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Macropores properties of forest soil and its influence on water effluent in the

upper reaches of Minjiang River

SHI Hui'?, CHEN Feng-—Qin °y LIU Shi"ROng (1. College of Environmental and Municipal Engineering, Xi’an University
of Architecture and Technology, Xi’an 710055; 2. Institute of Forest Ecology, Enuvironment and Protection, Chinese Academy of Forestry,
Beijing 100091;3. School of Resource and Environments, Southwest China Normal University, Chongging 400715). Acta Ecologica Sinica,2005,
25(3):507~512.

Abstract : Macropore structure in forest soils is very important to soil subsurface water flow. In the soil layer thinning region,
large amounts of water can breakthrough the macropores and form undergl;ound runoff after rain. As a result, storm peak flow
is decreased, the ratio of surface water and underground water is changed, and river water fluctuation more slowly and remains
more stable. Although there are many methods to be used to research soil macropores, macropores radii measurements by
different methods are often inconsistent because these methods are immature. The common macropore definition i1s the porosity
between saturated water content and field water content. The objective of this study was to determine the radii of soil
macropore as commonlly defined and its impacts on soil water effluent. The macropores of forest soil were studied using the
water breakthrough curve and Poiseulle formula method of Radulovieh et al.. This was done for soils under the coniferous fir
forest, alpine oak and alpine meadow environments in the upper reaches of Minjiang River. The radii of soil macropores under

different vegetations in upper reaches of Minjiang River ranged from 0. 3~2. 4 mm, with mean varying from 0. 48~1. 17 mm.
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The overall mean value was 0. 84 mm and standard deviation was 0. 226. Soil macropores are more frequent in upper soil layers
and less frequent in the lower soil profile. The large macropores with radii from 2.4-~1.4 mm are less common, and small
macropores with radii less than 1. 0 mm are more common. The mean radius of macropores has very important effects on water
inflow rate, especially those macropores with radii larger than 1. 4 mm. Although these macropores make up only 5% of the
total, they contribute 70% to the variance of steady effluent rate. The ratio of macropores ranged from 0. 3~2.4 mm in a
section of water flow can be as high as 21. 22% and as low as 2. 6%. The steady effluent volume increases along with the ratio
of macropores in a water flow section enlarge when the ratio below 20%. The water breakthrough curve method complements
traditional method of macropore diameter measurement but also reflect the water flow properties of macropores, so it is a
useful method for understanding water flow in soils.

Key words :soil macropore; poiseuille law; water breakthrough curve; radius range and quantity
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ARERRE KL EHFARAKRRT IR . BHEREE TRENERP KEHNERZ KL RBERAE S RENH B 2R g
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X, BAKMERFMAT S, AR BEARLER KD 3 I BEAREHK LN — T EERT,
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1100mm, X E 80% . EHKRE 9.8C,.1 A EHREBE—-1.7C,7T AHEHRKBLI7TC, HEBRAGFEZF . EHWIEHE. #

Vbl

—

T B

H ]

DA HILEMELEG R E.
1 EHEAIBPEXEEX
Table 1 The basically conditions for the sample
%5 BESMNE W E MR HE KR B4R 5 AR &
No. Sample location Slope  Elevation(m) Vegetation Sample number and depth
 PE WP Lack sunshine o7g1  CHOTMMTROME, UBOHNE | oo 1 B isem I-BC 30cm
slope Gap of dark coniferous fir forest ' - ‘
I :{Soim P Lack sunshine 57° 2758 B &+ K Contferous fir forest I-A 5cm I-B l5cm
I BB FHIE Sunshine slope 35° 2878 5 W4k Alpine oak I-A 14cm I -BC 22cm
N EBEILPFEYE Sunshine slope 35° 2948 B I #k Alpine oak V-A l4cm V-BC 32cm
V  EBH LW PH Y Sunshine slope 15° 4204 & L1 E A Alpine meadow V-AC 3cm
VI B BHILPHYE Sunshine slope 15° 4208 = ¥4 Alpine meadow VI-AC 4cm
VI BB BHYE Sunshine slope 60° 4077 & 1L 5L /) Alpine meadow VI-AC 7cm
VI ELEH L BH3E Sunshine slope 60° 4057 & W54 Alpine meadow VE-A 9cm VI-AC 17c¢cm
A 118ecm?(®@3. lem X 3. 9e) A T , B E L ¥ B KK
S [E + 13 B H S =1 sHlTI -A oS -B & H@ESI-C
AR BREHE TR LA, EPRGEE AT B LR T i B T o
B E TR EES 2N, BB L EES 2N BLES 1.2 - a B5&n}#k 1+ Coniferous fir forest
R 3 GR D), il A+ R R I LR AR L L
é:":. Jj‘ﬁ % ﬂ >>— :E L14] o 0.6 _l:'l ¢¢%'000°w¢¢¢%¢¢¢0¢0$¢ooo¢¢oo¢5‘¢¢°¢oi‘%‘am o®
1.3 W% T 0.3 |- Ciandaanaassa shs asasriusns Pans Bas Asaasyp,0
B8 PR A 75 R 6 M 50 B 5 07 B OUS) 0 SR IR 0 MR -
AT ARG RE 12h FHXFHERKE . HS KRREES K 0 Eljﬁ%so loomﬁ:{) 200 250 300
. o V-A o IV-BC
S 1. Sem, Y+ AE T A KA G E G 5 B WAKR HE _ Profie VoA Profile IV . BG
KBERBRBRRE L. E 12 — b Bk L Alpine oak soil
o 000 o
2 ERSAHW g 09 L % P % ™ w0 0 2o” %% %o 00
2.1 RS T 0K 5 5 M1 40 1 g o RO
A L B A U 0 Lk A TR, 3 A § OO, m o R ey o G, o
O
REK T LMK S S EMRNE 1, NERTUES, i FE 8 030
SHEHET ENERRETORA, AN FERLOENL  ® b o o+
LRSI AK L B LA R EROK S m & L, o 10 150 200 25000
: ’ + - W ’ O CHESW-A o WESV - AC
ZERHAL . MEAESE THER IO AKSFEMEERE Profile VIl -A Profile Il - AC
AES. WA THT IR TREE R, B4 bk 4 505 A5 L2 ¢ 391 Meadc soil
TP RABREN T ELFESL. MERA LT RABREEZEDTT 09 -
WL~ I BESRAE A BRO.66m/sB | e poap’ o o8l *a
JZ2 0.83ml/s.BCJ2 0.3 ml/s; HIUMMAK LB EHMER A BH T B o 0% %0 0% 0000l % w®
0
0.9ml/s.BCEZRH0.58ml/s; ERH 1T ARMBC EERHFABH 031,
o
&% ,34 0. /s, Fﬂﬁﬁﬂ%ﬂgﬁj‘ yFEHTHEE ML 0 oo l ! | 1 | |
M ABRUEZASS HREMT LMALBRI, RN, T B T P aintmew
BE—HHAGE—SRABEIMIR TR Y s e Fa.T
BMAESRGER, LELEHRA R —HEEHM T AL B 1 3 FRREEET T IRE KI5 B 2R

B ,BC EHFAASE BEL,AMERMYTLEE D, & LAk Fig.1 The water breakthrough curve of soil under 3 typical
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AV SEMBARBANSF— RS
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LB R R E

]

- KL
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B RIYE
Zx 1 Poiseulle 7R ITE B AFAEH T
L L B Y B /2
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B2 H T
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C1EYE
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"R  EHYHBR R EEEPE 30cm LA
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Bl KEMBEMEKEZE ,KREKRKA N 40s £

LR

MIARWIRSE TX— R BE/MLEEZEEE
= 0.3 8 0. 2mm)— B, 53X 136 B T 7R B 5T 04 2 4K -

FrFECE 12h i8R —1 -
FAR— T HERGRAERFIENKEESZI N, RIEEE

A8 BRI R IR 2. WA
W AHE. 458K 0.5~0. 3mm ., 0. 7~0. 3mm ., 0. 7
CBK B FE -
THIERZ5Z

A LLE

% Yl

H —A IR B FFAE . FL BT B B

- %

FLoRILBEEERLABRKRT 0. 3mm WHESLE . XF LR HEK S E b E , B w0t F 4 S st K 443 30 & g 58 28 R
FU AT AP R — N EE KRB XN FHERBAKBEEEREENE L.
2 HHRIHAABETEERER
Table 2 The numbers and radius of macropores about forest soils in Wolong of the upper Minjiang Watershed
Hass #mER KFLB 2275 B (mm) B E (4 /dm?) KFLBE 2442 (mm)
No. Profile Macropore radius range (mm) and amounts per dm?* Av. Radius
I [ -A 2§42 radius 1.6~1.4 1.4~1.2 1.2~1.0 1.0~0.7 0. 97
¥ & amounts 20 26 60 235
[ -B A 42 radius 2.0~1.4 1.4~1.2 1.2~1.0 1.0~0.7 0. 7~0. 3 0.59
¥ & amounts 33 17 23 60 798
1 -BC # 2% radius 1.9~1.4 1.4~1.0 1.0~0. 7 0.7~0.5 0.5~0.3 0. 48
& amounts 13 20 50 123 749
i I-A A 4% radius 2.2~1.6 1.6~1.0 1.0~0.7 0.7~0.3 0.71
¥ H amounts 20 89 258 550
1-BC 2242 radius 1.4~1.2 1.2~1.0 1. 0~0.7 0.7~0.3 0. 64
¥ B amounts 13 7 40 142
I m-A M 42 radius 2.2~1.6 l.6~1.4 1.4~1.0 1.0~0.7 1. 16
¥ B amounts 20 30 70 93
I -BC Y 4% radius 2.4~1.6 l1.6~1.4 1. 4~1.2 1.2~1.0 1.0~0.7 1.17
¥ HE amounts 13 17 106 60 79
i\ N-A 245 radius 2.3~1.4 1.4~1. 2 1.2~1.0 1.0~0.7 0. 93
¥ & amounts 17 33 73 116
NV -BC A 4% radius 1.9~1.4 1.4~1.2 1.2~1.0 1. 0~0.7 0.7~0.3 0. 62
M E amounts 23 13 50 83 639
Y V-AC M 2% radius 1.2~1.0 1. 0~0.7 0.7~0.5 0.72
& amounts 3 73 86 |
k| VI-AC A 4% radius 1.6~1.2 1.2~1.0 1. 0~0.7 0.7~0.5 0. 82
¥ B amounts 20 344 53 505
VI VI-AC A 42 radius 1. 7~1.2 1.2~1.0 1.0~0.7 1. 16
B H amounts 43 30 33
VI VI-A A 4% radius 1.4~1.0 1.0~0.7 0.7~0.5 0. 82
¥ B amounts 63 315 149
VI-AC  %¥:4% radius 1.6~1.4 1.4~1.0 1.0~0.7 0.7~0.5 0.79
¥ & amounts 7 33 46 116
* KRFLBL B B2 2 BB B INALE ¥ 45 5. Macropore average radius is the average value of amounts
MIRT EWF LA T 2 ERABEMNSE T REE, H XMW LEEEIEEF T 0.3~2.4mm Z[H, FHE4EH 0. 48~
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k=B R ALBR S

EH A 0. 84mm, ¥ F EH 0. 226,11
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IR TE SRR L B
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R EREHARI T BRARBFEHRKIIIR—ITEERYT . I—FEEERS TERIEA X, @G3R B REE T B

TEATHEBRHEERD . HETZEASTIEHR T LB K S FEM L, W Poiseulle FEITE KL TBEMNELH5R T &

WX KA MER ., GREH.
(1) ¥ H (8l 5K B F A0 3 K B Z 16 5 FLBRE Lo KFLBR , F K 41 5F & i £ f Poiseulle 22 X BF 3R L AL BEHIFLIZ

i V8

RSB, — T E SR BRES RRE AR, B — FE B8R S K ENH X, KB T AT

BrRe B R, BE—FAENSER T,

() IRV P LA B g R R T R AR EREREDT 0. 3~2. 4mm Z[E],F 2R 0. 48~1. 17mm Z |8}, ¥ {E

K 0.84mm, ¥ HFEN 0. 226 HEEH MW AT RIAL LEZ . TELHFRR. R, ¥EE 2.4~4. dmm Z A A KL E
A /NF 1. 0mm H/NLEREZE .

(3 RILBAWFBHEEN KB RERFEENEWIFHNERERT 1. dmm WHABEHEBERE X . ERPFEEZHE K,
BRUBNERKABEEERE SYUT . BERETRELERERE 69X HNAER. KRABAISI K EN LRGN 21.22% &K
MR 2. 6% ; ZERFLBR B 5 /KT B B EL B/ T 200 244 L 38 %8 M 0 2 38 Tl K L B 19 18 28 T 2 K

HHREBEBRFAKENESE - ERMHSRXENERPE, UE2YSE TR MRS, BUFKL B RILBEHRR,
AT G AL FRARER SR K IRALE BT . AN{UAE BRI E AT h0 B8 X 2R AR 18 5 7K SCa 3 B9 R 78 S8 Bk b AT B 4 ath 1) A 28 A 3 7K B IR
MAKREWEE, ABRHENR KAKRPF IENEEREEREMER SRR KE . ZMRERNE—ENPHEIE . FRXHE
KT ERILBEMAREFTFSE T HEA,

References .

t I l ] | ] L_J

o oo =3 O

| | 1 | 1 | |

-
o
LI

[11]

[12]
[13]

(147
(15]

[16]
(17]

Shi H, Liu S R, Sun P S. The mechanism of forest adjusting and controlling agriculture environment: A Review. Research of Soil and
Water Conservation, 2004,11(3):31~36.

Bonell M. Progress in the understanding of runoff generation dynamics in forest. J. Hydrol, 1993, 150: 217~275.

Liu W, OuZ Q, Ying P F. Soil macropore and its studying methodology. Chinese Journal of Applied Ecology, 2001, 12(6): 465~468.
Germann P, Medwards W, Mowens L. Profiles of bromide and bromide and increased soil moisture after infiltration into soils with
macropore. Soil Sci. Soc. Am. J., 1984, 48 237~244.

Breasely R.S. Contribution of subsurface flow from the upper slopes of forested watershed to channel flow. So:il Sci. Soc. Am.J., 1976,
40:955~957.

Mosley M P. Subsurface flow velocities through selected forested soils, South Island, New Zealand. J. Hydrol. , 1982, 55.:65~92.
Harr R D. Water flux in soil and subsoil on a steep forested slope. J. Hydrol, 1977, 33:37~58.

Weyman D R. Measurements of the downslope flow of water in a soil. J. Hydrol. ,1973, 20: 267~288.

De Vries J, Chow T L. Hydrologic behavior of a forested mountain soil in Coastal British Columbia. Water Resour Res. , 1978, 5; 935~
942, |

Wilson G V, Jardine P M, Luzmoore R J, et a/. Hydrology of a forested hillslope during storm events. Geoderma. , 1990, 46:119~138.
Luxmoore R J, Jardine P M, Wilson G V, et al. Physical and chemical controls of preferred path flow through a forested hillslope.
Geoderma. ,1990, 46:138~154.

Hillel D. Intriduction to soil physics. lL.ondon: Academic Press,1982.

Radulovieh R, Solorzano E, and Sollins P. Soil macropore size distribution from water breakthrough curves, Soil Sci. Soc. Am. J.,
1989, §3:556~559.

Zhang W R. Ecological management of forest soils. Beijing: Chinses Sci. & Tech. Press, 1994.

Department of Sci & Tech. , Ministry of forrestry. The fix position research methods of forestry ecology. Beijing: Chinese Sci. & Tech.
Press, 1994

Zhu Z X. Pedology. Beijing: Agriculture Press, 1983.

Logsdon S D, Mccoy E L, Allmaras R R,et al. Macropore characterization by indirect methods. Soil Scil. , 1993, 155(5):316~324.

5% LRk -

[1]
£3]
[ 14]

15
16

] |

-

AR, Ao, s Ax. FRAREBX R A SRR FREETR. KERIFHE, 2004,11(3):31~36.
X, X AW, Bifig. HIMKARBEMAR T E. MAESER, 2001, 12(6): 465~468.

KA. AL BAESER. AE . PEHBAERARHRA, 19%4.

KA FRERSR. FREZRESUARITE. X . PEHBNFZRARAHERL, 1994.

SHEM¥. THFEM. JUE Rk H AR, 1983.




