Climate resilience in crop rice: advancing germplasm for submergence tolerance
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Flash floods that occur during early seedling development lead to severe losses in rice crop
cultivation. Therefore, development of submergence-tolerant rice varieties is critically
important to mitigate damage and ensure food security. The objective of this study was to
assess the submergence tolerance of a new improved collection of rice entries using
artificially induced complete submergence conditions during the vegetative phase. The
artificial screening was carried out at the Regional Rice Research and Development Centre in
Bombuwala, Sri Lanka. The study comprised two phases. In phase I, 138 rice entries were
screened including 104 international entries and 34 local entries. Twenty-one-day old
seedlings were subjected to submergence stress in concrete tanks filled with clean water (pH
7.1; EC 0.125 mScm™; T 26.5 °C) to a depth of 1 m for a period of 18 days. Survival
percentages of de-submerged plants were recorded following 7 days of recovery. According
to the scoring system of International Rice Research Institute, the selected (138) entries were
classified into different categories; highly tolerant (12), tolerant (9), moderately tolerant (55),
moderately susceptible (31), and susceptible (31), based on their responses to submergence
stress. In phase Il, nine entries were selected from the previous phase, representing highly
tolerant, tolerant, moderately tolerant, and susceptible categories to investigate respective
morphological, physiological, biochemical, and anatomical responses upon submergence
stress. The highly tolerant entries exhibited an accumulation of chlorophyll (0.17-0.73 mgg™)
following submergence, while susceptible entries showed a degradation (0.23-1.03 mgg™).
Non-structural carbohydrates were accumulated (1.79-6.55 mgml™) in both highly tolerant
and tolerant entries, while degradation (2.25-4.46 mgml™?) was observed in the susceptible
entries following submergence. Standard susceptible check IR 42 exhibited significantly
higher (p < 0.05) aerenchyma formation (34.6%) compared to highly tolerant (14.0-21.3%),
tolerant (16.8-17.0%), and moderately tolerant (10.6-24.7%) groups. The evident
physiological, biochemical, and anatomical responses provide crucial insights for further
improving rice crop for climate resilience.
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