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Against the backdrop of global climate change, population growth, and mounting food security challenges, crop seed
industry innovation stands at a critical juncture of both opportunities and challenges. At the 1st Crop Heterosis and Bio-
breeding Conference of China held in July 2024, Professor Hu Peisong emphasized that smart design breeding, synthetic
biology, and artificial intelligence represent three frontier domains in agricultural technology, requiring increased R&D
investment and an optimized innovation ecosystem to achieve breakthroughs in key technologies. Professor Zhang
Xianlong proposed four transformative pathways for cotton breeding technology innovation and industry development:
expanding from germplasm resources to genetic resources, integrating single technologies into multi-technology systems,
upgrading experience-based breeding to design-driven breeding, and shifting from single-function to multi-functional crop
development, alongside building a synergistic industrial chain-technology chain-talent chain framework. Professor Xie
Hua’an reviewed the five historical phases of China’s rice breeding and highlights the advent of the smart breeding era. He
advocates integrating “four key traits” (high yield, superior quality, stress resistance, and adaptability) to develop new crop
cultivars for food security and green agriculture. Professor Zhai Huqu stressed the need to deepen the study of molecular
mechanisms underlying heterosis, identification of key functional genes in crops, and elucidation of their functional
mechanisms. It is necessary to bridge fundamental research with technological innovation, accelerate the industrialization
of biotechnology breeding technologies, and harness regional agricultural strengths to build differentiated competitive
advantages. In summary, China should strengthen foundational research in crop functional genomics, heterosis
mechanisms, and so on, overcome core technological bottlenecks such as intelligent breeding, and establish a scientific and
technological innovation system covering the entire industrial chain of the crop seed industry. Furthermore, it should
integrate agricultural education with scientific talent cultivation, foster globally competitive seed industry leaders, develop
new agricultural productivity, and advance the emerging bioeconomy to underpin national food security and sustainable
agricultural development.

crop seed industry, artificial intelligence, biotechnology breeding, heterosis, agricultural science and technology
innovation system
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