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Abstract: This study was undertaken to determine the regulation of runoff and sediment yield on slopes with
typical plant cover measures and the influence of rainfall on soil moisture for slope-land in rocky areas of the
Taihang Mountains. Based on standard runoff plot observations in the Baima Small Watershed in Pingshun
County, Shanxi Province, runoff and sediment yield on slopes with typical plant cover measures for different
rainfall patterns and rainfall intensities were compared. Analysis of changes in soil moisture content for each
slope with bare land as a control was conducted with statistical analysis methods. Results showed that 1) heavy
rain and rainstorms were the main rainfall patterns causing soil and water losses. With moderate rainfall inten-
sity and high rainfall intensity, runoff and sediment yield of runoff plots on slopes accounted for up to 71.94%—
73.60% of the total runoff and 80.78% —90.35% of the total sediment. 2) With various patterns of rainfall,
runoff and sediment yield on slopes with different cover patterns were bare land > natural slope > artificial
grasses = shrubs > forest. 3) The slope runoff plots for changes in soil moisture were identical with and rain-
fall distribution being consistent. Thus, shrub and forests could effectively control soil and water loss in this
area with soil moisture changes being strongly influenced by rainfall. [Ch, 5 fig. 2 tab. 18 ref.]
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of the Taihang Mountains

Woe T 2 B 7 A Ll XK 3 A 9 F2 28l g, g Ta] A s ] RUBE b 4728 A 0 8 TR AR 3 A 4R
SEMBCR BREEFTLASL, Bty a 0 SRRl AR . BRSO R R g T K AR
HHEMEE. HAET, NI EF IR T P R B FHE K L R R e s 5™, fln, FH L
SRR AT PE A K b BRAFH T X E AR Ik i R MR A S A . BB AE AT AL 5K AR T B X A K R A
A AR AT 7RSS, A BUKP S T A B KR B, AR 45 5 0 2 R M mT LU R A K
PREFRCR, WSk B4 1 G AT AU B AR TR, A M VA T8 R ANk A5 PR 19K 5 1 B IXOK
b PR it 2 8] B O B, ARSI L BRI MR S TSt K R R R e, AN AP A
FAREIAS I Z o VR A5 ST 1 b 1y DCTR BT 2% 8 X 35 T R ok 7 0 B S R AT O, Ik f T
B HT L ROF B S5 M TR AE RO S AR AR AL T, RERE A RGE RS, B R o BN A
AN g A TS Ly D I v AR A e R A N L AR Medicago sativa B, FLUK O KK B3 A4 £/
NI, U AP /G, SRR A 0845 ey, (AT A0 T AR M. oy 7 2% i DX 10 3t B3 055
A HA FARDEAN R, F AR I AR S AP AE 22 52, DR AN ) 3t DX R K i R BEEE AN A TR o AT Lt
DE AT B IX, AR A OR . XA RE, BRSNS, KLk E", 2
ANk, DA RS TE K 2 OR8N T 58 A B 85D, R A T e 3 O T BRI SE A o AW ST AL 7Y A
IR P /N 3 TR A2 3 /0 DR ORI Kt S s TSR 05 i, e AT S Tl IXORAT L XA
PR IR AL, AN [ A0 1 T X 39 17 O D R R o WIS SR AT O X AR S IR R i B K
V2R 233 0 BRI T 7K b DR 18 it 2500 3 1 B (4 e AR 0

1 B % KB

WFFE AL T I PS4 0B 55 R 4H 1 S/ ek, 1A 4.47 km®, & T R i K &R, Oy MRl
db A X, HBEA E R 36°07'19"~36°08'52"N, 113°20'30"~113°22'11"E, i##k 1 303.3~1 522.5 m,
W i KR A, BRI EARI DKM 32, Z24F AR 9.1 °C, =10 TR 3 1775 C, &
A 125.0 d, ZAEFHREKE N 6289 mm, FEENLE 6-9 H, HAER . FHNEBABK, HFEAY
5o ZHEFRZEKE N1 631.6 mm, T 5, HHERRy KR L, 2R EE R R R, +
JZIEEE R 0~50 em, PrphtkzE, KEWREE. WMBUNES R ZEAA . A . I, oKk
&, FEMYA HEE Bothriochloa ischaemum, 23 Artemisia verlotorum, T Cotinus coggygria, i
1§ Rosa xanthina, I8k Amygdalus davidiana, ¥ Pinus tabuliformis, 1% Populus davidiana, M| F3
Platycladus orientalis, 1L %8k Quercus wutaishansea, 175 Prunus armeniaca, FE¥ET Ostryopsis davidiana,
KT Lespedeza bicolor, ¥V Hippophae rhamnoide FVERFT 8 Heteropappus altaicus %5,

2 RBEIt5 T &
21 RWigit

RSP ML /NG 37K A 9 2 £ 45 ORI 328 11 1 TE 25 10 A 224 b A Bt 2R A, el X oy SR iR 10 A
WA TIR I /NX o ANK G —HAE K 20 m FE 5 m E R 100 m?, HAARE 1T AARifE/NX, 4 AR
A5 A AEY+ TRERE /N X, T 2006 4 TF LG W o AR AF 5 356 BURR HE /N DXORIT 4 AR 90 15 i /) X 0547 0F
5E, VS M R oA DR LA, AT AR A X 7K e R R e 5 o 3B T /0N DX R R A K
PR 15 d BEAT 1 RFTHEREA SR BE R Ay, B A . BRSE RS R A S R . AR /N X SR 10 em
JEARTRAL, PABG LM A, ANKBMSEA 03 m SEMbEEHr, Ly EHKE, Thrihns
Gy KFRE: . KA SAEOKAR R, DASCERE T ™ A AR I A 1D o A AR /N HE ARG B L3R 1,
2.2 WA iE

AR /0N DX o8 TR SR ORI = SR FH T e X 1 S o T (G S AR BEYE LA 0.1~10.0 mm; 2 5% 1% 22 4+0.05
mm ) WL FERR, F5 K 8: 00 BE i SR dR, AR K4 R 2k FR Lk 4 A B T A L A I g B R T AR R 5 ) U U
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Table 1 Basic situation of the runoff plots

INIK BEEE/() Bem/(©) =+ 3t 1 FH By a RO L2 R fem BIIEE% AEMRE /(B -m?)
1 1820 210 #RHL (BRifE/NX) I R+ 50 0 0
21820 210 AMRIL(AER, KE . W) AR AR L 50 50 22.00
301820 210 ANTLRHRL(FE5) %A% AR+ 50 40 20.00
4 18220 210 JEAR (HEHIM) @t AR+ 50 45 2.50
5 1820 210 FEA(idk) 3 AR PER + 50 42 0.16

Y R R, 7 PR R 4R 3 SR S R R AR 1 T, R A K E:Z(ekPk);ek:O-119+0-87310gik§

R=EL,, Hrh: E R EZIEE, MI-hm?; e, Ky k B BCAABEMZIAE, MJ+ hm™ -mm™; P, o k BB
i, mm; i Ok BPELFEMRE, mm-hTs R OFFERRM T, MJsmm+ hm™-h™; Ly Ry EcK 30 min [R5
B mm-h',

VRO B A ARREW G, 7 BRI KA T OFF BE R =+0.5% ) I 22 43 KA Pk B, iHR R AR
TR R AR ARG A EM R, BN A KA AR KA, D0 S R e 4 KA
KRG, HREAX: H=10V/S; V=SH\+rS:H,, Hi: H J¥ AR E (mm); V g3 87 w4 3
(m*) 5 S HRF/NXTA (m?) ;5 S o3 /KA REA (m?) 5 S, AFEKFFIREAR (m®) 5 Hy 53 KF K (m) 5
Hy EEIKFEARGE(m) 5 r R —Hor i R E

FPEYSEWLIN . FEAM A AR KA TR B TR K, AR 22 000 mL YR K IR A REA B SL IR, MR S IE S
BT, HToZ2 8 FRPEREE, DRSS ™=, HEAX: M=10'MyS; M=10°[m(1-c)
+10°(SH\C+rS:HLCo) 1o o s Mg 3 ii 7= VR (t-km™) 5 Ms 3 I 87 V0 (1) 5 m /KA B H &
()5 ¢ NI KF T EIKRE; CORBKFEEDHE (g L) CHEKFMTHRE(g L),

S KR R A B SR S A (TDR) 36 o - 88 & K i, B 15 d D 1 ok, e IR B
5, 10, 20, 30 cm;

2.3 HIERIEF 4L

W AR B B 2015 4F (4-10 F ) S 11 /N i 3 i) B R A0S 25 38 AR It /0N DX 77 i VD Ba s o AR B
FEALRE NS B0 8 A2 U /N X R AR K 3 K I S AR D v B R . ZETRIBT Y 45 R Rl 12 (Rl
PERETT, B 12 I b e TR 4 J R T 25 K] 20 b o GBYT 28592-2012( [ /K S5 G ) HEA TR 43 (3£ 2) o

iz i Excel 2016 i1 SPSS 20.0 4& i1 4 {1 #F 47 £ 45 (9 8 B DL K Se 1143 8, W ] Pearson A ¢ R 817
VR

3 HERE5a4

3.1 AD/NRIEBEWSRIFE

WEE X R £ R AAE 4-10 H, WML 45 S5 FEM, BT & S 440.30 mm, H o2 il PR R
A 123K 2), PR S 285.67 mm, (5 4-10 4y R S 64.88%, R 2 Al (=i
e AR F 5-8 A, %I MR A 362.8 mm 4 W B A4 R W R 82.39% 5 B KRR R
1014 mm, HIAES H; HFRECKFEMN A 61.7 mm, HIMAE6 A 23 H, H/NEM A 5.8 mm, H Y
TE8 J1 29 Hy MMM R A YA 15.1 mm-h™, F/Nk 1.1 mm-h™; FK 30 min [ 58 5 KA K
41.8 mm-h™, fH&/MF 3.9 mm-h'; H AWM S 298.5 MJ-mm-hm=2-h™, /N 7.9 MJ-mm-hm>-h™',
32 WEHFRESHKWE. BREENXER

W A= e A T 4% GB/T 285922012 1) B FR S5 2 K] 43 i 3 B 3 M55 9%, Jr il mg . K. 2.
FEAN R R TR A5 0 T 45 BT AR I/ X = I i I L LI 1o ZEFR T . R . B AT, SR /NX
(18 7= ST 100 R b > AR TTE 3 > N TR > AMR M > TR bR M, AT LT AR i 7 45 B R A5 T I
RN e K, FE K TN B T & AR I RE S A S50 /D B IR AR S B 7= A . ZER AT, 4 il R 40 4 it 35 16
/N PR A 22 A K, 2R AR (P>0.05) 5 75 KR A 15N 25 42 /N DX 7 i i 2 A
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Table 2 Characteristics of 12 erosive rainfall in Baima small watershed on April to October of 2015

HIAOT-H)  BEMPIA/min - BERT & /mm  FERIEAS P33R/ (mm-h™) L/ (mm-h™) Rk 3/ (MJ - mm-hm™-h™)

04-02 371 21.2 KW 343 12.23 41.22
05-01 901 34.1 KN 2.27 18.16 99.53
05-06 496 16.5 KN 2.00 24.14 96.16
05-28 818 26.8 K 1.97 4.78 15.54
06-23 600 61.7 Eii) 6.18 10.96 53.95
07-15 766 14.1 i) 1.10 453 7.96
07-17 266 27.1 K 6.09 41.85 298.54
07-21 77 15.1 K 11.77 23.66 90.72
08-03 873 15.9 i) 1.09 13.12 48.54
08-05 50 10.7 2l 12.84 19.95 52.75
08-29 23 59 2l 15.10 31.76 17.56
08-31 427 36.28 W 5.09 11.44 276.22

B, A EE T TR A e A R Wb 114.88%, H SRk 190.01%, A TFpEE 232.62%, HEAR
313.45%, FeARA451.77% . 5K &M, FERW AT, A3MAR T/ XA 7= i a3 2%,
AT EE T b R 2% 0 186 R RE 0 ) g . # b 295.44% , A SR FE Ik 339.07% , N TP EE 400.86% , HE K
565.97%, FrAK 765.25% AALLT KFHAAFHGmE BE o3 . #Rih 84.74%, HARFEH 51.39%, N LFh#H
50.58%, WK 61.08%, FvAK 56.81% ., 5H{LHbAH Lb 4 Folr S AR A A 15 il 35 1000 A 9 /0N DX 0 7 ek 3 0
TE T R T SR 4 S0 72 i B 7= W 119 85.91%~93.58% ., T L, %IX 4 R Y15 i 68 A 50 Rk 15
PROKVER, JUHJEAE KRBT &R, PR E .

W 452 b P 8 T DA B K 30 min [ R 5 B A K/ NHEAT R R 402, A W AIKRN R (5 <10 mm-h™), TP ET5R
(10 mm-h™'<I3, <30 mm-h™") 1 & i 58 (13>30 mm-h™) 25 35 18 42 U /0N DXFE 25 R 58 55 901 14 77 3L o 19 100
W 2, TEARMISE . FRRTSR . RROR T, A AR Y/ DX IR R R > SRS > N T >
AR > Fe ARMRHE, , 77 9 i AR AN K H AR e B4 5T, (B 5 8RR FEAE A [l R T 9 B2 T 4 o ) 6 it 1Y)
PR D . FEMRTN R AR, AR AR /N B P R 28 N S, AT RE R R A RN R A M AR
WA FET AL S A DR B FE ISR R RN R R, A B I AR I/ DX R R
71.94%~73.60% , 58/ HGHE,  HE AR HE T AR 3 A T R 53 R S R 9 TS 8 80 3 A8 i o
33 WHEDVESEMRWNE. FWEENXER

FEMIE . 8 R PRM SRR IS LR, R R M VD e i R e R R . FEAR TR
PERE 200 3 N SERAARMTS, SRR /DX A= R E 3 PR,

M3 A TEAMENERSM T, YaA TN X A r= Vb S > [ SR 3 > A T8 > i A Ak
> TR AMH, TR ARSI RN It . FER IR T, SRR /D X =D i 28 SR K, SEARKR
FEACTT A A7 1 XA ) - SR AR BN (VT 200 t-km2) 5 AT A 00T, RET 2000 T & B 42 it
ANDR P A BT, A0 Ay R AR 207.16%, H SRTEYE 251.68%, A T HHh 143.30%, VE AR M
4.87%, FeARMHL 115.78% , EA MR M3 WG Fe />, 1T UL R W o A2 Ak AR Rl ™= V0 B 58 i fe /N o 78 22 TN
KT, BEMEECR, WE G, R AR, A ABRR I BRAL, BRI N, IR
o RS R AR /N X AE 2 R A T A= Wi e, o5 S TH B Y Y 48.10%~64.95% . BARRE
T T 128 W A5 14T T R PR R T AP b /N X1 7 10 i B /D (VN 200 t-km™) Bl IA 498 42 Tt iy 2552 e
e, 4 i M RURE 4 it /N XA I T A B o BRI, A ORAT Ll b DO T N T F i AR . TR AR K
Hb AR RS R 0 5 B A R, BRI I B K TR R o

W 15 e R T DA e K 30 min B T R B R/ NIEAT AR A0S, A W AIRE SR . PR SER . S R AR 3 AR
RGN S YA/ s K 4 R o AR AT, MR S eRc /)N, 0T b I A o A
BE, ACH MR, F RN, SRR X D 2 R OR B (P>0.05) 5 7E RN R R
MR AT, MRS RBAC, XFHb I i U R o, SR HIESE R, ARG, RiEg i, Rk
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Figure 1 Runoff yield of typical plant measures under

different rainfall levels
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Figure 2

Runoff vyield of typical plant measures under

different rainfall intensity

AE s, PRLAS B AR /N XV B I . A E AR SR A E, AR R R R A B e v
10 Ay Bk Hb 262.73% , AR TPk 315.97% , A T HiHbh 116.29% , HEAK bk HL 95.33% , FF K bk
84.52% , M 7E {5 MY 5 T 25 10 7 v 2 3 0 0 0 ) 2 R Hb 473.62% ,  H AR S B 690.59% , N T HE Y
310.61%, WHEAMRHL 170.00% , FeARMM 135.71%, Hop, #Hs . BARFEH . A T8 M ™ Vb & 3 iR fe ok,
A . FEARMM =V R g5 /N, BEdb )y A 0 X e i R 88 R BYa B i (T 200 t-km™) . B2,
SN L, TEA T IRAF T 4 Fh R YR /N DX VD R B A D L TR R AR L VAR b 1Y
PRV, AN T EHR H AR TEIRZ .
3.4 FEEHBEEERHR MR LIFESKRTHAE

2015 4 (4-10 H ) brifE/INX A 4 A FE 35 1t % DA% /N X 0~30 em 4 2728 8 KR gh A8 (b W & 5
fim o BT RIEEKERIERG 15 d W 1 vk, LR R ia 15 d N B MK s . HIES A, 7 4-10
AR R, T AR /N X 3 Bk AR /A — 3, HAR RS A R
ARG ) — Bk, M EEERET AMS A, HiX 2 MHMWRKEE L, WK, HXH¥5],
PR IS5 38503k 40 ) 4% 3 T AR /D X S K R e, N 17.1%~26.0% , It Ah, TR Y 4Rl 1 94 T e 3 A
WAEX 2 H, Bz & EEEKE, W5 SRS E RN EAEKERK. 4 52 BHIWN
1) IS ACRE S, N 16.6%~21.9%, S HrKIAE 4 H 2 A~/ mbEkEm, BEREN 21.2 mm, Af
DL TN X )2 H S KR K. 4 AR WIFENE LN 0, SEH S KRB TR, (80X —f

1600 1200 1

a  BPW OAW DEW BN 55 O 5 WY 5 M R 5
~ a
£1200 " T oo a
= R a
ﬁ 800 g 600 a
N ]1,31 b
J 400 N300 +
= H = Il ® chi’mcdcb deb
0 0 Al
Wi HAR AT A K B H® AT EAK A
T EHL A A el R M Mo
R J7 50 + R A J7 5

R IR N5 57 8 3 0 T R

A [e) = i ) 7 5P v e A A

W25 2 7(P<<0.05)
B3 AHMEEAT ER RS )
Figure 3 Sediment yield of typical plant measures under

different rainfall levels
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Figure 4 Sediment yield of typical plant measures under

different rainfall intensity levels
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Figure 5 Dynamic changes of soil moisture content in different slope (A - E)
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Wi, SR R Ry 3k — I 0 R K WY S s, AR T 6 A 22 DR AR R0 o 12 I 00 5% 8 TR A2 3/ IX. - 3
GAKEEFWE, B2, THM8 AEMNREZL, BHERKHYL), FH S KRES, KB 17.1%~
26.0%, BRIk “FKHWI”; 4-6 A, BERZWS 2, EYHARKIMERSE, HEEKET R, X0
Wi 9 AN 10 A, FERTE Wb, MR EE, RSO R, PRIX 0y A K
W7, BYOEAR /DX RS KR GRS A -, A S B A A ARG R — Bk, RS
7K FEAR A A2 [ T 5 ) B I
4 itk

TERFI A ZE T AT, & A2 0/ D™ ™ Y0 B G R AR, i B0 XK 4 2k /Y 3 S e 28
B, ESUS A SR AR L, R A Sl R, IR ST R KM . AR FSE AR
4 b B TR AE P 1 i v R AR M N T R PR A A PP R R 2R LR 7 i Y b, BRI A B IR I X ) K
TR, FEARFISR AR T, B RO R s 0 3 1A AR RN - AR AN S, (A R R A R R AR, 4%
SHTAR /N DX 7 g A o R B Y 71.94%~73.60% , 7 b R U R Y 80.78%~90.35% , AT ULHRR
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22.3%, BLHSHAy “UWE S 7-8 JTBERAE X 2 H IR AT, A O K A R A X — B A AR 2 e 4
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F B 2R, M2, LIS KR IEARAE T A%, 4EFFAE 10.8%~16.0%, HLHTHASN “HiK ",
[, B 2% 3 TR AR U/ DX 1) 38 5 KR Y AR A e 34 55 e TR 40 A B ARG i — B0k, R3S KR AR b 52 [
2 0 B
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ZINDXC PR it R R 30 PO R AT LI, I3 BT T AN ) R 2 B 2 T A5 SR A U/ DX 3L 7 90 R 2 5K
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