


110 KB PR %38 &
R3 FHEKHNSHUERE
Table 3 Fitting function of sediment yield and hydrodynamic parameters
P 2RV B 5 R AL
T R? T R* Vi R?
MHENV)/(mes™h) y=—5.01+335.82x 0.818 y=x "% —0.667 y=82.45—89.50exp(—4.82x) 0.819
KE) /m y=1.71+10 287.11x  0.244 y=z *3 0.209
[ERIESGD) y=15.44—0.18z 0.344 y =z —0.890 y=4.04+27.63exp(—0.08x) 0.547
FHEU(Re) y=2.42+0.21x 0.609 y=z% 0.646 y=20.92—26.55exp(—0.03x) 0.704
955 A (Fr) y=—4.43+28.25x 0.563 y=z I —1.272
KRBTV 1 () /Pa y=23.314+114.00x 0.785 y=z ¥ —1.204 y=25.61—25.00exp(—10.21x)  0.858
KN E(w)/(Nem ™+ s y=4.94+1451.07x 0.775 y=z % —1.001 y=23.57—21.52exp(—202.792)  0.890
3 it i Fr=>1 i 4504 7 Ok 5 T3 B4 L A i 25 405

3.1 R EES AW

A 5% 45 5 2 W, 39k i s 3 7= 0 7 V0 S B 2 A R
R B e (P 3) A T T I T R XA A
FMFFE I AR BB RILE IS, Bl E S AR, B
Hb LB BE 3 i, 36 0 A 9B S TR U b 2R AR IR e
[l A 76 W5 37 5 X AY BF 9% 3E BH AR BIF 9 19 4 AL A 2
HEOHET T OV T A T R A A B A PR R
B A AR A B R, 45 R 0 R R
7R A B BE ) 3 T AR . R B R R
FEUD B T IR I A s 0T AR [ T G
TET FY) o T T DA TR D/ X 3 i A 4R L e A B
% A R SR RN, B T e ok i B CRR R R 1 BD
Y /BT sk g S Bl 2 T S B AR ok XU
MR . B B8 1 25 A 3 BEL 1k K 30 3 8 DA T 3 20 7K
o i — 25 Hb AT g/ X6 3 T A UK 4R RE R R 5
A, - 5 22 T 9 A AT DL SE AR R 2 R B k4
BB, 5 aod 9 K 26 R RE BE B I £ K & 2R &
. AT WL M3 A A R B SR HE 2%
Mo FRAR I BN A B AL R AR 3 0 DU R vk R RN
T K, SR, AR WE T AR DX AT Y A UL R K
B0l W AE BN R (30 mm/h) R L 3 b b 55 0
NN SN 1 TR ORI TN S o O N b A (N B
FE 30 mm/h FR SR T A5 0000 51 b 2 3 2% L SR AT fig
A AR50 SR 00 48 o0 7 0K L i A K R i
%, Rk SRk PR 155, L oA R A A B
RES A5 R IR . (AR5 93056 R +
Ay o B R i R EOK KRR PEBESR A B
PEREEARDT .
3.2 ARBEIEKE HSER I

AR 5T 22 W L G (V) Bl A 0 558 3R 486 o 52 sk
M, T RE S A A 7 16 BELAS K O i Az B L R
A, 348 0 1) RELRE JE B A A R R R 0, K
TS BB AR AL 2, /N T, I P B (Fr) &
A LA FH R 40 7 o T O R S O 2R SR T S8, Y

i

20N Fr=1 &, W R R B % TEDEH, I
R 7K A 40 5300 A e SR 5 2 For<<10 B M O << AR
FH KGR H 3 28 3  AE AR 5 i 38 2% 1R R K i 2
R, AW R, Fr B 5 A 40 55 2 08 i i s
INRUPHGOX RS AREEL W, AR R I
A5 e T A T T RRURD A A0 S B R L, B UK R B
Ch) 54 A MR8 30 52 TE AH G, 3 b m] BRIt 3 (V) I
B EECCEr WD R E Y YR W (Re) <500
BF 3% DK U 2 AR A ST T BT R R R . A
K F 5B (Re) Bl 25 5 A1 #1558 R 3 22 AR 4 1k
B R H 3 5 AR AT RIS 4 SR AR I, TT R
HRFRAM AN RESE T EZS. B R
HAEARBRERIEMCXR . XERTAABSEEDN
B0 AR K i ] R 302 Bh, I LG R B T R L A
M3 3UPH ) R K
3.3 Wit T IEEMAI KB AL

52 Ik 180 4% 38 40 15 35 B 1) K 3 g 24 L ) 2
A3 BT 35 TR K ok gk L S b TR K Dok AR A A R, LA
FEMBIS MBS X, AR RN R
YKk S HEEZ R BEMKGE 2, KHKI NS
B0 A5 Ak 25 D) 52 e 35 b 0 O Vb R L R Y
TEAE e R8O i E R i N R A A
7 S Ml 7 U VD e A K T RE ER T R X 3 T 3 AR
1)t I B0 B8 SR K 7K I BHL T 3R BRIy O i R, K
Vi B VD RE S0k . BE A A A R EE R BE , E IR
FEVD R B R R A, vT R B R IR 4R 45 AR O 0T
FUYHe A S A BRI 22 B W 25 A b R R s b Xt
SR T 2R Y A A B ER BB ) R
B, U 2% U L BEVDRE T SRS . W 0T R XA DG B
FE SR A R0 S KRS B B v XK
WY YIS WAL Ty IR K D B4 TR A ek R
UL AN o 25 PR R R B o RO /N K 2R
WNMZEE T . ABETE S WANG &5 T i A
55 BELAS 1842 ok (0 BF 5% 4 SR AR B DR A T 9 o b R
EAE R T T L T HIRR A R R K A R

http: // stbexb.alljournal.com.cn



5 43

R bR S5 < R A R i BT R S K 3 2R K ) ) R B 5 R 111

AR R 5, R L, BH ) R,
PR HEAK T 1 A L 75V B W 0 R DX A DG BiF 55 3k
HH L B A B0 - e R B U 2 1 e b B R R

AT 5% F)FH oA BICHR 7% 3 b 7= Vb 50K 3h T 2 80
B KRR (B 4~ 10,38 3) . BVRIMF , A
7R 5K 3 1 S H0OC R DA BOR B G AR Fe g, 3
IR (V) (R?=10.819, p <C0.05) K W 37 1 11 (o)
(R*=0.858,p<C0.05) K /K it T % (w) (R* = 0.890,
£<20.05) TIN5 b 7= V0 88O GF L K i 2 8 (o) O i
FETRIN 285 A3 50 45 SR A5 3] [F) A% 76 V5 B s 0 e X 3
AT R AR SR T B UE 52 . s PR AT BB R K I T % (o)
FER BT T BUK B e 1 AR A3 AT LR Sk A 34 B 1 A
TR A AR . DR, AT DL SR N I U 2%
I RE B it R B T6 7K A AL % T R A R R AR AR
RTE = o DX A B 50 e B, B A A (Re ) 2 T
A1 T BT SRR M B S B BT Z M R AT
DUHHE SR B R . RGO IR o) R B A A B =5
et ,q V. h 5 Re J2EHUMUE VD 1Y R4 K T138 45
M =0 P DX A A DG 98 5 A R A 3~4 em R/, HAR
EARBE R 0~40 %0 AT BRIk A A oy 3~
6 cm K/ A R/ O 5 B 1 22 55 AT R R S AR5
T P Vb B AR K J1 S E AN R TR G
34 "EERE

A GRS A [7] T 5 5 4 68 A % 3 b b 3 7
WU KoK B IR R e (A5 R B R R TR
Hiy DX LA RERR 1 2 — Hb R OB 0T T K S iR 2
. L ARG BRI HE T T IR
[, H R H R R AT O R i R
Fr AR b T TR R S R TR JS SRR AR T DL IR
4 4t

AWEFEH = WIS R 5T T AN [ FT 5 5 AR
8 A XYM U V> BOK B R AR R R 4
FEOH L M7 VD B N R R S B R R AL Bl A A
PREE RGN 2 /NG, FEARIM R & T .30 % &
DL A M EE R M 5 0 S MR R M
WERBEES(p<L0.05), KA AR H (102
55 B ER R (50 %6 Je LA B [A] 72 3 R T 22
W (p<<0.05), W (V) JKIEG) VHIFEE(Re) |3
BER(Fr) JKH BT Y1 1 (o) Bk T % () il T 5
R B B B ) R 8 ) Bl TR 38 3 K 2 08
P W (V) L3 B BB (Fr ) B 5 AT R BRI T 5 ik
/N KT R BH T R B B A A R EE 8
I REE L FE I (Re) KLY 1 (o) 5K TN
R (w) FEA AR AR LA 22 57 HAKS 1 280
A ARAEAS [ 3 bl [H] AT — o 22 S k. b = v 5ok

B NI ZHOC F DL A8 BOR B 5 SOR Bl K B R

Cw) R el 7 V0 B A 0 2 40, A BFSE R IT e, ik —

BEE T ABX LR I @SS TS

A1 R 3 1 K o I A R B AR 2

S K

[1] JIANG Z C, LIAN Y Q. QIN X Q. Rocky desertifica-
tion in Southwest China: Impacts, causes, and restora-
tion[ J ].Earth-Science Reviews,2014,132:1-12.

(2]  ZEIE 6. 40 A A IR] S Y 4 BROU0 BT R0 3R 1 19 36 3R 5K
2R [T] 5 .2008,25(9) : 19-25.

YUAN D X. Global view on Karst rock desertification
and integrating control measures and experiences of Chi-
nal J].Pratacultural Science, 2008,25(9) :19-25.

(3] 54k da]. 5 M w307 R 1l XA 1 e 42 ol MR b K HE B iR
(17 ¥, 2001,20(3) : 205-210.

SU W C. Soil erosive deterioration and its control in
Karst mountainous regions of Guizhou Province[ J].Car-
sologica Sinica,2001,20(3) :205-210.

(4] wkBk, A, BE A, 5. 4 Hb o 10 i A 25 Hh BT 3R

b e S RS < LA 5% M A w3 s Ll XA T ] 4k
R AE A BT ,2002,18(1) : 6-10.
ZHANG D F, WANG S ], ZHOU D Q, et al. Eco-geo-
environment of rocky desertification and its driving
mechanism: A typical example in Karst mountainous ar-
eas of Guizhou Province [ ] ]. Rural Eco-Environment,
2002,18(1) :6-10.

(5] RERET .2, e B TR0 i i Ry A 16 b 76 3 IX K B 3
SRAFAE S O ()R] ] M B 241, 2012,67(7) . 878-888.
XIONG K N, LI J, LONG M Z. Features of soil and
water loss and key issues in demonstration areas for
combating Karst rocky desertification [ J ]. Acta Geo-
graphica Sinica, 2012,67(7) .878-888.

[6] WANGS]J, LIU Q M, ZHANG D F. Karst rocky de-
sertification in southwestern China: Geomorphology,
landuse. impact and rehabilitation[ ] ]. Land Degradation
and Development,2004,15(2) :115-121.

(7] AT EHA, & A4, %5 78 5 W 0745 1L s ok 10 R
N B DA AR JUA B R LT v A 4. 2010,

29(3):274-279.
ZHANG X B, WANG S J, CAO J H., et al. Character-
istics of water loss and soil erosion and some scientific
problems on Karst rocky desertification in Southwest
China Karst area[ J]. Carsologica Sinica, 2010, 29 (3):
274-279.

[8] SUNJ, YU X, FAN D, et al. Hydrological and erosive
response of soil surfaces to rainfall intensity as affected
by gravel fragment coveragel J].Journal of Soil and Wa-
ter Conservation,2018,73(3) :353-362.

[9] LUTJ R, LUO H, XIE Y S. Effects of rock fragment

content, size and cover on soil erosion dynamics of spoil

http: // stbexb.alljournal.com.cn



112

P nt S N

% 38 &

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

heaps through multiple rainfall events[ ] ].Catena, 2019,
172:179-189.

EER I -3 N T NIE ol e A iy L R S
X A A= iy == AL ] o A, 2010,29(1) < 1-5
WANG J, CAI X F, LEI L, et al. Laboratory simula-
tion on soil erosion under different bedrock outcrop rate
in Southwest Karst area, Chinal ]J].Carsologica Sinica,
2010,29(1):1-5.

HAN Z, WANG X Y, SONG D D, et al. Response of
soil erosion and sediment sorting to the transport mech-
anism on a steep rocky slope[ J].Earth Surface Processes
and Landforms,2019,44(12) :2467-2478.

DAI Q H, PENG X D, YANG Z. et al. Runoff and ero-
sion processes on bare slopes in the Karst Rocky Deser-
tification Areal ]J].Catena,2017,152:218-226.

20, ALK E AR 5K LW R R RN A
B R T AT 58 A A8 B0 1) L) LKk B AR 5 22 31, 2021, 35
(5):10-15,23.

LI R, PAN L D. Research status of the relationship be-
tween rock exposure and soil and water loss and discus-
sion on the existing problems in the research of rocky
desertification factors[ J |.Journal of Soil and Water Con-
servation, 2021,35(5):10-15,23.

WIRTZ S, SEEGER M, RIES J B. Field experiments
for understanding and quantification of rill erosion
processes[ ] ].Catena,2012,91:21-34.

SREHFI R85 . B - 3 TE A I R kAR ) oK g ) R
W EIE) ], £ 34, 2000, 37(1) :9-15.

ZHANG K L, TANG K L. A study on hydraulic char-
acteristics of flow for prediction of rill detachment ca-
pacity on loess slope[J].Acta Pedologica Sinica,2000,37
(1) :9-15.

KOG L 0 5250, SRR T AR 4 B R ok g ) &
SCE BT[] ], 4 4 4. 2002, 39(6) : 882-886.

ZHANG G H, LIU B Y, ZHANG K L. Experimental
simulation of hydraulic mechanism of soil detachment by
suface runoff on slopeland[ ] ]. Acta Pedologica Sinica,
2002,39(6) :882-886.

COUSIN I, NICOULLAUD B, COUTADEUR C. In-
fluence of rock fragments on the water retention and wa-
ter percolation in a calcareous soil[ ] ].Catena, 2003, 53
(2):97-114.

JOMAA S, BARRY D A, HENG B C P, et al. Influ-
ence of rock fragment coverage on soil erosion and
hydrological response: Laboratory flume experiments
and modeling[ J]. Water Resources Research, 2012, 48
(5):213-223.

ABRAHAMS A D, GAO P, AEBLY F A. Relation of
sediment transport capacity to stone cover and size in
rain-impacted interrill flow[]J]. Earth Surface Processes

and Landforms,2000,25(5) :497-504.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

R R, X L AR A LR N R
KBS ER R [T ] K 2 PR 4R A2 4, 2019, 33(6)
150-155,161.

MA CL, DAIC T, LIU Y J, et al. Effects of gravel
covering on hydraulic characteristics of slope flow on
purple soil[J]. Journal of Soil and Water Conservation,
2019,33(6):150-155,161.

RIEKE-ZAPP D, POESEN J, NEARING M A. Effects
of rock fragments incorporated in the soil matrix on con-
centrated flow hydraulics and erosion[ ] ]. Earth Surface
Processes and Landforms,2007,32(7):1063-1076.
SMETS T, LOPEZ-VICENTE M, POESEN J. Impact
of subsurface rock fragments on runoff and interrill soil
loss from cultivated soils[J]. Earth Surface Processes
and Landforms,2011,36(14):1929-1937.

HREL TP, R BH .0 TR A A DX ML/ 3 2 355 TS 7K
B Iy SR o ). £ 32441 . 201956 (4) : 825-837.
GAN F L. HE B H, QIN Z Y. Effect of bedding slope
on hydrodynamic parameters in typical Karst valley[]].
Acta Pedologica Sinica, 2019,56(4) :825-837.

JOMAA S, BARRY D, HENG B, et al. Effect of ante-
cedent conditions and fixed rock fragment coverage on
soil erosion dynamics through multiple rainfall events
[J].Journal of Hydrology,2013,484:115-127.

PENG X D, DAI Q H, DING G ], et al. Role of under-
ground leakage in soil, water and nutrient loss from a
rock-mantled slope in the Karst rocky desertification ar-
ea[ J].Journal of Hydrology,2019,578:e124086.

e N R EDKFIES. A XK £ R LR AR R AR
prifE SL 461—20090S]. dbat . #f KA K AL H Rk . 2000,
Ministry of water Resources of the Peoples Republic of
China. Techiques standard for comprehensive conrtol of
soil erosion and water loss in Karst region SL 461—2009
[S]. Beijing: China Water Conservancy and Hydropow-
er Press, 2009.

LIR, GAOJ Y, HE M L, et al. Effect of rock expo-
sure on runoff and sediment on Karst slopes under ero-
sive rainfall conditions[ ]J]. Journal of Hydrology: Re-
gional Studies,2023,50:e¢101525.

GAN F L, HE B H, QIN Z Y. Hydrological response
and soil detachment rate from dip/anti-dip slopes as a
function of rock strata dip in Karst valley revealed by
rainfall simulations[J].Journal of Hydrology,2020,581:
el24416.

OMIDVAR E, HAJIZADEH Z, GHASEMIEH H. Sedi-
ment yield, runoff and hydraulic characteristics in straw
and rock fragment covers[J].Soil and Tillage Research,
2019,194:e104324.

SOHRT J, RIES F, SAUTER M, et al. Significance of
preferential flow at the rock soil interface in a semi-arid

Karst environment[ ] ].Catena,2014,123:1-10.

http: // stbexb.alljournal.com.cn



5 43

o AR < R R A X W 30T R B b K I 2 R oK B 0 R AE 9 R TR

113

[31]

[32]

[33]

[34]

[35]

[36]

[37]

RODRIGO-COMINO J. GARCIA-DIAZ A, BREVIK
E C, et al. Role of rock fragment cover on runoff gener-
ation and sediment yield in tilled vineyards[J]. European
Journal of Soil Science,2017,68(6) :864-872.

2R, 3 YL DX R R W 30T R DX A A B X 9 A R
HRZ M LT 1Ak TR 244 . 2022, 38(15) : 84-92,

LI R, YUAN ]J. Influence of rocky desertification inten-
sity of Karst areas on soil loss at a regional scale[ ] ].
Transactions of the Chinese Society of Agricultural En-
gineering,2022,38(15) :84-92.

POESEN ] W, TORRI D, BUNTE K. Effects of rock
fragments on soil erosion by water at different spatial
scales: A review[]].Catena,1994,23(1):141-166.
PRATS S, ABRANTES J, COELHO C, et al. Compa-
ring topsoil charcoal, ash, and stone cover effects on the
postfire hydrologic and erosive response under laborato-
ry conditions [ ] ]. Land Degradation and Development,
2018,29(7):2102-2111.

WANG X Y, LIZX, CAICF, et al. Effects of rock frag-
ment cover on hydrological response and soil loss from Reg-
osols in a semi-humid environment in South-West China[ J .
Geomorphology,2012,S151/152:234-242.

FIOTR AR 0 A T AR A R AR
REm = il s s (0], A 2 5 R B % W,
2019,27(6) :1211-1224.

PENG X D, DAI Q H, YUAN Y F, et al. Experimen-
tal study on runoff yield in erosive rainfalls on bare slope
farmland in Karst Regions[ ]J]. Journal of Basic Science
and Engineerihg, 2019,27(6) :1211-1224.

WANG R, LI P, LI Z B, et al. Effects of gully head

(L% 102 )

[17]

[18]

[19]

[20]

[21]

WU G L, LIU Y F, CUI Z, et al. Trade-off between
vegetation type, soil erosion control and surface water
in global semi-arid regions: A meta-analysis[J].Journal
of Applied Ecology,2020,57(5) :875-885.

HOU J, WANG H Q. FU B ], et al. Effects of plant
diversity on soil erosion for different vegetation patterns
[J].Catena,2016,147:632-637.

SUN W Y, SHAO QQ, LIU J Y. Soil erosion and its
response to the changes of precipitation and vegetation
cover on the Loess Plateau[ J].Journal of Geographical
Sciences,2013,23(6):1091-1106.

HU J, LU Y H, FU B J, et al. Quantifying the effect
of ecological restoration on runoff and sediment yields:
A meta-analysis for the Loess Plateau of Chinal ]J].Pro-
gress in Physical Grography Earth and Environment,
2017,41(6): 753-774.

DENG L, KIM D G, LI M Y, et al. Land-use changes
driven by ‘Grain for Green’ program reduced carbon loss

induced by soil erosion on the Loess Plateau of Chinal]J].

[38]

[39]

[40]

[41]

[42]

[43]

[22]

[23]

[24]

height and soil texture on gully headcut erosion in the
Loess Plateau of ChinalJ].Catena,2021,207:e105674.
HIRT A A X I E 5 A YK S ia
FAz R E AT LD MR 45 < A 52t ARl R, 2023.
DONG X Y. Study on water transfer process and erosion
characteristics of soil-bedrock composite slope in bare
Pisha Sandstone Area[ D]. Hohhot: Inner Mongolia Ag-
ricultural University,2023.

XIA L., SONG X Y, FU N, et al. Effects of rock frag-
ment cover on hydrological processes under rainfall sim-
ulation in a semi-arid region of ChinalJ]. Hydrological
Processes,2018,32(6) :792-804.

KOG, 3 T K ok ek AR K Bl ) A A T kR T . K R 2
J#€,2001,12(3) :395-402.

ZHANG G H. Advances in study of runoff detachment
processes based on hydraulics [ ] ]. Advances in Water
Science,2001,12(3) :395-402.

ELLISON W D. Studies of raindrop erosion[ J].Agricul-
tural Engineering,1944,25.:131-136.

JIANG J, LIU D D, FEI Y H. et al. Combined effects
of moss colonization and rock fragment coverage on sed-
iment losses, flow hydraulics and surface microtopogra-
phy of carbonate-derived laterite from Karst mountain-
ous lands[ J].Catena,2023,229:e107202.

PIIR AR A A e TR LU A 5 AR i 3R
AR RFIELT ] 44 . 2016,53(5) : 1237-1248.
PENG X D, DAT Q H, YANG Z, et al. Sediment yield
of surface and underground erosion in the process of
rocky desertification of Karst area[ ]]. Acta Pedologica
Sinica,2016,53(5):1237-1248.

Global and Planetary Change,2019,177:101-115.

CHEN Y P, WANG K B, LIN Y S, et al. Balancing
green and grain trade[ ] ]. Nature Geoscience, 2015, 8
739-741.

K BRI, AT, X0 A A v T AR DX 3 T e A 1
it XoF - SR 43 B 7 G 7 v 0 S e [T K A R AR
2021,41(3) :15-21,30.

ZHANG L Q, QIN L, LIU Z X, et al. Effects of slope
planting measures on soil moisture, runoff, and sedi-
ment yield in Karst area of central Guizhou Province
[J].Bulletin of Soil and Water Conservation, 2021, 41
(3):15-21,30.

RMEZE AR, 57 B A e DO e 2 AR R T
I A= = b W R R [T 1K R FE 22412, 2019, 33(2)
9-16.

ZHU Y Q, ZHAO Z B, QI G P. Effects of vegetation
types and rainfall regimes on slope erosion and sedi-
ment yield in loess hilly and Gully Region[J].Journal of
Soil and Water Conservation,2019,33(2) :9-16.

http: // stbexb.alljournal.com.cn



