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Abstract: Benggang is aunique type of soil erosion in the south of China, which refers to the erosion phenomenon
of collapse and scouring of the hillside damaged by the combined action of hydraulic force and gravity. Bengngang
erosion is an advanced stage of gully development and is a permanent gully that cannot be filled in by farming
practices. Benggang mainly occurs in the southern granite hill region which is mostly agricultural production, and
its harmful effects are serious, destroying land resources, affecting agricultural production, and seriously impeding
the coordinated and sustainable socio-economic development. Due to the complexity of the factors involved in the
formation of Benggang, the knowledge of the mechanism and the management measures are still being explored.
The objective of this study was to identify the current status of soil erosion in the region by outlining the survey
methods of Benggang erosion, to obtain basic information on Benggang erosion, and to provide a scientific and
theoretical basis for the development of soil and water conservation measures. Specifically, this study detailed the

methodology, content, and purpose of individual Benggang surveys, and through this process grasped the basic
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characteristics of Benggang erosion. Subsequently, the methodology of investigating the regional influencing
factors of the Benggang was introduced, which mainly includes the main influencing factors of the Benggang,
such as geological geomorphology, climatic conditions, soil parent material, vegetation, and anthropogenic
activities. Based on the investigation, this study also compiles the monitoring techniques of the Benggang used in
recent years, combining the traditional manual methods with emerging technologies to truly and efficiently grasp
the distribution characteristics, influencing factors and erosion development trend. Then, the research progress on
the risk assessment and prediction methods of Benggang was reviewed to objectively assess the losses or impacts
caused by Benggang disasters and to explore preventive and control measures. Finally, existing measures and
models for the prevention and control of Benggang are discussed based on the survey of basic information on
Benggang, field monitoring methods and risk assessment and prediction studies. Our investigation shed light on
the current situation of erosion and the prediction of the development trend of Benggang, which is of great
significance to the prevention and control of erosion in the Benggang region in China. The contents of the review
in this study also assist in providing a basis for methods of investigation in the same erosion types, which can be
generalized to the research of soil erosion in regions with similar geomorphology.
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Guangdong, and the right picture was taken in Wuzhou City, Guangxi Province (Photo source: Deng Yusong).
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Fig.1 Typical landform of Benggang in the red soil hilly area
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Fig.2 Different forms of Benggang erosion landforms in the red soil hilly area

1.2 fi AR AR
(1) HE/KIH . FE/KIR IV 2 AR i R P 7K B0 ke ie-28), i 2 S K S s 1l A T

http://pedologica.issas.ac.cn



+ o R
Acta Pedologica Sinica

PP B R IS SRS SR MR RE, TR A AT Dyl b i AR AR R 1 95 9 B 7 Sk R R
MIaHE s E SR AU . A A A AL B, B, BB, R, RIS,
WD R 7 5 B IR . AR KA T TR R S B B S VK R AN AEAR i, SR T A
K5I RTK-GPS BJC AMUSRI i SR AT RS B0 B A5 s S8 B, ORI S ek
WHAR A JRFAE, A AR B @ A F B R OGN EE A S I B I ) TR D E
T B RAR B I T SEATU TSR [979 18 A0 T 49 358 1 7 S0 i 7K B 2% B T IR A
ARSI T, T KA . LB, HE T R E SRR I ) R PRz, B4R
S FH 157 5 AN B A FAR AR AT AR U 1] s /KB T (0 4R p S 2RY mTaE  B SR A H
A UL NSO et b R o 25422 A SAS TR e AR A IR T IR A AR s AL R SRR i AR — e AR
JE b PRI SRR K gk, RS A SR e e R SR BRI W, A7 8 R A BB
2 EIN R we: £ L1 7 o i N N (P 11787/ N e 2o A PR 1 B8 W 7 e S oA o 571
BYSRPE, R/ T B R AR sk, T CT i sl 8 45 & IR b
BARRBHFE S K

(2) JoBE o i BERE A < R SR BRI BIAE, o B LY 523 1) 1 T B B AR 5 1) R AR
X oA B ) VAR A VA R AR T 2 e, R A RS R TR R
rKIRERE . U PRI . AR SR AR SRR B e
o B e LA DE L I A 5 RN R BE AR (R k™ R S, RALIR ISR, N
RS, JEUTAEE Sy KU BE B AL A R R RV IR A, = AN R BRI AT
PEAR S B REE B I B s By ISR A BE A 52 21 - AR R BRI AR B T R 520
BErboKEh AN E ) BRI AN R A B — R0 60290 AT 1N AT RE>00< i B i FE 1Y Tk,
WA, A RO MEBAR, BTA Al 5 A R B B eI B v 3l 7R B 1) B T
REIE, RZOKAL, EEAEE RS, HARREREEG IR A,
TEICRARAE R i BE ) F 1) ARR IR 2 - B R PR BE RN 1] R PR S, 5 38 1A A
Moy “RER-ALR-B LR, B RAEERHRE LR SRR )RR, mTH
RIRIW 2GR A EE LI N M ELR 2 EH Y ONZE NI AT i B SRS A 5 126-271,
AUHZRK. %8 e BRELRERE, SElE, mRMA, &t Afe it 5
BERIA 0 A 7 20, F ok M sk 4% FL % G BUL I RAS, B AN I RE S DR Sfe At B 2 1A o
B A2 B A B R AR R SR T IR W R, IR I iR

(3) FARAME. o RRAHE b A BE A 430 (0 L AN SR 3 i vl (R0 AR P S HERUE B, i AR
ZERERAS , DR NI Ol MR K R RS AR Y R AR AR ), B (R T AT
PG R B B B thg Wb ias i . BN FORE: AR, WREE. HERSUE .
HERACRE . HEPRTOTARPRVAVE LRIRES . B IH L AR SR A e L . RIS S . A
e B AT BRI A 8 — T P AR AR AR R S AR R M 5 T T e PR LA B B ) 7
B, AR ERRAR 1 B AR P, SR R AT p R B AN R I = A e MO SR
T IH S S A W 78 i P PR AR A B R TR IR WEAR AR SR T AR e, R
B PRGN, R ARMEIZ A TRE, Svb AR es . 1R SRS EA AL AR
HERSVDRE ST, A ARHME 3 B AR, RSB REIR. diaiR . BaaRih, HE
DIk, PbReI NG, AR A, A a AL MINLEETT S, R
ANV PR RURIECR, T PRAL A B3 T i AR A a1

(4) I8 WIERR MR R M IEE, BT BARRMN T, IR
A B SR SUTEPRIE, A A B VA TE W TR R 2 A SR e A o YA I TR A TR AL AR
VSRS R AR A B AT AR LA, A N A WK WS 1T
WIS VR, SOAKE. SOAKEE. SCATERE. SOEREE. SGAER . HIERIIRDL
RIAR A MRS R i S o VARSI 98 RIS ] SR A AR T, TR AE

http://pedologica.issas.ac.cn



+ o R
Acta Pedologica Sinica

[ ZRALE 1 B AR Pt 7 ) ALK SR A, 4 T I I, s 7 T 4R R A543 R
THTEYRVD IRILATRLAR 73 A7 AT 8] 1238 WY I (10 50 T R L, R R0RE 25 050 U D 0 B R P Ak T3
BRI B, RSO 5 e WU SR AL A B AR e T AR 0 Vil A e KA, R IAIE K
S RESPRGEAE TARE SRS, T 34T L3R A

(5) PLRAIX . PURRIX S b RGNS, XA G BUs, RETHRAIVIR
XN T, SO b B2 i AN T PRI DX BT W S Rk 1 AR it ple i)
A7 RN A B 54 (0 T 2T, AR h SBOR ST, b IS AR A A3, AR
PR, BN A AR AW A TR RE . DURIX A ARG m B R
oA AR HHORIHT . AR R o B . AU 3R R i A . DURRIX AR PR A AT
DAL B 4R o R i A R MR P, S8 B R ) R e B A LA s R ELITRIX
ANEEAL SR BT, FTPPAE DO X YDA AR L ; S IEXITRA DR L by B H At - e R Y 5 2C
PAE, A TORIX A BER SEER RS TURIX IR HCIR DL AR IR TR SRR BLR,
HENES Bid—8G PRI ERMYIb, s m Rk ol S AN F I S i iR AL,
A BT @SRV SRR R A N 2R, TR A AR R R A RGN R A A A
PLC A FJZ RS AL

2 XIS N 5 &

2.1 5%

UGS BRI R SRRV B I B IR SN g, B IR P A T B SR T2, BN
TE R AR RIS R IR 2 i B AR B A8 g, B R0 B 1 3R K ik BIEAIRES, B
8] 7K A3 T AR A B 3%, R EUT B ARPIFREE . SRS R AR BT, B ARESS, AL
IKNBJE, AHSEEWN, 4570, TARKPUBTRRERIL, NBIKIES RAENAEM S
Ry 5K, LRI R R A RS R E R TS24, SRS AR R AR, nd
b & B 195361, i R i 5 BB AR RS, /K AR RS EAE TR TS %, 1EH
T3, I RER XA IR B ) PR A, O E AR R SR AL . DRI, SRR B R TRIX
FAEAMRET, AT SNREE 2 RN EDBER. HENSERE: FTHBFENE. A
PRI, OKIELFEWNE. AR Ra RSN K A Rm IR R RIS
VAAE 7R AT IE I AR G Bk BRI SR8 , I A S AR @ M R R
GABINANT, WIS KSR LR, BRI TR RS i

2.2 Hhu R A

HhFEIE B B B AT R B R TR AE I E 71, SRR 2K B A B DB R BT,
Hb 5 R 35 PR A P R ELAE: KHbAIEIZENEF  Ha RES A  AE AT B AR E R e A
Wi MR iR . . SO BEE. B, MR S A . R ST 2 SR
AN SR SRR 3T R 45 R 77 92 o BT 90K MR 32508 B0 T A5 053 BT R s I 2R 46 A7 R T 9 e it 32
T ) BRI, 3 I 7 5] b o A R SR SO b R A3 B 2 A R AR S S AR R, SR KA T 1
HEERT . WHEEZRHAP SOGHE TIE. R LA & 2 s B B E S,
FAX T 2SR, R R AR BT B . HEHRCOR e L R G B, kR AR ) SR B R A
RGN, KR PO I PRSI B, R ST 1 28 AR K A R S i = o e B B3R
B XM FEEERR, &R E S IX 3k, I m i EA R0 KR 8 KA
KMk, BERGRAR M, /NS AEREREMT B A A8 0 A5 o B i A A JR LA B A
A RE ST 1 5 DX XA FE e AR s, T B AAE RERE A A LR e, HAE— e R b
ER KRB MR A IR Rl v 2 SR 3 /N HTE 2 R 5 i el ) 2 [ 43 A T4
R e ARk DX A0 AT A R 1 56 2R DA SR A B R i R & RIS, 5 R 38 s 3R 1 0 A b gk

http://pedologica.issas.ac.cn



+ o R
Acta Pedologica Sinica

MEAUR B IR N ER L

2.3 HEEMREAR

i AR S e R A SO, OISR RO 4 R R s
SR BRI ERME R, e R B R A B R R B, Rk, $RBA R R BURD - 3y
PR A I ARRIE TR v B B R o TERHE RN s SR S A T, BES 48 AL Tl T
FIZHIARIE, N R AR IR R AR R A . RHAE R TR X, g
YIRR B E B R LR KA R, EEBAE, KA. a8, MU RS =
B PUARPESS, RACGEBRAAIRE, 2 512 e 1% X 32 35 (0 R S ik 76 R 140-411, - )
5 EAARREIRAS . JREE . P ERGER . WERE BT AL A S I R 2 S, BN T AR
TER AP I FE R FE R - BEAh, 202U 5 DU ph A 25 2 b RE 5 X I A0 A7 7E o
MR, B, HENERER: RERE. BACRSARAR AR . PB4 LR 2
PERRAS o 8 738 3 BT B A B A A0 = IR A AT REA T, A BT R L T e
0 12 ) 2 A S a0 A e, g ARG X S ER AR M AR T R, e 4
T R AR R 5 45 T A FE 6 R PR B A RRAE

2.4 TEME

FERAERITIR K IR TT U R AR AL, 1 b X AR RCE BBl » 0 i ph A
TR Y. AL, AE AN BE RS ORI 1358 G 32 B RN (1 il AR Y 3 BEAT 2ot i 1B 3 i 4%
BT ARG Ko FERIITE . MBS RTE A DO IR TP, b ] $ e 1%
MIPURTRAE S o i PR IRIX K 2B P e NGB R S, SR M /b, i b R B 9 A
7 b Rk R B R ], AEAR KR B TR P R o R 2R B MR A R SR
JIHEME G TE. MENF LR HAMENEE. MyE . HEaR L.
PLHHEH FEPAEA RS TR A FREYIR AL GRS . 12507 1 & BT A i
PR BB B R BRI GURIRREE, DR R R X R R R 2R S LA S R 1, DUE
S Ja BRI FE R R IR 2%

2.5 K & MHL T 7K

IKRMEERIZE FBEFOK A X EBREARPNERZE, #KR BN SKE
FEPE 32K R IIIRAZ h A0 R B I R R /KT, 970 BRI LA, 1R K2 5 Rk U
KERATER . SO R R, &% 2 5 R A SR, Hh Kk R 2 2 A8 1 X
S, o R R R Y AR S KR K R R R KRR, BRI 2 BT R
(109 7K BB R 3 24 AR T ) T T R e 75 IR AR R AR I SRR FE . TR, R 2
X 7K R T AKX A e F SR et DA% B v B A 7 S TR A 2 K R A3 A B 4y
Go. MR IR AT . IR EGREUK R A0 JEAR I K R KN H AT 50 s Hb R /K A0 AR 1 Il
MR 3 2R &~ J73REEERE,  RIF FH sl R 7K bk TE 5 2 I BE R 52 0 17 7F 1
JE B IR, R R X A — IR R IRZ L, R R IR
TR AZ IR FE AL S T IR, 28 SRR LRI, W S i i sh kb R K Bk i 4% o A 81, 1%
FIE R SZHTE R /N

2.6 NATESD

NGB B AR SRR B oS N R Y, MER%E. ANDES, ZEEF
() HuBG IR L B R 2 A0 A I, T N RRR A . A8 38 P 28 13z L X AR B . AL
WA T 5 A B 2 KBRS . VIR YIVA IR, A B 4B A i AR
SRR, N AEFE S R T R B . SRV S P S B 2 K AR RS i, S

http://pedologica.issas.ac.cn



+ o R
Acta Pedologica Sinica

Botb i AR SRR R U3 B0 B R 2 i ek LR AR B PSRRI R NSRS B fie 2t
R R BRI, o] %o 3 YL sh A e s i AR X S5 sh i) 32 205 NG AR AR
AR R FH BN O R AN 55, 2B bR AR 0 e R P, IR phigg

TR, FERERT AT T ARG R SE SR 2, TGN BR A & AT RE s BUAIEBl R U
A FEIRAIITR . 2085 T BONA G B 3R D5 3055, NGB A & S5
IR N et ERR I, SRS RGUIRST IR L A R RS R L
b WAz RN R RV CERN 0 RN =i A 3= 21 N 4 4 b LA R RS D v i O
A M R R B K 2 B AR P R AR A . A i Bl i W % 0 B
DX PR P SE ORISR BORME BELEAT 70 M, S8R N D E R D5 22 76 i o 2083 B 4R Tkt
DX 2 A B, S5 G LA SERORAT R AMA A . N ONiE S A B TR I
KR ERIFEZ, 9 RS R R D k7 %6, AR T IRIARAR S L e
N IE A PRI PR b 2 B LB IR AR

3 Ji B SR 5 PR

3.1 B R AR

A BRI R K B3R R, SRR A=, IR RSk 2 i @ R, i R i C 2
BN 24 A K AR R TAE R BT 518, @ik W, o] 7 R B AR R, B A2
BIRZNAN R 2%, DA AR AR DRI BTL R AT 75 R0 B v S AR AR A o A% G 9 B el 73 32 K
FANT I, Gt du e B e iR B i 4dasis. (RIMERE) . tHE D m R B IR Hukyk, XL
JHENL G, RS RE I T W 0F 3, B BER R INE FE RN A B R4 T U
o KT L 40 5 B 30E AT 5 T 5 B A 6 g R g 1490

AR, TR LG I A B HUDIR, MO H T R R A I, X i
THARFF BT, MG ZB0R A TR 2GR 78 7 i R R =V kI8 . i a5z A
GPS RTD i ARXHLTEA A AR PR T A, SREUX A AN RIS . AN IR RIRE 9 3 11 23
FlEOL, [FIR LGS S S A B, TR GPS M, Z ik EE . KK
MRAXAE AR BARH = 4EBOCERG 0 AT R, SRBOR KRR A%
WE R, TR R R . R S ORI T 2 TH A 7 2% 8 SR Y /N T8 AL B AR i i
TS, Wi ENAR DOM. DSM MI=ZERR, DL R S5 R4 = 4R R AHLAS B AL
T 5E U BB TAE . 2T AR 2t s SRR 2T BRAK. BF A TAESREE R
SR, TEAMLAME AR AP R o TRERFESFEIR A CORS-RTK a2 1 77 200) i
BURA B o0 AT /NI AT A TR A, 23 0 0 B N BE . FRGei BEFI AR K X SRAEE I, 319
KTARAE B, R BRI L AR LA T I 2, 15 20 1) Sk FE AR B SN ArcGIS 13
B B AR ARG S BE JR IR R SR, (H ARSI AR, Bhabh, 28T R SR H 1 i
EREH ARG KEES Web GIS £iRATE &, REAEH KA B /K LORFEHAR N 7
FRBEE WSS, (2 T R ER A K

FRAE E HT A B A, 6T BN B B, N T M0 R R AR R, B X 3R
B B A B E R, A RTK  (Real-timekinematic) il & ik = 4EM0OG A0,
RO - DX 3 i B )R 2 R A5 BRI &, H AT NSRRI, ANJ1. W71, W),
P AR S s . HRIU B A B - A BB AW R A 6 N T #ik,
ToVR R ET R BN 3 & RTE A B, B B3 B E .

3.2 fii KRB PP

T SCHRY A (A5 b RS i 28— e DXASRT IR B A 2 i o 45 et R B P S 35 D T AV, AR
A RS A G T RURS 50 A Bl IR PP A 7T A2 B PP A B 9 T SR AR 15 R BRI, 6 U
BANAEE. R LB, RS DA R A R O, i RS P B U 2

http://pedologica.issas.ac.cn



+ o R
Acta Pedologica Sinica

fiti b 58 A A I I S EE, R TR S AR, DA S BRI R P
KA R BT RENE

PR, MREHET TS, A%, LIERER . MR A RIS SN LM N &R,
B LR EAY . NGETE AT A B GE L GIS BUm B E S 73 [A) B N A5 U i2oxt 1 14 £ 5
T F RS A AR o AW SRR S 8] 5 R B R, S T DR AN R, AR R 1
A B~ 25 JRRSE B R /N SR I X3 AR et XS, i ) - S AR o s o Pk DA77 £ T AT P A Y
71, KBS VAL AL AR R A F, AL RS PG ) 3 2D 71 SR 59, iilid ArcGIS
ity 8] B N o3 At Je SPSS Hirdfe AbBE A5 R & 7 A SRR P X Skt 35 . TK R B SE VR4 A
T TV A TS R MRS TR AT S AR B E A S I T AR IER R
X A ) 25 1) 73 AT BEAT AR AU TN 8T ] 8 A 25 S PR 5 RO K, 25 B RHEOMA A R R
SAE B R R KUSSIEA H DT 50, AT B L iR, AN R ZE L SBOREL Bl
IS | R 55 R DA 3R P SRR D B B ) T B T, i B S AR A ]
Ji7 b DA VP A 4 2% ST I AR PR AR U B, {5 S AT Logistic [V #idi P
P PG AT XS B, LERCEATIE BARSR IR TH SR, BLRCR AN RIPA S IR 5 K35
0 AR o S A AEREAT VR S0, BbAh, SR T S ARSI MU O S KU PP R
UE T R T RS VAL i, R TR b R RS Pl R iR RARE 7, FE A SRS
WUAR B A RIRVRE 1% b PG 5 AR IXIUREE BRI L SERIE RO A1k ik,
PR AR RS R SRR ME TR AR S & T B A RS R AT U DPATY, Qi A 2 07 3 o A
R, O B AR R REAT DAY, SEBIH i A 2B BRI PR DA A 53 2199
4 Ji B E BR A i

AR B S M, B2 HARARSS T M bR T U Aa 2. JEEk, A R T X A 7K Ak
FFLARRZ B2 ORVE, B AT i b 16 BREE T et U IS — € Ik 03581, H AT, A
A B D22 R L “ BRI R3E. ARG NIRRT R4k iR B
ARG E BRI, (R XK LR ER IR BEEORPRAE) Pz i b Bl e Nk
WA R S Er IR BRI T

A1 b RGN LA 2 1B R EFE BE BV B SN, AR D). B b RTMR R, MO
FRER— AN R R G, WG A I A AR I, ST AL RS ATV B, 1)
WA B N ER L I A, BV RTIA B SRS IA B RO BORIO). X AR, Al FiE T
HE FURLORFAR, BEREUKYE . SMBRT. AKTESERE, G8A ORI . AR
P, WREH KK E: T RIEE, Al MR AR, RIGTIN, bt BiBEN G By
SEYHE AR, IARIPEBARI H B, Bk i R EE A . AR HE AR BN S i BRI B
FRES S, AT 2 S DU HURE & M2 L A0, AR 0 A PR 2% 1 X T3,
RIS Y5 20O TRERE i, ST IR, AU OUT R, fa s ke, 2
BiRerd, NHEBAR IR X TUURIX, REREEVD TRE, #2585 b RER R i deib,
BHIEJE VDL A b 2R GE. ST, A IR E ATVSR R, IRRMOF R, CA7 i B It 2
b,

BEAh, A IR B G B AW A QIEr, M — AR B A A 1+ 17801 + 2 7 e 5F
EREIAEA, WRERIMSHMA T L AN Gt alas; ARG
A ERAS R VLR TR 3 SRR BUIRYE B A N O E T RRBER B, IFR T A
SEBLNIJRTET o V57 1 S ORI A 1 & & RO BRI 0 B bR T AR
Bigrd, Pl B M = MR AR B, SR AR B SUAE K 1 PR 1R U B
E R REAT R i ORI TSR AN R, S L AT AR, SEAEIAEE, AR B AR
LV ALAL G, HERE R T AR IX A S IR S B R0, fE 7 b VA R, NZEETEAY

http://pedologica.issas.ac.cn



oM ¥

Acta Pedologica Sinica
Biie TRERIRL G, 5 EEARYE A R K BB RIS . BARIK L IR B S5 5% 0 & B 22 45
SRR, R BRI R, DME LA S A A AR e R

545 iff

Ji b T A AN R IR0 T BOM SR R . AT B IR BT VE AT A b ) 2k
NGO ARG R E RN A H BRI, FFMI BB st
TIERET . R N ONiEEhAE BRI R R T M X IOR B R A, (T TR R
BUIR I FICI0 A ) ) e % o Gt 50 SRR A 5 M DA RS DA vk BL B 4 it
NEEAEE I VEIR B b S O, A RS AR T Bl i A R .

2Z3#k (References)

[1] Shi Z H, Yan F L, Li L, et al. Interrill erosion from disturbed and undisturbed samples in relation to topsoil
aggregate stability in red soils from subtropical China[J]. Catena, 2010, 81(3): 240-248.

[2] Zeng Z X. Principles of Topography ( Vol.1 ) [M].Guangzhou: South China Normal University, 1960. [ F 3.
HIEZFHE(EE—MM]. T S e 2=, 1960.]

[3] Zhang W L, Yuan Z J, Li D Q, et al. Discussion of the “Benggang” concept and its English translation[J].
Science of Soil and Water Conservation, 2020, 18(5): 136-143. [5Kilk, = {d, Z520m, % ‘BN~ #MEK
HBECBRERITI]. o BEK AR EFRLE, 2020, 18(5): 136-143]

[4] Ruan F S. Study on slump gully erosion and its control in Fujian Province[J]. Journal of Mountain Research,
2003, 21(6): 675-680. [Frik7K. @A #i K120 5 vh AL PRI [J]. WL ~%4H, 2003, 21(6): 675-680.]

[5] Xia D, Deng Y S, Wang S L, et al. Fractal features of soil particle-size distribution of different weathering
profiles of the collapsing gullies in the hilly granitic region, South China[J]. Natural Hazards, 2015, 79(1):
455-478.

[6] Xu J X. Benggang erosion: The influencing factors[J]. Catena, 1996, 27(3/4): 249-263.

[7]1 Deng Y S, Cai C F, Xia D, etal. Soil Atterberg limits of different weathering profiles of the collapsing gullies

in the hilly granitic region of Southern China[J]. Solid Earth, 2017, 8(2): 499-513.

[8] Feng M H, Liao C Y, Li S X, et al. Investigation on status of hill collapsing and soil erosion in Southern
China[J]. Yangtze River, 2009, 40(8): 66-68, 75. [\ZHAIX, BE4liffs, 2=, . KER 7B KEZHILRIAED].
ANRKIT, 2009, 40(8): 66-68, 75.]

[9] Li S X, Gui H Z, Ding S W. Features of special layout of hill collapse in South China[J]. Journal of Huazhong
Agricultural University, 2013, 32(1): 83-86. [Z=X0&, H:Hr, THSC. o ERG A K28 [0 0 A AE[]. S
Aol K 2244k, 2013, 32(1): 83-86.]

[10] Zhong B L, Peng S'Y, Zhang Q, et al. Using an ecological economics approach to support the restoration of
collapsing gullies in Southern China[J]. Land Use Policy, 2013, 32: 119-124.

[11] Yao Q 'Y, Zhong W C. Collapse of granite area in southern Jiangxi Province and its management [J]. Journal of
Jiangxi Normal University(Natural Science Edition), 1966(1): 61-77. [@kik7T, b 1%, TTIUESREE R & HX K
J B S HRERLT). TV 22 e 2 A (H AR A2 AR, 1966(1): 61-77.]

[12] Lin J S, Zhuang Y T, Huang Y H, et al. Shear strengths of collapsing hill in red soil as affected by soil
moisture under different experimental methods[J]. Transactions of the Chinese Society of Agricultural Engineering,
2015, 31(24): 106-110. [#h<e /1, FEAMESS, TR, 5. AFEBTYIT7 30N R4 R 5T BTRHIE Rl 7K 3 A2 A R0 A
[3]. Ak TFEZ£4R, 2015, 31(24): 106-110.]

[13] Huang B, Li D Q, Yuan Z J, et al. Progress and prospect of research on collapsing gully control techniques[J].
Bulletin of Soil and Water Conservation, 2018, 38(6): 248-253, 262. [#ixit, 255 ¥, & P, 2. FikVaFHAR
T T R S R[], K fRFFIEH, 2018, 38(6): 248-253, 262.]

http://pedologica.issas.ac.cn



+ oy R
Acta Pedologica Sinica

[14] Niu D K. Approach to the methods of surveying collapsing hill erosion [J]. Jiangxi Hydraulic Science &
Technology, 1994, 20(1): 42-47. [4-48%. 3 <R R & 7R IR GT[I]. YLF KRR, 1994, 20(1): 42-47.]
[15] Liu X L, Zhang D L. Temporal-spatial analyses of collapsed gully erosion based on three-dimensional laser
scanning[J]. Transactions of the Chinese Society of Agricultural Engineering, 2015, 31(4): 204-211. [XI5#k, 7K
KPR, e T Z4EBOGRE B R B 25 2 47 0], A0l TR 23R, 2015, 31(4): 204-211.]

[16] Shen SY, Zhao Y L, Cheng D B, et al. An efficient method of investigating slope collapse by unmanned aerial
vehicle remote sensing[J]. Journal of Yangtze River Scientific Research Institute, 2018, 35(4): 43-47, 53. [JL &% 5%,
BT, FRASE, M5 BET IR ANLIE B A M F PUE A 7R, KITRI24RE B, 2018, 35(4): 43-47,
53]

[17] Jiang X D, Liang Z X, Zhou H Y, et al. Dynamic change monitoring of collapse based on UAV oblique
photograph technique[J]. Tropical Geography, 2019, 39(4): 597-603. [{T.22 15, Z&Mk, H4 2, 2. ETFLEAM
BRMR AN B R SIS M) #AGT HhEE, 2019, 39(4): 597-603.]

[18] Staley D M, Wasklewicz T A, Kean J W. Characterizing the primary material sources and dominant erosional
processes for post-fire debris-flow initiation in a headwater basin using multi-temporal terrestrial laser scanning
data[J]. Geomorphology, 2014, 214: 324-338.

[19] Lato M, Hutchinson J, Diederichs M, et al. Engineering monitoring of rockfall hazards along transportation
corridors: Using mobile terrestrial LIDAR[J]. Natural Hazards and Earth System Sciences, 2009, 9(3): 935-946.
[20] Wheaton J M, Brasington J, Darby S E, et al. Accounting for uncertainty in DEMs from repeat topographic
surveys: Improved sediment budgets[J]. Earth Surface Processes and Landforms, 2010, 35(2): 136-156.

[21] Daehne A, Corsini A. Kinematics of active earthflows revealed by digital image correlation and DEM
subtraction techniques applied to multi-temporal LiDAR data[J]. Earth Surface Processes and Landforms, 2013,
38(6): 640-654.

[22] Liao Y S, Tang C Y, Yuan Z J, et al. Research progress on Benggang erosion and its prevention measure in red
soil region of southern China[J]. Acta Pedologica Sinica, 2018, 55(6): 1297-1312. [ X 3&, J&EHIE, =HE, .
A 7 AL HEIX AR 12 ok S FL B VA A U R (9], 3244, 2018, 55(6): 1297-1312.]

[23] Liang Y, Ning D H, Pan X Z, et al. Characteristics and control of hill erosion in the southern red soil area [J].
Soil and Water Conservation in China, 2009(1): 31-34. [#: 35, THERR, W& W, & By 203X 3 5 4= i ds
AR JEK SRR, 2009(1): 31-34.]

[24] Duan X Q, Deng Y S, Tao Y, et al. The soil configuration on granite residuals affects Benggang erosion by
altering the soil water regime on the slope[J]. International Soil and Water Conservation Research, 2021, 9(3):
419-432.

[25] Duan X Q. Heterogeneity of granite soil and hydrological process on Benggang slope[D].Wuhan: Huazhong
Agricultural University, 2020. [BeBefE. 165 T B i 5 A i 3 i H 38K S F2[D]. sl el R
2£,2020.]

[26] Ma P F, Xu W N, Xia D, et al. A study on formation conditions of collapse for collapsed walls in
consideration of stability of red clay weathering soil layers and depth of concave cavities[J]. Bulletin of Soil and
Water Conservation, 2019, 39(5): 316-328. [l %, ¥F C4E, Bbk, 55 T RIR R H A - EF00e Y i Bk
MRS E[I]. KL OREFIE K, 2019, 39(5): 316-328.]

[27]1 He L, Deng Y S. Preliminary study of the development and stability of niches in collapsing wall in Benggang
erosion areas of southern China[J]. Journal of Soil and Water Conservation, 2023, 37(3): 60-65. [{i/¥, X$3Ifa.

F 73 19 I 15 T X BE 5 7 OR B RHIE S AR E PERIIR[]. K R 24k, 2023, 37(3): 60-65.]

[28] Duan X Q, Ni C, Chen J, et al. Study on the Preferential Flow of Red Soil Erosion in Granite slope collapse
with High Frequency Monitoring of Water Content[J]. Journal of Soil and Water Conservation, 2016, 30(5): 82-88.

http://pedologica.issas.ac.cn



+ oy R
Acta Pedologica Sinica

[Beimefs, iR, MR, &5, FET 87K EmB I RIFE R E i R AR i 2R Je At 7L [0 /K B E0RRRA4R, 2016,
30(5): 82-88.]

[29] Tang Q Y, Duan X Q, He L, et al. Variability and driving factors of the soil saturated hydraulic conductivity
along the horizontal and vertical directions in the upper catchment of Benggang[J]. Catena, 2023, 222: 106810.
[30] LinJ S, Huang Y H, Zhao G, et al. Flow-driven soil erosion processes and the size selectivity of eroded
sediment on steep slopes using colluvial deposits in a permanent gully[J]. Catena, 2017, 157: 47-57.

[31] Zhang Y, Zhao D F, Zheng Q M, et al. Effects of temperature on soil atterberg limit in soil of collapsing gully
wall in the hilly granitic region of South China[J]. Acta Pedologica Sinica, 2022, 59(1): 118-128. [k, X 4¢1,
HENE, & TR 20 R X R AR SRR 5 K S R BRI T[] LI AR, 2022, 59(1): 118-128.]
[32] Wei Y J, Wu X L, Zeng R B, et al. Spatial variations of aggregate-associated humic substance in
heavy-textured soils along a climatic gradient[J]. Soil and Tillage Research, 2020, 197: 104497.

[33] Li S P. Astudy on characteristic of rock-soil and countermeasures of the collapse mound formation[J]. Journal
of Soil and Water Conservation, 1992, 6(3): 29-35. [Z= 8 F. 3 b T A 7 R R FL B v X SR RF 7T [J]. 7K
FARFEAIR, 1992, 6(3): 29-35.]

[34] Wei Y J, Cai C F, Guo Z L, et al. Linkage between aggregate stability of granitic soils and the permanent gully
erosion in subtropical China[J]. Soil and Tillage Research, 2022, 221: 105411.

[35] Liu W P, Wang S H, Tian SW, et al. Influence of crack characteristics on the morphological development of
Benggang and hydrological processes[J]. Journal of Mountain Science, 2023, 20(7): 1900-1910.

[36] Huang Y J. Experimental study on disintegration and latent corrosion of granite residual soil[D].Nanchang:
Nanchang University, 2018. [#57E §h. 18 5 75 AR 1 9 il R i iR 36 T 78 [D]. B B ™ & K 2%, 2018.]

[37] Luk SH, Yao QY, Gao J Q, et al. Environmental analysis of soil erosion in Guangdong Province: A Deging
case study[J]. Catena, 1997, 29(2): 97-113.

[38] Ge H L, LinJ L, Huang Y H. Geological factors of formation of weathering mantle of Benggang[J]. Journal
of Fujian Agriculture and Forestry University(Natural Science Edition), 2010, 39(1): 73-78. [& % /1, M2, #%
KA. b RALTETE BB AR FI[3]. AR AR MO 224 CEHARREARO |, 2010, 39(1): 73-78.]

[39] Chen X A, Yang J, Xiong Y, et al. Research on the soil characteristics and factors of collapsing erosion in the
red soil zone[J]. Journal of Hydraulic Engineering, 2013, 44(10): 1175-1181. [fEl4:, ¥k, Bek, 2. 4IEX
PR P R S R M PR R AC[I]. KR 2E4), 2013, 44(10): 1175-1181.]

[40] Duan X Q, Deng Y S, Liu C X, et al. Influence of Benggang slope cracks on soil water regimes: Comparison
of model simulation and time-domain reflectometry[J]. European Journal of Soil Science, 2022, 73(5): €13302.
[41] Wei Y J, Liu Z, Wu X L, et al. Can Benggang be regarded as gully erosion?[J]. Catena, 2021, 207: 105648.
[42] Ge H L, Huang Y H, Lin J L, et al. Relationship between regional water system and spatial distribution of
slope disintegration[J]. Journal of Fujian Agriculture and Forestry University(Natural Science Edition), 2011,
40(2): 187-191. [&4 F1, WA, MREE, & DXIUK R 5 K2 A 8 R ). M@ AMORER (H
SRBLRRD |, 2011, 40(2): 187-191.]

[43] Huang R Q, Xu Z M, Xu M. Hazardous effects of underground water and extraordinary water flow-induced
geohazards[J].Earth and Environment, 2005, 33(3): 1-9. [k, #RMIEE, ¥R, Hb R 7K B 80 RO B 7 b
TR R 9 FH ] MRS FAEE, 2005, 33(3): 1-9.]

[44] LuD, HuY G, Peng S Q, et al. Application of shallow earth temperature survey in investigating the
relationships of spatial distribution between the typical weathering slope collapse and groundwater[J]. Ecology and
Environmental Sciences, 2011, 20(2): 208-216. [/5 4, SAMEE, 200G, 5. RHEZ HOEN S35 557 i X 42
SRR AR R[] AR SR, 2011, 20(2): 208-216.]

[45] Chen X D, Jin X, Yu X W. Study on forward modeling to shallow temperature measurement for groundwater
flow investigating [J]. Journal of Jilin University(Earth Science Edition), 2008, 38(S1): 159-161. [(fE4¢, 4 JH,

http://pedologica.issas.ac.cn



+ o R
Acta Pedologica Sinica

Tl PR AN R AR 2 bl D B IR AT S [9]. T MOR 2 A4 LBk 24h0 |, 2008, 38(S1):
159-161.]

[46] Chen X D, Yu X W, Jin X. Study on inverse problem to 1 meter temperature measurement for groundwater
flow investigating[J]. Hydrogeology & Engineering Geology, 2010, 37(1): 50-53. [FRile4¢, T4, /8. A
HUR /KSR L M I D 8 s 38 1) AU 7 [9]. /K SCH R T AR H, 2010, 37(1): 50-53.]

[47] He Z W, Zha X, Huang S Y. Study on the causes and ecological restoration measures of erosion and

degradation in the red soil hilly area of southern China [J]. Subtropical Soil and Water Conservation, 2015, 27(4):

2015, 27(4): 44-48]

[48] Liu H H, Liu X C, Zhang P C, et al. Characteristics of slope collapse and its monitoring technology in
Southern China[J]. Science of Soil and Water Conservation, 2011, 9(2): 19-23. [Xit%8, X584, KFE, & &
J5 B KRB AR R M AR T [3]. B K - ORIFRL 2, 2011, 9(2): 19-23]

[49]1 Du Y, Li S X, Ding S W, et al. Study of CORS-RTK combined with GIS in collapsing gully monitoring of
southeast Hubei Province[J]. Yangtze River, 2015, 46(12): 87-90. [fL¥, Z=X =, T L, 4. #F CORS-RTK
454 GIS HISR AR B o kAR A I [J]. A RKIT, 2015, 46(12): 87-90.]

[50] Lin J S, Huang Y H, Zhang X B, et al. Apportioning typical collapsing hill’s erosion sediment sources of
granite region in southern China[J]. Journal of Soil and Water Conservation, 2012, 26(3): 53-57. [Mk &A1, 3 KA1,
SRR, 55, FET7AER & DX B 42 ™ YD SR T 0], JK R fRHF244R, 2012, 26(3): 53-57.]

[51] Xie S H, Zhang C L, Meng J L. Application of GPS RTD in the investigation of hill collapsing in Jiangxi
Province[J]. Journal of Nanchang Institute of Technology, 2007, 26(4): 54-56. [ai%, sk¥kHK, #HFEH. GPS
RTD HiARFEVLFAE i bR & S ], 78 8 LRE2EBT SR, 2007, 26(4): 54-56.]

[52] Zhang D L, Liu X L. Permeability and sectional moisture characteristics of deposits in collapse hill—An
example of Liantanggang collapse hill in Wuhua County of Guangdong Province[J]. Bulletin of Soil and Water
Conservation, 2015, 35(2): 251-256, 262. [5K KK, XA IR, i bd HERL L AAGB B R e 5 K 73 R AE—— LU
IRAE TR B 9 OB [0]. K AR IR IR, 2015, 35(2): 251-256, 262.]

[53] Zhang TY, Chen FY, Deng Y S, et al. Study on collapsing gully erosion survey method and application based
on CORS-RTK and GIS[J]. Soil and Water Conservation in China, 2019(2): 47-49, 69. [Tk 2k, ez, XSk,
&, £T CORS-RTK 454 GIS [ itz thif & 7k A S A ], I K R fRFE, 2019(2): 47-49, 69.]

[54] Huang Y T, Cai C F, Wang T W. Design and implementation of slump-gully information querying system[J].
Bulletin of Soil and Water Conservation, 2010, 30(6): 123-126. [#& - [F], #54%, T R#. M5 BE W RS
Tk 5[], KL OR$piE$R, 2010, 30(6): 123-126.]

[55] Cheng D B, Zhang P C. Conception of risk assessment of collapse gully erosion in South China[J]. Bulletin of
Soil and Water Conservation, 2016, 36(4): 346-350. [f£4-L%, k-6, B 77 XA XS PPl A A8 [0]. K AR
FEiEH, 2016, 36(4): 346-350.]

[56] Guan J L, Huang Y H, Lin J S, et al. Comparisons between Benggang risk assessments based on information
model and random forest model[J]. Mountain Research, 2021, 39(4): 539-551. [& & #k, WA M, e, 2 &
THE S AL S LR AL I PR T EEAEAR[J]. 13224, 2021, 39(4): 539-551.]

[57] Chen Z Q, Chen Z B, Chen L H. Assessment of soil erosion risk in watersheds typical of eroded red soil
region, South China[J]. Acta Pedologica Sinica, 2011, 48(5): 1080-1082. [M: 48, ML, M. B 4IER
ot X L TR 5 35 A IR o A I T DRAAT[9]. 4243, 2011, 48(5): 1080-1082.]

[58] Chen J L. Risk evaluation and simulation of thepotential collapsing hills in Fujian typical collapsed area[D].
Fuzhou:Fujian Agriculture and Forestry University, 2015. [[FR5% bk, #8244 HLBL T 5 X VTR M 5 R PPAil 5
T[D]. AN AR, 2015.]

http://pedologica.issas.ac.cn



+ o R
Acta Pedologica Sinica

[59] Guan J L, Jia X J, Ji X. Risk assessment of collapsing gullies in the Xixi watershed based on information
model[J]. Journal of Forest and Environment, 2020, 40(3): 321-328. [%& 5Bk, THFH4, =M. T35 BB
PEIR IO B RS EAS [J]. ARAR SR EE 224, 2020, 40(3): 321-328.]

[60] Sun K, Cheng D B, He J J, et al. Comparative study on risk assessment methods for collapse gully erosion

A case of Guangdong Province[J]. Soil and Water Conservation in China, 2018(3): 51-54, 69. [#h &, F24t%, B8
A, A R R A KU AL 7 VA R BRI L —— LU R A1), K £ fR4F, 2018(3): 51-54, 69.]
[61] Guo F, Lai P, ChenY, et al. Influence of different environmental factor connection methods on Benggang
susceptibility assessment[J]. Bulletin of Soil and Water Conservation, 2022, 42(5): 123-130. [FF &, #iM5, BREE,
S5, NFIFREE R 5 BRI R 5 5 R AEVEAR B [I]. K R FRIE R, 2022, 42(5): 123-130]

[62] Ji X, Huang Y H, Lin J S, et al. Sensitivity assessment method of collapsed gully occurrence in granite region
of South China based on niche-fitness[J]. Journal of China Agricultural University, 2017, 22(10): 159-168. [Z=5#,
TR, M, & BT AESALIE BRI R T A8 K DX B R AR BUBEVEAN TR D] o AR OL R 27241,
2017, 22(10): 159-168.]

[63] Wu H B. The main technical measures for planting hemp bamboo to control the erosion of hill collapse [J].
Fujian Soil and Water Conservation, 2001, 13(3): 24-26. [ 5%, FhiE pRATIE B 5 4200 i 25 ZEROAR S HE[J].
TR R, 2001, 13(3): 24-26.]

[64] Liang Y, Zhang B, Pan X Z, et al. Current status and comprehensive control strategies of soil erosion for hilly
region in the Southern China[J]. Science of Soil and Water Conservation, 2008, 6(1): 22-27. [, ik, &=,
S P ALEE FEBE XOK R IUIR S 4 A A BER SR [I]. P B UK AR R, 2008, 6(1): 22-27.]

[65] Ma'Y, Ding S W, He Y J, et al. Discussion on “the Five-sphere” systematic governance measures for collapse
of gangs[J]. Soil and Water Conservation in China, 2016(4): 65-68. [T 4%, T M, MHi4d, & Bk “fhi—
K7 RGMERHERE R[], o E K 1R EE, 2016(4): 65-68.]

[66] Feng S'Y, Wen H, Ni S M, et al. Study on integrated control measure modes of typical collapsing in the south
of China[J]. Soil and Water Conservation in China, 2019(2): 18-22. [&474, S, fRithE, %5, By 4L i &
SEAVR BRI AT 0], P K AR FE, 2019(2): 18-22.]

[67] Mo M H, Xie S H, Nie X F, et al. Research on patterns of soil and water loss comprehensive harness in red
soil region of southern china—A case study in Jiangxi Province[J]. Bulletin of Soil and Water Conservation, 2019,
39(4): 207-213. [FEB¥E, Waite, F/NK, & mTEOK LR R SEA RS L —— LT 44 A ).
JK AR, 2019, 39(4): 207-213.]

[68] Cai C F. Soil erosion and spatial differentiation of key geographical factors[M]. Beijing:Science Press,

2022 [42540% LR ph 5 R B B B R 2 ) 7y F2[M]. AESTRES H i, 2022.]

(RIEHRE: BHED

http://pedologica.issas.ac.cn



