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T AN [ [ R 13 Pt 2% 82 M0 DRk 72 3 77 U0 A2 R ) S I e 38 B i kR /N A 4l . [
I, ARSCHUA A 28 N RSN A AR 880, BE T 2800 o3 B R 28 e W A RO S D7
%, WS AR U R TP BV RE | RIAR ZH BRI R JEE KA S B TR R
AR TTER AR S AR ARHIE , AU BEYD IS BE YD R AR 2 O 0 i 8 i T 3 >
AUSZNR, e R Vb o o B AR AR, K i KU S A AR K R IR B TR A T
PR S PR A B S
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BEREIR, BEMEISIEE> 80%™, ik
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+ (%E%i) Mok + e s py Fig. 1 Soil profile of a sand-covered loess slope in the
( lg 1) ?EF 7" % EE EF i’éj F%ﬂi i j{] Liudaogou watershed
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RS KSR T B Vb RS I VP (110°207547E, 38°49'45"N) (]
1) KIS PR 1 R, BT 5 0 5 mm G SIBRAR R 249 ;
PG R 25, 10543 A< 0.25 mm > 0.25 mm W25, FBk 07 5 i 2E )b
PR R S {0 e IR A, M AnEIE S N KA, 4331 (100%K4%
< 025 mm). 2 (75%Fi12< 0.25 mm+25%Fif2> 0.25 mm) . 3 (50%FifE< 0.25 mm+
50%Kife> 0.25 mm) ., 4 CRACFREYR) F15 (100%Ki45> 0.25 mm) SRR, 45k
gl A BARMLIRZE N2 1 fs .
F1 R T ER R BRI AR

Tab. 1 Particle size distribution of the soil and sand used in this study

AARLH (%)
R PR (mm) B (mm) K (mm) JUTP- K42 (mm)
2~0.25 0.25~0.05 (0.05~0.002) (<0.002)
At 23.21+2.09 66.63+2.55 10.06+0.47 0.064
w 75.32+3.06 19.56+2.17 3.73£1.70 1+0.88 0.703
1 0.00 80.52 15.36 4.12 0.181
‘ 2 25.00 60.40 11.52 3.08 0.286
%iii 3 50.00 40.26 7.68 2.06 0.451
4 75.32 19.56 3.73 1.39 0.703
5 100.00 0.00 0.00 0.00 1.125

RIS FH ) 7] 8% shal A8 B il A SE A 1.1 mx0.8 mx0.4 m ([F2), JEXRITEHR2
mm FEHE 10 cmx10 em BYFIFL. 48 Fpa) s ks AR 23, TR~ 58 R 0.4 m A/t
T, VAT E N — A EE, 2L, BN, 29 LA 10 cm A KL
W, H P2, o4)28ER . 825 omE, 455 BN IR R 25 5
Bl R —2, B R SCREHIE 10%A 4, BIERFEREDIMELE R, &
R EEHIE 1.40 gem’ 24 o FERIFSE 2 TR AR EITE L+ RIZ, WEKRE
2 cm, 5 emM10 em 3R, BHUFERNIAGE A 1.5 mm/min, BEE R 150, FEMDIR
T-90 min, FFEWFFLAET, FEWM® GEBE 3B EAE LXK, IF  EAEE1
R TN R SRR 2E AN 0.1 mm/min),, BERNIFLRSE, C800UR = s 0] B T4k ™
JiE EERE 3 min ZEARGR 4R A, FRertdE, SRR E R E, sk
TR

110 cm

40 cm

A A

80 cm >

a. fRFLIE b. AL
K2 s g

Fig. 2 Schematic diagram of experimental design with top view and side view
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981, FH Excel i H 0~15 min. 15~30 min. 30~45 min, 45~60 min. 60~75 min fll 75~
90 min A [l IF B 4 77 3 7= 70 B F1 0~15 min. 0~30 min. 0~45 min. 0~60 min. 0~75 min
F10~90 min AR R DT E A 3= 0 = Vb it o A Minitab F04 530 H 45 520 R F- X600 46 773
BFE] . AR 15 min 7= 900 V0 i e AN TR) R W D17 s 40 JG o 3t 7= v B ) R R0 (R0 S
BRI R A B AR, sERRE A B AR RO T, R R — N A
AR X PR R ) AR AR SR ), FH SigmaPlot il €], SPSS B AFHEAT 5 22008, #5304 A 71
WEKE, FEEA (D) WWESHEFRTECR, 3R (P) BITEARY .
SS. = (DOF.x V)
Pr= SS, )
Ab: PR THITERER (%) ; SSNIR TR ITSE)S F; DOF IR FHABEE; Vel
WZEFIT M SSoE R M. T R, RSB ol B

SS¢. DOFr, Vi FSSHME, XHITHE AR,

100 (1)

3

1 bR B EFNRIR 4 R X 9154 7= 7 B 18] 254K B9 3 R0 R T ek R

T )2 L R A% 4 R0 46 7= i B ) ) 2R An 8] 3 s, BlVD 2 RSN, #Ith
PRI AR, HAE KRB RiARL K 12 BRI LG 7= i i Ta) A8, ARkt
PRV SRR K 3 F1S BRI LR = R I A 22 AN, B0k b, BAvb )R CRIARZR
F12) BIRILE = TR ] AR B VD K ML vD 2 CRiAR 4L Bk 3 1 S) A0 4R 7= i A 1]
K, BRI 3 IRIEA = i i . 36 2 I 22 04 B9 45 TR 1 X 00 46 7 S st )
R SO R, SR BOR, VWIRIERE | RS U 3 5 EAE X LG 7 R N Rl A
FRM (p < 0.05) o £ PIZX i 8] A9 STk R VD 2 IR B> VD 2 IR B S RiAR 4 22 B
VER> IR ZES KRR, 43910 68.03% . 15.77%. 12.35%F13.85%., TbJ2IEE AL H T
PR, HA R PR ) kA
3.2 W EEEMRRAR I PR E T A 3 R A0 SRR
3.2.1 WEEEFMARARMERETUERN  F 42N IR AR EE 15 min =
i B VD 2 IR B R 2R AR AR A O I BEYZIEEERE AN, BR 0~15 min BHEEN S
em 110 cm ZVPBERTTC = Al, HAbA I Bep =i 4 B B/ Rl—RE T, BN

35 35
a b

g =30
L. £
= iy
= = 25
2 2
q ¥ 20
£15 &
R 0 R s

5 10

2 5 10 1 2 3 4 5
YRR (cm) R

3 by i (6] B v 5L AR AR 2 A A2 1

Fig. 3 The initiation time of runoff under sand layer of different thickness and size compositions (+ means standard errors)
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®2 EBTAHESTHEEFXVIGEFRE B M B R TR

Tab. 2 Significance and potential contributions of different factors to initial runoff time based on ANOVA

A SRR Rl S Y5 F{H 2 BT ok
IR 2226.6 2 11133 80.87 0" 68.03
RIARLH 179.53 4 44.9 3.26 0.041° 3.85
VIR T ) JERE i d 620.07 8 775 5.63 0.002” 15.77
P 206.5 15 13.8 12.35
Mt 3232.7 29
e TFRp <0.001, "FRp <0.01, Fnp <0.05,

8

oo

a

15 min F=3i & (kg)
N (=)}
15 min P=JiE (kg)
£ N

2 ol
0 . - 1 0r
——0~15min —¥- 30~45 min -=- 60~75 min — 0~15min v 30~45 min -# 60~75 min
——15~30 min —— 45~60 min —o- 75~90 min —— 15~30 min —4-45~60 min -0~ 75~90 min
2 5 10 1 2 3 4 5
WREFE (cm) BB,

K4 P02 FIRAR LSO AN [ R IR BE 15 min ™ 3 ik ) 22800, 5]
Fig. 4 Main effect diagram of sand layer thickness and particle size composition on cumulative runoff of

15-min sub-rainfall during the rainfall

AT I B i B e e, (02 cm F15 om B V038 1 76 1T 45 min N AHABI B ™
TEAZER K, 15 45 min AR B = m AR 22 AR/, 10 em 2 VD ELEEAE T 30 min P4
AHARET Bt S S5 30 min PYAH P BB 4 7= 3 AR AH 2288/, I AERE N 15~60 min P AH S AS B
B = A AR AE R . BV IR AR A AL, AR I R T 0~30 min P Y 7 I R S 4G 0
e, 30~90 min P77 i i N REAR AL KT 1 27K 3 288 Y, 30~45 min A9 7™ i & 7F
B2 KO 3 JG B AR AN AE | 45~90 min 4% B BE 7 I B MR AR ZH BK O 3 BIKOF- 4 2
FRAEa Y, Z IR FEARMREAZE . st KR AT 5, BERE I DEA T 45 i BE = i i AR 52
HAFHaH, 0~60 min =S8 inde b, FHARAT B2 B, 177 60~90 min PN AH SR B =
FEARE R, JoHRVERARER CRIARAL K- 4 15 ) (/)35 1o 7 J FR I 3007 i 4 ik
AAAF

EE R TRIRE TR DI B B =i s (RS, MFEVZEE SOk AR, BNt
X JEh 2 B A X RS o BT DI RIS, b 2 T %) 7 D B T A 408 D e I R 22 (R
TR AT, RA L S RE B 1 A & D Bl ™ i e 25 (K TR A 1T o B RN DT B R A
ANTRVVD 2 PR sk A2 2H 30 T A& 1 B = i i 2 (AR — 8 MHIRIRRE I DI, BEVD 2R
FERAIN, BRI FEVDE R AR R RIVD 2 LAR S A AR, R T Sk
IR TRGE, LRSI 0.45 mm i, REARK/NE IR YD 3685+ A= dt, kA
KF0.45 mm 5, KARR/NKT =3 &I 520
322 WEEBEMAFZHRMNERETHHTTEE FWLRTDZRE . RARd =
A EAE X N A [ s B =3 AR A R il 9 S PR R BTk i R I (363), AR
SRR, VDR IR RNE SR AR A Y 22 A R A B R A R (p <
0.05), KiARZH AN 0~60 min N4 BB ™ i A W50 (p < 0.05), X 60~90 min P
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40 —e— 15 min 40 —o— 15 mi i
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—_
(=]
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Fig. 5 Main effect of sand layer thickness and sand size composition on total runoff loss for different rainfall durations

#3 BEFXIAEEMAE 1S min=REXMHNEEERTEH®E
Tab. 3 Significance and potential contributions of different factors to cumulative runoff of 15-min
sub-rainfall during the rainfall

. . VRIS (em) FiARLL(%) ZLHAEM B
fsf (8] B (min) - - -
Sig Py Sig Pr Sig Py Py

0~15 0.000™" 46.62 0.0017" 13.11 0.000™" 26.22 14.05
16~30 0.000™ 35.28 0.000™ 27.62 0.000™ 24.86 12.25
30~45 0.000™ 52.22 0.000™ 17.69 0.001" 18.24 11.85
46~60 0.000™ 40.40 0.006™ 16.65 0.025° 16.29 26.66
60~75 0.002" 23.89 0.068 10.03 0.028" 24.38 41.70
76~90 0.002" 28.01 0.106 7.88 0.048" 20.22 43.89

T UFRp <0001, “Fap <001, Faip <005,

B BO= R AN R E (p > 0.05) ., FERRES, VD25 FUk AR 4045 s B
FEU AR AR Y DTk R B IR DN R (H T 58 A R 25 T 45 BB R
ARG DTRR AR S A S A, AR R Ao A v v 2 TR R AR AR A B BT kR TR AR
N, FERHT 60 min P, V02X 25 I B i e 19 sk R, BTN 60 min J5, TRZEI
XA B AR I AR AR B T kR R, iR E 40% DA L

VPIRERE | ORIAR N N T3 A A AN ) [ TR B R R I R AR AT S S
(p <0.05) (£4), VDJZIERENAEFER HT T A= 3R b B STk ok, 78 41.10%~
48.94% 2 a2l , JoPl WA s BR 15 min FERT IS A STRR e /Noh, AR RR Dy ) R 7D
JERIAR L A Bk TR, LB R RN DT s ) S S NS AR R E s s EAE TR
DUERRAEFE RN AT/, SR A PR R o 1% 25 T A4 3 ik Pt A TR0 D77 FRF B4 STl /) i 44
K, TE11.74%~19.55%Z A1 5

*4 BETHARREHNAEREYNNESER THE

Tab. 4 Significance and potential contributions of different factors to total runoff for different rainfall durations

EE T (min) . BEVDIREE (cm) ﬁﬁééﬂﬁ}i(%) . SCHAE =
Sig. Pr Sig. Pr Sig. Pr Pr
15 0.000™" 46.62 0.001° 13.11 0.000™ 26.22 14.05
30 0.000™" 41.10 0.000™" 27.87 0.001" 18.28 12.75
45 0.000™" 47.05 0.000™" 24.57 0.001" 16.63 11.74
60 0.000™" 48.94 0.000™ 24.27 0.006™ 13.12 13.68
75 0.000™ 46.63 0.000"™ 21.94 0.008™ 14.63 16.80
90 0.000™" 45.13 0.001" 19.68 0.011° 15.64 19.55

W TFORp <0.001, “FRp <0.01, ‘FiRp <0.05,
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3 EBEEFAFRERX I E TR E RN Rk R

331 WEEEFARERE T ETHMERS  E 6 BoRFEN AR P ORFR B 15 min
FEVD VD 2 R R D IEARAR A AR AR B RO . BEFRAT 15 min N HE V28 2 om
BVPYEH =V, 5 em A 10 em BVPYE RV BEFN 15~45 min N, VWDZREM 2 em
F|5 em, FAUPEIEM, M5 emE 10 em AP ESEEDE); W45 minZ )5, a5
EEFEREIEMAEEER, HIEREE048~0.75 218, FEFERE#ET, 2 cm M5 ecm 78 Vb
P AEET 3 NI BE (0~45 min ) PRV EPGHESE N, FL7E 30~45 min BB i ik F i
K, ZIa 2GS 11010 om 5 V0% 1 AERE T IT45 30 min WA =327, 7£30 min
Je 7= U i G I 60~75 min BF BB R, ZJEFEV R R ERE, 52 em IS
em VDY B PE VAR R TE . VD E RS AN R I B 15 min PR VbR R SN AR
o BERNHT 1S min, FRARHE T EESED, WRARHEIEANT Y, Mk
BFEU AR 5 15~30 min BF BE N P2 V0 R AR AR R A S ke s R RR TR T 30
min f5, £ EFEBE U RER AR AL T IS, AEFEAS [RRE AR A A 3 T e (S B
AN, AR 2 K - 4 355 1 A UG S BIAZE 30~45 min ISFBEPY, 11 45~90 min N 4% I B
VAR IR AERAR AL K 2 S 1T . SRR 7, VD R AR 2 ) R g o R RO TR BE 15
min =Y R F R R AR 2

P 7 b 2 B B R AR 4 X AN [ [ 1 7 e ey v ) 235007 o ot A i g s 48 K

8 8
—— 0~15min —— 45~60 min a ——0~15min —— 30~45min b
—o— 15~30 min —— 60~75 min —o— 15~30 min —— 45~60 min
_ 6™ 30~45 min —o- 75~90 min 6l —s— 60~75 min
0 £ —o— 75~90 min
=~ =
oE 4| oE 4]
24 N4
L L
é 2F 8 2t
N %)
0r ol
2 10 1 2 4 s

5 3
VEEE (cm) B
Bl 6 VbR RE R AR 2H O AN R BB RRT BT B 15 min 790 ) F2 3800 1%

Fig. 6 Main effect of sand layer thickness and particle size composition on cumulative sediment yield of
15-min sub-rainfall during the rainfall

25 - - : 25
—— 15 min —+- 45 min —= 75 min a —— 15min -+ 45min = 75min b
- —o— 30 min - 60 min —o— 90 min 55 —o— 30 min -+ 60 min —o— 90 min
w15t 15}
E, g1 M
ﬂglo /\ ﬂglo_
i i
B st o5t
e N S e

Cnl

2 4

—

5 10 3
VWERE (cm) RIfRH Y
7 RV IE R FRAT A X A ) RS T B e v e i 3007 [

Fig. 7 Main effect of sand layer thickness and particle size composition on sediment yield for different rainfall durations
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SV WK, AHRE VD 2 R X I N A AE 25 5, R DI, T V3 A
LR Dy I 22 ) S = v i 228K, T VDI 22 (/)N BERERN DBt 3ghn, 255 1E
AR . BEE VPSRRI, BRI 15 min iy, HA 2 e BYPYETE =YD, BRI
TE 15~60 minff, 5 cm B3 LSV oK BEFRN DI R T 60 min b, G-V Fli
JE 5 BRS8N T3 0 o 7 AR ZEL X 7 i ) 5 M A P S T AR A, BRI R <
30 min B, BERARALNASK, SOV EHR; FERDIET R T30 min, BERARALRASH ,
S PR R ARAR L s R A 30~60 min B, VDEARIARL K T 4 1 Vb i i
K BEMIDIE> 60 min B, FAR KT 2 3 18- Vi R, BRIk -4 5511
FSYRRUS PR EE
332 WEEEMAZREARII DTN TERER 55 AT R3] R FR 1 A A AN [ e
Boy=yb AR AL E i ) BB R N DTSR . VD2 R X A R A R RS [T B b AR Y R
WP B (p < 0.01), MYPERAE HA X 15~30 min F160~75 min B P2 V0B 5200 i 2%
(p <0.05), HABBENEIRTE (p>0.05), V2RI R A [ I B = v
A AL TR R B R RN A TSI G BB, B/ ME H BLTE 30~45 min BB, e RKMH
PLAE 75~90 min BBz . V025 B 550048 41 i 58 BAE DG 7= U0 1) B ik LE 45 2 VD JEE B8 i AR
K, AR B R N R R KM IR 15~30 min, $e/ME H ELTE 75~90 min
BB, VD ZR AR A RO AN [R] st B 7= - A8 Ak ) BTk TG B S B0, IR 2B AN [ By B = v
2 1 TTHR R 15~30 min BB B/ N 3.61%58, 22 J5 R 2 kM

VOIS | CRIARLA RN . B TAE G 22 TR0 AN ] B4 1 I s 7= v AR Ak Y o
BRI A A (6 6) . VIR TEEXR AN R R DI ik B = Vb e G i B m (p < 0.01),
BTk 3R R T D7 B ) 2 S 5 I NI, DTBRRAE 14%~30% 2 (0128 fk . kiRl
ST R RR DT B T 15 miin 9 80 V8 19 B R B A T 77 o) KA sl N i B, R g s
H75~90 min, AAR N SRR A P AL RS, ARETE ARk, WIREE S5k
PR R 22 HAE R A RIS D S =V g 5 5 (p < 0.05) FLoTikEk, JLHUE
KE T T B 7E 30~75 min B, STRRRB T 34.88%, 122006 b = Vb 19 s kR 5 AR i ke
B, FRAERT]44.26%, TEFENRI (FERAIDIAT R 15 min) FIRER S (BN DTES> 60
min) DTERFII KT 40%.

x5 ZFRTHAEETHE 1S min =L EF MY EEERTEE
Tab. 5 Significance and potential contributions of different factors to cumulative sediment yield of
15-min sub-rainfall during the rainfall

N . TP EE (em) R (o) 2 HAEH] R
HiJ 1] B¢ (min) - - -
Sig Pr Sig Pr Sig Pr Pr
0~15 0.001" 29.19 0.061 10.26 0.038" 20.52 40.03
15~30 0.000™ 23.21 0.000™ 30.06 0.000™ 43.12 3.61
30~45 0.003™ 21.71 0.135 5.85 0.010° 32.97 39.48
45~60 0.001™ 25.70 0.175 4.45 0.011" 31.12 38.73
60~75 0.000™ 54.60 0.016 11.01 0.053 10.52 23.87
75~90 0.000™" 62.01 0.097 5.58 0.273 322 29.19
e THRIRp <0.001, “FRp <001, FiRp <0.05,

4

RN TR A B SR, B REE LR, ABtk, BTN
K, HEEVHZIEREEE, VIR ESLBRIE N, & 2R b= i K v 2 LB A K S 1y
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F6 FBEFAEMEMBEAFEDEZ M BEERTHE
Tab. 6 Significance and potential contributions of different factors to total sediment yield
for different rainfall durations

4T i (min) @EEE(CM ‘*‘Iﬁééﬂﬁi(%) . EHAEM PR
Sig Pr Sig Pr Sig Pr P
15 0.001™ 29.19 0.061 10.26 0.038° 20.52 40.03
30 0.000™ 23.14 0.000™ 32.99 0.000™" 39.94 3.93
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60 0.007" 13.53 0.027° 11.96 0.002" 4245 32.06
75 0.007" 17.08 0.280 2.30 0.006™ 39.38 41.24
90 0.001™ 29.92 0.459 -0.26 0.027° 26.08 44.26

e UFRp <0.001, “FRp <001, FRp <0.05,
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Quantifying the contributions of sand layer characteristic to
variations of runoff and sediment yields from sand-covered loess
slopes during simulated rainfall

CAO Xiaojuan"’, XIE Linyu’, ZHANG Fengbao"’, YANG Mingyi"®, LI Zhanbin*
(1. State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Institute of
Soil and Water Conservation, CAS and Ministry of Water Resources, Yangling 712100, Shaanxi China;

2. Xi'an Workstation of Soil and Water Conservation, Xi an 710018, China; 3. Institute of Soil and Water
Conservation, Northwest A&F University, Yangling 712100, Shaanxi, China; 4. Institute of Water Resources
and Hydro-electric Engineering, Xi'an University of Technology, Xi-an 710048, China;
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Abstract: Loess slopes covered with aeolian sand are unique geomorphic features in the wind-
water erosion crisscross region on the Chinese Loess Plateau. On these loess slopes, runoff and
sediment production patterns are unique and complex and the thickness of covering sand and
its interaction with other factors may largely interfere soil erosional responses. Therefore,
quantifying the variations of runoff and sediment yields and assessing the possible factors are
of great importance to understand the erosion mechanism in such unique landscapes. To
quantify the effects of sand layer thickness and sand size composition on runoff generation and
sediment yield, sand-covered loess slopes with 15° were subject to simulated rainfall events
(intensity 1.5 mm/min) in this study. Sand layers of three different thicknesses, 2 cm, 5 cm and
10 cm, were respectively placed on loess surface. For each sand thickness, there were five
kinds of compositions, i.e. 100% sand diameter < 0.25 mm, 75% sand diameter < 0.25 mm +
25% sand diameter > 0.25 mm, 50% sand diameter < 0.25 mm + 50% sand diameter > 0.25
mm, untreated sand, and 100% sand diameter > 0.25 mm. Our results show that as sand
thickness increased, it prolonged initiation time of runoff, reduced runoff yield, increased
sediment yield and enhanced the variability in runoff and soil loss rates during rainfall. Our
findings also indicate that with coarser sand, the total runoff loss tended to increase even
though the initiation time of runoff and sediment yield was not obviously changed. The sand
layer thickness, sand size composition, and their interactions respectively contributed 68.03%,
15.77%, and 3.85% to the variation of initiation time of runoff (p < 0.05), respectively. For the
runoff production, the sand layer thickness can explain 23.89% to 52.22% of the variation of
runoff rates during a 15-min rainfall sub-rainfall, and 41.10% to 48.94% of total runoff loss for
different rainfall durations. For the sediment production, the sand layer thickness can explain
29.19% to 62.01% of the variation of soil loss rates during a 15-min rainfall sub-rainfall, and
13.53% to 30.31% the total sediment yield for different rainfall durations. Moreover, the sand
size composition had less impact on runoff and sediment yields than the thickness of the sand
layers. Their combined effects were significant during the early and intermediate stages (p <
0.05), and contributed to 13.12%-26.62% of runoff loss and 3.22%-43.12% of sediment yield.
Overall our observations suggest that runoff and sediment generation on sand-covered loess
slopes were mainly affected by the sand layer thickness rather than sand size composition, and
their combined effects also varied as erosion proceeded.

Keywords: sand layer thickness; particle size composition; runoff; sediment; contribution rate



