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[Abstract] As ecological environmental engineering transitions toward precision and efficiency, microbial
control technology has emerged as a pivotal approach due to its environmental friendliness and
cost—effectiveness. This study explores the advancement of key microbial control technologies, transcending the
limitations of traditional single—strain applications. The research focuses on three innovative dimensions:
synergistic regulation of functional microbial communities, gene—editing improvements for functional strains,
and enhanced microbial—environmental interface interactions. By analyzing core technical bottlenecks and
integrating molecular biology with environmental engineering methodologies, the paper proposes optimization
pathways. These findings provide theoretical foundations and practical references for improving treatment

efficacy in complex pollution scenarios and facilitating the transition of microbial technologies from laboratory

research to industrial—scale applications.
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