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Abstract; The water-retaining capacity, percolation and evaporation of stony soil in the Liupan Mountains were observed in
order to understand the effect of rock fragments on soil hydrological processes. The results indicated that the effective water-
retaining capacity of soil is positively related with its volumetric content of rock fragments, but there is no relation between
the saturated water-retaining capacity and rock fragment content. For the soil layers within 0 —40cm, the steady-infiltration
rate increases with increasing volumetric content of rock fragments until it reaches the range of 15% — 20% , then it

decreases with when the rock fragment content further increases. For the soil layers below 40cm, the steady-infiltration rate
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always increases increasing rock fragment content. The soil evaporation rate decreases with increasing volumetric rock
fragment content when it varies in the range of 0% to 20% , however, the soil evaporation rate keeps basically stable, when
the rock fragment content is higher than 20% . The soil evaporation rate shows a tendency of rising with increasing size of

rock fragments.

Key Words: rock fragments; Infiltration; soil evaporation; forest hydrology; Liupan Mountains
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[ 17.4C,1 FFHRE -7.0C B EKE 591.6mm, BEHT 6 ~9 Ay, FKF/MRIBEA K BERE
HXTSESF B B, EE L RARENRM WA (Populus davidiana) , £L#E ( Betula albo-sinensis ) | 4 #E
( Betula platyphylla) \JLZE 4% ( Quercus liaotungensis) \ 2 1| ¥4 ( Pinus armandii) i £, 36 B L WL ILEH
( Larix principis-rupprechtii ) FATHAA ( Pinus tabulaeformis) B N TAK ; ZELL AR BHIE 70 i 5 R ETEM 78 2700m DL |
R X A5 8 s I A RS . B HIBLUR B o8 3, WAME S B —E AR TR ILER + . K
TR RIS U KA AL R AR Y, DR Ra R ZE,

FTEPFABRRENT 2 ~30mm, EELEPFHAHT 2 ~ 10mm Z ] ARBREBGHERBEBRKER,
BEARE/DNTRA 2 2R SEZ IR, MR KRG ZAKAE SRR ERES a7 18
BT R REVLRES (B — 2 B X WA R R, Bl 2 EMHE HEP MR A S 2 2R

ARREE T 13 e, Hi RAAMEED 6 A N TTARKEH 3 A EAEEH 3 > T LB AR 1 4,
EFEHE BRARAHE RS 1,

hitp : //www. ecologica. cn



6092 £ K5 % K 28 %

£1 TRFEMEATERERE
Table 1 Basic characteristic of the vegetation and soil in the different plots

RO AR TAREGEE
T+ EHE 4 Volumetric Bulk density of

PE b 40| BR B

e Slope grade  Slope Altimde  Slope ﬁ“%“ﬁ . Soil depth content of soil with rock
Plots . Dominant species
(°) aspect (m) position (em) rock fragment fragment
(%) (g/om’)
A 7 SE 2155 T Lower 54 Pinus tabulaeformis 100 23.37 1.20
35 NW 2200 7 Middle 4T ¥k Betula albo-sinensis 120 27.89 1.11
C 35 SwW 2200 T Lower 1S P. armandii 120 36.92 1.30
A5 T B Ak Acer tetramerum Pax,
D 10 E 2150 T Lower AXF, Euonymus sanguineus 100 25.04 1.03
Loes
E 35 E 2220 T Lower E¥E B. platyphylla 100 22.22 1.06
> S
F 31 N 2060  Flower  LAPDIKEL Quercus 100 15.33 1.15
lisotungensis&Tilia paucicostata
\
G 45 SE 2286 _k Upper ﬂéjh%l}lﬂ& .. 100 3.73 1.22
Larix principis-rupprechtii
=
H 25 N 2900 _k Upper T UJE@ 120 0.64 1.06
Subalpine meadow
I 34 E 2080 T Lower AR . . 120 23.76 1.07
Quercus liaotungensis
\
J 32 SE 2180 I:P—F ﬂéjh%l}lﬂ& .. 120 21.60 1.18
Mid-lower Larix principis-rupprechtii
K 35 NE 2120 T Lower 4% Populus davidiana 120 11.42 1.03
33 S 2160 T Lower R4 T3 Syringa amurensis 120 33.32 1.31
M 32 SE 2230 7 Middle 2= Prunus spp. 80 14.11 1.13
2 MRAE

2.1 EERKS 3R R E

FEASEHL B SR P B S T, A B BB S DB LA AR N 200em’ (E A Tom, 5 5.2
cm) B3R T, # 0 ~ 10,10 ~20.20 ~40.40 ~60.60 ~80.80 ~100.100 ~120 cm KRR, 4> BIRE 3 4+ 1%
RERAE B ER BT . TIBE N KA AR B I Iks  E A LR TR I
FIREKRE S, B E LB SE N, RGN E L BAR, FIETHBAES, A TTHH L35 2mm 115
9% 8RB RIS K PR B A R R B0k, Rl R K 2 3 T 5 2 AR CREE 0. 5ml) S HK R E A
B AU B ERANERRS’], BER T ERaER,

2.2 BRAEWTERENE

FIF 2mm B 13808 , WAL R R- BRI A (F FEh) FRBORS 40 138, 3F #5642 2 ~ 6mm .6 ~ 10mm 1 >
10mm FEEUBRA AR BT IR 2 B HL Bl FR R 4 SR A SR B9 385 BB T 2B U (W12 20cm, 5 30cm)
W FEBIANLENRARREEE R RNE2,

T ERZEB AN EEZIEHRTHRA , FEREEREAR N L& ZE ) Sem, RIEBHRA K
BERESHOKERRY, ATHRETBENAREREEHIARAE, FERREMNE LR EESKETER
FrEEEE FATEYESE, ZB{EERTIEEHRBER RGN =Y, 205 3 ~4 5 B R
MEHAT RSB R TE. REEPRENE HERELR, HEEE TBWE N K25,
B K BRI ERE LK R R EE,
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Table 2 Composing characteristic of soil and gravel in the lysimeters

ZRB S No. of lysimeters a b c d e f g

HasE

Volumetric content of rock fragments( % ) 0 3 3 3 3 10 10

B% o

Diameter classes of rock fragments( mm) 2~6 6~10 >10 1R Mixed 2-6 6~10

P

mE i _3 0.89 0.91 0.91 0.91 0.91 1.01 1.01

Bulk density(g cm~°)

ZRB S No. of lysimeters i j k 1 m n 0

HasE

Volumetric content of rock fragments( % ) 10 20 20 20 20 40 40

B% o -

Diameter classes of rock fragments( mm) & Mixed 2~6 6~10 >10 1R Mixed 2-6 6~10

2 Bulk density(g em™?) 1.02 1.13 1.14 1.14 1.14 1.28 1.39
3 HREWm 18 - :

B 2~6mm

B 6~16mm
@ >16mm

31 BREMEREREHARIE
AR & R, B B A
St W5, B A R BRI T, SO 2
R (R 3) o FU, PR MEHBK,
INALTH PR CREHS C) o SEIOBR T 2 2 A5, 3£ 0 ~ 120
om L JRRRE (KB R 36.92% ; TBi 1T (FEME
H) 0 L0 A RRAE,0 ~ 120 om RMTASRA o Lk BN B0 BN

0~80 80~100 10

ARRE R

q
h
]
h
N
o
|
]
:
\

5 0.64% ;s AALTE M (REHE G) HOTR HRBLa Bt AR Sof depth (o) e
H3.73% , AR O ~ 120cm + )26 FHHE
8% 20.00% ,bRUEE N 10.53% . BRA BSR4 A6 B AERNMEA SR ERER 76 R

Fig.1 Particle diameter distribution of rock fragments in different soil

SOLIANH IR UBOR, AR (LT B BRG depths, Al ~ A7 in the abscissa denote the soil depths of 0 ~ 10,10 ~

FEBAR, PN 2. 19% , PREFIN 21.2% , T 55 20 40,40 60,60 ~80,80 ~ 100,100 ~ 120cm, respoctively.

HaERm, PR 23.92%, A1, 0~10; A2, 10 ~20; A3, 20 ~40; A4, 40 ~60; A5, 60 ~80;
X ETERRANBRRSRW(E 1) , RERHFE A6, 80 ~100; A7, 100 ~120cm

AMSERELIEEEN B NG AL T IERR

EEEREAB/DER(2 ~6 mm) HERAEEHK, HUKN 6 ~ 16mm WA, KAERBRAKSTER/D.

£3 FEALERELHGEEERHZEAER
Table 3 Variance of the volumetric content of rock fragment in different soil depths
FIEHE Soil depth (cm)

I H Item

0~10 10 ~20 20 ~40 40 ~60 60 ~ 80 80 ~ 100 100 ~ 120
SE#4) Mean( % ) 13.97 14.50 15.94 19.74 22.43 25.51 27.88
RAEZ Std. Dev. (%) 8.66 9.03 10. 17 11.35 10.34 14.27 15.16
TREFC.V. (%) 61.98 62.26 63. 80 57.49 46.09 55.93 54.37

3.2 HEWOKEENEAESHFATEIKR
TR RE SR PEHT A RS B A2 25 R G BK IR 77 FOK MBI AT BB I — D EZE R, RIBRS
TV K BE AR, WT 73 R BRI K BB N AR KEE ST o BeRIK RE J148 1 3R B B FLBR AR FE 6 K
S BV K 8 5 A RO BE N MIE 3R B FEBE LB FreIR TRk I8, ERBR T TREHF KT
TRECKREA BT R AR
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A, S A HIEEKEES (Vhm®) sk 55 i B HIRAERE (m) sp, 458 | B R0 BILBRE (5 + %5
K Kee S ) HIEBETLERE I H AR KEES) (%) ,n R THIEER,

=4 NA RSB 0 ~ 100cm HIBMUKER 1, 45RFM, SRR MAIFEH 0 ~ 100cm 1+ 2
B 13 B KK B8 2B 4L 7E 486. Smm ~604. 8mm 2 B, FAAFIMEIERE , AN KEES) (mm) RHNIE
WL EE A (582.7) >TEM(564) > KARM(553.7) > ATAHAR(513.1) , A8 270 BRI B3 0 ~ 100em + 289
BRICKEESI AT 61.0 ~292. 1mm ZJ8], BAA[EHEEEERE , ARC/KAES) (mm) FRIHHEMN(245.6) >
RIRR(184.7) > N TAK(126.2) > iR ILEf(85.2) , AT IR R IKEEAE AR KEES, H
IRFERIFA TR FEBHEMEEREN , 5V 8 Fril i 206 1 8847 T A B 3 1 S A — 3, iR
BEHRHERZEREM.

P E, O S BN RS ARERA RIS . ARB T EROSES, EENEEYRE
R P e B FLBREE R, AT LI AR UK e R . BRa S EX AR KN AR RKEM,
{EXFBRIKRE S AR /N, LR TR . XA g R A i 38 0 ~ 100em 1 E A KRES 5
BAERRSEMEHEMTRA(E2),BaSERRE T EARTKEIMRBEEZ —, HILE RS
0.6194,

T4 TEEFRIATEMTIEO ~100cm T EHPKESN
Table 4 Water-retaining capacity of soil layer of 0 ~100cm for the different vegetation

FEHLS No. of plots A B C D E F G H I J K L M
BARIKABT) .. . 530.2 540.9 506.3 604.8 558.3 559.4 486.5 582.7 573.1 522.7 584.0 521.9 567.0
Saturated water-retaining capacity ( mm)

AR KBS

Effective water-retaining capacity( mm)

109.3 160.9 292.1 260.2 159.6 127.2 61.0 85.2 205.5 208.3 162.6 265.7 210.8

3.3 TEBERERHSHOEREERXR

Bl 3 LUTARMR R 0 Bl UL T L3R B8 % i AR
SRR, BB NG B R AR RIZN, T TR, A5
BEBT VPR, Baiiiae R, —Bokil, REH
B LR T REE B R RIZL, AR R 138
BERERBNETR, A PIFE5 3 3R I RFE R -t 5
o Bl TRIBAE TR FRMEECR, A R R
R HRY T 3B B R A M R R BB AL BT, 20 30 40

HAFAIEHRTI & BB R R+ AR v JENBER
TIRALBRBK B , SERE B IR AALBREI R . 3
13N ER A TR E N RBERPIRRYN A2 HARRETES 0 ~100m +RHAHIEARHRHE
( E 4) , M ij%% E Z 60 ~80cm ij% E , ﬁ%@iﬁ &% Fig. 2 Effect of the volumetric rock fragments content on the soil
- SRR A 2 N2 (B 60 ~ 80cm LT effective water-retaining capacity of O ~ 100cm depths
FRBERAE — RN,

TEREHEERRE LR PAIGEE RN TR, SRR EMRBRREERME AR
FEHRERE, RE T RRBERUEN T REE K, F#35 10. 19 mm/min, RAK HRKZ, F# 8
10. 15mm/min, A THk 3P 372 6. 80mm/ min, Wi LI A HREI BB EERE/D, U 2. 7T1mm/min, JEIR
P58 AR 3R B K BB A — 3

400 -~

y=52688x+ 72457
R2=0.6194

300

200

HRPKAES]

Effective water-retainning capacity (mm)
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—— 0~10 — 10~20

g — - 2040 et 4060 —O— a5 K Steady-state infiltration rate N

B ——— 6080 U 0 <

Fan ¥ — é

£ 2 & v 25 = g £

" g - £
3 £ L

i%JEIS— mmg)zo 76&@

—

& £ ‘ - ’fﬁ = 15| w &

TE 10 R, & 8 o [, % E

=] ‘*‘mo“uo, * e wte (6 10 b O/ " £

5 5 7\“‘“‘. L2 «ﬂﬂuuuaug«,“m'ﬂ‘ % —— E

S sh 1 2

© T

0 | | | | | | >

0 20 40 60 80 100 120 0 ' ' ' ' ' o

&

!
L 0~10 2040 60~80  100~120
I} 6] Time(min) 10~20 40~60 80~100
T3 FE Soil depth(cm)

B3 BB B - UL R AR 6

Fig.3 Change of infiltration rate with time- e. g. Quercus

B4 RBERNHOEEELRRENEL

Fig.4 Change of infiltration rate and content of rock fragments with
soil depth

TEBEWZHFZHERIERR R, T ARG R IOR U, A —REWEENERRNRZ — S
SR T RRA AR S B TR B R R, Z R KW, 7E 0 ~ 10cm, 10 ~20cm .20 ~40cm + /=, T 3EBRA K
REBERBEREMYLL L, WYFAERRERNT 15% ~20% i, T8 @ R BGREHA & 238
BmEEE s SHAERT BT 15% ~20% i, 13RI B W R R FEHG & BT/ %, 78 40cm
T Hy 3B (40 ~60cm 60 ~80cm 80 ~100cm, 100 ~ 120cm) , HEFARRT B SRBEREHMIR LK
R, BOFTEMMIERBERE K,

3.4 BRONTEEREEN

BRI (E 6) BRa S BX HER A A ERM, 50, HRRREM T EHO S EE—EEEN (0 ~
20% ) W93 AT FEAE , (B 4 85 5 BT 20% I, B & B BIRAR R RO 1R IR R B BEARIF R,
TR AFRRREEMRD

SEERERE, DS HIEPASERAN , 2R EILRUBE LR E, HEPFI K TEE BE L
BREFFER TR B0 SREER, DEPHIEBEAREN K, BER KB EE TR, BT
KA ARERERE B, 3 IR, BT H R 8l /b, B7E HERRG AR & 853 20% U
b, T AR TR A TE AR P B HES 7 3 B o R ST HE B B O TBCE I AR R R AR
R EE W, 8 LUK F R R R YRR — MR AR E B 7K F , KB 20% B 40% HBRA & B3 Kk 7
FEERRHNRIE B BEZH,

AL BRA BRI R R WA — R, B 7 R, A S REEN (I 5%) , HRAMER
B RERR RN KT AR B, W AR B R AEAE R ARG & B AU TERIBRA ST #Fa o i
HERENBEERR. EHRaTEN 10% 5, HEAHELE GRIIEFOBEGRTEM. EFad
B9 20% F1 40% I, BRfr R/ R MR- 2L AN 1 , 1B R A by T 3 A4 8l 6 B 1 HE S 7 SR S, AR AR X
BRT 8, EHFAOTEN 10% SLHR 20% KALE b #]7 1:1:1 BARR L ERR-A 23K 3 Mok sk ro4bs
#9138 H #7808 8 HH At B — R A T B 280D FLR B AR T RE R AR HES 7 N B AR B
BABT . BR, FOEE 5% MR ERAHERMMEMER T 1RRLE, HHERG §BRKHTERE
HRABRORAR R A K,

4 wig
4.1 BHOS5THERE

TEBER-AFFERNLE, RRE L RYBEB RS, EXRZI HRPIRAFEN M, Cousin

RN, ARG HENBBERY WHG LR ER, Coadd™ @B INARPTRN, BA S

liaotungensis
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20 70~10cm ¥ =-0.0384x2 + 1.0442x + 4.5349
P~ =04725

I3 710~20em  y=-0.0g124x* +0.7318x + 1.2291 20 720~40em = -0.0155x + 0.6297x + 2.8113
2= 2 =
. . 72 =0.2505 sl o P=01447
10 | o
sk © S © N
_ > % o
o0 I ! Lo | 0e_© I I L o J
£ 0 10 20 30 40 0 10 20 30 40
E 25 [ 40~60cm 8 I 60~80cm
M- P_.; 20 [~ y=0.7929e“'°73"’x o 6 [ y:O.896260'04”x 0
N = - 2 o
L5t 2 =04359 ° \ 72=0.269 o o
LE ° I
@z 10 o
& ¢ © 2 F o <
2 O Q o
g 0 1 ! 9 © | 0 L | o J
N 10 20 30 40 0 10 20 30 40
=~
2
@ 15 1~ 80~100cm 10~ 100~120cm
¥ =10.4989¢00501% 8+ 3= 0383200793 < o
10 |- 2 =02858 3 6 2 =0.6937
4L
B o
3 o © o
o 2
09 3 ‘ AR 0 |
0 10 20 30 40 0 40
PRA A

Volumetric content of rock fragments (%)

BS5 AR:EEERGOEHREENREEEN W

Fig. 5 Effect of volumetric content of rock fragments on the steady-state infiltration rate for different soil depth

B3k 438 % & 5B Abrahams 251 E A TR A, BB RR SHAONESE BAMEX
R, XU, TIENIRA S BT NS B R, RS E R AR W, 720 ~40em 12,
BASEB/NITERTIEREERE, A BB RN SR/ IEE #EE R, M7E 40cm L TFTHE&LE, A
FTEEMAR T IEE BERE, X HATRA N LB B RE RN ERBE S,

BEEHTEREHNEERLE, NGRANEEE . 58 A EPHAE . KPATERE , Valentin
&0 BB A /BRI B R R G A TN, AR R B, R R, R R A B Y
h e+ B A B AR AR S, 3% 55 Valentin £ jYRSE A BB AL, HAHSIFRN L EBBLEE
B, AR MRA 2 ARRREEERR, ENETEPHHF TR R ERERBNEEFERZ —, INR%
AVEETHALY, TSP KSR E, NS THALPATRRSINE L EKSBE, BEARFR PR
2 BB A HES SRR , B R ok B IR, B R IR ST

Rawls 457 3o B 8RB0 78 o FO/RE 3 8] BB R0 LT B2 0 e L 22 B, B R ) S R FLBR I Y B
£ —, Erksson %P W3k — 48 i, B0 REE i 82 R 498 2 7 o B9 o 7L BRVE T B2 R LK SO RS . B
P ie s, A RN E B SIRES  EEURET, BT EENEE AR FEEE, Valentin 4™
R BB AE T IBP TR A 58 SIDIRFLBRIE (visicular porosity) FF7EIEHCHE:, BHAHNHFARESZ
BHRMEXRRR, IEERDY A X T EPHRE 590 - BRR AT, TR K B A TLER, SR A ik
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c) y= 1_70676-0.0]96:«
R?=0.9456

H##EEE
Mean daily evaporation (mm-d")
-
T

1.0 L ! L ! I
0 10 20 30 40 50

AR

Volumetric content of rock fragments (%)

Be6 HAKREBENLRERNER, BPLXRBEEER0
~20% FE RN IR R

Fig.6 Effect of the soil mean daily evaporation on the volumetric
content of rock fragments,the equation in the figure is the formula that

the volumetric content of rock fragment ranges from 0 to 20%

H-PERE

Mean daily evaporation (mm-d™')

]

bcde f g ij k@1
FEBUAS No. of lysimeters

== L LTHLE TR

il

4]

B7 BHoRgo TR RKEN,BD a X E,b~e WIFAO &
BHN5% ,f~i Mk 10% ,j~k KK 15% ,n F1 o K)g 20%

Fig.7 Effect of the soil mean daily evaporation on the diameter class
of rock fragments, the content of rock fragments in different lysimeters
follows as: a, 0% ; b~e,5% ; f~1i, 10%; j~k, 15% ; n and o,
20%

RE BB AFEAILBRFHERER, FRARFRRT 1. dmm FRFLERE BN , Mook & RFLER A
MENKEY, HRRON RALBREREEE LR mE SR EE . XEHBRON 1R B R RN HE—E
FREE b F] R R i e SRALBR B R/ N B A E R . SR, B A AR HIRALBRBCE Mt - A B
BEM B THE—PHR,
4.2 BOSTHERE

Perez PIUKHBRAMAE T HEREHE R LM, AT HE LUK MG, Kemper 5™ R UREEH
Sem K/NBRA ) HIRIGAER R B 85% . BRDEE ANBEZDHA A0S HIEER, REEDH
AR TIRR LR G SRR 40.7% , B D BRA KA L SRR 17.8% ~25% . ABPET, BOTERN
5% 10% 20% F11 40% B BF ik 3 K78 & 243 7| e dl + 388> T 15.33% ,15.65% ,34.09% 1 34.61% ,
ABRFTLE BB R /D, X W] BE RO 7 R P A B A R B

BAEMAERN", HERRESN 3 BRI REBERBRENHE(HEAMEATR, BER
B R EZAINFAAMFER) R FRTR R S K BB B B (R TR R SR S K R THE ) (KIRY
BB B (AR EH L ENAKRY B H AT LRREER) . SEARAR TR, 5 R/ a -
BABEZRABRAE B E LR BRI EM SRR HRE R, B a 2R KEAR A AT
KR, Xt BRAE AR AR R B B, (K - BTGRP, AR R R . WABTS
F, DEGAOFEEKR, HEAICKERB/N, TR S, BELRE S, SRR LERB),
BN RA —ERER, 4805 ]R3 —EREE, 488 B0 &8, EX R ERKE R
AR

BRA R/ IR R R KRS B R R 2 ~ Smm BRA B RN LIRAMB B ERT S
~20mm 7120 ~60mm FFAEEH TR, BSAREDHRBA BEER , ARAER S WAL
5 4ig

(1) A#ITEPHTRA SRR, FHERASER 20.00% , 130G & B HE 33 55N K, 5%
APLIER 2 ~6mm MRE , AR KPRA & B R IMmE R

(2) ABILFEKF/NFIRFEZRA KA 0 ~100cm +ZHHIEHBIKEN T 61.0 ~292. lmm ZJH], -
FABWKBSHAFEEEMRKR, M5 HERERKETTH X,

(3) HAFENTEBBERRYME N, 70 ~40cm L2, HHFARREENT 15% ~20% it , RBE
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REEFRO & BT YO R RETBRT 15% ~20% i, DR B EREEFRO & B MR/, 7
40cm LAF )=, FB B REERRO & B3 T i .

(4) ERROWHRETE 0 ~20% WEW, L EBLERERA & B MR, BERG ARS8
20% i}, TIEFE REARFRE . DIRBRERAMAORIE KT HBE BERAEX AR,
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