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[Abstract] Water shortage has become a key bottleneck restricting the sustainable development of agriculture in
global and northern wheat—growing areas of China. Under the dual pressure of ensuring national food security
and ecological security, it is particularly urgent to explore the cultivation techniques and physiological regulation
mechanisms for high—quality and high—yield wheat under water—saving irrigation conditions. This paper
systematically reviews the effects of water—saving irrigation on the growth and development, yield formation,
and quality composition of wheat at home and abroad in recent years, and deeply analyzes the physiological basis
of compensatory growth induced by limited water irrigation in wheat, including key mechanisms such as root
system configuration optimization, improvement of water use efficiency, improvement of photosynthetic
characteristics, and coordinated regulation of carbon and nitrogen metabolism. The article focuses on the
optimization paths of comprehensive technical systems, including precise irrigation systems based on soil
moisture monitoring, wide—row precision sowing and ridge—furrow irrigation, drought—resistant variety
breeding, and chemical regulators. The research shows that moderate water deficit can not only significantly
reduce ineffective transpiration but also achieve the goals of "regulating fertilizer with water, controlling quality
with water, and increasing yield with water" by stimulating the crop's own stress resistance potential. Future
research should further focus on the construction of precise regulation models under multi—factor coupling and
the exploration of drought resistance mechanisms at the molecular level to provide theoretical support for the
establishment of resource—saving and environment—friendly wheat production models.
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