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Abstract: In the context of global climate change, agricultural ecosystems play a critical role in regulating the global carbon
balance. However, in the karst region of southwestern China, studies on carbon fluxes in farmland ecosystems face a series

of unique and complex challenges due to shallow soils, intense karstification, limited water and nutrient availability, and a
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high proportion of sloping farmland. Although the eddy covariance ( EC) technique serves as a widely accepted, non-
invasive, and high-temporal-resolution standard method for measuring carbon fluxes, to date, no studies have reported
continuous, high-frequency EC-based monitoring of farmland ecosystem carbon budgets covering entire growing seasons in
this karst region. This study systematically monitored the dynamic variations of carbon fluxes across the entire growing
seasons of three major crops (rapeseed, rice, and maize) in the karst region of southwestern China using the eddy
covariance technique in the Puding Chenqi small watershed of Guizhou Province. The comprehensive results demonstrated
the following key findings: (1) At the daily scale, the net ecosystem carbon exchange (NEE) of all three crops exhibited a
“U-shaped” pattern, with CO, absorption dominating during the daytime (NEE<0) and emissions prevailing at night (NEE
>0). The peak of carbon absorption occurred between 12:00 and 14.:00. (2) At the seasonal scale, NEE dynamics
synchronized with crop growth phases: weak carbon emissions (NEE>0) dominated during seedling and maturity stages,
while peak absorption capacity emerged during vigorous growth periods. The cumulative carbon absorption capacities across
the entire growing season ranked as maize (—443.17 gC/m”) > rice (—304.39 gC/m’) > rapeseed (—105.33 gC/m’).
After accounting for carbon removal via grain harvest, maize retained a significantly higher net carbon sink (-232.97 ¢C/
m’) compared to rapeseed (—38.99 ¢C/m”) and rice (—18.66 gC/m”) , highlighting maize's superior carbon sequestration
efficiency as a C, plant. (3) Compared to other agricultural regions, crop carbon absorption capacities in the karst area were
generally lower due to soil infertility, water leakage, and nutrient limitations. However, maize exhibited stronger
environmental adaptability. Optimizing crop planting structures, such as expanding maize cultivation and implementing
rapeseed-maize rotation, combined with precision water-fertilizer management, can enhance regional carbon sink potential.
This study elucidated the carbon flux characteristics of different crop growth stages in karst farmland ecosystems, and

provided a scientific basis for regional agricultural carbon sink management and cropping system optimization.

Key Words: karst; farmland ecosystem; eddy covariance; carbon flux
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Table 1 Summary of crop growth and development
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