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Abstract ; The rock fragment which is widespread in the mountain forest soils, deeply affects the characteristics of soil water
movement and soil macropores. However, this has been less studied in forest hydrology, although it is an important factor
related with hydrological process. Based on the definition that macropores include the soil pores between field capacity and
saturated water content, the rock fragments content and the macropore characteristics ( radius, density, and area proportion
of macropores) as well as their relations were studied, and their effects on the water effluent were evaluated in the plots with
typical vegetation forms in a small watershed of Xiangshuihe, south side of Liupan Mountains in northwest China. The
results indicate that the steady effluent rate is markedly affected by the mean radius and the density of macropores,
especially the density of macropores with radii > 1.4 mm. Though the macropores with radii > 1. 4 mm make up only
6.86% of the total density, they contribute 67.4% of the variability of the steady effluent rate. The area proportion of
macropores , as a parameter synthetically reflecting the effects of radius and density of macropores, can better explain the
variability of steady effluent rate. The steady effluent rate is markedly related with the area proportion of soil macropores, in
a linear relation with a high determination coefficient ( R* = 0. 8361). However, the relation between the content of rock
fragments and steady effluent rate is complicated. In the main root zone of soil layer of 0 —60cm, the steady effluent rate
increases with the volumetric content of rock fragments until it reaches 15% , and then decreases with the rock fragments
content; while the relation in the soil layer of 60 — 80cm is opposite. The increase of the volumetric content of rock
fragments in soils induces a increased mean radius of macropores, especially the increased density of macropores with radius
> 1.4 mm, but less effect on the density of macropores with radius < 1.4 mm. This means the effect of rock fragments on
water effluent rate ( macropore flow) is operated by affecting the characteristics of soil macropores in a certain extent, such
as the radius and density of macropores. The steady effluent rate varies with soil depth; firstly it decreases from soil surface
to deeper layer in the main root zone of 0 —60cm, and then increases with soil depth in the layers of >60cm. This is
because the macropores and steady effluent rate are more affected by the soil improvement effect of vegetation in the main

root zone, while more affected by the increasing rock fragment content in deeper soil layers.

Key Words: Liupan Mountains; forest soil; rock fragment; macropore; steady effluent
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T3 G S E Y B SR, LR E TR A0 T R A, R T LR R BRAME SRR, B
PR LA TS BN B RN T3 R FLBRARE (B BE R/ RALBRE AR B SE) SRR 3K 4338 3l
PMEIMERT AR & 8 K& HIERALIRS B RERMOK SR P ERKIAR, VBT IR 2R A
KU B R RS 40 B 1R — R WELE B, v A R KOK 2R SREF R BH—EHHES
W o
1 ARERXEHZHEBEER

R S ALTE T B BRI B AR X BB KN, A T B0 SRR B8k , R 7B TE 2060
~2931m, HIRN B A T AREL 106°09’ ~106°30" L4k 35°15" ~35°41' 2 ], j§ FREBRH L BE X FE T RKX
M, A BRI KRS XSG, ERE 5.8°C,7 A FHRIR 17.4C,1 A PSR -7.0°C ,EHkE
K& 591. 6mm (BIFYE) , ZEFTF 6 ~9 A, FKFE/PNRBIMEGREFHNTEE, EETIZHE, FHER
R T0% ~80% , X E 2 RIRIKEM, 014 ( Populus davidiana ) | 21 #E ( Betula albo-sinensis ) |, | #E ( Betula
platyphylla) T Z Ak ( Quercus liaotungensis) 4 LI # ( Pinus armandii) % ; R B A TR, 42L& H A ( Larix
principris-upprechtii) JH#A ( Pinus tabulaeformis) ; 76 LK FHIE 73 77 8 KB ;7 m¥EIR (2700m L) ) 3
53758 W R Il BRI R

BN B R BB W RIS U  Ra WAL BRI AR Yy . 13 LURKAE o0 &, SR 53 A5
F-EHRHERIEG L, BRPHFAERE, OHEEZAN T 2 ~30mm, ERE P T 2 ~ 10mm Z A5
AABRFZAFHIBREERRER, BFARE/NE ERAREZEHAR, MARBEAEZ I KEAR RRELE
RS AR LIBP EFEYL AR B — A S X WA R R, Al EME LR aBRSEN B
L, ARELEPEZEERRE,

AW L M AV PR RNRE T 8 ML, EE 6 D FRAREEME, 1 NEMGEHAT 1 IR L A
R, BARFRHEE 1,

£1 TRFEMEATERERE
Table 1 Basic characteristics of vegetation and soil in the investigated plots

OHGERER TARGEE

PE b 40| B8 Fefu HEPRE TREE

i Bulk density of soil
e Slope Slope Altiude Slope Vegetation Soil depth Volumetric N . ens?ty o s
Plots d ) . (m) locati (em) content of rock mixed with rock
egree aspec m ocation es cm
£r P P fragment (% ) fragments ( g/cm’)
AR
A 7 SE 2155 T Lower Pinus tabulacformis 100 17.88 1.20
B 35 NW 2200 m Middle at L 120 26.73 1.11
Betula albo-sinensis
C 35 SW 2200 T Lower 4RI P. armandii 120 34.53 1.30
10 E 2150 T Lower M\ Shmub 100 25.04 1.03
E 35 E 2220 T Lower H#E B. platyphylla 100 22.22 1.06
TLARAR kg
F 31 N 2060 T Lower  Quercus liaotungensis& 100 15.33 1.15
Tilia paucicostata
A
G 45 SE 2286 _ Upper ﬂéjh% D-Hi . . 100 3.73 1.22
Larix principris-upprechtii
o
H 25 N 2900 _ Upper Al IJ.IE@ 100 0.64 1.06
Subalpine meadow
2 WRFE
2.1 FmisE

2005 4£7 ~9 A, AR I (HR 7 em, 5 5.2 cm)43)Z(0 ~10,10 ~20.20 ~ 40,40 ~60.,60 ~80 1 80 ~ 100
cm ) REE HITHE G, RO R B LIRS L HRYRCIR . SRR EREIR 3 R
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THEARE H RILEER 5 A com ™, T EIREEIAK K 20m, WK FFEA BT, 24+ 4 F 304 K % i ot 58
5s AR, BRAREESTREN 1L,
2.3 KL S5EETE
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BERKER . BT LKA BRSNS, A TR WG B, 75 B LR B i i TR
Poiseulle R BB IR R, HEHILBRK LB, ARG REYBILATE L A mHR EK
THRFLBREE . B ERE 58 07k W Radulovich 45" L vE4 "™ poscik, SR i ik #i K 4 5615
e A7
2.4 AEASENE

¥ RRB RS T A E R RA TS, 45 2.4.6.8,10,12,14,16 .20 ,30mm 350, vE i
AR B HEEARSET R EHEMOEE 0. 5ml) BT HK R E A RN G BHAR  SEHE ARS8,
3 ERE5SH
3.1 TEAHSRBE

AXPABRERATRET 2om WAEER™ , AR TEOARSBRE, DEESEBRAS TSR,
B, GRS B R E T, AR AR B ke SRR E IR (£ 2) . HR, AR
ZHBFEBRZEIN(E L), 0 C B (IR LB ~120cm 2 B) AHSERS, HERS 23
34.53% s H REL (T 5 L 2 ) £3%(0 ~ 100 em +2) ARRS B BRAE, HA 0.64% ; Hik G Res (L&)
KRR S BN 3.73% . FrATEREHE 0 ~100cm +2ATRTSE R 16.02% ,F51EE N 10.00%

£2 FEALERELHEHREENZEAESR
Table 2 Variability of the volumetric content of rock fragment in different soil depths

FIEHEE Soil depth (em) 0~10 10 ~20 20 ~40 40 ~60 60 ~80 80 ~ 100
SEH] Mean( % ) 10.30 10.71 11.99 16.42 20.09 21.11
RHEZ Std. Dev. (%) 8.32 7.08 8.83 11.89 11.12 14.81
TREFC.V. (%) 80.74 66.09 73.59 72.45 55.33 70.15
AMARARERENSE(E 1) RN, & TER 18
B 2~6mm

KL EERBAB/NEER(2 ~6mm) BABRK &
BEK, K 6 ~16mm K7 8, AR AR & B &
No MO, BEXEINE, B/MRZEER (2 ~6mm) B A
BB AT T EPREB/NES
3.2 TEERFALBRRE

R EI(EK 3) , BEA KL IERILR R N, B NN A
7£0.4 ~2.3mm ZJa], BEEFELEPF 0.7 ~1. 8mm 3 [ O 70010 1020 2040 40-60 60~80 §0-100
W& LB R ERILBRE % B mACF S R LI Soil depth (cm)
0.57 ~1.21mm 2 J&], B FHE N 0. 89mm ; + KA, Bl FRAGEBE KRS RAGRE
B AR ALTE 57 ~ 1117 A -dm ™ Z A, 73 408 Fig.1 Particle size distribution of rock fragments in different layers of
A edm 7 AR RN 66.26% . K42 >1.4mm KL sl

B 6~16mm
B > 6mm

ARG E

Content of rock fragements (%)
O
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BREEEE B/, R 5 B RKTLERE B 6. 86% . T Wi i) KFLBRE A AT 0. 76% ~31.26% 2 6], F¥1 K
10. 82% ,AREE R 7.73% B R RE R 71. 41% ; R, 1742 <1. 4 mm BRFLEREF R KD,

£3 AR BBIEHRE T RAFLIRSE
Table 3 Characteristics of soil macropores of typical vegetation in the Liupan Mountains

Sﬁﬁﬁi AR £ Hb, Plots
(cm) Indexes A B C D E F G H
0~10 24275 H Radius range (mm) 0.7~2.3 0.5~1.7 0.5~1.4 0.7~1.8 0.7~2.1 0.7~1.8 0.6~1.8 0.7~1.6
S0 43 Mean radius (mm) 1.07 1.06 0.83 111 1.05 0.93 1.10 1.04
BB Density (4~ -dm %) 348 637 728 289 512 197 98 143
fj&ﬁﬁjﬁi&is of macropores( % ) 13.73 25.85 17.05 12.10 19.67 5.57 4.23 5.14
10 ~20 24275l Radius range (mm) 0.7~1.9 0.6~1.4 0.5~2.3 0.8~2.1 0.6~1.9 0.6~1.9 0.8~1.0 0.6~0.8
S0 43 Mean radius (mm) 1.03 1.04 0.77 1.21 0.86 0.9 0.87 0.68
BB Density (4~ -dm %) 150 619 273 176 133 279 162 275
fj&ﬁﬁjﬁi&is of macropores( % ) 5.57 22.59 5.89 8.99 3.49 9.19 3.76 4.08
20 ~40 24235 ] Radius range (mm) 0.5~1.7 0.7~2.1 0.7~1.2 0.7~1.4 0.6~1.9 0.5~1.4 0.7~1.5 0.7~1.0
S0 43 Mean radius (mm) 0.82 0.72 0.87 1.03 0.82 0.81 0.81 0.86
BB Density (4~ -dm %) 90 262 104 240 576 1118 127 361
fj&ﬁﬁjﬁi&is of macropores( % ) 2.08 18.38 2.51 8.28 13.47 25.43 2.80 8.48
40 ~60 24275 F Radius range (mm) 0.7~0.9 0.7~1.3 0.5~2.2 0.7~1.8 0.6~1.0 0.4~2.2 0.5~1.1 0.4~0.8
S0 43 Mean radius (mm) 0.78 1.00 0.75 1.06 0.81 0.61 0.67 0.57
BB Density (4~ -dm %) 569 429 856 198 151 698 233 743
fj&ﬁﬁjﬁi&is of macropores( % ) 10.84 14.00 3.70 7.59 3.16 10.34 3.53 8.03
60 ~80 21235 F Radius range (mm) 0.6~1.9 0.5~1.9 - 0.7~1.6 0.5~1.1 0.7~1.6 0.6~0.8 0.4~0.7
S0 43 Mean radius (mm) 0.82 0.83 - 1.00 0.65 1.17 0.66 0.60
BB Density (4~ -dm %) 302 783 - 663 369 701 57 844
fj&ﬁﬁjﬁi&is of macropores( % ) 7.07 19.32 - 21.76 5.08 31.26 0.76 9.50
80 ~100 27235 F Radius range (mm) 0.7~1.7 - - 0.7~1.7 - 0.5~1.3 - -
SE352 42 Mean radius (mm) 1.07 - - 1.09 - 0.83 - -
$5PF Density (4~ -dm~?) 535 - - 227 - 878 - -
RALBREIBAEL 19.99 - - 8.95 - 21.19 - -

Area proportions of macropores( % )

A: I Pinus tabulaeformis; B: ZL¥E Betula albo-sinensis; C: 42U P. armandii; D: M Shrub; E: ¥ B. platyphylla; F: TR (D
#; Q. liotungensis& T. paucicostata; G: #JLIE MR Larix principris-upprechtii; H: Y& 1L Z 15 Subalpine meadow

3.3 AR EIREH ) T K 2555 B2t

HRYE 32 R B I [ B3R AL AR , A AR T SRR K o 2 2k (1B 2) o WTRAER ), RFLBR K &
BR_EFRIIT I SE I, 2 50 s i it K BZBHiE A , B E Z AT B9 X B 20 tH IR K B R g R ALER
B RKE . Mo AR MEK D FEMEER AR, A8 ERMEHH R (LR ILEaMEbErt
FAMR) B9 1K A3 R SB R R EAR, A LR E F B E AT 0. 3ml s ™' LUF ; WA & B R FE
IR E T R AR HLBOR, AR ARk £, M AR AR LA ENSE . T HL, AR R R R
TS BRBA R HEK, H LU R KBRS A 60 ~80cm +J2(1.93ml-s ™" ) MILLHEMKA) 0 ~ 10cm +
JB(2.0ml-s™" ) BeR, oS RI, S0 T 85755 i R B KM H B + B E AR

SHETA 8 ANkEHL , t 3RS R R SRR R N AR AR B AR B S s/ E B %, 7E 40 ~
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Fig.2 Soil water breakthrough curves in the different plots
A: B Pinus tabulaeformis; B: L1 Betula albo-sinensis; C: 421U P. armandii; D #EM Shrub; E: F#E B. platyphylla; F: TR (DB
#; Q. liaotungensis& T. paucicostata; G: #JLIEMHS Larix principris-upprechtii; H: Y51 E 6 Subalpine meadow

60cm - 3EPRBE BT AR E AR/, 8 MM T (LN 0. 31ml-s ™" 577 0 ~ 100m - HEPRRE I ) F-H 532
H R B, P15 0. 7T4ml-s ™' (1 3) . XRIIAMEFERIEHN 1A E MW HE R, FIRE R T
el /)N BT BE 2 B A2 REAR i B - SRR I DB 59 3 B AL BRI A e, LR B ] BE R AZ FEE B I
FAmgENNIBE RS EEN, EAYH R HEERNG RS ENEE IR AEELR.
3.4 TEHRERSOHIRENRR

XA FE )2 A 8RB KR E H R E R 4T (B 4) &, A 60cm Lk +REIKFEE H R
BRSO HERE BHRAEBEEEA DR —KIYILTE , R E HRERE AR S BIRE %
B RN IS 7E 0 ~ 10em +)2, BIA R RKIPE REEAR, X 0.1 £, i7E 10 ~20cm 20 ~40cm 40 ~
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60cm 3 4+ EHE REA R R, M TF 0.4 ~0.5 2 14

], 7£60 ~80cm 12,5 H i EEEAFERSE L

REELRINEGHR 15% MATRER/N St M: o b

ABAEN, B JE PR K3 7E 80 ~ 100cm + Heoosp

B, B THEE S, RBEEME W BB, ﬁ% 06 |-
FHREBMLEAKYBHMEMET 2,  TF o4

Cerda™ BFS R, LRI GRS ERHERR Toag

W, AR &, B/ R R I A £ 3 R 2K ; Descroix 0 070 1020 2040 40260 6080 80-100

& PIgs o, 7B L R B PR E T L IE AW LBEE Soil depth (cm)

AT UL BRI BRI 5 L IRG IR, 05045 T+ B3 8 MR ARLERE L PRENRERERRA
RBEEWOAOBSB D BRBERMN LB M M 5,3 Vadability of mean steady effluent among 8 investigated plots
Brakensiek 25 A%, TN A HFLW/MAB R, T in the different soil depths
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BRATE L ER AL E D R A HE R 2RI RFH A X, NARRERRXE, 0 ~60cm 12, AT
& <15% A4, KARE MR BB AR B MEARER KBS PEMEXRR;MYAHRIE>ISPE
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