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Abstract

To address water pollution in coal-mining subsidence areas and the limitations of traditional float-
ing-bed rice cultivation, including severe nutrient leaching from the substrate and insufficient sta-
bility for large-scale deployment, this study proposed a nano-membrane-floating rice cultivation
system that integrates aquatic ecological restoration with reclaimed land production. A standard-
ized floating-bed module measuring 6 m x 4 m was constructed using three 6 m x 1 m flotation
boards assembled with stainless-steel fasteners and reinforced by DN50 PE hot-melt pipes. At the
bottom of each planting cup, a nano-scale nuclear pore membrane was installed, together with a 1
cm ceramsite layer and an upper cultivation substrate, forming a composite water-retention and
nutrient-preservation structure characterized by “membrane seepage control-ceramsite adsorp-
tion-substrate supply”. In the field, five modules were deployed in a contiguous pattern and an-
chored with a six-point cement mooring system in a zigzag arrangement to enhance resistance to
wind and wave disturbances and water-level fluctuations. In addition, a management system in-
cluding centralized seedling raising, UAV-based pest control, insect-trap lamps, and foliar fertiliza-
tion was implemented. The results indicate that the proposed system, by combining the water-per-
meable but nutrient-retentive properties of the nano-membrane with the adsorption and slow-re-
lease effects of ceramsite on nitrogen and phosphorus, effectively reduced nutrient loss, lowered
total nitrogen and total phosphorus concentrations in the water body, and increased dissolved ox-
ygen levels. This approach provides a feasible technical pathway for both water-surface reclama-
tion and aquatic ecological restoration in coal-mining subsidence areas.
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Figure 1. Location of rice cultivation experimental plot
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Figure 2. Field photograph of floating rice
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Figure 3. Schematic diagram of planting cup construction
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Figure 4. Photo of nano-membrane sample
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Figure 5. Planting substrate configuration & nutrient regulation
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Figure 6. Schematic diagram of planting unit construction
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Figure 7. Schematic diagram of planting unit fixation
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