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Leaf internal architecture governs gas diffusion and biochemical processes. However, how drought-induced changes in leaf internal structure impact leaf performance in woody perennials remains largely unresolved. To bridge this knowledge gap, we utilized X-ray microcomputed tomography to characterize the three dimensional anatomical dynamics across the leaf profile of balsam poplar (Populus balsamifera) saplings. We investigated structural responses to a soil drying and rewatering cycle, testing the hypothesis that bundle sheath extensions (BSEs) function as mechanical stabilizers that minimize drought-induced fluctuations in mesophyll anatomy. These fluctuations include changes in mesophyll porosity (ӨIAS; the ratio of intercellular airspace volume to total mesophyll volume) and the ability to facilitate structural recovery. Our results reveal different architectural strategies between the two tested genotypes: ‘Carnduff 9,’ characterized by lower BSE abundance, exhibited elevated ӨIAS and reduced vein density compared to ‘Gillam 5’ under well watered conditions. Under drought, ‘Carnduff 9’ experienced significant anatomical changes across the leaf profile, whereas ‘Gillam 5’ maintained structural stability. Notably, while drought induced shifts in ӨIAS were fully reversible in ‘Gillam 5’ upon rewatering, the structural impairments in ‘Carnduff 9’ were permanent. These data suggest that a robust leaf architecture, such as that of ‘Gillam 5,’ is underpinned by high BSE abundance, high mesophyll surface area, and stabilized porosity. This architecture not only optimizes photosynthetic capacity under stress but is effective for the functional recovery of the leaf hydraulic and gas exchange framework. This study provides a mechanistic insights for selecting genotypes with enhanced anatomical resilience to water stress events.
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