Ks 3R B o MR AT LI AR & LAk %,
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0 I %Mk Quercus liaotungensis 8 FLIIFRHK Early forest

8 M Shrub 8 %l Bothriochloa ischaemum
O JeB M Vanward grassland 8 FE#k Abandoned land %2 FEEHET K, SIEHENY LSD kb
s
E 35 - Table 2 Multiple comparisons of Ks under different communities
E30f P K, 4
ﬁ 2251 Community Mean 10°C mm/min
2
‘U%’ S 20 1 E L% Ek Quercus liaotungensis 1.9176 +0.0967aA
< q E
2 150 s 1 FLBIZEA Early forest 1.5100 0.245b Ab
_Hg 1.0 H :: 7% M Shrub 1.3597 £0.342b Be
505 H N
5 i Vi 1 f
5o NGRS IR ZHEN ﬁﬁﬁi& anward grassland (recovered for ;)1 +0.0328¢ €D
3 0~5 5~10  10~30  30~60 60~100 years)
+ 2% Soil depth (cm) F 4 H#b Abandoned land ( recovered for 17 0.8179 £0. 0408cd D
years)
B 1 OR[EAE R AN K 2R 0 4 AR F2£ % Bothriochloa ischaemum 0.6253 +0.0539d D

Fig. 1 Soil saturated hydraulic conductivity of different communities

2.2 Ks 5Ty i

N RE—2 TR R AR R K AR B T SRR GETH  7EEAE T 28 B (S0 Sk E
FREEMMEER O ~Sem BERNREE) . DHEMSARS DRARLE  DRFOB SRR BT,
WA PRI K, 5 LB R E AR RO B, ST AT 7 AR RER A
AR BT T -

FF X, AHE(g/em’);;X, >0. 25mm L HOKRMEFARK SR (%) ; X, BEFLBEE (%) ; X, BILBEE
(% ) ;X APB & & (2 ~0.02mm < % ) ; X Mrbi e & (0.02 ~0.002 mm% ) ; X, fiki & & ( <0.002mm % ) ; [
x84 K, (mm/min)

Y =2.0468 -5.9210X, +0.01493X, +0.2841X, +0.03421X, (1)

N TR RN ETAAE, >0.25mm HHUKRBMERRAES B BEILBE LS 2, XEH
TRIAR G B TR AN Tk R A ZonIE MG (X 1) (R =0.8738,P =0.0001) . i T4 K THELHHE
PRERZE 5 RIE 270 A0 M & RBOF A BEEHHIE & B 73X LA SR R, HLHEE P
BATERAT(FK3) o

AESTHTIE RSO0 1% X1 L0 *®3 FETELEEMSKEZ AMERSEZER
*ﬂ?ﬁ?ﬁ%ﬂ@f/ﬁﬁﬁﬁfﬂ&jﬁd\(i‘ﬂ%ﬁﬁ%%ﬁo4863, Table 3  Effects of soil physical properties on soil saturated
Durbin-Watson i+ BRI T 2,8 2.3054) , 1R hydraulic conductivity

FIFK G R E 7 1 B Bl 12 2R 8 X B f K BF  HEBEA [EJE Al Indirect effects
/J\,ﬁg‘{}/‘(jg%ii > %ﬁé‘»}u{ﬁtg > 7K%Aﬁm%1¢ﬁ§ > Factors Direct effects X, —X, —X, —X,
WEAR, DREENEHAET LAWARRE  § 0 oo 0w oo
GUCTYET CRTIER T LY Eh o oo

SN, IR AN Tk R A T A8 e N . @R X, 0.1529 -0.6591  0.0018 0.1273
AMEROER, FENEZER RELXHE R

1. 08, LbHoAth [A] 42238 12 R BGEREE R, Hox 3 &

KBRERZREER ., DIEBREILBRERNZWS TAER, S EmA T IR Sk R R WMERT
HEgZmW, K5 AEMA S AR, BBETLBE R PR IBAE , NMRE R FS/KR, XWuii T
MK ES T, BELRE AR TESILBRE . TR RAR LIRS B A B0, X 1 3%
KILBRMTE A REE M TTER, 2R LK REIMEZEFRER ., HEAREY LM SKEEE —
SERZN, T HHGES A ERAMEEEARTEREM. W ERIR, DIERE S BERIERASAE TN
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FAR 3B A E R B 1B BB 7 i AR R (B i KT A o KRS BRG] AR, ARAR
TR EF LIRS, AR R, AR AR R B B UR . PR B S K, A —
SEMIRR FEATTE ARDRL A BRI 5 2, 10 IR R 2 75 SR & B A T oh R A BB 3
2.3 BHECAHURS TRERSAR

TIAYUBUR L IRETE BURAS E A R B0 W5, 185 G 35 | 3R AR DL 4% , 2 i) L St A0
KR EBIPREK B ST EE

SR BT ML SRR, Vb R K R S A HUR A B RRL & B 2 U B U SE S R XY
W , AR TR K R AR T R HOK MR . KRRt IR Sk R EE T A LB & B 2T O
1 T Mk I AR LR & & 15g/ ke B TR

AWIT R B 3 6 A R4 B A SR AR 6 R BUA
0.7899 (& 2) . AHLB & &N 51. 556/ kg ZE A B, 1l
MK RBIR R, 2. 434mm/min, HHYPLREE/DT
51.556g/kg i, K, FfA BT B A3 A, 46 A Sk FRa
T, FLBR BERE X Sk Ak R A AR REFE T PR T Y
MHRES . M LAV RE 51. 5568/ kg B, K, [T
BEA BT & B 3 T, FLBR BESE T Sk PR RE A9 4

350 y=-0.0009x2+ 0.0928x + 0.0414
B R2=0.624 ]
3.0 °

T SkE
Soil saturated conductivity (mm/min)

0 20 40 60 80

BEVE /N T IR BV E R Al B ) o EARATBLIA T Coment of SOM (glkg)
AL, FEAR R T B S, TR A PR s

TSR ERETE A 220, 7RV X, B HURME A B2 A HURAIL A Rk R R

Bl P I AR B T PR AR I A S K R LAY Fig. 2 The relationship between SOM and K|

KGR BRI T ORI R . TR

TR X, A HURNIZE— & T A3 i T T3 fLik 3R 7 LIRSk R, 7ER TR ERE R, LA
HUBR XS 3K S AW A RS R T3 LR BE 1 Sk, TR A PR RE

3 Fit5ifit

HHIREA T LA KRR S, FEERE T 0 ~60cm +)Z 5 LIFMEA TR, NFEHHBLEIL
ARPRE B PR Y B, TR KRN WHE = , B AR S A B R i {E

TIRHAE BELBE . >0. 25mm KA PR E R4S B KR & B BRI Rk R, LA
HARNG LRI S DEE BENR R, TIRALBURK 73288 B IEE , AR 2 DR/ i S %
SR IR AN T KR . IRPTR AR T RETH BB A BT, X - AL B BTE A TR B 2 i BTk, 9 1Y 3%
HK RIBSIWEZERR ., DRARRN DRIEMSKREA —ERZWH. WEESE SRS KA —ER
KR o KRS RARARAT DARRA B, AEA ST PoRPRL & B E A IB1U9 5 7, D8 AR IR A (875 R R
BAEHE R AR,

TRAYUR S EX LR RK R A BRI APFFRAA YRS RXE 51. 556¢/ kg LAY, 13
TR SKREEA PR & B A ITE R, /T YO E R B IREM S KRB R ERHE 7. HIRAVR SRR
SEAIAT DARRAR I T, i AL IR B K M AR K S R B SR R 39 P SR A B AR
H g BB A A AR > Tmm KRR R IS A BEMEAY R E S Mg R
PR SR TR PRI T TR SRR . i, THAE LR @ BGE TR B P AR
i IR R E R, AR BEIR AN KRR & o HR, 76 T 51, 556g/kg B , 3R HLTXT + 487K 70 B
BV PR K TR AL BR B I SR PR A, Tt B K R T R a3 o X AT RER 1 T LA WL & B3k
Bl —EREE , SERIBRGTK MR , T+ 3B K P BB A R AE R BELAS s 1 2% K A ™, 1
YEFINLER G HE— 5T o

http ://www. ecologica. cn



2 R % TRREGREN LA SRR 641

TEH L R, M AR P 5B 0E W, 7= P07 OB 7= 0, BN MR Bl T Rk A B E R,
1, A AN Tk R 3R A A TR B4 , 38 R OK K R . 75 5 7 W B BR B b T R R
THYPRES A ORI K Fe b TP IR ARIX BRI R R WAEMKE, AR S B LG #HERE T
73. 47g/kg W B E , XTE L IFHE VK BWAR T E M E L RR R, HRAVURSEL /ERAM
ARG K PETE B R Rl B RIS RIR 8 , 56 T8 WL AE A PR B o 72 rp XK 4032 3h i ma 7 itk — 2
W5,

References :

[ 1] Burdine N T. Relative permeability calculations from pore size distribution data. Tran AIME, 1953,198: 71 —77.

[2] Mualem Y. A new model for predicting the hydraulic conductivity of unsaturated porous media. Water Resour. Res, 1976,12: 593 —622.

[ 3] Van Genuchten M T. A closed-form equation for predicting the hydraulic conductivity of unsaturated soils. Soil Sci Soc Am J, 1980,44 . 892
—898.

[ 4] Broadbridge P, White I. Constant rate rainfall infiltration; a versatile nonlinear model 1. analytic solution. Water Resour. Res, 1988, 24, (1)
145 —154.

[5] ZhengJY, Shao M A, Zhang X C. Spatial variation of surface soils bulk density and saturated hydraulic conductivity on slope in Loess Region.
Journal of Soil and Water Conservation, 2004, 18(3) : 53 —56

[6] LiBG, HuKL, Chen DL, White R E. Conditional simulation of soil surface saturated hydraulic conductivity at field scale. Journal of Hydraulic
Engineering, 2002, (2) :36 —40,46.

[7] HuKL, Li BG, Chen Y. Effect of spatial variability of surface soil saturated hydraulic conductivity on water drainage at field scale. Journal of
Hydraulic Engineering, 2006,37(10) ;1217 —1223.

[8] LiDQ, Shao M A, Liu C P. Effect of bulk density on soil saturated water movement parameters. Journal of Soil and Water Conservation, 2006,
20(3): 154 —157.

[ 9] Zhang D H, Zhai M P, Jia L M, et al. Relationship between organic matter content in sandy soil and hydrodynamic parameters. Chinese Journal of
Eco-Agriculture, 2003, 11(1): 74 —77.

[10] Ma LY, Zhai M P, Wang Y. Analysis of saturated soil hydraulic conductivity of mountain brown earth and eluvial cinnamon soil in Beijing Xishan.
Scientia Silvae Sinicae, 1999,35(3) ;109 —112.

[11] Zhang X B, Shangguan Z P. Effect of human-induced disturbance on physical properties of soil in artificial Pinus tabulaeformis Carr. Forests of the
Loess Plateau. Acta Ecologica Sinica, 2006, 26(11) ;3685 —3695.

[12] ZouHY, Liu G B, Wang H S. The vegetation development in north Ziwuling forest region in last fifty years. Acta Bot Boreal-Occident Sin, 2002,
22(1):1—8.

[13] Hua M,Wang J. Soil physics. Beijing: Beijing Agricultural University Press, 1993.

[14] Huang C Y. Pedology. Beijing: China Agricultural Press, 2000. 92.

[15] Tang Q Y,Feng M G. DPS data process system. Beijing:Scientific Press, 2006.

[16] Jiang D S. Regional division of soil infiltration Capacity in Loess Plateau. In: Soil and agriculture in Loess Plateau. Beijing: Agricultural
Press, 1989.

[17] Shan X Z, Wei Y Q, Yan HJ, et al. Influence of organic matter content on soil hydrodynamic parameters. Acta Pedologica Sinica,1998, 35(1) :
1—09.

[18] He K N. Study on the physical characteristics of soil moisture in shelter forests. Journal of Beijing Forestry University,1995,17(3) :44 —50.

[19] Chen X M, Pan G X, Wang D J, et al. A study on saturated hydraulic conductivity of farm land environment soil of Taihu lake region. Bulletin of
Soil and Water Conservation, 2000, 20(5) ; 11 —13.

[20] Huang C B, Liang H W. Investigation on soil hydro physical properties of forest soil at different geographic regions in Guangxi. Soil and
Environmental Sciences, 1999, 8(2) : 96 —100.

[21] Liu NN, Zhao S W, Yang Y H, et al. Study on water -holding capacity of the top soil of a steppe reserve in the Yunwu mountains, Guyuan,
Ningxia Hui Autonomous region. Acta Agrestia Sinica, 2006, 14(4) ; 338 —342.

[22] Zhao SW, Zhou Y D, Wu J S. Soil moisture characteristics of different vegetation in northern of Ziwuling. Journal of Soil and Water Conservation
2002, 16(4): 119 —123.

[23] Institute of soil science academia sinica. China soil. Beijing: Scientific Press,1978. 45 —47.

http ://www. ecologica. cn



642 £ F ¥ W 29 %

[24]

[25]

[26]

Liu G B. Vegetation restoration and improvement process of soil anti-scourability in Loess Plateau [l[. Effect of vegetation restoration on soil
Humus and Aggregations. Research of Soil and Water Conservation, 1997, 4(5) . 122 —128.

Peng X H, Zhang B, Zhao Q G. Effect of soil organic carbon on aggregate stability after vegetativer estoration on severely eroded red soil. Acta
Ecologica Sinica, 2003, 23(10) : 2176 —2183.

Wallis M G, Home D J. soil water repellency. Adv. Soil Sci. ,1992,92 —146.

S E 3k

(5]
(6]
(7]
(8]
(9]
(10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
(18]
[19]
[20]
[21]
[22]
(23]
[24]

[25]

BB BRI IR B KA R R A A oK R M ASRAHE. 7K AR5 ,2004,18(3) :53 ~56.
ZORE, ISR, BREESL , White R E. R H 3R Z AT K S0 SR KFI444 ,2002, (2) :36 ~40,46.

BT, 2R DR, 3RJZ T RN TR R A 28 1] AR S AR K SMB IR IS . K248, 2006,37(10) 1217 ~1223
BT BRI, XHF. AEXT TR B SIS EE . K AR R ,2006,20(3) 154 ~157.

A B SR, 48 UL S 2HOK S SRR R, P EESRAAR, 2003,11(1) 74 ~77.
T — I, E5. I AR S TR SRR, Mol Ble,1999,35(3) 1109 ~112.

KA, LR A THOX B RR TR WA AN AR Ry B BRI . A 25240, 2006,26 (11) :3685 ~3695.
ARJEIE , X EM, £, T IRARXILHRILL 50 FRB AL A TR, PYILAYI#1,2002,22(1) :1 ~8.

i, IR HIYBEE. JERC JERURL R A R, 1993.

WEH. e duat: PER S R, 2000. 92.

JEIE S, W56, DPS Blisb BEARSE. Jbat . RhAE AL, 2006.

wEL. HERRLRABEISX. W LR SR, Aol i A, 1989.

BFEEL B P, IR, . SRR E X MK =SB, R, 1998,35(1) :1 ~9.

BURT . KL ARReAR K S B BB SE. JERUARL R 22424 ,1995,17(3) 244 ~50.

PR B, ARG, B8, 45, KM DR AR 53RN vh L A K B 5E. /K R ARFHIEH,2000,20(5) 11 ~13.
BORBR, . )7 VYR IR B DX AR K SO B BTSSRI S ER5,1999,8(2) 196 ~ 100.

XU XU A, 45, A% I BF RO R LK P, B4, 2006,14(6) 338 ~342.

R, B, Rk, FAIRILHA R P LUK HREDT Y. K A2 ,2002,16(2) 119 ~123.
HEBE B A L IROTST E4. PE . bR B AR, 1978, 45 ~47.

XEM. BRI RS IR IR B A I AR SR R R T R R K AR SR AR R . K R AR B IESE,
1997,4(5) :122 ~128.

S, R, B E. LR AR R B A LB L R AR E M. A7 4H,2003,23(10) 22176 ~2183.

http ://www. ecologica. cn



	02a84.pdf
	02a85.pdf
	02a86.pdf
	02a87.pdf
	02a88.pdf
	02a89.pdf
	02a90.pdf

