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Abstract: [ Objective] Restoring vegetation and combating rocky desertification on dolomite slopes in karst
regions face significant challenges. The upper epikarst zone, which underlies the shallow soil layer, plays a crucial
role in ecosystem processes. Nevertheless, the coupling relationships between the soil and the upper epikarst zone

remain poorly understood. [ Methods ] A representative dolomite hillslope was chosen for detailed soil-epikarst
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system structure investigation through trench excavation method. By integrating Kriging interpolation with
geographically weighted regression analysis, the spatial distribution characteristics of different medium layers
in the soil-epikarst system were analyzed. The study preliminarily proved the co-evolving feature of the soil
and the underlying upper epikarst zone on dolomite hillslopes. [ Results] 1) The thickness of soil and upper
epikarst zone on the dolomite hillslope gradually increased down the slope. The average thickness of the
upper epikarst zone on a hillslope scale was 50 cm, with an average volume of 0.47 m®*/m?®, accounting for
43.9% of the total volume of the soil profile, indicating that the ecological function of epikarst in karst
regions is extremely important. 2) The soil-epikarst system's structure of the dolomite hillslope exhibited
strong spatial heterogeneity. The spatial heterogeneity of the underlying upper epikarst zone (C+C,=18.88)
was significantly higher than that of the overlying soil layer (C+C,=15.84); 3) The overall soil thickness,
especially the B horizon's thickness, was significantly positively correlated with the upper epikarst zone's
weathering degree, indicating that the increase of soil thickness promoted the weathering of the underlying
upper epikarst zone, and there was a clear coupling and collaborative development relationship between soil
and upper epikarst zone. [ Conclusion] The soil and upper epikarst zone in karst regions have evolved in a
mutually reinforcing manner. The upper epikarst zone acts as an essential substrate for supporting the karst
ecosystem. The soil thickness, especially the B horizon’ thickness, may be critical parameters for predicting
epikarst depth on karst hillslopes. In karst areas, the underlying carbonate rocks can not be ignored when
carrying out soil and water resources evaluation.
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Fig.2 Panoramic view of the experimental dolomite hillslope and field investigation scene of trench excavation
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Fig.5 Spatial distribution of the medium layers’ thickness of
the soil-epikarst system on the experimental dolomite

hillslope

MREIREBI - Ao+Ar+B/cm

ERATE RIS B/cm

0.27
0.03
-0.21 RN
1.000 | -0.027 QiBXV

0.182" 0.3027 0.532"

03217 Ar/cm

-0.098" -0.147" gl i}

Ao/cm E

Ar/cm -

B/em -

Ao+Ar+B/cm -
BEE/ %

G 235 ¥ B A B om E”

AR E R/ m

e x » FoR p<<0.01, M B3,
Bo6 TE-REEBRTRZFARNBREESHERETFHAXNKE
Fig.6 Correlations between medium layers’ thickness and

environmental factors in the soil-epikarst system

A%
IV
fd
Fm o o
K o RALEE

I °o ® 00 @ y=0.008x+2.446

Pearson's 7:0.466
I R*=0.218
1 1 1 p=0| n=924| 1 ]
0 50 100 150 200 250 300 350 400
T BEE/ em

B7 tEEESRBEERTEXNUERLEENEEREX
Fig.7  Linear correlation between soil thickness and upper

epikarst zone's weathering degree

ABIEFE R PR T 4230 R AR Ak T R a6 1 3
14 FR R S L R B AL B B A 3 SR A BT T R Y
[ 2 0 L A, A W B 1 A 3 4 4 4
A ) T A T AR R O 1) b R RE 2 30 m, T JE 24
120 m) » i W/ DXBE 36 1 R A 96 F1 2 o 0 32 2
HR S ) R R A S A R b T S A Y 2 T B
2 MR I ARBFSE AR A 1 1 S SRR A
7 5 KPS 1B AR B G AR OS2 45 28 L HAT B iy AUk
P RE R W R B S B A m A i R R
T R T R S ) A L . MR IR A R R
B AR /N TR O L R SRR A
7 P JEE L I 3 TR A G R S AN BRI P 1 3 A A
TR BA AR,
32 AAURLIE-REERFRENLULEREG X

BHE

W 4 DX R G, R N A T R B T
KE LA 2 S B R BARE A BE S

http ; // stbexb, alljournal.com.cn



%13

JEITF S5 H A P 385 30 R 5 A 5 XA 2 0 5 45 4 4R AT 63

T DA BRI RN LR A 1) £ AR s X A

LA REAE SR 18 A B2 AR 405 1) BB A0 S I 504k =

PN [) M S5 57 7 A 25 4 s ) 43 S R LR T R 5

AN, AW B T B AN R ) AR T 42 K

56 A 8 1 23 S - 3R 7 A v o KU AL SR
(2) GWR(RE & B B R A ENBE)

Ay
o [HH
ARR NN R AR E AN
[ L

495 [====F %)
B
1 1 - BEF
| | |
i
12 390
£
;lg -
285
0 100 200 300
KK/ m

B9 BraaRBRHitbp LR =ES R
Fig.9 Schematic diagram of the topography and typical
soil catena of the experimental dolomite hillslope

RERTT S o 1 2o e Wi ot M R 38 A0 36 J2= 3 o
DR 22 5 JEE T S A 1) T 2 28 ¥ 98 A (H - S 1) 25
Bl A AN 5 IR L R B e X
JELBE 23 1) A% Jy 5 — i 5 S b B 5 S 2 DX IR s 0
DO B o — 2 5 SR R 3 A T a2 A AR £
JRE 7 4 R LR M AR A . A BERD Lk
B o S DX S B i R R ROK L SRR R R R
BEAL A, R A0 T K SO JTT AN b Bk ) R R
A A3 b R SRR Y - 3R A Al s )y
A e A A B, JRE JRE M3 2 2 v i XA = R R A
Z3 (6] b EERE A, T R AU S ) 3 A O T
W ST RE AR VAR D /N DX I T 7 O M % K A 2 23 A s
2 WANG S FSE A B A L 1 49 TR £ 3
MIERUZ KT HBA B & K81 A CO, W
e RIZ AW R s SEM SR A oA
TF A R3S - o A i S RO B AR & A B H = o
Wb - e K F B A2 B Y R K SC i AR Y £
FRCI T I ) 2 R AR L )R

RS 2 DA KA LA BXUAE R 32 B 2 KU AL 2
JEE Rt o b R JRE R Y O AR AT R B I, AR g

vl T 24, ST ST R e o 2 A A AR i s ] S o R
G HARZ A s WAL = 25 18] e ot s T L=
HEMTRT 25 0 3 4 8- 2 0 W s 25 M 0 20 T it 5
I 20 e B b AR R 2R A R KRR (]
AR L H MR R AR T RR.

® 0~0.10
© 0.43~0.65

B8 EFGWRERNIEEENRELERHFERNLEZWNEEN R’ ZE S H
Fig.8 Local R? values show soil thickness exerting differential degree of influence on upper epikarst zone thickness based on the GWR model

o 0.11~0.25
® 0.66~0.93

O 0.26~0.42

SR DCRRR £k XUAL DA AR 24 0 i oy 20 0 o o R T
s B RN IR AR A T B R OKYS CO L HIE,
TR SN R R R E A i WAL R R R B
IEMSC . ASHETE R T 28 AR SR (] 6) A B A =
Y R R SR A T 1 KRR TR B R O
M. Mo, Rz AR RNACREEZ S Bk )=
B J2 SR S 3 TE A G, BITE 148 B R B A L IX,
RIZEEN RN Z AW R BRREE ., 1% B2
Je TR R ROK SCAR R AR R B A I,
N7 A 00 T 552 S DX 2R A R v i i )y
TREZR AW RNALZ LT OEER . FR A
M FUMAL TS 25 Rk F 3 KRR B E X RIZ A
A o KA JZ IR R e 3% HL R IE AR O, R B R M
JRE B DX J2 o T 5 AR = R, 3 A B )
KA MR AT T S 30 3R AT 1 L HE-R R A
7 5 XA S22 T T 445 A TP A 2 R e (&) 10D, 8 R
Bk T 5 oa A R A s U R

H = A b - R 2 A i R R i &
K RRAE, AT U 2 AN T7 & B R . B e MR Z
A e Bt LR T A B DA L H R
BN R Z AN RE H R T RIER SR Z
TR 22 T TSR A T KR L 3 SR I 22 A A
Wy, DT S 5 Y b 8 )2 5 2 TR SO R kA O
AR RIZ A Wl B B R AR AL RE A I R 242
i (e HE R Y B A R R HE AR A B T b A R
B 53) e BE KUAL HL IR T8 B 2 )2 50 1 s B A A R
BB IR > BoK oy il e RE SR R R BEAE
I T REIE A R A BT AR .
SR Al P R U A T AR Y AR B A R
W R R A R T RE SR B S Y BOK RE
Lo AR o3 s AT AR v AR B TR A o i XA

http: // stbexb.alljournal.com.cn



64 KO FEE R

%39 &

SiR L AL, B O v KA AR B A 3R 2 A A
B RS AT AN T3 R A 0 O AR
BEREEMAEN, LIEE RN LR LA)Z B
JRIRE 5 R i o KA T2 T8 B 14 3% B ik 1Y
TEAR G 5 R B8 B oA T e 0 AR s s 2 SR S T T PR Y
KSR, RO — D0 it - 5 3R 5 o
WAL JZ RAL R BE Y e 56 28 (I T o0 i K B, 38 5
RS0 VAT AL R TR AR RH G R BN O 0,466, 3%
W32 2 55 il ok AR = 19 8 B AL 31 4 3 5 )
R T A2 B K SCid B | 3t I8 4 35 e A 9 25 L Al 1A

ENIEEZLD
BEBERML  HRLFERY B+ BEH
RIEH B

REABW

REBEBEW
3 ;

E W
E10 BxERMANTE-REERTRFLRNH
H &1
Fig.10 Profile structure characteristics of typical soil-epikarst

system types on the experimental dolomite hillslope

AT SR ADL KA T B e 7 B R L 2 b B 2
M ST L3 18 5 B 7 I A L S e S R AR R R
FRI AR L » T B0DIE e T 6 A2 1) O e 7 o 0 T AR 1
TRE W) 5 BE A5 7 - J7 T AR 4 SR i 2R 3 J2 0 Va7
Tl XA ol T R R A A T AR 2 B 0K Bl ) R AE
B CO, itk (19 38 [) 52 0 117 1 % - 398 73 A 5 2252 M )P
WAl PR R P L S B T 3R )Z A U TR 2 TR R o TR
B S5 T M R e MR s ) ST BT R
AR RORSOK A ) BE S 5 BRI R L = e Ll 3
R R otk XA 2 5 E B XA JE (] 11 i
FIEASCRAE AT RERY B ARG . A KA M = A 7
T g T X T A B R R e SR R A B 5 R AR L R
IR T B A/ N R . R EE A IR R 22 e A
I i R T AT R BRAE TE 2% T B EA
PR s 2 Tl b i 3 B 4 2 R IR KU R AT
EENREBENEARARE . AMRBRIOASE
THERZ A R AL R IR A R E L R
TEAT IR 53 A1 DX TR A 30 7 2 X AN ] o 1 U DA i
/NIRRT X HEAIFIE
4 Hit

1) W S M X - 8 A1 3 J2 2 ol ik KUAL ) ]

WAL XRS5 A7 7R 3 AL R A s

) 78 S B R B, 3R J2 5 Vi ok AU )2 % ) S Jo e

Bim T, [RRE R A A R R R A VA e KU Ak

JE BB R TR 75 3 2 8 0 ok XUA 2 28 1 TR K

SEF Th 5 AR G R A B PR ST R K BRI

VEAG 5 275 R R T LAY 8 XUAL 2 4 45 v 30 Ry

ERRGIRERY K LA S5 AT LHE-RZ A

VAl R G AR BESY
2) F T RUBE R b M AR 2 A vl o KU 2 R

23 () 73 A B RFAE O B HEE i ST AR 5 KU Bk R

o 2 AR TR SR AL R B S8 X TR TR L IX

EBRGEME XA EEMAAEELZE L, RREF

BRI 5T 2 2 5 Ve iy ok XA J2 B AR M 5T A SR 03 ot

B T3 A O L BE— 2D 48 7R R R A A R AR =

T8 A ) B 75 e D7 TGOS W ST R AR S R SR TTRR
DA HEXRZ AENENZRAN S 1

J2 [ 25 5 AR U B ST R DX R R R A e

)2 GRIZ AW AT BE R 21 2 5 A K SC R A W

BRAG A R TR IS 25T KoK B I SR PP AG o 7

L2 AR 3R 2 A A A S I RE

SEHk:

(1] 4. AR AR, 708, 5 B T R TR 3k i 128 09 0% 307 4

e R JZ A A3 8] o0 A R AR T S LT ). 56 T A2 BE O
2017,37(6) :1262-1270.
PENG T, ZHOU C S, NING M Q, et al. Study on spatial
distribution of epikarst zone on Plateau karst slope based
on ground-penetrating radar [ J]. Quaternary Sciences,
2017,37(6):1262-1270.

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

(3] EHEAS . 2 BH Ix. w307 4 o 5 AL BF 52 A7 7R 19 1R) R 5 Kk JR
L] Bk 2 B . 2007, 22(6) :573-582.

WANG S J, LT Y B. Problems and development trends
about researches on karst rocky desertification [ ] J.
Advances in Earth Science,2007,22(6) :573-582.

[4] FORD D C, PW W. Karst geomorphology and hydrology
[M].London: Unwin Hyman,1989.

(5] BRE ok A w0 i Xt Bk OC S5 Bl 2% 5 2k 287K S

FRIBLERLT ] E H . 2022,41(3) :356-364.
CHEN X, ZHANG Z C. An overview on the develop-
ment of science and ecological hydrology of the earth
critical zones in karst areal[ J].Carsologica Sinica, 2022,
41(3) :356-364.

(6] FhoR2%, EHEAS, B8 42, 55 o R £h 45 22 5 M XUfL i &
R B L% A AR T B 52 e L) .47 4 2 4, 2002, 22
(4):308-314.

SUN C X, WANG SJ, ZHOU D Q, et al. Differential

http: // stbexb.alljournal.com.cn



%13

JEITF S5 H A P 385 30 R 5 A 5 XA 2 0 5 45 4 4R AT 65

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

weathering and pedogenetic characteristics of carbonate
rocksand their effect on the development of rock deserti-
fication in karst regions[]J]. Acta Mineralogica Sinica,
2002,22(4) :308-314.

G M 9 L SRR AF L A LB R T R G
LR AR G EAAE Y B L] b R Gl sk RE ),
2019,49(12):1974-1981.

LIU HY, JIANG Z H, DAIJ Y, et al. Rock {ractures
determine the coverage of woody and herbaceous plants
on the surface of key karst zones[ J].Scientia Sinica( Ter-
rae),2019,49(12):1974-1981.

TRZ WA R A R AR ML) P Ak T PG
R Hh RA: L 2006,

ZHANG Z G. Origin of karst-theoretical works on karst
[M]. Guilin, Guangxi: Guangxi Normal University Presss,
2006.

BUCHER K. Metamorphism of Dolomites and lime-
stones [ M ] // Petrogenesis of Metamorphic Rocks.
Cham: Springer,2023:249-282.

AR IBEN L B S F RK R S TEE RS R A S S
A ALY b - R R A AR K SRR B e [T
¥ ,2016,35(5) :525-532,

PENG T, XING X G, CAI X L, et al. Pot experiment
research on the effects of water retaining agent and acti-
vated carbon as soil amendments for plant growing on
dolomitic rocky desertification slopes [ J ]. Carsologica
Sinica,2016,35(5) :525-532.

WANG S, YAN Y, ZHAO Y J, et al. Co-evolution
among soil thickness, epikarst weathering degree, and
runoff characteristics on a subtropical karst hillslope[ ] ].
Journal of Hydrology.2024,628:¢130499.

FUZ Y, CHEN H S, XU Q X, et al. Role of epikarst
in near-surface hydrological processes in a soil mantled
subtropical dolomite karst slope: Implications of field
rainfall simulation experiments[ ] ]. Hydrological Processes.,
2016,30(5) :795-811.

TR BRI L 3 22 9, 55 VG e 6 A0 e O B e 485 49 S LK SC
TR HE R LT ] A A5 2441 - 2024, 35(4) :985-996.
ZHANG J, CHEN H S, NIE Y P, et al. Research progress
on structure and hydrological processes in the karst critical
zone of southwest Chinal J].Chinese Journal of Applied
Ecology»2024,35(4) :985-996.

B B AR AL T IMIL3 WA v R A, 2000,
BAO S D .Soil and agricultural chemistry analysis[ M ].
Beijing: China Agriculture Press.2000.

e NR SR E SR A TR EMNE. GB
500212001 ST.At 5T . A [ 2 51 Tll i ikt 2004.

The Ministry of Construction, P.R.C. Code for investi-

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

gation of geotechnical engineering [ GB 50021—2001 J.
Beijing : China Architecture and Building Press,2004.
CAMBARDELLA C A, MOORMAN T B, NOVAK ]
M., et al. Field-scale variability of soil properties in central
Towa soils [ ]]. Soil Science Society of America Journal,
1994,58(5) :1501-1511.

SEVE AT B R P S s B R R A )
I3 AR B OB R i D] L) 0. 0 I A 2 7 i, 2023, 34
(2):377-386.

MENG Q M, FUZ Y, DENG Y S, et al. Spatial varia-
tions and the key driving factors of soil losses on dolo-
mite slopes [ ] ]. Chinese Journal of Applied Ecology,
2023,34(2) :377-386.

B IR AE 5 £ AR, SR VY b B HE RS U S b g
f977 Cs S Aiihe s LK HORF52741 . 2009, 23(3) :42-47.

LI H, ZHANG X B, WANG K L, et al. "*"Cs distribu-
tion characteristics at a talus-type karst slope in north-
western Guangxil J ].Journal of Soil and Water Conser-
vation,2009,23(3) :42-47.

BERTHELIN R, HARTMANN A. The shallow sub-
surface of karst systems: review and directions[ M] //
Bertrand C, Denimal S, Steinmann M, et al, Eds.
Advances in Karst Science. Cham: Springer Internation-
al Publishing,2019:61-68.

TR BRI A AT R 55 ST R TR D I OGN A
IKAY B3 AT FRAEL] ], - 3822 40, 2023,60(4) :969-982.
ZHANG J, CHEN H S, FU Z Y, et al. Investigation
on the aquifer structure of small watershed critical zone
on karst dolomite in southwest China[ J]. Acta Pedologica
Sinica,2023,60(4) : 969-982.

COVINGTON M D, MARTIN J B, TORAN L E, et al.
Carbonates in the critical zone[ J ].Earth’S Future, 2023,
11(1) :e167214495.

ZE/INE . K S A 38 2 T I A AL 5 Bk AR LT . b IRORY A
J%,2012,27(5) :557-562.

LI X Y. Opportunity and challenges for hydropedology
[J].Advances in Earth Science,2012,27(5) :557-562.
DONG X L, COHEN M J, MARTIN ] B, et al. Eco-
hydrologic processes and soil thickness feedbacks control
limestone-weathering rates in a karst landscape [ JJ.
Chemical Geology,2019.,527:e118774.

ZHAO Z M, SHEN Y X, JIANG R H, et al. Rock out-
crops change infiltrability and water flow behavior in a
karst soil[ J |. Vadose Zone Journal,2020,19(1) :e20002.
KLIMCHOUK A B.Towards defining, delimiting and
classifying epikarst: Its origin, processes and variants of
geomorphic evolution[ ] ]. Epikarst. Special Publication,
2004,9.:23-35.

http: // stbexb.alljournal.com.cn



