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Research progress on mechanisms of plant adaptation to flooding stress
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Abstract: Flooding stress constitutes a major abiotic challenge in agricultural production. Flooding stress, in-
cluding waterlogging and submergence, inhibits plant growth and development through hypoxia, ion toxicity,
and energy deficits. As such, plants have evolved various adaptive responses and mechanisms to counter
flooding stress under diverse ecological conditions. This review discusses the detrimental effects of flooding
stress on plants, as well as the morphological diversity and molecular mechanisms associated with plant
adaptation to flooding stress. The genetic strategies for improving plant resistance to flooding stress are also
discussed. This review aims to provide guidance for future research into the mechanisms of plant resistance
to flooding stress and flooding stress-resistant crop breeding.
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Fig. 1 Regulatory network of plant responses and adaptations to flooding stress
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cineurin B-like protein ) -CIPK15 ( Calcineurin B-like protein-interacting protein kinase 15) -SnRK1 ( Suc-non-fermenting 1-related protein
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Flooding stress induces ethylene production, hypoxia, NO, energy shortage, and ROS in plants to promote growth under flooding stress. Dif-
ferent background colors indicate different signal response pathways. Flooding stress causes the rapid accumulation of ethylene in flooded
tissues, resulting in ethylene receptor and ethylene negative regulator CRT1 (Ethylene insensitive 2) complexes to lose their inhibitory ef-
fects on ethylene positive regulator EIN2 (Ethylene insensitive 2). Accumulation of transcription factors EIN3 (Ethyleninsensitive 3) and EIL
(EIN3-like) by EIN2 promotes the expression of downstream target genes. Hypoxic state of flooding suppresses aerobic respiration, leading
to insufficient energy supply to flooded tissues. Ca’*-CBL (Calcineurin B-like protein)-CIPK15 (Calcineurin B-like protein-interacting protein
kinase 15)-SnRK1 (Suc-non-fermenting 1-related protein kinase 1) module and OsTPP7 (Trehalose-6-phosphate phosphatase 7) partici-
pate in energy perception and sugar utilization efficiency under low energy states and increase energy supply under flooding stress, thus
promoting plant growth under flooding stress. At the same time, plants can sense hypoxic signals and produce adaptive responses at the
physiological and molecular levels. Under normal growth conditions, the ethylene response factor VI (ERF-VI) protein closely binds to acyl-
CoA-binding proteins (ACBPs) on the plasma membrane. Under flooding stress, ERF-VlIs are transferred to the nucleus to promote the ex-
pression of downstream target genes. At the same time, hypoxia inhibits NERP (N-end rule pathway) protein degradation, thereby improv-
ing ERF-VIIs protein stability and further promoting its transcriptional activation function. MPK3/MPK6, SR1 (Submergence resistant 1),
WRKY12, and WRKY33 in Arabidopsis thaliana are involved in the transcriptional activation of target genes by ERF-Vls. Under hypoxic con-
ditions, NO is produced on the electron transport chain of mitochondria and is involved in the flooding stress response through post-transla-
tional modifications to proteins, such as regulating ERF-VIis stability. ERF-Vlis can induce hemoglobin coding gene HB1 (Hemoglobin 1) ex-
pression, promote intracellular NO clearance, and maintain NO homeostasis in A. thaliana. Low-concentration ROS participate in the stress
response as signaling molecules, produced in a non-enzymatic manner via electron transport chain in chloroplasts and mitochondria or en-
zymatically via respiratory burst homolog proteins (RBOHS). In plants, excessive ROS can be removed by excessive oxygen removal en-
zymes (superoxide dismutase (SOD), ascorbate peroxidase (APX), catalase (CAT), and glutathione peroxidase (GSH-PX)) and non-enzy-
matic antioxidants (ascorbate (AsA), glutathione (GSH), and melatonin (Melatonin)). These various regulatory mechanisms constitute a
complex regulatory network that promotes plant response and adaptation to flooding stress.
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