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Abstract: Water scarcity caused by climate change has heightened interest in biodegradable superabsorbent polymers
(SAPs) to improve water retention efficiency in agriculture. This study developed bilayer hydrogel films with asymmetric
swelling properties using carboxymethyl cellulose sodium (CMCNa) and citric acid and evaluated their effectiveness as
seed-encapsulating materials. The hydrogel films exhibited excellent water retention and enhanced seed germination,
even under minimal water conditions. Furthermore, biodegradability tests confirmed that the hydrogel films completely
degraded in soil. These findings demonstrate the potential of CMCNa/citric acid-based self-actuating hydrogel films as
sustainable seed-encapsulating technology, effectively supporting crop germination and growth in arid environments.
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Table 1. Mixing Ratios of CMCNa and Citric Acid
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Figure 1. Chemical structure of sodium carboxymethylcellulose (CMC) (left) and Cross-linking mechanism of CMC with citric acid (right).
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Figure 2. Swelling behavior of hydrogel films at different citric acid con-
centrations (n=3).
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Figure 3. Fabrication of bilayer hydrogel film.
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Figure 5. (a) FTIR analysis of crosslinked bilayer hydrogel films; (b) Difference in swelling behavior between room-temperature dried non-
crosslinked film and 130 ‘C crosslinked hydrogel film after soaking in water.
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Figure 6. (a) Water evaporation ratio of hydrogel film and paper over 14 days; (b) seed germination ratio using bilayer hydrogel film and
paper under minimal water conditions (in non-soil environments); (c) image of seed germination experiment in a non-soil environment; (d)
hydrogel wrapping the seed in its swollen state after water absorption (left) and in its dried state after water evaporation (right).
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Figure 7. (a) Seed germination ratio in soil with and without bilayer hydrogel film under minimal water conditions; (b) biodegradability of

bilayer hydrogel film evaluated through soil burial tests.
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