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Abstract  When confronted with complex soil environments such as drought, salinity, and nutrient
imbalance, terrestrial plant roots have to achieve a dynamic trade-off between efficient acquisition of water and
nutrients, effective blockage of solute leakage , and selective exclusion of harmful ions. The endodermis, a key
structural layer in the roots of vascular plants, forms a continuous apoplastic barrier through the Casparian strip
and suberin lamellae, thereby maintaining ionic and water homeostasis at the physiological level by regulating
radial transport pathways. This review synthesized current knowledge on the biosynthesis, deposition, and
structural characteristics of the Casparian strip and suberin lamellae. It further discussed their plasticity under
the coordinated regulation of the MYB36 pathway and the Schengen surveillance pathway. Recent advances in
understanding the roles of these barrier structures in maintaining mineral nutrient homeostasis , enhancing stress
resistance, and mediating rhizosphere interactions were examined. Finally, future research directions were
proposed from the perspectives of evolutionary adaptation and crop improvement. This review provided novel
insights for a deeper understanding of the adaptive evolution of plant roots and stress-resistant breeding.
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A. Developmental stages of the root endodermis; B. Schematic cross-section of root structure with enlarged endodermis section; C. Radial nutrient

transport pathways at each developmental stage.
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Fig.1 Development and structure of the endodermis, and radial transport pathways for nutrients in roots
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A. MYB36 transcription regulatory module (Casparian strip autonomous lignification pathway) ; B. Schengen monitoring and repair pathway (Cas-

parian strip integrity monitoring pathway).
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Fig.2 Two synergistic pathways ensure the formation and sealing of Casparian strip
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Table 1 Summary of factors related to the plasticity of the Casparian strip and suberin lamellae in plant root systems
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