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Physiological and genetic basis of saline—alkali tolerance in Brassica napus: from evolutionary origins to
nutritional physiology and genetic dissection
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Abstract: Soil salinization and alkalization severely limit rapeseed production. Developing saline—alkali—toler-
ant rapeseed is important for expanding cultivation and improving agricultural use of saline—alkali lands. In Brassi-
ca napus, allopolyploidization has driven gene family expansion and homoeolog divergence, providing a genetic ba-
sis for saline — alkali stress responses. Rapeseed maintains ion homeostasis through selective ion uptake by roots,
long—distance Na* transport, and Na* retention and redistribution in organs such as petioles. Root traits, exudate me-
tabolism, and root - microbe interactions also contribute to saline — alkali adaptation. Saline — alkali tolerance in B.
napus is controlled by multiple genes and is strongly influenced by environment and developmental stage. Current
studies mainly focus on germination and seedling stages, whereas tolerance mechanisms at maturity remain poorly
understood. Differential responses to salinity and alkalinity, as well as the functions of key QTLs and candidate

genes, also require further investigation. Future studies should strengthen precise phenotyping across developmental
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stages and environments, with yield and yield stability as core targets. Integrating multi—omics and genomic selec-

tion will help identify stable loci and favorable haplotypes, facilitate gene pyramiding and field validation, and sup-

port molecular design breeding for saline—alkali—tolerant rapeseed.

Key words: Brassica napus; saline—alkali stress; allopolyploidization; ion homeostasis; root exudates; genet-

ic dissection
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Fig.1 Schematic illustration of the origin, evolution, and saline - alkali adaptation mechanisms of Brassica napus
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