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Dissolution rate under soil in karst areas and the influencing factors of different

land use patterns

LAN Jiacheng', FU Wali"* , PENG Jingtao', ZHOU Xiaoping' , XIAO Shizhen'”, YUAN Bo'
1 School of Geographical Sciences, Southwest University, Chongqing 400715, China

2 The Institute of South China Karst, Guizhouw Normal University, Guiyang 550000, China

Abstract: The unique karst ecosystem of Southwest China is an example of a typical vulnerable ecosystem and key eco-
region in China. Rocky and soil desertification in the karst environment are two of the most serious problems, and
unsuitable land use patterns will intensify the desertification. Increasing attention has been paid to the impact of land-use
types on karst processes and consequently to investigate the best way to restore the ecosystem in rock and soil desertification
areas, it is necessary to study the influences of changes in the soil environment on karst processes under different land use
patterns. Soil physical and chemical variations result from land cover, and the resulting special karst micro-environments
could intensively affect karst processes under different land use patterns.

A case study was conducted at Mt. Zhongliang, Chongqing, in order to analyze and investigate the dissolution rate in a
karst area and the factors which influence it under different land use patterns. Standard limestone tablets were buried in the
field, soil CO, collection devices were set up, and tracer experiments using a bright blue dye were carried out. The
dissolution rate of carbonate rocks, soil CO, concentrations, and dissolved organic carbon (DOC) contents were measured
in different soil layers at depths of 20 cm and 50 cm, as well as land use patterns and soil properties, such as moisture,
porosity and pH.

The average contents of soil DOC from the highest to lowest were in the order: woodland >grassland>vegetable land.
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There was a significant difference in soil DOC content in the upper soil horizon (0—20 c¢m) between woodland and
vegetable land, as well as in the lower horizon (20—50 ¢m) among woodland, vegetable land and grassland. The diversity
of soil water content and porosity indicates that woodland and grassland are beneficial for maintaining water content. Use of
the dye indicated an obvious distribution of soil preferential flow in woodland and grassland, but not in the vegetable land.
Soil CO, concentrations and pH values at 50 ¢cm depth were higher than at 20 ¢cm, and were present in the order: grassland>
woodland>vegetable land. Woodland and grassland have greater vegetation coverage, more plant residues, and greater
microbial activity, which may be the reason for the variations in soil physical and chemical properties under the different
land use patterns.

The study showed that soil physical and chemical properties were affected by different land use patterns, forming
special karst micro-environments and resulting in different karst processes in different soil layers. Dissolution rates in the
dry season were in the order: grassland>vegetable land >woodland. Soil CO, concentration is an important driving force
affecting the dissolution rate in woodland and grassland during the dry season; soil moisture and water-supplying capacity
are key factors influencing the dissolution rate under the different land use patterns in the dry season; the average
dissolution rate in the vegetable land is higher than that in the woodland as more acid materials are produced in the
vegetable land which has the lowest pH; the DOC of soil has a strong transforming ability with water infiltration, which is
one of the reasons why the dissolution rate of forest land 50 ¢m beneath the soil is higher than that at 20cm. This research
provides a theoretical basis and data reference for the mechanism of karst dissolution and the karst carbon sink in

southwestern China.

Key Words: Karst area; land use patterns; dissolution rate; influencing factors
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Table 1 Basic information of sample plot

M L

T HFI T o W LiEk . DRIV
Elevation . . Vegetation e
Land use pattern Gradient Vegetation Utilize situation
/m coverage
MH Woodland 671 2—10° e 85% ANTHK10a L |
Bl Grassland 572 6—13° FE o &, Jei o 100% FHT 202 Lh B Bkt 2 57 10
34 Vegetableland 514 2—5° FIZE & b 80% 5a LI 5o R, HATRIEAL
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Table 2 Soil Environmental factors in different soil depth under different land use patterns

SR R pocC co, L EEST
Land use pattem Soil layers Dissolve organic /(b pH Porosity Water content
/em carbon/ ( mg/kg) /% /%
FiHL Woodland 0—20 64.86a 780 5.30 50.61 29.00
20—50 81.04A 1559 6.10 41.42 37.08
Bl Grassland 0—20 56.05a 1391 6.14 50.69 27.45
20—50 46.12B 1800 7.21 42.53 28.54
L egetableland 0—20 39.16b 500 4.85 54.04 24.38
20—50 32.58B 997 5.88 44.91 24.33

Frh +HE CO, WRIERSE £ 20 cm AF R 50 em AR ; M R/NG FRE R R A - b A 200 — +)2 38 DOC 257 A
(P>0.05) , RZ W35 (P<0.05) s R KE FHRR R A LA 7R — )2 +8 DOC F RS ARE(P>0.05), RZ B3 (P<0.05)

— kUL, HHE DOC FZERIE AR Y AR WY | SCE W T Bl FN - A HLIT DL A R it A A
HUIERL S S AR KRR B - B MLa & i, B 00 A £ HE DOC R V5 F 6 4 1k 1 5 AL
[ FEYTEY) MR R IRGE Y A i TR, RV A A MUK S A 2 BIR PR AK
T pH (HERE B2, RHAS R 2 iR R IR H A 2 A PR & st g, S e M, iR
Pri e, T RR A - B R R ML N, )2 DOC 75 1 5 v RE R BE/KIE AL A 45 R S il TR I #E
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LN
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WK PERE , B KB, IF HR BB KA R TR T8, FIRALBRE /N SRAFK 53 5 S BARFL IR Bl A
ARTFKS T B HEKESH, 2R AR 7T R0, A H £ o) Oy 5 58 5K AR Ik 22 5 0 ., Ak
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v, e B R AS 7K 53 RE 82 B BA VR BEAE 0—25 em JE5[F,25 em DL Y@ LT IA , KT RElS
FIRTREE T HE 1, AN RESE A TR IR A R B8 1K 7

F&F Width/cm
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F ] T S o T S
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Fig.2 Dyed vertical Patterns of Profiles in different land use patterns!']

SR black : Yo 8 X 5 dyed area, €4 white ; A& Y48 X 35 undyed area

FHE S AR R E G B | RS R | S KR R AR S R Z B
Kim S5 75 X5 AN [ 5 b AS5 04 1) 1 30047 2 (R 15 & BIAR 28 B i 7= AR SR 3t , FLBR &5 40 B 41 48 R B i3
FodelR ™, AR R Ak 39 S i ) e A X3 B TR AL R LB e, 2 R AR
3R AL B R AT PR 0 R A R FE S AR S T A A ) L AR 9 A S A - 46 T A PR, PR - 39 I
H RIS R AL AR R 01 i b g B v s B g ) A B R AR S i
3.3 KR A58 pH R 3 Co, WAk

2 AIAL BFAE XORTR] A oA 7204 0—50 em 35 Fil 38 pH(ECSF- 3B K /INITUT A 5 3> M bl > 52 1l
RHIL ™ AR AR A T 22 A ML A 22 T Rl DRI - 498 pH /N T B b S 3 pHL (B /), R RE Y R
PRz A\ At A AUIE /B SRR, 48 = A R i 2 . B2 co, WkE b5 4 pH (H
Al —30, AN E) R 7 23 O, WREEIR YRy - B > bR > 32 M, + 3 €O, AR T8 HLBR i 20 i 18
b FEE AMY) | SRS RFIRVET . — Ok UL, 1T 50 em 4b 14 CO, HREE R T4 F 20 cm
b AWERAT A X — I, N SALBR R A it REH /N TS, R RN T B2 AT 8 Co, IR
3.4 R[E R R 2R N RS T

3 BRI R LA R 7 OR R 12 £ T bR AR 22 5, 5 2 d R 4 X ok i 1 B 7
+F 50 em, HAE M 105. 11 mg, /ML A THH AT 20 em, HAE A 49.60 mg, + T 0—50 cm 75 FHI P H 2
Vs i RS I KNI A - > S > b, [R]2 - BER R £ A O X R EecR e (% 3) , £ F
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FELEH 200 S B F 5 DA [R] - R P D 2 2 Tl 5 R4 A I 3 (B R bRt > 5 3t > 3 it s A
(7] - e o i [ — SRR BE R 2 5 R A o a3 A ML 2 2 AN R ] 15 B AR ] 284 T il o 2 3
SEMA N R AN, I BN ] £ MR R A 22 52 (HANIR SRR BIFSEIX A T P T o 4 1) 52 0 IR 3R e & 0
B8 0 T L A i R P A ) S o e SRR I AR
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Table 3 Tablet dissolution rates in soil at different land use patterns

PR [BESELSIES

FH = W Dissolution rate of Dissolution rate ﬁ:&#{gﬂkgﬁ
Land use pattern Depth dry season of rainy season Annual dlSS{j}uluir]l rate
/ (mgrm™-d) /(Cmgem™d™) /(mgrm e d )
FRHL Woodland +F S5em 180.70 353.42 254.45
+F 20em 142.97 409. 82 234.55
+F 50cm 265.70 148.51 208.49
L Grassland +F5cm 147.44 270.71 168.69
+F 20cm 247.23 253.79 228.39
£ F 50cm 302.98 244.39 243.55
M Vegetableland +F5em 233.08 199.27 186. 69
+F 20cm 219.20 270.71 215.60
+F 50cm 224.69 161.67 170. 11

PRI 2008 4E 3 22 H—2008 4F 9 H 25 H AV A A0 4E v I 2 Sy 2007—2008 4 Al 4l 0]

EA BFFTE R T 5 CO, SHEAEIERMIRSIER |8 R AR 396 A R TAH HUR 7= CO, ;
+HE CO, W T KA BB AR, AT K s e AR m LT B R PE R 1 COo, A H i iR R R Y
Vo R R K R AR LB B A S S T A R A AR b R R K R K, RS e, LAy
A AR K BE S5 (0 -3 CO, e B SR TA | PRI 55 i BETE A 22 B A2 ot + 352 CO, , + Rl
R TR, UL, MO A R+ R R 2 1 CO, MR AY SRS, (0 JCIE SR AR A 2, 1 3
TKERIATZE T L2 ALBRE 2T L2 AR T FEAOKRER, e e T 5 fLp ) T 2 P it
FESE KA FE AR J2 AV s R i T L2 A S S M K A N R A T AP S T
G KB R TR ME L L2 HHER)Z B2 I K 4y, RV MEURALT B2 554 £ F 50 em &b H pis
R M TSR, PR e - K o A RE R 2 £ T A T R R G R SR 14 CO, WK,
{H A1 2 Dl A MR 5, X PT RE S SR pH (SR IGA 56, 11 pH (BRI, TE A S IRk
i PR IR ER A i, R AR Z i LR AR 22 1) CO, R HLIR , FEAIK pH E, 23 X il S
A DR S 22 A0 gy R B R A A BIEAHLR M | PR AR cO, FIRMEY Ul % | 35
f pH A2 A5 5 00t AU A5 EHLAE 23 PR - 18 pH (B, B T332 A R it I /U I8 2 DB HLAE 2 i, ]
RESS AT Z IR PEY) 0T, KA 1398 pH (A, VA sk 238 15 TR b R RS

3 DOC J& 3G HUAR H EPERS 43, % - A A AR b f R BBURR , SO I R L A R EE A,
Hah B SHEME R A RR MR 78 L HER A WL b, N FRRYEY) 5 (<5 AR IR TR Wi
2 2 HREARR ) (5 30% —50% MBI A IEA VLR SATE IR S ), e S A S R G A
AEEMIISE L PP MPFRE R R |5 mmol/L MIFFERR 5 50000x107°CO, X Rk A A JL-F-HIF 1=
phigH Y, 3 DOC BRI /E 3 DOC RSB 3 HHE 2, X fEE MM+ F 50 em
+HEDOC HEATET 20 em WIRHEZ—, M LT 50 em HMHEFEF LT 20 em, AT E L
CO, WeEEm T L2 e 2o E 2R, MORIE A 20k F bl +3 DOC & i die iy, SRHLAR AL, &
HiRE R E A VA D R R R B, SRR 2 MR R AR, 0E— A5 U I R A o R A PR R AN BE P
AR R (1 T2 25 A PR R AR ELHR 2R A B S R E 1
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