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1.A coupled framework integrating Quantification Theory I, entropy weighting and Geodetector was built to diagnose site limiting factors and evaluate ecological quality of karst multi-layer agroforestry across Yunnan’s 7 rocky desertification subregions.
2.Mean annual precipitation acts as the primary natural limiting factor in six subregions, while grain yield and agricultural output drive socioeconomic spatial differentiation of agroforestry layout.
3.Habitat suitability was graded into three tiers, with customized intercropping schemes (rubber-coffee, walnut‑oiltea camellia, medicinal underplanting) proposed for different karst zones.
4.Tropical multi-layer agroforestry outperforms single-layer upland forests by 40% in soil organic carbon storage and cuts annual soil erosion by 32% in karst terrain.
5.This multi-model evaluation workflow and zoned silvicultural strategies can be replicated for seasonal-drought subtropical karst restoration worldwide.
