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Fig. 1 Geographic location and land use of the study area (from ref.[ 17])
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Table 1 Land use status in the study area
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Fig. 2 Soil water collection device and burial diagram
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Table 2 Statistics of soil hydrochemical characteristics across different land use types mg/L
TR A oS ER K Cca* Mg* Na* HCO; NO; SO? Cl pH
KA 3.98 18.15 1.51 0.45 55.95 1.02 6.12 10.25 7.23
Fidth f/IMA 0.20 6.17 0.39 0.22 14.90 <0.05 0.40 0.95 6.56
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R 3.45 66.56 426 4.94 40.93 190.79 21.77 9.18 7.36
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A 2.46 40.93 229 2.06 28.51 100.88 10.99 3.14 6.74
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Fig. 3 Gibbs diagram of water chemistry in the study area

AP AENa"/ (Na' + Ca® )FIl CI/(C1 +HCO; )i 4 45
A X8, [R) B TDS AL F IR B ket L7 () s i
AR, BT BB T IE TP Ca® S HCO M L R AR
P — L EDUE TR R R WS i XK Ak 22 2R 5
YER . i A o5 0w 25 A A KAk s i X, 2 A v 1
Cl L E S TDSHE R | 3¢ BH X 2 - HEK 7 — 2
& b2 3] 7 Al 1 shal A i Vs K A S SR B0 i 5
Mg 224 AR ST K G, Tl KK S —
FEFRRE XIS X A 50

W E 4R B Piper & AT AR AN [] 4= A1) FH 2 7Y
Z IR KA 22 25 5 o TEMRHE T DAVRIRE 55 F SRAE A IX.
B R SRR AR P R A A KA X 1
Piper[& 1 5L HCO;-Cafil . iZFHEVEI B4R &1 R+
B2 sz NG Sh T Hede s , K AL 2ARRAE R B

SRR IR AR A I . MR, B
b FRE LA HIORE I R 3K SR CL N O3 8 SOF 13
5, LA TDSR AR BE (9 TH o 32645k 5 Rl it fE |
TR RN AR A A DAE G, AT R SR e 2%
RAAE T 10 EHOK IR 80 LB iR 25 H SR XL
WG, MR WS XK SV E R KA 2R AR 3
SEA R XIS AAE N R T 42

+ K (Ca** +Mg?") SHCOS 2 W i 3 1F A 6 %
Fo WESHIR , B ARMBEIXRE S 5 EE e ¢ LB
2 VA ot B3 26 B 3, (Ca® "+ Mg®") /HCOL BE /R L Hy
1.03+0.03 , FEITBRERIA T A BRISE 1.0, F AW CO,
IR BN AORRBRER A A i S . AN T X RS S

A I8 i S A TR S R BRE 2 1) 2: 1A R v Tl BB 4
iL, (Ca>" + Mg /HCO, /R 1L 24 3.43+3.15 , K WIANJE



5 4 34 JEIRIGAE . AR sliSEma T A5 0 DT b - K B SRR TR B A VA Bl 7 673

4 Bi5% X 5K {2 Piper &l

Fig. 4 Piper diagram of soil water chemistry in the study area
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Fig. 6 Spatio-temporal variation of NOj concentrations across different land use types
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Abstract: Karst peak cluster depressions are landscape units within the Southwest Karst Key Zone that exhibit high sensitivity to water—

carbon—nitrogen coupling. Investigating the sources of water, carbon and nitrogen in the soils of these depressions, along with the response of

karst carbon sinks to human activities, can provide essential data for the precise quantification of karst carbon sinks. This study focuses on a

typical karst peak cluster depression in Rong’an, Guangxi. Five land-use types—grassland, scrubland, woodland, cropland, and orchard—

were selected for monthly monitoring of soil water and soil CO, during the rainy season of 2024 (April to September). By integrating water

chemistry, nitrate isotope (6"°N-NO3, 6'®0-NO3), and carbon isotopes (5'3C oy 6'3CDIC), we employed Bayesian mixture models and ion

equivalence relationships to analyze nitrate sources and their impact on carbonate rock weathering and carbon sequestration. The results

indicate that: (1) Soil water chemistry in the study area is generally controlled by carbonate rock weathering. The natural vegetation zone is

dominated by the HCO;-Ca type, whereas the anthropogenically disturbed zone exhibits significant NO; enrichment. The average

concentrations of NOj in soil water from arable land and orchards were 45.26 mg/L and 100.88 mg/L, respectively, which are significantly

higher than those found in the natural vegetation zone (0.78 to 7.77 mg/L); (2) Nitrate isotope tracing indicates that NOj in natural vegetation

areas primarily originates from the mineralization of soil organic nitrogen and atmospheric deposition. In contrast, concentrations in

cultivated and orchard areas are primarily controlled by fertilizer inputs and nitrification processes, with additional contributions from animal

manure and wastewater. Bayesian quantitative analysis indicates that nitrate in the study area is predominantly of nitrification origin

(including NHj fertilizer inputs and soil nitrogen transformation), contributing approximately 65.6%, while animal manure and wastewater

account for approximately 27.6%, and rainfall and atmospheric deposition for approximately 6.7%; (3) Ion stoichiometric relationships and

carbon isotope results further indicate that carbonate rock dissolution in natural vegetation areas is primarily driven by carbonic acid formed

from soil-derived CO,. In contrast, in human disturbed areas, the involvement of exogenous nitrate is enhanced, leading to an increased

proportion of rock-derived carbon in DIC. This phenomenon manifests as enhanced apparent dissolution but a decline in effective carbon

sinks. In the study area, nitrate-driven weathering contributes more significantly than carbonate-driven weathering, resulting in a substantial

weakening of the effective karst carbon sink. Human activities interfere with and alter exogenous nitrogen inputs and the nitrification-acid

production process, thereby weakening the effective carbon sink function of the karst system and exacerbating the complexity of carbon-

nitrogen coupling in karst areas as well as the uncertainty in assessing carbon sink effects.

Keywords: karst peak clusters and depressions; nitrate sources; 5'5N—NO§ and JISO—NO; sic isotopes; karst carbon sinks; land use



