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Abstract: To address the diverse characteristics of ecological degradation and the limited efficiency
of ecological restoration in the Qinling Mountains, this study investigates a tunable hydrogel

material physically crosslinked from polyvinyl alcohol (PVA) and gellan gum (GG). A series of
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laboratory experiments were conducted to comprehensively analyze the properties of the hydrogel
and its effects on reconstructed soil. The results indicate that: (1) the PVA-GG hydrogel exhibits
excellent water retention and biodegradability, with a degradation rate of 18.2% after one month in
a natural environment; the mechanical properties of the soil improve with increasing PVA content.
(2) Soil particles and the hydrogel form binary aggregates, effectively enhancing the soil's water-
holding capacity, crack resistance, water stability, and ecological restoration capability by
leveraging the hydrogel's advantages. (3) After low-temperature curing, the hydrogel forms a film-
like matrix that closely integrates with soil particles through encapsulation, adhesion, and pore-
filling, resulting in a compact aggregate structure. As a tunable material, the hydrogel shows
promising potential for ecological restoration across various degraded units in the Qinling
Mountains.
Key words: Qinling Mountain; damaged unit; hydrogel; soil reconstruction; ecological restoration.
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Fig.1 Qinling Mountains ecological damage area
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Table.1 Basic physical parameters of soil
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Fig.2 Soil segmentation curve
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Fig.3 Schematic illustration of the preparation process of PVA-GG hydrogel
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Fig.4 Experimental setups: (a) Tensile Testing Device, (b) Evaporation-Induced Cracking Device, (c)
Disintegration Testing Apparatus, (d) Plant Growth Chamber
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Fig.5 Gelation states of hydrogels at different component concentrations
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Fig.6 Water loss curves of hydrogels with different ratios after saturated swelling
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Fig.7 Degradation curve of 10% PVA-0.5% GG hydrogel
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Fig.8 Tensile strength variation curves of samples at different PVA mass ratios
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Fig.9 Evaporation-induced cracking behavior of samples at different PVA mass ratios: (a) Moisture content
and evaporation rate variation curves; (b) Evolution of crack morphology
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Fig.11 Disintegration of samples at different PVA mass ratios: (a) Raw soil; (b) Hydrogel-reconstructed soil
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Fig.12 Plant growth in samples at different PVA mass ratios: (a) Growth process; (b) Germination rate and plant
height
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Fig.13 Microbial mechanism of soil remediation: (a) SEM image; (b) Particle-hydrogel interaction mechanism.
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Fig.14 Improvement mechanism of PVA-GG hydrogel
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