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Experimental investigation to the effect of different land-use on rainfall
infiltration runoff patterns and preferential flow distribution in the Loess area of

western Shanxi Province
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Abstract: The Grain for Green Project has changed hydrological processes on the Loess Plateau, but there is little
information on the infiltration and runoff mechanism. Four typical land-use types (20a and 30a Robinia pseudoacacia
woodland (20 or 30 RW) , grassland (GL), and fallow slopeland (FL) ) in the Caijiachuan watershed of the Loess area of
western Shanxi Province were selected to investigate the effects of land uses on rainfall-infiltration-runoff processes under
field simulated rainfalls. The dyeing tracer and image processing software were used to analyze the spatial distribution of
preferential flows. The results showed that; (1) both the cumulative infiltration amount and the preferential flow distribution

ranked the order: RW>GL>FL. The contribution ratio of preferential flow to total infiltration in RW was 2.5—4.5 times
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those of GL and FL. However, the contribution of preferential flow was less than 10% for all land uses and matrix flow
dominated the infiltration processes. (2) The threshold depth in soil water impacted by rainfall infiltration was 60—70cm
for the 4 land-use types. For all plots, antecedent precipitation evenly increased the soil water content of topsoil, while late
precipitation increased the infiltration depth and its spatial variability in the increased soil water content. (3) The RW had
significantly smaller surface runoff ratios to rainfall than GL and FL. Antecedent soil water content had little effect on the
runoff in 20 RW plots, and had great influence on those in GL and FL plots. (4) The fine roots of diameter d<1mm
significantly strengthened water infiltration and preferential flow occurrence, while roots of d>5mm had negative effect on
infiltration and matrix flow. Antecedent water content, bulk density and clay content were the key soil factors hindering soil
infiltration and the formation of preferential flow. These results indicate that the land-use types can change the processes of
rainfall infiltration and soil moisture movement on the hillslopes, which may help understand the runoff generation

mechanism.

Key Words: infiltration; matrix flow; preferential flow; land-use types; the Loess area; simulated rainfall
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Fig.5 The contributions of matrix and preferential flows to total infiltration amount for different soil layers
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Fig.7 The dynamics in soil water content among three rainfalls
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MR HE SR . WU R ALURBE LR 1 A/ DR ™ A AR AT, e /N XA 3R AR U™ 2R (3R
3) o G5 2.3 KFEFRIBAR AR IR R BUER L/ T B s AR B . 20 AR SRR bR AR I 2 B /]y, ELAR IR AR 8L
5 H ) L A K AT AR ICOC 2R o Tl R B A8 O 2R BB T D) 3 B K AR A i S, =38 20 4F
SRR M 3t 2% U5 B 5 K B OC RN LR Y S R AT R, 32 BRI B Sk 3 2850 25 23 WP F AE TT REAT
JIRAS I, ELRIARARRS T 0 0 i AR ZR 5 WO T RS W0 T B BT 5 20 AERIBE AR AR
L, 30 AFRIBLAR AR I 28 20 AT 8 5 K R B TEASG  (EA OGP A A st AR B 3t 585 . BER A AR BR A A
1,300 47 0 B bR s RE AR 5 A I, ML AR AR AR — 8 R B b s R AL B e i T ) b A0 A, B A
BT BN R-3 RS 1 KBTS T AR IR, X T RE G AR R 2 L (0—10em ) 5 i DAL
TR, DA MRV RL & i 5 A B i 5 B EADOCR Y,
R3 BERANEFRERL
Table 3 Rainfall infiltration runoff

g . F%‘Fﬁﬁﬁi%ﬁﬂuﬁ /\rﬁi FE R RE
Sample plot Experiment Initial soil Infiltration Runoff Ru'nu'ff
water content/ % volume/mm volume/mm coefficient
20RW-1 1 YR ,24h 8.84 89.87 0.13 0.001
2 W, 48h 15.81 89.92 0.08 0.001
3 KPR, 72h 22.78 89.94 0.07 0.001
/N — 269.73 0.28 0.001
20RW-2 1 KRS, 24h 8.81 89.83 0.17 0.002
2 W, 48h 15.57 89.88 0.13 0.001
3 R4, 72h 22.33 89.90 0.10 0.001
I — 269.61 0.40 0.001
20RW-3 1 WKIETT ,24h 10.35 89.85 0.16 0.002
2 W, 48h 17.54 89.79 0.22 0.002
3 I, 72h 24.72 89.90 0.10 0.001
/Mt — 269.53 0.47 0.002
30RW-1 1 P , 24h 6.34 85.40 4.60 0.051
2 W, 48h 13.58 64.77 25.23 0.280
3 RFEHT, 72h 19.07 73.23 16.77 0.186
/Nt — 223.40 46.60 0.173
30RW-2 1 KR, 24h 6.41 87.12 2.88 0.032
2 YT, 48h 13.61 81.34 8.66 0.096
3 RFHT, 72h 20.33 87.44 2.56 0.028
ViS25 — 255.90 14.10 0.052
30RW-3 1 K&, 24h 6.29 89.74 0.26 0.003
2 W, 48h 13.52 88.85 1.15 0.013
3 RFEHT, 72h 20.69 87.59 2.41 0.027
UNaE — 266.18 3.82 0.014
GL-1 1 KT, 24h 8.60 78.92 11.08 0.123
2 WK, 48h 14.08 67.82 22.18 0.246
3 R, 72h 18.79 67.48 22.52 0.250
/Nt — 214.22 55.79 0.207
GL-2 1 R, 24h 9.82 83.72 6.28 0.070
2 YRPERT,48h 15.93 76.15 13.85 0.154
3 RFHT, 72h 21.49 63.65 26.35 0.293
I — 223.52 46.48 0.172
GL-3 1 KT, 24h 13.97 90.00 0.00 0.000
2 IR ,48h 20.73 87.84 2.16 0.024
3 P, 72h 27.34 82.50 7.50 0.083
/N — 260.35 9.65 0.036
FL 1 RPETT ,24h 10.84 90.00 0.00 0.000
2 YT, 48h 17.66 78.71 11.29 0.125
3 KM, 72h 23.62 74.63 15.38 0.171
/N — 243.34 26.66 0.099

RW . Bl Mt Robinia pseudoacacia woodland ; GL: 5}l Grassland ; FL: #H Fallow slopeland
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225 , NGt LS A B R RE R4 2R A MR AR b > B b > B b 17 20 AF JRIB AR LS 30 4F IR AR A2 e
JIHSR, BTN, L2 S A2 B A e TORR 2R A0 A0 T S — 2 RN AR S 0
ABHIEN P52 e A B AR R ARG, BT X AR R AR B AR 1Y 0—50em )=, 230 5l 3H5 0 /2 L HERIR &
ZRHEHEABE ERBABEMICRABENMCIE(R 4) . BIE L, BRI S KR MR & 25 A8
EHFEFRAS R RF AR, DIRERE S RAS B B MR, SALBESIUERABEE BF
TEARSR . B ) o 5 7K 38 A0 JE FIDRS R &5 B 2 iR B RSB i i & A2, IX — 45 2R 5 Wu il Hardie 2
NFTERIANAT . AR RGOS ABIVE AR 22 5, d<2mm BYZAIRRAS A S B BRI B AR 5 i i
P EA W B a2 AR, i d<imm BE#EAE SR 5 2 d>5mm BFAR R -5 A BB FEETURA S 2 2 BE 0
FAOR ISR AT RE A B AR 7 LR aon AR AR 2 28 L B s FLBE, JU R ) (R RO AR R | AR LB A A 1)
P, TR AR AS

R4 NBHISTERFSEMEXRY

Table 4 Correlation coefficients between infiltration characteristic and Soil root parameter

,M” - Fifs WAL
Ptk KE HILBEEE BkR Particle size Root biomass
NBFHE Initial soil
Infiltration characteristic at Bulk Total Saturated . " .
nfiltration characteristic water density porosity  hydraulic Kk apa ki e 1<d<? Seies 55
content ductivi Clay Silt Sand
conductivity
M-W=R
/\éi. -0.788 **  -0.411 0.411 0.161 -0.592*"  -0.248 0.379 0.712**  0.609 ** 0.482 -0.632""
Infiltration volume
Y2y % EL
%Emb}‘\ém . -0.719**  -0.345 0.345 0.156  -0.582*"  -0.272 0.394 0.706 " 0.642*" 0.482 -0.629 **
Uniform infiltration volume
RAERABE

-0.484 -0.618"" 0.618*" 0456  -0.327 -0.221 0.261 0.876 " 0.836 " 0.609 * 0.455

Preferential infiltration volume

d(mm) MR Root diameter; * : P<0.05; * * :P<0.01

3 Hig

AR SR X PG H A DX B TR 4 JRASEADL 4 W 3, ORI 33 1T AB A R TS S g R
ERAEMGAL BRER A4 A 43T = MR FH 2SR B A8 = B R S T 20 A s i, A9 B DL R 2518

(1) 4 FRE b S TR AR UL O A O 3 RSB TR A 4, B stk AN 10% ., BRABEH
DS & 7 7 R 38 3 IR A AR b b > R0 b, > RO b, SRR AR b DG S5 % B AE 14 BT AR A B AR B b 1Y 2.5—
4.5 1%,

(2)4 FlFHHZS IR I A B BN R 60—T0em )2, BTl K 2 2738 N 2 2 38 5 KGR i 5 1%
T ANATRIZ 50K S5 1 2 ) A8 S (2 1 i

(3) ZHRR X AB T SE A —E AR FEVE R, A2 d<1mm PHESEVE P B0 | MR 220 K 3 — @ R 2B 5
AB ,d>5mm FPRAR 5 A i FIUEE T it 5 B 3 RO B IR IR B /K% 25 J RIDRIDRE 7 it S H ) A8
oeHm &4

(4) JARE AR ™= U o B AR U ZR 038 00 /N T R b Rl , LT 5 7K X6 20 AF SRR A HE (9 52 M 32 /N
17 408 5 5 M M R B AR 3 2R 0, I T G 8 XA TP 7 0 e 3 /N T B b AR, 3k ] B 23
B+ DB AR RO B R 2 —

Brigh: 1L va 3 SRR S R ST B SR WL B 5wt 4 Bt 2 4, R e Bl
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