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Soil salinity is a major environmental stress that restricts the growth and yield of 

crops. Understanding the physiological, metabolic, and biochemical responses of 

plants to salt stress and mining the salt tolerance-associated genetic resource in 

nature will be extremely important for us to cultivate salt-tolerant crops. In this 

review, we provide a comprehensive summary of the mechanisms of salt stress 

responses in plants, including salt stress-triggered physiological responses, 

oxidative stress, salt stress sensing and signaling pathways, organellar stress, ion 

homeostasis, hormonal and gene expression regulation, metabolic changes, as 

well as salt tolerance mechanisms in halophytes. Important questions regarding 

salt tolerance that need to be addressed in the future are discussed. 

Introduction 

Soil salinity is a worldwide problem that threatens the growth and yield of crops 

and prevents the sustainable development of modern agriculture. More than one

third of irrigated lands in the world are affected by salinization.' The major causes 

of soil salinity are rising levels of groundwater with high salt content and poor

quality drainage and irrigation systems.2 All the major staple crops responsible 

for the bulk of calorie uptake by humans (e.g., rice, wheat, and corn) are glyco

phytes, which are unable to complete their life cycle when soil NaCl concentra

tions exceed 200 mM.3•4 Thus, improving salinity stress tolerance in crops is of

paramount importance for global food security. To achieve this goal, it is neces

sary to understand how high salinity affects the morphological, physiological, 

biochemical, metabolic, and gene expression properties of plants. 

The ability of plants to tolerate high salinity varies between and within species,4 

which enables us to identify gene loci and natural variations that are critical for 

salt stress tolerance in plants. Fundamental studies in the model plantArabidopsis 

have revealed many genes that are required for salt stress tolerance, and applica

tions of some of these genes to crops increase their salt stress tolerance. The dis

covery of the salt overly sensitive (SOS) signaling pathway,5'
6 a major mechanism 

behind the exclusion of Na+ from the cytosol to the outside of cells, was a mile

stone in our understanding of how plants deal with salt load. Recent work 

showed that glycosyl inositol phosphorylceramide (GIPC) sphingolipids may 

function as salt stress sensors in plants.7 Research on halophytic plants, which 

usually reside in high salinity environments, have also been important for us 

to understand salt tolerance mechanisms in plants. Some halophytes have 

DO1:https://doi.org/10.1016/ 

j.xinn.2020.100017 

http://www.cell.com/the-innovation 

© 2020 This is an open access article 

under the CC BY-NC-ND license 

(http://creativecommons.org/ 

licenses/by-nc-nd/4.0/). 

*Corresponding author: 

Email: czzhao@psc.ac.cn (C.Z.), 

jkzhu@sibs.ac.cn (J.-K.Z.), 

sergey.shabala@utas.edu.au (S.S.) 

1 Shanghai Center for Plant Stress 

Biology and CAS Center for 

Excellence in Molecular Plant 

Sciences, Chinese Academy of 

Sciences, Shanghai 200032, China; 

2State Key Laboratory of Crop 

Stress Adaptation and 

Improvement, School of Life

Sciences, Henan University, Kaifeng 

475004, China; 

3State Key Laboratory of Plant 

Molecular Genetics, Shanghai 

Center for Plant Stress Biology, 

Center of Excellence in Molecular 

Plant Sciences, Chinese Academy of 

Sciences, Shanghai 200032, China; 

4Department of Horticulture and 

Landscape Architecture, Purdue 

University, West Lafayette, IN 

47907, USA; 

5Jnternational Research Centre for 

Environmental Membrane Biology, 

Foshan University, Foshan 528000, 

China; 
6Tasmanian Institute of Agriculture, 

University of Tasmania, Hobart, TAS 

7001, Australia 

1 




















































































