54 44511 + HE o W Vol. 54, No. 1
2017 4 1 H ACTA PEDOLOGICA SINICA Jan., 2017
DOI: 10.11766/trxb201604190106

R B E KR E R B ' E IR A RS

WA BEE kRE"T @ Fagh 0
(1 PGACARMRBI L R K - ARFEBIFIT AT 2 - i B2 i b b Rl [ R S0 38, B 712100)
(2 T EBLEBE KRR L AERFSE T, BEFidgEE  712100)

(3 PHZI T REFKFIKH =R, 9% 710048 )

= Jr VD 35 B A DX K i AUk A8 A PN - AR i e O SR A DX, R SR X N AR
REAE T 6P 7K b XUk 22 i K B B B B B va AR A BRI o SR & RIIIRE R, AT AT LA
FEWERE (2 em, 5 emA110 em) AP ERARAA (100% < 0.25 mm, 75% < 0.25 mm +25% > 0.25
mm, 50% < 0.25 mm +50% >0.25 mm, RALFEVSFI100% > 0.25 mm ) X3 H 7= 7= 10 50 . 45 5%
FEHH, BEVDE A Bl e b e AR R 7 T B AR, 7 EE A A N, Y S S
IR, FEW AR R VD B S M G, L S A B T VD R B 0T B s VDR AR A AR
ANV VD REJE T R8I0 7 Y S AN [R] L 2 em B 0 TR P8 30 1AL 9 i B0 B A A 0 7 v S
Kita, BEMEIATCI AR s 5 em BT VD5 B2 3 161 BE VD 2R A A M 7 R S B ke A, BE R T N
BOAURLAR VD 2 B8 112 ol e 3R v T AN RIS VD I, B RN S A A R 5 10 em B VD TR BE (9 B T 7 3
VDB VD JE R AR AR AN B S o BTRAE VDB b AT Y R I A AR D BNOK TR AR — W A R — )2
NGBR—WERT, AR ENGBRRM W EIRE )RR AR R, HE AR

TIOCREUD ¥ 3 A4 B 7 Ty A R — ok — A YA AR P A R o A R R

KA EVEROn; VR RARAG D
TESES  S157.1 SCRRFRIRAD

IRt DR A A R o T £ o A A
FURGICIR Pt R W RO e v Y 3 R
XU KR AR K T, B R LKl
HET LR TER ] EA R, A B ES .
PR 1) 22 30 1 25442 b 26 A R R AR TR IR T 4k
(9 M S5 2 Y, R LR V0 S R R
Figk, R dicmimel . A ESE R LT
BRIV Z R IR L IEAS . RE . 4. 1
BRI . MUARZH AR . Sk SRR Kk 4507 T i 22 5
VRS R Z AEE W A b S, R
Yo TITSE, RIS A AR
Tt LB AE 39 TG B b BRI 8 AR ok T i

2 L0 5 LSS PR B U B i R ph A,
1o P A AU 9 T 35X 6 2k L b TR A AR R
N, ERSRAN, WERRE, — BRI,
W VAR, PR U 7 U P T 98 W — Wk T o
Vi— R, W R T R B T A 7 v
PR BERYT TR ERAN S v R B v B
FETEVD R, I AT TR L
g VX a g S g g AR L A R 6 ) A
TRV R — s R R R
LUK ARt YR Vb A A AR AR O, 6 B SR
WONTLS em) , HRW BB 2 BORLL R 7
TP R . M, HUE SR XY

* ERHRBERE ST H (41371283, 41571130082, 41330858 ) % Supported by the National Natural Science Foundation of

China ( Nos. 41371283, 41571130082 and 41330858 )

+ W IRMEE Corresponding author, E-mail: fbzhang@nwsuaf.edu.cn
FEZ A Ay (1992—) |, 2o, BEPURARON, B-LAFIEAE, WF98 5 1o e L3R, E-mail: xly1660014798@163.com
Wk HI9T: 2016-04-19; WBEMEMRT H . 2016-06-23; KT HM H I (www.cnkinet) : 2016-07-14

http: //pedologica. issas. ac. cn



13 ERAT A . V2R B IR AR 20 IR 7 /e 3BT 7 a7 Vb 1) S ) 61

b T ICE RS D BT ST T B R TR R Y
HOE AR R, AR e AR D, i
R A FRAE | 2 A LB B A A —
T

FrU AL G B R XA B LT, R B ) 4
. MR MR A R i 22 5, BRI
TP 2 ORI A A AR 22 5%, o e S5 B0 7 i ™ v
FRAEANTR] o A SCIULR 28 WL T Y 505, RS
AN TR B 0 JEE R A A 2 JONS T 8 B T 7 O
FEVRRC R BV i O R R RRAE i
DXCIK P 2R B3 B B 4 116 BRI A 4R

1 MRS

ARG F 201546 —9 J 16 b B RL 2% B 7K Fl
BB K A AR HE B 5E B N RS LRE R KT #E 47 . ik

55 R M mE =N TR R G, B A R
K16 m, AR A TR T A R Ik B
B, BETEAIE >80 1, TR FEs
IVESTE N P T B i I 7 NI = WA - R T
(110°21'E ~ 110°23'E, 38°46'N ~38°51'N ) fixHy
WA LR R PR kR (BaE L) Wb
+ Zorshk, I Y B D B ICH MRS
B, BRI RERL S, Yk
e (K1) o EEHIBRRRZEYEES mmifi, 7
MR R EZY )5, 05 <0.25 mmFl > 0.25
mm W3, FEHEARE RS A L T IR A, W
a (100%<0.25 mm) . b (75% <0.25 mm +25%
>025mm) . ¢ (50%<0.25 mm +50% >0.25
mm ) . d (RAEE) Fle (100% >0.25 mm ) 5
ARLAR LA o

RIS AR FEZR 1.1 m x 0.8 m x 0.4 mfY Al

Rl MBS EEMIBMER

Table 1 Physical properties of the soil and original sand at the sampling sites

o KifR 4 i Particle size content ( % ) TN KR
pEE R Faxii FLERRE S , ductivi
e Q. - Saturation conductivit
Material i fiSand (2 ~0.05 mm ) FrkrSilt FikiClay Bulk density Porosity Y
; . coefficient
type 2-025mm 0.25~0.05mm (0.05~0.002mm) ( <0.002mm) (gem™) (%) -
(mm min™")
hSand 75.71 £ 3.06 19.56 +2.17 3.73 £ 1.70 1.00 £ 0.88 1.60 £0.04 39.60+2.40 1.40 £ 0.46
# 1t
23.21 £2.09 66.63 £ 2.55 10.16 £ 0.47 1.43+£0.03 46.20+1.40 0.05+£0.02
Loess soil

e TP EAE N EE + #3EZ Note: The data in the table are mean + standard deviation
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Table 2 ANOVA of significance and contribution rate of various factors affecting initial runoff time, 60 min runoff volume and sediment

yield on loess slopes covered with aeolian sand

i i T g vegree i pgh O RRE
Variable Source Sum of of freedom Sum of mean F value Significance Contribution rate of
squares squares each source (%)
HILA 7 i A 1] JEJ¥ Thickness 2226 2 1113 80.86 0.000 68.03
Initial runoff  }i4% Particle size 179.5 4 44.88 3.26 0.041 3.85
time ZZH. Interaction 620.0 8 77.50 5.63 0.002 15.77
%2 Error 206.5 15 13.76 12.35
BT Total 3232 29
60 miny™ i JEEJE Thickness 761.0 2 380.5 52.89 0.000 48.94
60 min runofl K% Particle size 399.0 4 99.76 13.86 0.000 24.27
volume ZZH. Interaction 257.7 8 32.21 4.48 0.006 13.12
1% 2% Error 107.9 15 7.19 13.68
A3 Total 1526 29
60 minfZ il & JELBE Thickness 139.4 2 69.68 7.12 0.007 13.53
60 min sediment ;4% Particle size 145.0 4 36.25 3.70 0.027 11.96
yield % H. Interaction 454.1 8 56.76 5.80 0.002 42.45
1#2% Error 146.8 15 9.78 32.06
ST Total 885.3 29
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Fig. 2 Runoff yield rate on loess slopes the same in sand particle size composition, but different in thickness of sand cover
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Fig. 3 Runoff yield rate on loess slopes the same in thickness of sand cover, but different in sand particle size composition

http: //pedologica. issas. ac. cn



134

ERAT A . V2R B IR AR 20 IR 7 /e 3BT 7 a7 Vb 1) S )

65

kit (aflb) BYZIEARE . 10 emf VD5 B A3
I, EARFREIDRARSMT, 7R R g
B B 22 S/ T i RS e B By, TEERR E B B,
BEUD R AR AN R B 3 18 77 i e e A2 o A, HLE 3
R, BT TN o R Bl AR AR b 7 I TR I T B
LTSI

FEFT60 min SR i EAT A9 7 22 341 o
JEERE kAR BRI R AR 1) 22 ELAE X B M 60 min
FR WA RERmE (p<0.05) o &KHFXf
HA W Tk R N R > Rife > Rl HF > &
SRR BAE-, 50 h48.94% . 24.27% .
13.86%M113.12% ( %2) .
2.3 ARIVEEEFMAFER T~ DIZIE

TCHE VD B A Y b AR s R ] N TR
PR R BT VDR R R R ok o e i

PR EFIM N2 cm<5 em< 10 em (E4) o B
T A2 ol RS AE R B W e R b SRS R BRI S
SN AR AR T2 emBEVDIREE, 5 em Al
10 em B V0 J5E FE (1 38 T 42 b T B e e, (L G2 o i
R S I () ARG s B A, 22 R H AR ik
R R T2 emBWRER . BEIRARKA (afl
b) I, 2 emP VDR AR M R R TS5 cm B 7D
JEREERY, (HAZARK; 10 em VI (2 bl R 7E
7T i Je AR I ] A R ELB R T2 em I
5 emB VDR RHZ AR, BYPRARHRL (e, dF
e) . 2 emBLVPJE YR MHE AR E N TS5 em Al
10 emBYPIEER, 5 emMN10 em VDR {20k 3 R
MW IEAE T, HIABEE)E, 10 em B VPR JE
R AARS 5 cm B VDI BEW/ NN o 255 AR
12T AR o AR e 2 XA 5 — ST T AR Tk R — 3

=300 =~ 30p
= 100%<0.25mm @ Ocm 2 75%<0.25mm+25%>0.25mm
"\‘E 25 6 2 cm ¢ 25' /X\
on A 5cm = *
220t Z2.0r XN
@ 7 —— 10 cm = /x/ X
IS / =
=15 = 1.5r \ /
: *Z‘&*"\
2 1.0f 8 L .
;_ m — OO%O\ x&/&\
0.5 % M L J AAXRQAAA A ]
2 : RO ATt e
Py ey e s ansssmmnasffEn 4
0.0 Lo PR S 0.0
2% 30 60 o0 10 150 B 30 60 90 20 150
=300 F& 9 77 i) Rainoff duration (min) ~30.- %5 )77 i5F Rainoff duration (min)
é 50%<0.25mm+50%>0.25mm é RALFRJE b Original aeolian sand
o 2.5r o 25}k
= ;
220 5
< 2.0 < 2.0r
% e
= 1.5 £
€ 1.0 2
:\;{» m
0.5 M
X 0.0lmnni sessEsEyce . = T . .
0 30 60 9% 120 150 0 30 60 90 120 150
¥ F i 1k 3R(a;unoff duration (min) F& T J73 i Rainoff duration (min)
g 1 100%>0.25mm
o 2.5F
g
220t
L
<
= L5r
2
2 1.0f
&5
@ 0.5F
ﬁ OO Spam EEEEEy : i 1 ]
0 30 60 90 120 150

& T J77 i Rainoff duration (min)
P4 A [RDRL AR AN [ VD JEE BT 1 43 ol i o6

Fig. 4 Erosion rate on loess slopes the same in sand particle size composition, but different in thickness of sand cover

http: //pedologica. issas. ac. cn



66 + %

54 %

E

A, BEAEVDSERERE AN, KBS — oo R o
AR — EQ I s )

2 em M5 em VDRSNS, BEE VRS, =
o T ST 1) 0452 o e A ik 8 U S IR 1) g R
10 emBVPIR R RERAR AR T R (E5) .
2 emBIVPIREARIMIT IR B B, ARRAR BT VD3 1 4= ikt
AR /N TR AR VD ST o B R A EAT
RRLAR B VD S TR Il AOE T O, HOR TR
BV YRR I E R BRARLRAERERI 70 minf5,
RS . 5 em B VDR EAERERIZ760 min

ZHI, DA BT V38 T R b K T AR AR B U I
TR P A, AR AR 2 B AE R 90 min)m , = P
RaTRE, HAE Y (aflb) R MR
Fi v T HABKLARZH N 0 10 om BT V0 52 3 i T 2 Aokt ke
REERAR AL AL IO R, AR AR 2 RAE R T 120
minLUR, RUGERIFIGH I E TRE . #E
B, [ R A i e 4 3 3R e sl ]
FERT60 min RABUR (4975 22 70 Hré R o
JEEE R KRB S ORAR Y A2 BAE XS BEFT60 min
KRR i B BB AT BE W (p<0.05) , &

O 75%<0.25mm+25%>0.25mm

A 50%<0.25mm+50%>>0.25mm

K- RALBEJF P Original acolian sand —¢—100%>0.25mm

3.0
o I 2cm
=1
e 25 B 100%<0.25mm
3 L
o 20F
z
<
S 15F
s |
g
m 10k
K{' ;& 0»0/\0l\
Zosl s }?éf*xg};fs\ .

B KTRE ST RARERE Hy
“ 0.0 ’f{{ 4, : %"iﬂ*‘ﬁﬁtﬁ:ﬁ:ﬁ.
) 30 60
3.0-

L Scm

]
W
T

=
=
—

1L5F

f2hi# 2% Erosion rate (kg m™ min™)
[e]

90 120 150
[& R )77 Rainoff duration (min)

3.0
10 cm

- N~ N~
n =) n
T T T T T

—
(=]

f2h3# 2 Erosion rate (kg m™ min™)
e
T T

o
o

[& R )77 Rainoff duration (min)

F& W 5 5F Rainoff duration (min)
S A RS BE A PR 20 AT A 42 ik R

Fig. 5 Erosion rate on loess slopes the same in thickness of sand cover, but different in sand particle size composition

http: //pedologica. issas. ac. cn



13 ERAT A . V2R B IR AR 20 IR 7 /e 3BT 7 a7 Vb 1) S ) 67

B ORiAR . S ERBEAEH AT R FXF60 min R
FUR b AR A B9 BTk %R0 5 M 13.53% . 11.96% .
42.45%F32.06% ( £2) .

3 i ®

3.1 WEEEMRARLE RIS H15E R 8] B R G

TEDE LW HBER SRR, REL, BK
FIN, BENI S B AS B, TS, PR
bR T R R A B BT+
JZ, FEMERRREABR, K, 5
W, SEOTEA ALK . BEAEVD RN, 7R
U JZ B K B RITYD 2 E K SRS, R R ) 4 K
3 3 B R b R RE G, P A T
ISV R R R R I S DU ECE S S i
2 em 15 emBEVWEEAMET, AV RARAER, K
FLEBIE N, KR IE S K, VPR B KK R E
AP e AR, D= S A S RT . 10 em B TD
JEEERAR M W a, bHFlc, FPRUEHES5 cmBE VDR
JE R [RDREAR 2H LAY S AR A 2E AN K, AT REJE A
10 eI ERERRIE , a. bIcK AR A AR Z 1)
ARBURL, T BB G AR s f AR R TR
SR IRALBIEZE, KA RER B ARV 157
i, 7EV> L RBE RS sd R bl k)
X, RZETALRILG - TS A AT, H
55 em BRI BIRILG 7 N AR 22 AN . R
R Cdfie) WF, WIERF=FIE e > d, HAIH
PRV A5 em B VDR JE R IR, ATRESE A
BV IR XS WG 7 S TR AR . VDR ER
JRE EURIAR B, [ R 2 ELAS R MA 1 A /2 1A
SEIEALIL, EEAB MK, BIEHFERKZ,
ANREC M R AR, TR =D L R, BT
B B AR X T R AR AR, HA
BB —5E B K T3 S5 AR, PR A 7 AL
IR AEA . AN, FEIREEERE N, K AEVD 2 i
B R E AR A, WIRVEFIBENLIERE I, w]AE
B0 em B VPSR R AR 4 I ) 46 7 Ui I
(] A/ T HC Al AR 2 Ao
3.2 WEEEMAZLE RIS R R

FERS T8 i, b T D = ORI B KB
MIRH NI T AB L2 ], sl TR
iy BV S USRI OY E, JRBR, 7
VNS RED Z P AL A, AR AP R R, B

U IR AR TR, SR g B WA R
HTREEAE =L FEER — R A% S R —
WAL, AR T L ompEE e, Wik, B
0 b TR A B S T SRR AT R D
L 38 AU 2 AR A 2L X $BE TT 7 7 14 2 W 71 58 HATE
M, B R RO SRR, Y R RAR AR AR
WA AL . BB (W2 em) 2 HRA
WG Be, HURARALAFLBR, B A BRI E] A
WS, IR S, KRS R
AR A, RIS SO A B PR 7, L
WA, FBIr WK E RV IR, (HRE R A
1, WEDSOR AR R E AR, JF IR 43
THT P73, VDR AR AT 77 3 AR TS B R
AN TR A 2 RSB TR 7™ S RO T . AU
(W10 em) , FVPJEEEX = A A S TR
RS ARAC R RS, P ECEAFER R A
IR A 2L 3 T i R AR 2 A K, ELJC W]
PEo RLAR MU XS S5 em B VDL 3T 7 A W]
SO, e R S AR KRR AR 38 T 7 R T A kAR
LB T 7 A R T SRR A 2 RO A [ B
BLUD Y 7 UK R e AT BE AT AE I BT Al AL
- N2 e R 2 A RS T
KA ZH AL AT 77 L T 23R )5 M) 2 AN RE i 58 4 PR B
ik

T v T B MURE AR 2H BT 7 U AR e 7 =Y
AR AR X TR A, R
HP)ZE G B om 23, REZERR A 10
PR A X TRV YN, FKAR, EEIP
UL BN, A, 7RI IR D 4 5
TR, H TR IR, (BB R I T
f, UIRBHE . WGBS R I
HiR, Iz ZEKIRR, WS AR
FEULE R, IR0 AT BESS AL 1A D R R X 7
HRHYFE o R TRARLU AL AL, DRI AR A VY
WRAES TE . Wi, WENPHRRBER, %
HERRRC R I AR . AR VD S RS A B 1
HARE AR L RAR I, SR BARG S, ®
REZERF B0 1 R R, sS4k TR AR 4R 1k
XF T A AR o B VDR RRLAR 2 B S
LHAFHRE VD R E K 707 =R ]
F T X R TR R H B (R2) o 1
Hb, BVP R NN R T A Y R, YR
FahrE, HBEAFW—E AR, 1EMRE i P b = 2%

http: //pedologica. issas. ac. cn



68 + %

E

54 %

W Sy A AN ) T RV M, AEK ) AAS B E g A
TR, PH8 kO A E ) R b AT B ARk s B AL
BH AR SICAR AR, JCHE YRR O W], Xl
T TR R P SV LR, L L
AT B R B TR £ AR A
3.3 WEEEMAZERI RN

W B SR, R A AR b
3T 52 TR R I R, SR I ek — ok —
HRVA R R R, R R Dk g R AR AR T ) — D T
Bk S AR R T, K L HERURL A 2y
BSHR, o5 — 7 NI AL 2 B Y - e
RO YD W 1 VD 2 R 2 18] S A TR
Yo, RALBRZ, FEmRTEVDRTE BB b - 5
Wi, FEARNIE BT A R AR . RS =
e R AL S, VD A SR B YRS B
A, IURE AR AR, ARV VDKL FS 3T
BEAN IR A SRR S/, NERICRER 1, eV L5
3L B AT S AR ko S R /b 3 T S A9 A
B — B R — P R R R, X5 KN
M R B AMR RS R — B W RIE M) &k
P, iRl At TR TR, AR
SYH R, RIS, (BRI T IO
Y, HEGRUE SN, R SR
05 2253 Bt 7R JEE BE 5 RAR 2 AT 60 min RBUR il i
AR A B TR A B, 1 28 HAR AR 22 A BT Rk
WA (%2) , BBV IS A 3 I iR
We, ARpmmS L, VbR MR A /N, AN [ R
TR D IREAS ) PR B Tk ] RE AR 7R 22 55 HEUOZ b
(RS 52 BIAR TR W S, AR 7 28 73 M i R 5 &
BN, AR otk 2] TR AT A, ¥
JETEE, R SRR G T AT . AN
Ji. WKL HE . BRI KA S ERAE R, PR
=i HA BRI A8 E

ALV R B ROk A 20 B A A 5 B i = 3 U7 2K
R Ir XA, IR R MR Al . WA
IR, RiEh AR s I, Bk
A YA . BEAVD IR RN, VDJRA B E R
TUZEBHR TG, 70 LI R A4 B AR
PR R AR E, RO E P S R AR
Moy E . HURIARBIVD I, HIE S R, 1=
T LAY Z R R B WA DR ko AR s ARG
o tesh, MBI, FK TS B S E
KA AUFRAE VD 2 TR 3RS, Sy 1E v - B

—MRHK)Z, RKEWAF TR L. L5
TR o8 10 9% )22 1 S G A 7 U A R S Al 1 33 T 3 3
VIR, VR8G5 T & W B0 m i
VR, MV JERL IR, I R A SORL ) AN 5
RV 4, EMELITEYD L R IE IR, X
A RE R 7 VD 2R AR 2 R Al X 7 A VD 5 e A
5 cmfEVPEE R HAE2 ecm 10 cmE VD EJE R HE N
WY 0 F A, AT AR B VDS, BER S M
PRPOIE B +- S, il sy #2480 a0 H
B, AR S AR 04 W R A 1 RN 2 AR D 1 4= 1k
PR gl, B, @orhpBe, 40k v
14 45 ol 23N TR AR A VD I T . i A R Y
17, MR REDS Y RIEIR, VeV RS RE =
WA, BRI R M, AR DY
I 9 V0 = TR GG s, YD D A — 28 /N 41
W, YRR AC AR YD R oK m 4ais R, S
R, AR E W, I EE
K¥EZ, LUK, By, WERE
PEVRSS , UM IR, & TR AR Y
PR ek FEWEI, BOm vk, Evb
JEE 8 YD SR ARE ZH BSORT f2 Foft 8 3 110 5 Wil HEAS TR 2K
PO AZ PhB W T — 8 REEW SRR, 10 em
VD JEE W TR Dl 38 5 7 Y R AR, XV Rk AR
A A AR i R B, X R BN 10 em VD
JEBE AR T gy AR Oy 5, Iz b2 IR R
hn, HEpER R BB A RBEDLE, VP2
SREPLIHN ELEE R VD IR AL, S EUR bl B
b U S RN M . XU R VDR T
D)2 RAR A N TRV SRR M A — 3, =
HAEAEW R EEN. B RESCRIER, RRdl
BARA B AR PR AN B S o R A28 2H Bk 39 1 4 ot
1455 ) A7 — > BRI 7 VD JEE 3 Y

M2, VD R S R K el X 32
AR — R AR R A 7D + — e g Ml , Ho= e
Wit AL S — s mil B AN, 454568
AT YRR YGRS R R B, AU R+
Yo oy X2 e B RER AR b i A8k, VD2 &
UL WS (B ) KPR RS 1
i o A B B e | Y e L e A T e
TR AR TR ML LU S, 7 R S I
WEARFE R T2 [R5 v 3 55 0 v ™
VPHLEE AN B, BEM R, YWEIEKRT .
BEI1 . AR B ALK R ) A X v R A

http: //pedologica. issas. ac. cn



13 ERAT A . V2R B IR AR 20 IR 7 /e 3BT 7 a7 Vb 1) S ) 69

RERT, BiEMm. RREm, =hYHE. WEH
BRMMERR KA, Ruhsh REEIRLHE, &
VORGP 25, R B — 045 B T
RS R e 2 R, AN, BV R AR B
Ve, AR TR TR R, B LB, S A
B (VPR ) R AR AR TE B, E 50K S A 4R 1A
FPRNRW, TEA MRS A, G R Bk
DRI 16y % N i s £ NN N 1 K O 5 P2
Sy 2 R AR AR A R . UL 2 rh DR fi]
Fi9 P 42 3 R B B B Sl T, T A D R
HARKBIRIEE; BOBAR 2 T 14045 AR 1
FEAETIEE, IHERHE [ ORLA0 — 2 J5) 3 /NS B B
A]AE S A R R e L A R v RS
gt AL AL A TE=T SR iz 1o 17 <2
TEJEE 5 S RVBURCHE , I8 8 T 05 A7 Vs 22 1] BE A5 T 1%
VAR BN 1, YRR 8 B G R A s, e
Ko, RN, WRE KT 10090, Wk 1 26
SIS 2[RI R O AN SR A B R A T AR
b, BEREIN RV R 52 iR R AR Y 2 B
PSRBT , R R, 7 A 1 Y AR A
B I 17 S0 4 £ U R BURE A  h  2e
G NZ M EAE AL R G, TERERE 45041 )
i, YIRS FAE S| KRB R —8, A
I, PV T B T U R A e AR £k
YRS, HARKIMARTES, DL LEE 2, &
WSS b 3R T 78 v 5L 18 Vb J2 b A 2 B T
Fr Vb 35 8 Y Y A AR, X TR
7] JBE J3 RUREAR LR R P2 WP VAR i 22 5, (HEE L
T T-BER ], R ¥ R v 5L U AR 4 R X V0 2 A
TREESE ST . RN . FLBRIK R S KB R A
FIT 52, SEOETE R G dR R Fr v 25 9 T ki
i BB 1AL R RBIFZE I A ek oL
TR S BRI AR, WIPIRNMAS B, ¥
JEURL A 7 52 3 A B AR B R 25 5 T AT
ZG AT H V0 35 8 W T S o R 14 B A A i
i, #RHsh S HLH

4 45 ©

BLYD B i A B YD B i R P A HE K
IaG IR L, D, MR SR
Vb B B A AR O R K I A — D B i
W— RN G B — R, U R )RS

LB WR I — VD E PR E S 2 — R AR AL
W 5 N ] 0 2 v B b Y R B 7 I 2 Rk
it — Fr b — VA R PR Rk ek 7 . VDR EE R
M) 7 0 b T g v O S, R R R 0 A A U
A R K. FEARREYIRET, HbkRa
BN SE TH7  UD W S AR AR 22 R . VDR KL
20 R B SR 55 R0 AR A8 AR FH A R 7= S T . 60
Tt R R B B )
GG 7= A ] F160 min 22 i & AR fb F Z 2 VD
JE AR AR AP, %60 min R Vb AR AL TR
KB N VD R kAR A2 HAE RN AT 5 R 2
XA 7843 U B B V0 B T Vb s e R 1 R 2
IEN i

min 2y

2 F X

(1) JHvem, GO, FoRFh, 45, 8 m UK XU 52 H
AR A PR T 5 SRR T ). BEPUAS . I
BHEBKFIRTE IR OB T, 1993 2—15
Tang K L, Hou Q C, Wang B K, et al. The
environment background and administration way of wind-
water erosion crisscross region and shenmu experimental
area on the Loess Plateau (In Chinese) . Yangling,
Shaanxi: Memoir of NISWC, Academia Sinica and
Ministry of Water Resources, 1993: 2—15

(2] A4F, FEsgin. AKp XU S5/ il A A PR £ A
PREAHTSE. HARBEIRA4R, 2000, 15 (1) @ 97—100
Cha X, Tang K L. Study on comprehensive control
model of small watershed eco-environment in water and
wind crisscrossed erosion zone (In Chinese ) . Journal
of Natural Resources, 2000, 15 (1) : 97—100

[ 3] FEvcmd. 84 @ A S IR B G PE R AR BIF ). 7K
T ARFREAR, 1998, 18 (1) : 2—8, 26
Tang K L. Discussion on key problem of eco-environment
construction on Loess Plateau (In Chinese ) . Bulletin
of Soil and Water Conservation, 1998, 18 (1) : 2—
8, 26

[ 4] fRatfe, BOLYr, HEOS. S0 il YA X DX
. EZKH, 2000, 12: 37—38
Xu J H, Li G X, Gan Z M. Definition of coarse silt
and silty area in the middle reach of Yellow River (In
Chinese ) . China Water Resources, 2000, 12: 37—38

(5] TA 5. S eh e st IX T & B0t g b /K 2 U 2R
JE. MR IR, 2005
Tian X F. Study on treatment direction of coarse sand
area in middle reaches of Yellow River (In Chinese ) .
Nanjing: Hohai University, 2005

6] RM, XN#EX, T, ROKEGRMBEFERIT. by

http: //pedologica. issas. ac. cn



70

+

i 54 %

[7]

[10]

[11]

[12]

[13]

[14]

#, 2006, 61 (1) : 77—88

Song Y, Liu L' Y, Yan P. A review on complex erosion
by wind and water research (In Chinese) . Acta
Geographica Sinica, 2006, 61 (1) : 77—88
R, EE . e KUK PR RS B R B R
W NE MR AAR, 1986, 8 (2) @ 88—89
Shi P J, Wang J] A. The landform features and
development of aeolian-fluvial interactions (In
Chinese ) . Journal of Inner Magnolia Forestry College,
1986, 8 (2) : 88—89

RN, HEOR, #ME, . BT 2RI XX
%4y, NR#E, 1999, 21 (12) : 22—24

Wu CJ, Gan Z M, Sun H, et al. Division of sub-
regions of coarse silt and silty area in the middle reach
of Yellow River (In Chinese) . Yellow River, 1999,
21 (12) : 22—24

SN, Em, KT, AU E R R X L
BoR i BT, LR M SR AR, 1999, 5
(1) : 40—45

Zhang L. P, Tang K L, Zhang P C. Soil water erosion
processes in loess hilly—gully region covered with sheet
sand (In Chinese ) . Journal of Soil Erosion and Soil
and Water Conservation, 1999, 5 (1) : 40—45
SRR, RS, SR AR T R UK il KU S i X
AN R i A R R AE S I AT K AR RS,
2005, 12 (5) : 130—131

Zhang L P, Ni H B, Wu X Y. Soil water erosion
processes on sloping land with different material in the
wind-water interaction zone in the Loess Plateau ( In
Chinese ) . Research of Soil and Water Conservation,
2005, 12 (5) : 130—131

HRIL. BRAL B R VD 0 4 XA P b 5 AL AT
FE. BEPIE . PEIERARRHE RS, 2001

Hui Z J. Desertification in the transition zone bhetween
Mowusu sandy land and loess hill region ( In Chinese ) .
Yangling, Shaanxi: Northwest A&F University, 2001
IV, A, ARSRE, SF AU U AR
WIHFFE. K EAFEER, 2015, 29 (5) : 25—28
Tang S S, Li Z B, Ren Z P, et al. Experimental study
on the process of runoff and sediment yield on sand-
covered slope (In Chinese ) . Journal of Soil and Water
Conservation, 2015, 29 (5) : 25—28

I, ENS, RSN, SF. BCIBIRE R R A b I il
WORLFSAEWT Y. L2, 2016, 53 (1) @ 39—47
Tang S S, Li P, Ren Z P, et al. Particle size
composition of sediment from sand-covered slope under
simulated rainfall ( In Chinese ) . Acta Pedologica
Sinica, 2016, 53 (1) : 39—47

Xu G C, Tang S S, LuK X, etal. Runoff and sediment

[15]

[16]

[17]

[18]

[19]

[20]

[22]

yield under simulated rainfall on sand-covered slopes in
a region subject to wind—water erosion. Environmental
Earth Sciences, 2015, 74 (3) : 2523—2530
AR, A N AR DL R DT R A DL T 845 TR
A K BARFERFSE, 2004, 11 (4) ¢ 177—178

Zheng F L, Zhao J. Introduction of the artificial rainfall
simulation and rain markers (In Chinese ) . Research of
Soil and Water Conservation, 2004, 11 (4) : 177—
178

RFHR, wAFE, EhAL AP E R LR
0 45 ) F9) T 9 0y B B AR AR R 5. K SRR AT
2014, 28 (6) : 190—193

Wu X R, Zhang F B, Wang Z L. Variation of sand and
loess properties of binary structure profile in hilly region
covered by sand of the Loess Plateau (In Chinese ) .
Journal of Soil and Water Conservation, 2014, 28
(6) : 190—193

DRI, SEGRIE, SKME, SF LA R E LY
IR RIATTE. LA, 2009, 46 (1) @ 16—23
Bu C F, Cai Q G, Zhang X C, et al. Mechanism and
erosion effect of development of soil crust of loess (In
Chinese ) . Acta Pedologica Sinica, 2009, 46 (1) :
16—23

WRILRY, BRIAZE, Sk4E, 45 ERAMERIRE A T 3
HRERAS . e, K LR R, 2005,
19(2): 5—8

Chen H S, Shao M A, Zhang X C, et al. Field
experiment on hillslope rainfall infiltration and runoff
under simulated rainfall conditions ( In Chinese ) .
Journal of Soil and Water Conservation, 2005, 19
(2):5—8

MREE, L&Al Bk, % W hyim 3R
PRI, TR X AR BTE, 2005, 23 (6) -
145—150

Tian F X, Wang Z L, Niu Z H, et al. Experimental
research on soil erosion process in loess hill slope (In
Chinese ) . Agricultural Research in the Arid Areas,
2005, 23 (6) : 145—150

E3CHe, wBTAR. BB R R SE R IR, K
LR, 1998, 18 (7) : 81—83

Wang W L, Lei A L. Relations between loess properties
and soil erosion (In Chinese) . Bulletin of Soil and
Water Conservation, 1998, 18 (7) : 81—83
FlbpAL, XU, BRI B (L) . WL, 2004, 33
(9) : 629—635

Lu K Q, Liu J X. Static and dynamic properties of
granular matter ( 1 ) (In Chinese ) . Physics, 2004,
33 (9) : 629—635

FlidfRe, XUAFR. Bay s (F) . 98, 2004, 33

http: //pedologica. issas. ac. cn



13 ERAT A . V2R B IR AR 20 IR 7 /e 3BT 7 a7 Vb 1) S ) 71

(10) : 713—721 ~. RHEER, 2014, 30 (1) : 39—43, 71

Lu K Q, Liu J X. Static and dynamic properties of Ma T H, Zheng A P, Li C J. Mechanism of rainfall-

granular matter ( 1 ) (In Chinese ) . Physics, 2004, induced landslides and its implications to landslide

33 (10) : 713—721 prediction (In Chinese ) . Bulletin of Science and
(23]  SE9R3c, e, &k, ok sh sk B4 b, e Technology, 2014, 30 (1) : 39—43, 71

WF9E, 2005, 127 (6) : 65—69 [25]  PNICI, i, ORI T Y 2 ROBE 45 F K FEF IR RE R,

Li S W, XiaJ X, Cao B. Review of special phenomena BB, 2009, 38 (4) : 225—232

in granular flow (In Chinese ) . Journal of Sediment Sun Q C, Jin F. The multiscale structure of granular

Research, 2005, 127 (6) : 65—69 matter and its mechanics (In Chinese ) . Physics,
[24]  JFREAE, RZV, ZERUL. KRG RL I I n L RE A I 2009, 38 (4) : 225—232

Effects of Thickness and Particle Size Composition of Overlying Sand Layer
on Runoff and Sediment Yield on Sand-covered Loess Slopes

XIE Linyu' BAI Yujie' 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,
Northwest A&F University, Yangling, Shaanxi 712100, China )
(2 Institute of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of Water Resources, Yangling, Shaanxi
712100, China )

( 3 Institute of Water Resources and Hydro-electric Engineering, Xi' an University of Technology, Xi’ an 710048, China )

Abstract [ Objective] The region of loess slopes covered with sporadic aeolian sand is the most
serious erosion-stricken area in the aeolian-water erosion interlaced zone of the Loess Plateau. This project
is oriented to study characteristics of the soil erosion in this region in an attempt to provide some principal
theory for prediction and control of soil erosion in the aeolian-water erosion interlaced zone. Observations in
this special region found that aeolian sand-covered loess slopes were different in runoff production pattern and
erosion process from ordinary loess slopes. So far, a little has been reported about studies on soil erosion on
this special type of slopes. [Method] An indoor experiment with simulated rainfalls on soil erosion on
sand-covered loess slopes was carried out. The experiment was designed to have only one rainfall intensity

(90 mm h™") , one slope gradient ( 15°) , three levels of thickness for overlying aeolian sand (2 cm),

5 ¢cm and 10 em ) and five patterns of particle size composition ( 100% < 0.25 mm, 75% <0.25 mm + 25%
>0.25 mm, 50% <0.25 mm + 50% >0.25 mm, original aeolian sand and 100% > 0.25 mm ) . [Result]

Results show that overlying aeolian sand layers delayed the initiation of runoff and reduced the generation rate
and volume of runoff, but increased the yielding rate and volume of sediment on loess slopes. The initiation
of runoff on slopes covered with 2 em, 5 ¢m and 10 em thick of aeolian sand was 6 ~ 10 times, 12 ~ 20 times
and 16 ~ 26 times later than that on the ordinary loess slope, respectively. Thickness of the aeolian sand
layer is the main factor affecting delayed runoff and sediment yield. The thicker the overlying sand layer,

the later the initiation of runoff, the lower the runoff rate and runoff volume and the higher the yielding rate
and volume of sediment yield. During the rainfall process, runoff and sediment fluctuated sharply in rate
and volume and the fluctuation intensified with the aeolian sand layer increasing in thickness. The effect of
particle size composition of the sand layer on runoff and sediment yield varied with thickness of the sand layer.
On slopes covered with a sand layer 2 em in thickness, runoff and sediment yield tended to increase with the

sand layer increasing in particle size during the initial period of rainfall, but no such a tendency was observed
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during the late period of rainfall. On slopes covered with a sand layer 5 ¢m in thickness, runoff increased in
rate with the sand layer increasing particle size. The slopes covered with coarse sand was higher in erosion
rate than the slopes covered with find sand during the initial period of rainfall, and it went reversely in the
late period of rainfall. On slopes covered with a sand layer 10 ¢m in thickness, runoff and sediment yield did
not vary much with particle size composition of the sand layer. There might be a reasonable range of aeolian
sand thickness in which the influence of particle size composition of the sand layer on runoff and sediment
yield existed. In short, thickness, particle size composition and their interaction significantly ( p <0.05)
influence the initiation of runoff, 60 min runoff volume and 60-min sediment yield. [Conclusion] The
runoff production process on aeolian sand-covered loess slopes goes as vertical infiltration of rainwater-flow
at the interface between sand layer and loess layer-seepage at the toe of the sand layer-overland runoff,
while the erosion process goes as seepage erosion at the toe of the sand layer-retrogressive collapse caused by
gravity and flow-surface runoff transport, which are completely different from the pattern of runoff yield under
excessive infiltration and the erosion development process of splash erosion-sheet erosion-rill erosion on bare
loess slopes.

Key words Aeolian sand-covered loess slope; Aeolian sand thickness; Particle size composition;

Runoff and sediment
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