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Progress on the molecular mechanism of carbon quantum dots to improve salt stress resistance in crop crops

Fuhua Zhang Meiyan Wang Jiadong Cheng Mo Zhang
School of Energy and Environmental Engineering, Hebei University of Technology

[Abstract] Climate change has exacerbated the complexity of crop growth environments, with soil salinization
becoming increasingly severe and significantly limiting crop production. Carbon quantum dots (CQDs), as an
emerging nanomaterial, have emerged as a more promising solution in plant nanobiotechnology due to their
abundant surface functional groups, low toxicity, and high biocompatibility. Research has shown that CQDs
can enhance crop resistance to salt stress through multiple pathways: by regulating osmotic stress and Na" /K"
ion homeostasis to reduce membrane lipid peroxidation caused by salt stress; by enhancing the activity of the
antioxidant defense system to effectively scavenge excess reactive oxygen species (ROS) and mitigate oxidative
damage; and by triggering the expression of defense—related genes (such as WRKY, MYB, and other
transcription factors) in rice, activating hormone signaling pathways to form a systemic stress response. The
breeding strategy based on hydrothermal synthesis of CQDs can alleviate the impact of salt stress on crops by
eliminating ROS, while acting as a nanobiostimulant to induce a "vaccine effect" in plants, enhancing their
adaptability to abiotic stresses such as drought and high temperatures. The application of CQDs provides an
efficient and sustainable new strategy for cultivating stress—tolerant crops, with broad prospects in agriculture.
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