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Sustainable Practice for Water-Scarce Agriculture: Enhancing Soil Water Retention and Plant
N a Growth Efficiency with Cellulose Nanofibers
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Water scarcity and soil degradation challenge sustainable agriculture and food security worldwide, driven by
climate change and extensive human activities. Therefore, innovative agricultural practices are essential to address these
issues. One such innovation is the development and use of superabsorbent polymers (SAPs) in agriculture. Among these
polymers, cellulose nanofibers (CNF), derived from natural cellulose, offer outstanding water retention capabilities and

are biodegradable, sustainable, and environmentally friendly.

This PhD thesis, titled “Sustainable Practice for Water-Scarce Agriculture: Enhancing Soil Water Retention and
Plant Growth Efficiency with Cellulose Nanofibers,” aims to optimize CNF application in agriculture, assess their
effectiveness under various conditions, and ensure their safe and sustainable use. The objectives include investigating
CNF preparation methods, examining environmental factors affecting CNF efficiency, assessing CNF longevity in soil,

and evaluating CNF’s impact on soil health, germination, and plant growth.

Laboratory and greenhouse experiments demonstrated that CNF significantly improved soil water retention and
aggregate stability. CNF dried at 5°C enhanced soil water content by up to 98% and prolonged water retention by 22
days in paddy soils. CNF increased plant-available water (PAW) by up to 110% in sandy soils and 88% in silty loam
soils. The addition of CNF improved germination and plant growth under water stress, with germination index
enhancements of up to 214% under severe water stress conditions. Furthermore, CNF addition allowed plants to
maintain similar heights and weights under water-stressed conditions compared to full irrigation, while using 50% less
water. Irrigation water use efficiency (IWUE) also significantly increased, with enhancements of up to 169% under

moderate water stress.

The findings highlight the potential of CNF as a multifaceted soil amendment, offering practical solutions for water
conservation, soil health improvement, and increased crop resilience in water-scarce regions. CNF’s ability to retain

water and promote soil stability makes it a valuable tool for sustainable agricultural practices.

Future research should focus on developing environmentally friendly CNF production methods from agricultural
residues, evaluating CNF’s role as a nutrient carrier, and testing CNF’s effectiveness in enhancing crop resistance to
drought, alum contamination, and salinity. These efforts aim to further advance CNF application in agriculture,

contributing to more resilient and sustainable farming systems.
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