• Phosphorus addition promotes litter decomposition only during the summer hydrothermal window.
• Mixed-species litter shifts from synergistic to antagonistic decomposition across seasons.
• Microbial strategy changes from hydrolase-dominated growth to oxidase-driven nutrient mining.
• Winter microbes reduce environmental sensitivity and prioritize assimilating enzymatic products.
• Integrating seasonal CUE and enzyme trade-offs improves litter decomposition predictions.
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