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FEE . H 2010 4F 7 HE 2011 4F 7 AXTERE ARSI K MARY T 09 £ 5OKIEAT T A sh BB, 4001 T 50K 7 g JoHL &
1 (DIC #e B ) R AR e Mk I RALAL (8" Cppp 1) HIBT 28 ZEALRHAE , LIFE 7R 58 + 1 R Go i R A 25V Dl FH R Ll ssony , F
USSR . BE Hb A AT bR b+ 398K 1) DIC YR EE A 67 Cy (B AR EAIK, 435124 59. 12 mg/L F1-17. 22%0, 31. 47 mg/L
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V5 R HEK 1 DIC F2 20k [ 0P RIRER A T AR R VA 1y, B2 DA AR A R R A B R v Ve, NN 7 — e R I
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Characteristics of concentrations and carbon isotope compositions of dissolved

inorganic carbon in soil water under varying vegetations in karst watershed

LIANG Xuan" *, WANG Zhijun', YUAN Daoxian" >, YANG Pingheng' , HE Qiufang'

1 Key Laboratory of the Three Gorges Reservoir Region's Eco-Environment ( MOE) , School of Geographical Sciences, Southwest University, Chongqing
400715, China

2 The Karst Dynamics Laboratory (MLR) , Institute of Karst Geology, Chinese Academy of Geological Sciences, Guilin 541004, China

Abstract. Carbon plays a vital role in karst ecosystem. A proportion of carbon dioxide produced by microbial activities and
respiration of roots can be dissolved and carried by the infiltration water and then dissolve carbonate materials in the karst
soil system. This process can produce a lot of dissolved inorganic carbon ( DIC) into the soil water and groundwater. The
stable carbon composition of DIC (8"C,,.) can be used as a tracer for studying biogeochemical processes in soil water
because the potential biogenic, atmospheric and geologic sources of C have distinct 8" C signatures. In order to reveal the
characteristics of temporal and spatial variations of DIC fluxes, which can help us to get an insight into the carbonate
dissolution and its related carbon cycling, and evaluate the carbon isotopic evolution of soil water in karst areas, soil water

derived from different vegetations in Qingmuguan karst areas, Chongqing, SW China, were collected monthly from July,
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2010 to July, 2011, and the DIC concentrations and 513CD1C values of soil water were analyzed. The results show that; (1)
DIC concentrations and 8C,,. of soil water showed distinct temporal and spatial variations in the study area. DIC
concentrations and 8" C,,. values of soil water varied from 21.56 mg/L to 265.35 mg/L, and from =7.73%o to —20. 68%o,
respectively. (2) Soil water derived from grass and coniferous forest land had lower DIC concentrations and 8" C,,, values,
with a mean value of 59. 12 mg/L and —17.22%o0, 31.47 mg/L and —16.37%o, respectively. The 8" C, . indicated that
these DIC were mainly derived from the dissolution of soil CO,. (3) Soil water derived from the dry land, shrub land and
afforestation land had higher DIC concentrations and 8" C,,. values, with the averages of 153. 88 mg/L and —12. 2%o,
221. 82 mg/L and —11.9%0, 97.30 mg/L and —11.23%0, respectively. Meanwhile, these 8" C,,. values of soil water were
generally 4%0—5%o higher in the rainy season than those in the dry season. Moreover, these 8" C,. values showed positive
correlations with corresponding DIC concentrations. These indicated that DIC in these soil water were primarily derived from
dissolution of carbonate materials by soil CO,, suggesting that great carbonate dissolution occurs in the karst soil system
which could contributes to the reduction of soil CO, released to the atmosphere to some extent. Nevertheless, our research
also indicated the carbonate was dissolved partly by sulphuric acid which derived from the atmospheric acid precipitation in
the rainy season, supported by the stoichiometric analysis, elevated 8" C,,. and §"S of sulfate in the soil water. Besides,
organic acids in the soil system could also facilitate the dissolution of carbonate materials, and result in the elevated 8" C,,
of soil water. Hydrion produced by oxygenation of inorganic nitrogenous fertilizers from agricultural activities also probably
participated in the dissolution of carbonate and elevated §"C,,. of soil water. This study revealed the variations of DIC
concentrations and 8" C,,. values in the karst soil water and their influencing factors, which will aid in understanding of the
migration and transformation of soil CO, in karst soil system, especially the reduction effects of soil CO, released to the

atmosphere. However, the accurate estimation of soil CO, reduction requires further research.

Key Words: Qingmuguan karst area; soil water; dissolved inorganic carbon; stable carbon isotope compositions

RRAE A AR R G Iy G 20 €, 138 rh AR WG 30 AR I B VR BE Y CO, , TR T8 K,
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AN, BT I A 3l ELA BRI ™) BT ARG A K Y 87 C e TR AT BRIL AN B R & i
I A 1L K 5 1 K b B R CALRR R B4R A B9 TR A X 338 B /K IR i DML
[ R AP SR 30 A GY AR PO AR S A T IX (VR 2 LIEB B K AR 5, R F 3 WU 2 X AN
AR S AT 1Y A= 338K A7 5 B R RAEAS I, AR P e A (R 62 R B AR U - 58K v DIC SRR, DAtk — 2
7~ IR AR B HSE i PR
1 XBES5HZE
1.1 BT XA

T ARV XA FEH R ATICRS X V0 FE400 KRN BE (1 EL (9 38 AL, by < — 1l 08—l = ) S 7R 25 A R 4
MEARZ R 11.36 km® . XNGRIREL S i, EEMBEMZ N =S R IEMA B S, AR TR
ZE KRS fi IR BRI , AR 18 C AR FE I & o 1000 mm , BEW R EE T EE & HEZRW, Hri,
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5—10 A AMIZE, 11 HEIRUE 4 A 523 Y5 A WG & S AR (R A E L) FET AR (S R M
TR PTARAE ) | T B2 A dhofy M S SRR A P i AR A K R B0, EE b A A KRS
H+2EHE,
1.2 FEACRE SN

FEFLIR PN, e LAY 0 5 b W A S BT IO R BRSO S (3 1), &3 1900 1 VA TURE £
( & SoilMoisture 23 7] ), Fl FHE 25 J2 LIS £ F 30 .60 £190 em +3E/K, A 2010 457 H—2011 47 H,
T AR PR S KRE (RS T00  A AHCE 1-38K ) | BRORE T 3—5 d 1) T A8 12 S5 A5 JEURE 25 v 32 B 7Kk il
5, EZS AR BURE AR A 5, 9725 G0 T AR A e SR e 5, A DR BURE 28 A AR B LA RS R 4 e
FEASICHB PR & Sk B Sl BB HHOKE TR, EEA, HZSH0K AT (HQ340d, 36 FEIMG A5 28
A]) I E pH E, HMEKE B2 0. 01 pH B, FHAEE Merck K GaA 23 ] 18 B2 F1E5 B I3k 45 30 47 7 o
FHOK T HCO; F Ca® W, HORSHE 235120 0.1 mmol/L 12 mg/L, B 100 mL ZKAE TR FH T 5 BH B 7,
MR A A ICP-OES, B 100 mL KAE T % BB 1, M8 4 761 Compact B Tk, 6" C,, B
10 mL, AP HeCl, , BRI HIAE i 3l , A A, B DR B B35 5, 0—4 CWE, Gz [0 5056
FMK, 67 C,, MR ES N Gas Bench I1 7% 4% Delta V Plus AR % [R17 2 51, I 72 &% 55 FH [ B b . V-
PDB( Vienna PeeDee Belemnite ) % #E | 3005 B <0. 15%0, BT A RS IR I 76 VY Fe 2 b BBl 2727 B i R L 2
S RS M S 5, A, FEAS ] iR 2 R A A K EURE 2% R ST 0 BT A B I 4%
30 cm [AIFFSRAE HHERE S, TR PR AR E SRR ER A & &

F1 RESAEER
Table 1 The conditions of the sampling sites

B J B A HREE/m T N A5
Vegetation type Soil parent material Dominant plant Soil depth Soil texture Human activities
5LH5 Dry land R Fok 0.5—1.5 R, RO A&
b Grassland Kt A ) 1—2 At -

Y M Shrub land W TEAR A 0.5—1 RS (TR -
IRPRLHR Afforestation farmland 3= ANTZBEA (UL ) 0.5—1 NS TR B BFA K 4—>5a
Ak Coniferous forest land " AR AR T4 1—2 IR FRRRS .

2 #R
2.1 AR T 3K DIC 7 AR fLRAAE

PR ICHLAR (DIC) FIERA CO, JBRIR (H,CO,) (IR MR (HCO; ) FIBRERHR (COY ) S84l ik, H. 44143 fr
A HLBI S pH A C, XY pH H 2 7—9 B, DIC EZELL(HCO;) B AF7E; pH EEARKS, DIC = 2L ik iR
(H,CO,) "™ EARSCATEIX N St VAL BT bR R AR A ) 56K 59 pH (B30 5 51 Rl
DAHE(7.48) >R (7. 41) SIBBEA MM (7. 15) SEFIHBRHL (6. 52) >HHL(5.93) . Pk, S 8 A B B A
i 3K DIC EZELL HCO;S 3 s i AER Ak ) DIC FZELL H,CO, b E, ANEFEBHEIA T 35K
[ DIC e B ELAT W] dnb 8 1) (AN [ e 28 280 2 [] ) e ] ( [m]— A 2 AU R OR [RIIR B ) 26 S ARe ik (R 2 FIIEI 1)
BB AR DIC W BRI, $4E 20904 59. 12 mg/L F1 31. 47 mg/L, T 54 AL B BFE bR is DIC
WL, FIME 900 153. 88 221,82 mg/L A1 97. 30 mg/ L, Kl T IR TRIE A0, 2548 B T 19 - K
DIC ¥ BEAT FIrssé i, LA i dse o W A . 81 2 s T R HEK DIC e B A9 215 A8 2R AR AE , B R b4, A A g
TR +3K By DIC #EA W B A2 284S AE | T2 DIC YRR, T R0k, 524 33K i DIC Z= 4578
B E AR,
2.2 A[FH B 3K 87 C,y B AR RAFAE

WAL 3 AT UL sk A [RIAF B 488K 87 Cy (A BRI R 25 (3R 3) . FEHL 14K 6°C), HAR1LIE
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FElH—14. 5%0——20. 68%0 , YI{EH H —17. 22%0; F- 18 ~7. 73%0——15. 56%0 i@{éﬁv—lz. 2%o0; HE K 6. 9%0—
~14.78%0, PIH N ~11. 9%0; BT bR Hb N — 14. 55%0c——19. 21%0, PIE N —16. 37%0; 1B HF 14k H1 Ky - 8. 38%0—
—13.09%0, IMH F-11.23%0, [Fl—HIHEF , ARGRE ) 3K 87 C,\ [HHZEA K,

250 | —O— —A— i —— M
B3 30em e fHIFH —m— BT

T ARICHLER DIC

3 XX 60cm
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~
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2 g A
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b B S 100 F
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27 S 50 -
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VEM EEMRE EBEEM 2345678 9101112131415161718

X =)
MM A Vegetation types A 45 No. of sample

—_

B1 FAEEETTEKAELIEDICRELR B2 AEEHTLEKBRBELHR DIC iREMNZHSTH
Fig. 1  Differences of DIC concentrations in soil water under Fig.2 Dynamic variations of DIC concentrations in soil water

different vegetations under different vegetations

%2 AEMEE T LA DIC RES 6°Cp &

Table 2 DIC concentrations and 6" Cp,,. values of soil water under different vegetations

ﬁN%ﬁf REEE] S Craseland 74 Dry land HAH Shrub land conifeiiz(jit Jand Afforliffiﬁjfﬁi@nland
Sampling
sample date DIC 8B Cpe DIC 8P Che DIC 8B Cpe DIC 8B Che DIC 8 Che
/(mg/L) /%o /(mg/L) /%o /(mg/L) /%o /(mg/L) /%o /(mg/L) /%o

1 2010-07-06 82.39 -14.50  156.57 -7.73 218.08 -6.90 35.59 -15.39 134.2  -8.38
2 2010-09-10 - -15.91 - -10.19 - -9.54 - - - -
3 2010-09-23 66. 06 -16.17  152.5 -11.34 265.35 -9.73 25.19 -15.45 102.48 -11.43
4 2010- 10-10 66.95 -16.16  155.55 -9.76 247.05  -10.21 - - - -
5 2010-10-24 87.45 -16.10  160.63  -11.20  249.08 -11.15 - - 79.3  -12.02
6 2010-11-06 74.55 -17.65  161.24  -12.71 235.87  -12.17 - -17.00 73.2 -13.09
7 2010-11-27 53.7 -16.33  153.52  -13.46 229.77  -12.80 - - - -
8 2010- 12-11 30.5 -19.10  200.28  -14.71 231.8 -13.32 - - - -
9 2011-11-02 - -20.68  161.65 -15.56 202.72  -14.47 - - - -
10 2011-01-17 24.22 -20.61  156.57 -13.60  204.35 -13.12 26.43 -19.21 - -
11 2011-03-08 43 -19.33  136.23  -10.88 192.15  -12.06 16.98 -14.55 - -
12 2011-03-25 21.56 -18.06  140.3 -11.38 205.77  -12.32 18.6 -15.50 - -
13 2011-04-09 49.5 -16.07  148.84  -11.38 199.27  -12.21 36.28 -15.02 - -
14 2011-04-25 27.46 -15.55  130.13  -12.60  205.78  -12.01 19.69 -16.39 - -
15 2011-5-12 82.48 -16.98  149.45  -13.95 205.37  -13.55 38.36 -14.68 - -
16 2011-05-23 60.35 -16.31  164.7 -14.78 209.43  -14.78 39.92 -17.81 - -
17 2011-06- 15 78. 64 - 140.3 -227.13 - 43.86 - - -
18 2011-06-28 97.11 - 147.42 - 241.97 - 45.26 - - -

HB4Y DIC ¥ B 5 diiz A Phreeqc2 B
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Fig.4 Dynamic variations of 6" C;; and pH values of soil water
Fig.3 Differences of " Cp. values of soil water under different & y pie P

. under different vegetations
vegetations

MZETART , SN 3K 6V C . AL IEA — 50, 3 2 B0 W 2 =, 5 2 0 AIK 9 SRR AE (1A
4y, H B Zwi 30K 67 C,\ YIE N -20. 13%0, 125 N -15. 21%0; - + 3K 52 7 - 14. 62%0, T 2
H=9.75%0; M 3 K 570 = 13. 64%o0, T 25 4 8. T2%o0; B B b PRk + 37K 5225 - 13. 09%0, I 2N
—8.38%o; &1 M M + 3K 5272 R -19. 21%0, 2 —15.39%0, AR b A FE ISR KK 87 C, . (HIY
IR 2 L 2R 5 24 4%0—5%0
3 itig
3.1 4K DIC SR K = K %

5K DIC SR UERR T 23 W CO, MK A% 8 L3 Ak, 58 32 2 ()02 382 A BL o0
FE IR 2 PPV E R R 1 CO, ¥ T - BE7K I BB IR | L B Bk I R HL B I 45 W ik 2 6 4 7 W) 13
T B R AR B 1., K i DIC |1z 32 8] T TS 5t KA RN 1 CO, Mg A LT R A
LUK CO, E/K-S2Z IR 584025 22 Ffr IR 2R g S TR S o

FH RN AT AR K B IR DIC Wk EE I 513 Coc T8, 85 G HAARA pH (H (& 4) F1 R IR R A &
(R 3) FIBE DIC 2R AT 14 CO, M, SR, 50 R BF A AR FTHE A M 1 587K pH>7 , HA S
i) DIC ¥R BE AN 67 C e (/R I DIC 32 2 T -+ e B 285 0™ Wi il A5, A2 K BE TS ), 552 1l T A
Hby R ARHD Y 13 T A B R AR AR (3R 3) , TR IR CO, W TOK G kR EL 5 ), 55X 3
Wﬁ%ﬁﬁﬂTB@ﬂ%mEﬁﬁc@ DIC W B2, P& TR BE DR, Bk 2 i B 5 kR $h o & b 3G K, s ik

W2 AR K DIC VRIS . FRADEMENML , + 2500 iR S A Sk 22, 12 o/ke, BRTRER
zaﬁf% AR R E B - K ) DIC ¥R, H 87 C . (H R T—17%0, W H: DIC 3K HRIR A0 W%
PR Bl , B S BT LUE Y IR BRA AR AN E A+ 387K Y 8 C . H5 DIC Fr i IEAC e R, R W

®3 TEEHETLHEGBRESE (y/ky)

Table 3 Soil carbonate contents under different vegetations

TR/ em 8] it T BiEE i3 ISl LRI ]
Soil depth Grassland Dryland Shub land Afforestation farmland Coniferous forest land
0—30 4.57 11.6 12.31 10. 44 7.62
30—60 5.02 13.93 31.93 11.66 4.89
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TRRFREL AW AR o) 13K DIC B B2 ik, ML SR T, th TaRIREL A 0 Y & f A, 15
IKE 8" Cpy (5 DIC F i T ARG H 67 C, . BRI Z TP R0,

B Ah AR R R 9 5K DIC A8 C 6 .-

HAWER S, 2 ERAMNRIE, —H, WEER2 i R*=0.95 A R=082

T SR T RO B S O AR R ] R .
HHUREHUE IS UL B2 15 CO,, s | . A

W D, S BN B LK DIC W TR, T S Fo

6 Cyp WM™ KT, £HEK 8°C,, (EHIEM NS 2 | %08 ° At oo
b, RERAE, WRE RN R LR e | * TO0 o e
BRI L) 25 T, e e [ %0 o it
Kok B R R B DIC MBI, BBt o TR
8" C e TV . WFST X PN R A A 7K g 7 IR 180 R R 0 30 60 90 120 150 180 210 240 270 300
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Hi FIEE BF A AR H K FR [ Ca® +Mg™ 1/ HCO; J3E K Fig.5 Plot of 3'*Cy values versus DIC concentrations

T 1, Mids K ZHHEER K[ Ca> +Mg™ ]/ HCO; +S07 | L
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