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0.6 mml K FLER B B e Kk, 5 RFLER BBCE 1Y 72.2%—90.4% ; i fLA2 >1 mm BIFLERAY b R FLER S B 9 1.26%—8.55%, +
B AL B B R AL B T A L 0 A - T R O A > S R TR S PR A S S MR 0> Ze b e i, 25 LA B R AL R 5
FEEARFF SR A JR-B J2-C ZZH/N RS KIS E SHIL S EEBFIEHXKER, M SRS RFTL
BRALBR A% B TAR HE A 0 3 IE AR SR OC AR, FLAR> Tmm A RALIBRAY i RALBR S A i /Y 1.26%—8.55% BTk 8 T 1 Al 7k 2
84.7% AR, WAL, FRAR LA SR 5 % H R A DL & R S B ARG OC R AL 3 2 Ttk A B
P HE

KERIA ;I RALBR  ARBL M Sk R M B LS = E X

Characteristic of soil macropores under various types of forest coverage and their

influence on saturated hydraulic conductivity in the Three Gorges Reservoir Area

LIU Muxing'>*, WU Dan"?, WU Siping'*, LIAO Lijuan'?
1 Hubei Province Laboratory for Geographical Process Analyzing & Modeling , , Wuhan 430079, China
2 College of Urban and Environmental Sciences, Central China Normal University, Wuhan 430079, China

Abstract: Soil macropores refer to pores with a larger diameter and higher hydraulic conductivity than those of the soil
matrix ; these macropores include root channels, caves, and fissures. The preferential flow of water to the soil macropores
would result in non-uniform soil water transport, this indicates a need to study the mechanisms of soil water movement from
homogeneous to heterogeneous fields. Water breakthrough experiments with undisturbed soil samples identified the structure
of the macropores of four kinds of mountain soils covered by different forest types in the Three Gorges Reservoir Area ( brown
earth covered by subalpine temperate deciduous broad-leaved forest, yellow-brown earth covered by deciduous coniferous
broad-leaved mixed shrubs, yellow earth covered by low-mountain warm coniferous forests, and abandoned farmland covered
by herbaceous plants). The profiled soil macropore characterizations and their effects on saturated hydraulic conductivity
were analyzed. The results indicated that the equivalent radii of the soil macropores in the study area ranged from 0.3 to 3.0
mm, accounting for only 0.15%—4.72% of the soil bulk volume. The proportion of macropores with the radii from 0.3 to 0.

6 mm was the largest, accounting for 72.2%-—90.4% of the total macropore amount, while the proportion of macropores
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with radii > 1 mm accounted for only 1.26%—8.55%. Soil macropore density and the proportion of the average area of the
macropores in different soil types decreased in the following order: brown earth covered by subalpine temperate deciduous
broad-leaved forest > yellow-brown earth covered by deciduous coniferous broad-leaved mixed shrubs > yellow earth covered
by low-mountain warm coniferous forest > abandoned farmland covered by herbaceous plants. All macropores, regardless of
radius, decreased with increasing soil depth, from the humus horizon (layer A) to the leaching illuvial horizon (layer B) to
the parent material horizon (layer C), and a significant correlation was observed between soil macropore density and soil
organic matter content. Significant correlations were also observed between the following pairs: saturated hydraulic
conductivity and soil macropore density, and proportion of the average area of macropores and organic matter content.
Macropores with a radius > 1mm, constituting only 1.26%—8.55% of the total amount of macropores, accounted for 84.7%
of the variability in saturated soil hydraulic conductivity. Collectively, these results suggest that increased organic matter in

forest soil layers can improve its infiltration capability.

Key Words: soil macropores; forest types; saturated hydraulic conductivity ; equivalent radii; Three Gorges Reservoir Area
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LARRFAEAN—B, B BRI EIRAIIIE

SR XK AR TR, AR B AE R B BT R B AR AR K AR S R G E AL AN AT AR
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FEBE I A G 19 V8 A A= BE, M 3R B E R WY ( Pinus
massoniana ) FZAK( Cunninghamia lanceolata) BRIV A
( Keteleeria davidiana) & 2k ( Quercus variabilis) H 5%

>z

e

T o mRaE
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Fig.1 Location of the experimental sites
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Table 1 Soil properties of various soil layers under different soil types in the study area
i ik W ikt o
ik A TRRER W Soilbk  Swd/%  Sil/% Clyre LR
Vegetation-soil types Soil layers Depth/cm density/ reanic matier
(g/em®) 0.05—2mm  0.002—0.05mm  <0.002mm content/ (g/kg)
TP R AR L b A 0—20 0.81 23.95 58.86 17.19 54.83
Brown earth covered with subalpine B 20—40 0.86 13.69 66.74 19.57 52.86
temperate deciduous broad-leaved forest C 40—70 1.15 14.18 70.38 15.44 37.74
kTR R AL R A 0—10 0.85 29.4 50.78 19.82 47.36
Yellow brown soil covered with deciduous B 10—40 0.93 36.06 46.6 17.34 31.38
coniferous broad-leaved mixed shrubs C 40—60 1.35 25.86 49.57 24.57 27.72
BRI AR L A 0—5 1.26 60.04 21.28 18.68 14.25
Yellow earth covered with low-mountain B 5—30 1.61 63.03 17.5 19.47 12.58
warm coniferous forest C 30—50 1.63 79.36 7.71 12.93 6.88
FEHFE D Abandoned farmland A 0—15 1.59 86.06 9.98 3.97 13.56
covered with herbaceous plants B 1530 1.60 86.14 6.52 7.34 9.01

# A B.C MR RE RIETERUZMEETE A B .C refer to humus, leaching illuvial, parent material horizons respectively
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FRE TR LR /N AR RFLBR T, IS B i ok 4 i s R g, 4b T2 L (5 AL
B IRIE SO0, P ARG 3K 43 2835 i 2R FEIS i i 2

Q =Av =7wr’7L/t (1)
5 Hagen-Poiseuille J7F#
Q =mr* AP/ (8n1L) (2)
R SR A, RALBR A Y LA
r=7L[8n/(tAP)]"? (3)

Hrr, Q FHALRE (em’/s) ;4 AFLBRTE R (em®) 50 AT (em/s) 5r HFLBREAR ;7 oK SEPR B A2 1Y 25 i
RELAMRBUE 1.2, L A 2K (em) 50 A7K PR RE(g/ (em « s) ;AP AR J1Kk (em) 56 HMNEIR
PR FE LR TS REFR] () o XTI ] AN ik s A7 0, AR 282K (3) BIAT 3380 H 6 L R FL B A%
W HE UK X g ) FL AR R B TR 0] 2 i — LB R, AL 3B T3, S B HEK o Q B, AR
P2 (4) AT R A KL BRI (V) -
N=0.,/(Av) =Q,t/(mr’7L) (4)

KALBRTH AR LEAEAR LB R FUE AL T AR P8 A (3) iH5E B A RALB AR R A (4) 19 1 B9 RFL B £
i, TR T AR A5 FLARS I BB T A R AL ) TR RS, BV SA i - 1E 8 AE )2 N R LR AL .
1.2.2 B AERAE S I E

2014 47 H—9 A A TI(EAE S5 em & 5 em) 7302 RAEAN A 2 500 A9 JROIR 1A AR [RIAE M A& % A2 2%
FEREEANZR 1, TRl 3 N SREEMIIRTIRE LS /D230, 4 M= 5 & T /KT 12 h DLse i A, 48
JETCE TR LCE 12 h (HEGE R M RKE . R T) Bl % 5 - 58 S il i 3 o v b LR, UORIE
IK A3 AN RE R I e 5 PR T RE 2 B A FLBR B . R JRUR 3R U0 B - R R A BR T FH BB Ok 45
MIAT) A Z BB A TR T NCE — KRR, ABT 1B 7K 53 vl B R 36 = 144 J50IR 38 7R Tk
EIRAUF 2 AL It S FORERIK Sk 2 em, WK FF LRI, 24 T4 S8R /KT I, 5507 5 s 10 s 3
20 s Wt K i, DN AR, 8K O 3 ik BRSOk . AR AR 1) R K AR o g i 2 B
A K G A B A2 B IR, P2 BEH S KL B A A G HR A . AR TR K T AR 5 B I i o F B R Rk R
(K,) ,8—#5H 10°C R FKE(K,) .

2 EREHSH

2.1 RIRIZEEIZRMR A 0 KL BRRFE

WFFEIX P 4 Fh2E 20 bR 143 K FLBR Y Y i FLARTE 0.3—3.0 mm Z 8] (£ 2) , Hrh /ML 0.3 mm 57K fE
s A A S LB LA A FRIR—20(d > 0.3 mm) , /R 3R LB AY BV R385 , RALBR N 7K 43 AR J1 K A
F SRR G AR e 55 - RA B FR AR T2 R E I

0P DX R MR L AR R SRR L b B AR SRR P A b Ll B 3 A RIS S s MY
PR W 56 (O RE b |, 3845 % A6 2 B9 RALBR 8 BEAE 0.4x10°—31.17x10*4/m* Z 1], HoArBE PR bR L 3%
B 2R/ TEAETE T AR L A A SRR K, 3 RRRAR I R — AR 2 P R LB B A R e L
T I A > v L ) I YR S AR B RS S AR L R T I AR LA I )23 Sk 8], NIV s L 30 e o T A
SRREH AR, 388 31.17x10%4/m? (IR LB AT MO /N, R 1.47x 10 /m? RN RARIE R BN 5%, N2
BEVE I 788 1% AL B % 5 0.72%10*/m? | FEARAR 1 58K FL B 2 2% FEAR A B %, Hob BHE
EALEE N LR B R4 M 0.88x 10%4>/m? A1 0.56x 10*A4>/m? , HE AW i L i 1 ) i AR 1b v L 41
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8 TR SRR MBS T BB 2, S AR LB PR AREE A 22 AN K A EBIWT T ARFL 3R 7, B3R T 1 4
SERY VD T RALBREEE ) [ Bt S I fLAR BN AL B 2 B, SRR R LR 0.3—0.6 mm
P RFLBUEE e L B2 £ A, 4 FiEEHL Y 4 5 FLAR 0.3—0.6 mm A9 KFLBRE K, b KALBLUE £
1 72.2%—90.4% , MiFLA2>1.0 mm FFLERECR AN i KALBR SR 1Y 1.26%—8.55% . 5 E 7 Hf LAz 0.
3—0.6 mm FLB LA R R 90.4% , M ARSI MRS /IN R 72.29% , FLAZ>1.0 mm AFLER L 5 0] 2 540 1l e
IR 1.26% B MRETE R KN 8.55%

R2 TRIEBHRM TR KXFLEREFE
Table 2 Soil macropore characteristic of various soil types covered with different forestlands

ALK EE/ (4/m?) Bl

L +i Number of soil macropores in each radius interval A/ m?) KA fifns K
T - R PR . . Saturated hydraulic
. L G Total soil ~ Area proportion A
Vegetation-soil types . 0.6—1.0mm  0.3—0.6 mm conductivity/
Soil layers  2.0—3.0mm  1.2=2.0mm  1.0—1.2 mm macropores  of macropores/% .
(x10%) (x10%) 4 ('mm/min)
(x10%)
TR e L S s A 471 2042 4036 37 2.68 3117 7.16 8.94
Brown earth covered with subalpine temperate B 214 995 2160 1.92 1.91 21.36 4.51 6.12
deciduous broad-leaved forest C 119 684 1338 1.16 1.00 11.37 2.50 4.70
WA R AR L R A 251 1265 2478 2.21 1.88 2141 471 8.52
Yellow brown soil covered with deciduous B 229 1006 1470 1.20 1.68 18.27 3.73 6.58
coniferous broad-leaved mixed shrubs C 157 798 1316 1.03 1.32 14.46 2.97 5.50
A E A AR M B A 13 83 175 0.14 0.13 1.47 0.32 0.58
Yellow earth covered with low-mountain B 0 175 786 0.20 0.01 0.40 0.23 0.06
warm coniferous forest C 0 166 702 0.14 0.03 0.53 0.22 0.14
FEHFE M Abandoned farmland A 6 31 66 0.07 0.08 0.88 0.19 0.42
covered with herbaceous plants B 4 31 44 0.05 0.05 0.56 0.11 0.24

# A B.CAFREHE WAEFZAETZE A B C refer to humus, leaching illuvial, parent material horizons respectively

IR LB R AR LY, R 59 £ LB B v AR A i K U8 T T AR A 7T L, RE BB £ 5 S WAL B
12 R FE AR B LKA E S e O & e LB IR L P34 0h 2.42%  brif 25 2.319% 5 5 R
Hh 0.95, RALBRTE AR LRI A LAY A J2=, BN TR A 2 B 2, SEBr b ARl pome
B AR SR b ) L B T AR AL /N, HIAN M 0.4% o AN ] 28 B 2R AR - 198 B 78 5 J22 AR I 0 AR R AL
Wt I FR LE BT A < SV g L T R AR 0 > rP L R TR MR B A S > AR L B i bR i T e L VR S AR
PR 2 P9 DR ALt A B S DA T M0 i LR P o AR, 1L st B S ) DR LR i B H B R fh T S g
YIRR R B R, TIRESHBAL , K AY TS AR | X AE B A1 e (g v A DAIE S 2 | Ly 28038 4 0 % i ¢
i ST, LA, BRI T ARAL BRI SR RSB A 7, RALBR I AL AN 0.26% 537 #F0 LLA, ARbk
SR AL B B RO FL B T AR 1728 57 R MO, 1X T R S MK AN [R) AR R B 5 R I 22 S B8, e
LI R AR RN TR SR Y
2.2 RALBR B B oA LA

AR M T T 19945 A SRR AL B LAl P AR SR B ol YR SR B A e DR LB 6 . g 7
JRJZ SRR TERRZ > B R AL B B S0 2 A4 D it 28 i |, 1] A DAL it i AR Lt AR 0 P P S
NFR2) o X - HETR R I R AL B pa D B S AE LA BRI LB R AR BT BN B e, He A
o LR PR R AR C R 2.0—3.0 mm RALBAHE HUE A JZAY 174, i HABFLAR A9 R AL RS LL I 7E 309 LI
Lo XEREGRZE T HE T B SRS S A5G Bb T AR ZR AN S T SR LAY BN AR bR - S
TZEH L RTINS RALB B FLAR R A AL 2 B e ik

AR LT AT bR A A SR AR FLBR T AR L B 25 (AN B 10%, A J= 2.0—3.0 mm FRFLBR S B A 13
A/m? T B CZEAZARBR I RALB (R 2) o R, A ARIEHEH T 0.6—2.0 mm RALBRE LY B JZ iR
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I A JZ2H/1N,0.3—0.6 mm KFLPREFENE B )25/ A Efek, X SR I0AEF MR R bR 20 %,
RILBRLAZIBR 2448 ]y 3=, RIFRFLAR A RFLBRES H fe i LAY 22 SRR L SR B PR A AR AR AL, 75 8F
W4 % A 2 R FLBR R L AFLBR B BE A 22 A8 K, B 2SR T A 2, #HMEREH Hih AR Eh TR
B 10 S [) i ) B o V8 AR o K oo 7 v 3 2 R (R R R TR IS 2 Ve B, B R BLRS 2 38 X, LR /N L
UIBELEN EPY

FRAR 3 B B RFLBR ) A AR B T 2 AR R S LRI B, TR ZR A AE A B
Wi s 5 A USSR YIARSE R 22 R R A DG A AT X 45 24 1AL AR 1 K AL B %% 13 5 6 1y 5 ML
ST (F3), RER, SEHLEN 0.3—1.0 mm BRFLERSE SAPR & AR B EWIE
IR (P<0.01) , Y fLFEN 1.0—3.0 mm MY RFLBREEE S5 A VLS BA BEM IEAHICE R (P<0.05)

x3 BIREEMNSKESIELEEALEAILBEZENEXXR
Table 3 Correlation between the number of soil macropores and saturated water conductivity, organic matter content
AYE AR RALBRBEEE/ (4>/m?) FALBE TR AU
T HERH JiEE=is Number of soil macropores in each radius interval R

Area proportion

Organic matter

Soil parameters Correlation content /
03—0.6mm 0.6—1.0mm 1.0—~12mm 1.2—20mm 2.0—3.0 mm of macropores/%
(¢/Kg)
AL A LIPS
Organic matter Spearman correlation 0.813** 0.791 ** 0.669 * 0.702* 0.712* 0.819 ** /
content/ ( g/Kg) coefficient
e i
e &< XX{LJ ) . 0.004 0.006 0.035 0.024 0.021 0.004 /
Two-tailed significances
HISF IR 2
e AL Speaman : :
Saturated water . . 0.932" 0.752 0.681 0.853 0.833 0.896 0.769 =
. correlation coefficient
conductivity/
i e I
(mm/min) &) 0 0.012 0.03 0.002 0.003 0 0.009

Two-tailed significances

# * P<0.01; * P<0.05

2.3 RALBREGE X AT K 5%

ISR RERA HIEB BN EE S, 82 H T A E LB m . LR
FLBR P32 S 18 7K AT LB B[R] N 9533 3 38R 2 I TR 5 8 Bl R L R i Kk o sc 4 . IR IX 0T A AR
o IERALBRE A LAY 0.119%—7.16% , (AR FLBRXT K 73 B9 A2 38 2 AL 43 A sE W AR IH 40 B 8 o %4524
AL RKALBR % B S5 A P B i MR KR AT 2 R Z W AH BT, B B S LR 0.6—1.2 mm R
FLB S B X AN S KRB BRI (P<0.05) , 4 & fLE R 0.3—0.6 mm 1.2—3.0 mm [ RFLBR % & 51 A
TR Z AFEN R & R IEAIDCOC R (P<0.01) (K 3) . HEfLIEH 0.3—0.6mm Y RALEREE 5% B A
[ 270 - AN [R] 1 J2 AR B SO R Sk R 28 [ AR 2 R, LR 1.2—3.0 mm R
FLBRR AR AR, FLIBMAR R, %38 B oy, o 2 A0 R0+ B N /K ) E 2 E . XY = LAAE> 1.0 mm 1Y RALER %
BE S A S K R T B R BT, & ST XA IR AT KR S5 FL 8> 1.0 mm B RFLER 2 3 26
PEXR UG E R (K 2), fLAE>1.0 mm B RFLBRE AL S FALIR S B 1.26%—8.55% ,(HIRE T 1R 1S
IR 84.7% HIAE S | 33X 5 i il e Xof 28 06 i PR X1 - S ACFL B 5 10 R 5 K SR A (] 051 235 SR AR — 3

KALBR AL 25 TLBRFLAR S B A240, 5 H IR A S KRR B A R B 15 0.97, & 2 B
e 535 B IEAH DGR R (P<0.01) |, R B AT K 0t -4 ih A O FL B 19 A8 b LU BURR (&1 3) , Bedh, 3
AHUEARE I 0 SOk, N B s DI 58 | LIRSS Sy b it RO B, i
FFACREFLBRARAE A PR A A A S 0 AT R, A ALS & i S 1A KR 2 18] HLAA e 38 A e 6 R
(P<0.01) ,HSECRECH 0.77(F 3) . A LT3 Z 68 0L 7 AURCIR 2544 (10 I B, (58 1 38 S g 4y, el 3% 4= 58 1Y)
W IE M, AR R Y Sk
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Fig.2 Correlation analysis between saturated water conductivity Fig. 3 Correlation analysis between the number of soil

and density of macropore with diameter larger than 1Imm macropores and saturated water conductivity

3 Fit5itie

I IR TT AR 7K 5 %5 375 I 23 0T = 2 J3E DX AN R 2 780 ZR K 1 38 1) KL BRRRAE I H A 5 4= 38 A oK
RIS RMAT THIIE, =X IR EZE KT 0.3 mm 1 H B SRR, & fLETE 0.3—3.0 mm
Z 8], FLAEVE S Beven and Germann'' | A" ROBF ST 2h R — 2L, FE I AR S BT B A 2 AR Y 0.4—
2.3 mm W5, SRR R A RS W45 R K 0.6 mm, FEREGEEES B 5T 45 58 0.8 mm, 3 RALERAY
7 RARRY 0.15%—4.72% , AL Y 5% | 500 0% FEIRYT B WE BTS2 AL, R FL IR %8 B it 2
LA G KN, i fLAR 0.3—0.6 mm FLBR %S FE fe K, FLAE>1.0 mm 0YFLBRE &AL 5 K FLBR B A
1 1.26%—8.55% , ISR HE A FCFLIR 2 B S 1T AR LU AR B - R ) b AR 338 > Il TR AS PR B A 1 >
MREIE AN, NONBHEREIR T 3450, RALBRECR B, 7o 83 Hb (1 RFLBRE AN 7.2%10° 4 /m? | HoAs
B EREHE R KL B B (1.34%10° 4 /m?) KA B P, 38 i m B RFLBR A 2 8
2% F)Z/DEEE S BRI RFLER I 2B A 2 -B J2-C BRI IE/D a3 KALBR % B 54 WL & &
BB IEMISEE R, AR FEMRYT 1 iz , Bl 5O 78 23 0 K b 3 A DXORIT T3 25 o D T L) P b X3
R FLBR B A0 A (O AR B2 LS, M2 AT 2 X P Ll A A i b A L e 25 S A F 5 400 2
KAL B E S i A P TR BE (R 38 i 384 K, 3 5 e ORI 1) - J e 5 T 25 A A AR R AR S e,

T A S K R G AR FLAR IR FLBR B R ALBR i AL HL 7 A B IE A6 &R, SRt B 4
FIRFFE 25 IR —50, AR IR YT B3 A 20 A FLAE > 1.4 mm UFLBRYLE TIRATSKE 69% 1Y
AR Bk BT R I K HIEAR X 3 Y R FLAE S 1.5 mm B RFLBR P E T A Sk R 84.4% 178
o TUREX RS BN LRSS T mm B RALBR A BEA S RALBR S E 1Y 1.26%—8.55% (B 5E T 1R
SKE 84. 7% 7 . FLARIE FEIBE K (1.0—3.0 mm) AR LB X 1L RS 7K R A4 728 Ak 52 M B K

25 LR, RIERALBRE 1L b+ BEK A% R ) E AR, RN SR 5 R IERALIR AR 2 R R AL
BRI AR b B AR . RALBRAIE iS5 3880 0T S 00 3h 45 56 R BT, ARAR 38 0 2 ) i MORD B [ 1R 28
MEAYLE S EFEE R EHE R RLAGEE T 15802 B 1R, AR 25005 0 B R B AR e B SLBR B 12

CE S, NN RS R ALBRE >  RALBR ST 7= A AN S H3EAR B M50 ¢, 1 SRR FFE )
K MR KRR A G P55 A O, AR T B — 25 T AL I S T A 1 S R S AR 5, ol 338K
33z SRR R (R R R X A A S R S %

http ; //www.ecologica.cn



S % 36 &

2% 3L HR ( References)

[1]
[2]
[3]

[4]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18

[19

[20

[21
[22

[23]

Beven K, Germann P. Macropores and water flow in soils. Water Resource Research, 1982, 18(5): 1311-1325.

AR, AVBTIE , SRR, PLSE TR IR Bk S H. A2, 2006, 26(1) :231-243.

Watson K W, Luxmoor R J. Estimating macroporosity in a forest watershed by use of a tension infiltrometer. Soil Science Society of America Journal ,
1986, 50(3): 578-582.

Hayashi Y, Ken’ichirou K, Mizuyama T. Changes in pore size distribution and hydraulic properties of forest soil resulting from structural
development. Journal of Hydrology, 2006, 331(1/2) : 85-102.

T WRRSE X URVT. 0 2 SAAU B GE B K S M B, 2 2524, 2005, 25(3) + 507-512.

Wik, SRR, 2L, S AR 2R 08 KRR X SR FLBR A3 A R A B X oK PERE RO WA AR 52441, 2014, 34(6) : 1512-1519.

FRIRE, RAATE, R, AR, sk, HHEIALBURAT I RS R SR . AR, 2014, 34(11) : 2801-2811.

KodeSova R, Vignozzi N, Rohoskova M, Hajkova T, Ko  arek M, Pagliai M, Kozik J, Sim  nek J. Impact of varying soil structure on
transport processes in different diagnostic horizons of three soil types. Journal of Contaminant Hydrology, 2009,104(1/4) :107-125.

Allaire S E, Roulier S, Cessna A J. Quantifying preferential flow in soils; A review of different techniques. Journal of Hydrology, 2009, 378( 1/
2): 179-204.

Kutilek M, Germann P F. Converging hydrostatic and hydromechanic concepts of preferential flow definitions. Journal of Contaminant Hydrology,
2009, 104(1/4) : 61-66.

Zhang Z B, Zhou H, Zhao Q G, Lin H, Peng X. Characteristics of cracks in two paddy soils and their impacts on preferential flow. Geoderma,
2014, 228-229: 114-121.

Radulovich R, Solorano E, Sollins P. Soil macropre size distribution from water breakthrough curves. Soil Science Society of America Journal,
1989, 53(2) : 556-559.

AR, & BN, TRE, FTEREE, BN KOl FERBRAR RSB 5 3 B4 M. 2R 2544, 2007, 18(10) :
2179-2184.

WA, M, RENE, BB, T, S0, RPN R LR AR e A0 A7 TR I RFL BRI A R AR A s A= 25244, 2008,
28(10) ; 4929-4939.

Ffl, dRENL, BEAE, RER, A, T PO AR R AL BR AR AR S R A O R W AR A AE i, 2010, 21(5)
1217-1223.

HAF I, B AE , f oA, ZRughh, skomk, SRR, 5 DS TAT 1L b - 49 LB % B0 R R AE I 5. K DR R4k, 2014, 28(2) .
292-296.

SN, Bz, MER, TR, AT, BRafh. KUT =048 b A pRh b R b R A5 U s R VT B IR S B 5 , 2003,
12(1) : 55-60.

TR, BRI, G %, RO BI R IX R I T BB BE AT, AR 7328524, 2001, 39(3) : 260-268.

HRIZE, ELIU, B, B e S AR EOE AL, 2006.

IR, IR, T, IR, R B R X A R O O R ERAL B IE R S . R AR SR, 2014, 25(6) ¢ 1578-1584.
XUE %, EICHE, SRR, MSCE. =0 KON R B Ak LI LS (508, 174, 2012, 30(2) : 147-155.

Bundt M, Widmer F, Pesaro M, Zeyer J, Blaser P. Preferential flow paths: biological ‘hot spots’ in soils. Soil Biology and Biochemistry, 2001,
33(6): 729-738.

Cheng J H, Zhang H J, Wang W, Zhang Y Y, Chen Y Z. Changes in preferential flow path distribution and its affecting factors in southwest China.
Soil Science, 2011,176(12) : 652-660.

http ; //www.ecologica.cn



