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Advances in the mechanism of plant adaptation to acid
aluminum stress
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Abstract: The aluminum stress in acidic soil areas of China is an important abiotic stress factor that
hampers the normal growth and development of plants and seriously affects the agricultural yield. The

forms of plant resistance to aluminum stress are complex and diverse, which include secretion of organic
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acids, increase of rhizosphere pH, secretion of mucus, cell wall fixation of AI**, organic acid chelation
of AI’" in cell solute, and vacuolar area isolation. Most of studies focus on analyzing conventional
physiological characteristics, but in-depth molecular biological analyses are lacking. This review
summarizes the mechanisms how plants adapt to acidic aluminum stress. This includes the effect of acid
aluminum stress on plant growth and physiological metabolism, the two main physiological mechanisms
of plant adaptation to acid aluminum stress (aluminum exclusion mechanism, aluminum tolerance
mechanism), and the aluminum resistance related genes. Finally, this paper puts forward some prospects
for further revealing the mechanism of plant adaptation to acid aluminum stress and excavating

high-quality crops suitable for cultivation in acidic soils.

Keywords: acid aluminum stress; aluminum elimination mechanism; aluminum tolerance mechanism;
aluminum resistance genes; transcriptional regulation
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Table 1 Names, functions and source crops of the plant aluminum tolerance genes reported to date

Transcription factors Genes Function

Plant species

Triticum aestivum
Arabidopsis thaliana
Glycine max
Brassica napus
Secale cereale
Medicago sativa
Arabidopsis thaliana
Sorghum bicolor
Zea mays

Triticum aestivum

STOP1 TaALMTI Regulates the transport of malic acid
AtALMTI Regulates the transport of malic acid
GmALMTI Regulates the transport of malic acid
BnALMTI Regulates the transport of malic acid
ScALMT]I Regulates the transport of malic acid
MsALMTI Regulates the transport of malic acid
AtMATE1 Regulates the transport of citric acid
SbMATE] Regulates the transport of citric acid
ZmMATE] Regulates the transport of citric acid
TaMATE1 Regulates the transport of citric acid

ART1 OsSTARI Transport UDP-glucose to the cell wall
OsSTAR?2 Transport UDP-glucose to the cell wall
OsNratl Transport AI*" to the cytoplasm
OsALSI Isolate Al*" into vacuoles
OsMGT1 Transport of Mg?" to the cytoplasm
OsFRDL4 Regulates the transport of citric acid
OsFRDL?2 Regulates the transport of citric acid
OsCDT3 Combines AI** in the rhizosphere
OsEXPAIO Participate in root cell elongation
OsART?2 Regulates aluminum tolerance genes

WRKY OsWRKY22 Positive regulator of aluminum tolerance
OsWRKY46

Negative regulator of aluminum tolerance

Oryza sativa
Oryza sativa
Oryza sativa
Oryza sativa
Oryza sativa
Oryza sativa
Oryza sativa
Oryza sativa
Oryza sativa
Oryza sativa
Oryza sativa

Oryza sativa
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