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Figure 1 (Color online) Proportions of dissolved inorganic carbon
(DIC) species (CO,qq, HCO;™ and CO32_) as a function of pH, for
freshwater at a temperature of 25°C. Modified from Ref. [11]
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Figure 2 (Color online) Carbon sink by carbonate weathering coupled with aquatic photosynthesis (biological pump, BP) and its mitigating

cyanobacteria-type eutrophication. Modified from Ref. [3]
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Figure 3 (Color online) Sketch map showing the biological pump
effect on phosphorus removal in karst aquatic ecosystems. Modified
from Ref. [12]
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Figure 4 (Color online) Comparison of karst aquatic primary production (or BP) and its effects of carbon sequestration and eutrophication mitigation
based on N-P limitation (a) and DIC limitation (b) paradigms of BP
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DIC fertilization of primary production in karst lake-reservoirs
and its effects on carbon sequestration and mitigation of
eutrophication

Zaihua Liu

State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550081, China
E-mail: liuzaihua@vip.gyig.ac.cn

The role of inland water bodies in the global carbon cycle is receiving more and more attention. It was found that in karst
surface water ecosystems, phytoplankton and/or submerged plants can fix some of the carbonate weathering-related carbon
and form stable carbon sinks. The higher the concentration of dissolved inorganic carbon (DIC), the higher the aquatic
productivity, showing a “DIC fertilization effect” on the biological pump (BP) that improves the environment. Both BP and
aqueous eutrophication are based on the formation of organic matter by aquatic photosynthesis. It is usually believed that
N-P plays the limiting role in eutrophication, but both CO, and water may be limiting factors in photosynthetic reactions on
land, while abundance of CO, is the only constraint in water. Previous studies have supposed that CO, can be obtained
continuously from the atmosphere but, in fact, air-water atmospheric CO, exchange is a slow process and in alkaline karst
aquatic ecosystems, (especially at pH>8), the limited CO, is important. Aqueous CO, concentrations also affect the
biological composition in water bodies. Cyanobacteria can adapt to lower CO, concentrations than other algae, while green
algae, diatoms and submerged plants tend to demand CO,-rich water environments. In addition, when the BP utilizes DIC
to build autochthonous organic matter, the precipitation of calcium carbonate due to high concentrations of Ca”" also
induces co-precipitation of phosphorus, removing the latter from the water and thus suppressing eutrophication of
cyanobacteria. In short, the DIC fertilization effect on the biological pump and its inhibition of cyanobacterial
eutrophication provides a new perspective on the climate-change win-win case of increased carbon sequestration plus
reduced eutrophication. Future studies should try to focus on the following key scientific issues through integrated
investigation on DIC fertilization, carbon sequestration enhancement and eutrophication mitigation effects of karst lake
and reservoir BP in different nutrient states by combining with control experiments: (1) Mechanisms and controlling
factors of DIC fertilization on BP; (2) coupling relationship and mechanism between water body C:N:P:Si and
phytoplankton-submerged plant community structure/compositions; (3) effects of BP on carbon sink increase and
eutrophication mitigation under DIC fertilization.

karst, surface aquatic ecosystem, biological pump, dissolved inorganic carbon fertilization, carbon sequestration,
mitigating eutrophication
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