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Abstract
As the staple food for more than half of the world’s population, the stable, high-yield, and high-
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quality production of rice is crucial for ensuring food security. However, current rice production
faces significant pressure from yield bottlenecks, high resource consumption, and rising environ-
mental costs. This paper aims to systematically review rice crop characteristics and nutrient man-
agement strategies to explore effective pathways for achieving sustainable development. The arti-
cle first analyzes rice’s biological characteristics, such as its preference for warm, humid conditions,
high demand for water and fertilizers, and specific growing environment requirements. It then fo-
cuses on core strategies in modern rice nutrient management: firstly, improving the soil micro-eco-
logical environment and enhancing soil fertility through practices like crop rotation and ridge till-
age with no-till; secondly, scientifically applying techniques such as split fertilization, combined or-
ganic-inorganic fertilization, and slow/controlled-release fertilizers to optimize nutrient supply;
thirdly, introducing nutrition diagnosis models based on UAV-based multispectral remote sensing,
machine learning, and deep learning to enable real-time, non-destructive monitoring and inversion
of the Nitrogen Nutrition Index (NNI) and chlorophyll content (SPAD), providing decision-making
support for variable rate fertilization and precision management. The paper concludes that the deep
integration of traditional agronomic practices with modern intelligent information technology, cou-
pled with the synergy of variety improvement, soil fertility enhancement, and precision fertilization,
is the direction for breaking through the current bottlenecks in rice production and achieving the
goals of high yield, quality, efficiency, and environmental friendliness.
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Table 1. Rice farming methods and their advantages and disadvantages [10]-[12]
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Figure 1. Various samples of rice leaf diseases: (a) Rice smut disease; (b) Rice false black stem rot disease; (c)
Rice neck smut disease; (d) Sheath blight disease; (e) Rice bacterial stripe disease; (f) Rice brown spot disease [32]
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Figure 2. Rice pre-treatment and data augmentation techniques [32]
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