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Response of acidic karst farmland soil in Hunan to
exogenous calcium and carbon addition
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Abstract: [Objective] To address the problems of soil calcium-carbon imbalance and intensified acidification in
karst farmland, this study aims to investigate the regulatory pathways and response mechanisms of exogenous
calcium and carbon addition on karst farmland soil with different acidity levels, providing a theoretical basis for
targeted improvement of farmland quality in karst regions. [ Methods] Using a combination of field sampling
analysis and laboratory incubation, twenty standard farmland profiles were excavated from a typical karst area in
Hunan, yielding a total of 93 samples. Soil pH was measured to construct different acidity sequences, and typical

acidic and alkaline karst cultivated-layer soil samples were then selected for comparative constant-temperature
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incubation experiments. Five calcium-carbon combination treatments were set: control with no exogenous addition
(CK); 5% organic matter (OM) + 5% CaCO, (T,); 1% OM + 5% CaCO,; (T, ; 5% OM + 1% CaCO; (T, ;
and 1% OM + 1% CaCO, (T5). Soil pH, total calcium, organic carbon, soluble organic carbon, and active nitrogen
nutrient contents were detected and analyzed at each stage of the incubation process. [ Results ] Exogenous calcium
and carbon addition generally promoted the increase of soil organic carbon (SOC) and total calcium content in
karst farmland. The SOC content was highest in alkaline soil under T, treatment (47.79 g/kg) and highest in
acidic soil under T, treatment (43.83 g/kg). However, high carbon input treatments accelerated SOC
decomposition in later stages, reducing carbon pool stability. Total calcium content significantly increased with
calcium addition. Compared with the CK treatment, T, and T, treatments increased total calcium content by 39~
49 and 40~49 times in acidic soil, respectively, whereas in alkaline soil, T, and T; increased it by 1.3~2.22 and
1.31~2.83 times (p<C0.05). The Ca/C ratio and active components such as dissolved organic carbon (DOC) and
dissolved organic nitrogen (DON) exhibited heterogeneous characteristics. DOC showed the strongest priming
effect in alkaline soil under T, treatment and in acidic soil under T, treatment, and DON generally showed a
declining trend. The pH of acidic soil increased significantly (p<C0.05), reaching 7.83 at 28 d under T, treatment,
while the pH of alkaline soil under each treatment showed little change. [ Conclusion] Exogenous calcium and
carbon addition can effectively mitigate soil acidification in karst farmlands, replenish calcium pools, and promote
organic carbon sequestration. However, the responses of soil with different acidity levels to calcium and carbon
addition exhibit variability and stage-specific characteristics. It is recommended that acidic karst soil prioritize a
high-calcium and low-carbon ratio to simultaneously improve pH and SOC stability. Calcium-carbon interaction is
the key pathway for regulating acidification in karst farmland, and optimizing calcium-carbon management can
promote the improvement of karst farmland quality and carbon sequestration.

Keywords: karst region; calcium-carbon interaction; soil acidification; farmland
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Table 1 Specific locations and related information of sampling sites

T SR b TR /m ZHEE/() HiEN/() b 7 A0 1 V6
71102 2 284 110.9 29.3 IR ARV A bR Hb 40~80
71103 A GE X 510 110.4 29.0 7K el 5 40
XX04 Je il B 1236 109.3 28.8 BB =80
XX05 1 B 365 109.4 28.8 TR PRV A bR b =80
XX09 HE 606 109.5 28.3 K H =80
XX12 Jo il & 550 109.4 29.3 K H =80
CZ04 [Five=Y 404 112.5 25.5 TR BRI A bR b =170
CZ05 2 N 255 112.5 25.6 B I A B 60
cz11 F JH L 205 112.7 25.8 K =80
SY04 WA B 462 110.3 26.4 IR BRI AR b =80%
SY11 Al AR T 254 111.7 27.2 K H 40~80
SY13 BRRH 259 111.2 26.8 K H =80
YZ08 B 380 112.1 25.8 B AT i A =70
YZ10 AR BH 117 111.8 26.7 K H =80
YZ11 EPs X 131 111.5 26.1 Jk H =80
LDO01 U T 174 111.7 27.7 IR BT AR 40~80
L.DO5 HEX 146 111.9 27.7 K H 40~80
LD02 BB 440 1115 27.9 BB A M 40~80
7705 Kb E 263 113.7 26.4 TR PRV A b b 30
HY02 R 92 112.6 26.4 IR BRI AR A 40~80
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Table 2 Basic physicochemical properties of field-investigated soil under different acidity levels

i B2 43 2 SRR P 55 R M URREs B
+ g pH 3.944-0.24 5.5740.45 6.924-0.26 7.7740.15
HHLIR/(g-kg ) 9.30+10.85 12.1246.91 16.74-+10.01 14.16+10.19
CEC/(cmol(+) - kg™") 19.35+6.83 14.13+3.69 18.94+3.79 11.7545.69
Wi/ % 73.97463.13 117.44+67.46 95.47468.93 157.284£27.78
Krki/ % 300.9474-140.42 570.2822100.09 542.124126.43 620.86238.55
FkL/ % 625.064176.98 312.20473.28 362.414129.72 221.71425.38
2%/ (g kg ") 0.93+0.57 0.96+0.42 1.4140.67 1.4240.87
S/ (gkg ) 0.41+0.13 0..80.4-0.46 0.5540.19 0.3840.11
S/ (g kg™ 16.46+5.83 13.30.44.55 15.6543.92 10.944-2.52
445/ (g kg ") 0.3320.29 0.862-0.28 22.13427.96 61.5155.83

®3 BEFRREEALEMNERBELER

Table 3 Basic physicochemical properties of selected soil in incubation experiment

VTR T LR/ CEC/ Wk, MR/ B/ AR/ 2/ Lef/ o/
7 pHfH  (gekg ) (emol(+) -kgH) % % % (g+kgH) (gekg (g-kg') (g-kg")
1R 4.38 12.82 18.4 10 212 778 1.19 0.45 13.54 0.04
P 7.62 11.66 14.2 555 211 234 1.11 0.30 6.17 7.74
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Fig. 2 Variations in total organic carbon content in karst soil
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Fig. 3 Variations in total calcium content in karst soil
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Fig.4 Characteristics of dissolved organic carbon (DOC) in karst soil
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DON F ¥ & & 5 3 T,(81.94+2.31 mg/kg) >T,
(65.25+5.51 mg/kg) >T,(42.45+4.67 mg/kg) >T,
(36.5642.37 mg/kg) (# 5B) .
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Fig. 5 Characteristics of dissolved organic nitrogen (DON) in karst soil
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Fig. 6 Analysis of influencing factors in cultivated-layer soil during laboratory incubation
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Fig.7 Characteristics of pH in karst soil
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