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Comprehensive abstract

Introductio

Cereals such as wheat, rice, and maize, rank among the most important agricultural products on a
global scale. As fundamental components of the human diet, these crops play a decisive role in ensuring
food security for the world's population. The production of these crops particularly in arid and semi-arid
regions faces numerous challenges, with abiotic stresses such as drought, salinity, heat, and cold capable
of significantly reducing their yields. Among these factors, salinity stress is recognized as a major
constraint on crop production. The key question is: how are cereals able to perceive environmental cues
and activate their defense pathways through intricate regulatory networks to cope with such stress? The
aim of the present study is to provide a comprehensive and up-to-date overview of recent advances in
understanding the physiological and molecular mechanisms of salt tolerance in crop plants, with a
special focus on cereals.

Research findings

In most plants, including cereals, salinity stress typically occurs in two distinct phases: first, osmotic
stress, followed by ionic toxicity, leading to secondary stresses such as oxidative stress and nutritional
imbalances. From a physiological perspective, plants cope with salinity stress by employing effective
systems that regulate ion uptake and distribution, maintain osmotic balance, and accumulate protective
compounds. At the biochemical level, the activation of antioxidant systems and the production of
compatible solutes such as proline are key strategies for mitigating the oxidative stress induced by
salinity. At the molecular level, complex networks of transcription factors and functional genes
including NHX1, HKTI, SOS, and P5CS are responsible for coordinating the stress response. Key
signaling pathways, such as the MAPK cascade and the SOS pathway, play a central role in transducing
stress signals and activating defense responses. The identification of QTLs associated with salt tolerance
and effective candidate genes has advanced our understanding of the genetic basis of salt tolerance in
plants. Given that salt tolerance is a complex quantitative trait controlled by multiple genes, its molecular
processes are coordinated through extensive regulatory networks comprising transcription factors and
functional genes. The MAPK and SOS pathways have been extensively studied in cereals, and our
understanding of salt tolerance is grounded in research specifically focused on these plants. For instance,
the SOS1, SOS2, and SOS3 genes in rice enhance salt tolerance by facilitating sodium ion efflux from
cells and preventing ionic toxicity. Furthermore, the accumulation of osmolytic compounds (including
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proline) and the activation of antioxidant systems play a crucial role in maintaining cellular integrity in
plants under salinity stress.

Conclusion

Given the polygenic and complex nature of salt tolerance, conducting genetic studies to identify
QTLs and effective genes is critically important. Furthermore, integrating physiological, genetic, and
molecular mechanisms into breeding programs, along with leveraging genomic approaches, appears
essential for developing new salt-tolerant and stable-yielding cereal varieties.
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(& Shah, 2017

Sog il Lo elys lalS o (gjeml i sl Syl -) Joa
Table 1. Osmotic adjustment mechanisms in crop plants under salinity stress

Osmotic adjustment

Salt

Crop mechanism tolerance Key findings Reference
Rice (Oryza Accumulation of Low to Salt-tolerant cultivars exhibit Nguyen et al.,
sativa) proline and potassium moderate better ion transport and higher 2021
ions in leaves and roots proline accumulation
Wheat (Triticum Sodium exclusion and Moderate Salt stress significantly Saddiq et al.,
aestivum) proline accumulation in reduces yield, but osmotic 2021
leaves adjustment improves water
uptake
Barley (Hordeum Accumulation of High Barley shows excellent salt Nefissi Ouertani
vulgare) proline and potassium tolerance due to effective etal., 2021
ions in vacuoles osmotic adjustment and Na*
ion compartmentalization
Maize (Zea Proline accumulation Low to Maize has limited osmotic Pingle et al.,
mays) and stomatal closure to moderate adjustment capacity, reducing 2022

reduce water loss

its salt stress tolerance
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59 09 g Na /K cors 20l 4y (5,98 (25
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GG molaw 4 mul jo bosgicaws ) jo ool saalin
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(Shiyab et al., 2013; Hemida et al., 2014)
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P yeS i 0095 ) 5o o oddlive Ol 4y S
(Soltabayeva et al., 2021) 54
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55 )9 LS aasS s (Munns & Tester, 2008)
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Syl g o y0 ally 5 Sles 5 alaw Jgb ol glas )
slas ylab 5 o Sy (al ricily (s Gmenes
b st S 5 alllas 350 6)9d A5 Co sk
Naqi) wb o 5558 A5 pln 3 O oS Cunglita
3o gadS Blaal alex 510 Shee syl (et al., 2025
S92 4 Jooite slap) axwgi slp (Mol laasli
9k leazs sy aile (Slio i 50 g o0 Ll
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(Alkharabsheh et al., 2021) oo oz,

SISl g S 5oled 90 Ol pundi
Solate 0 e 4 S I S o S cldale
OLS ad; p (Folite SISE ol Gliee 4 a5 o
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solizul NaCl S 5l Yoors (558 5 4 bogiye
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Table 2. Some functional genes for salt tolerance in crop plants

Gene name Function Mechanism of salt tolerance Es);rcniz le Recent references
NHX1 Vacuolar Na*/H* Sequestration of Na' into Rice, Wheat Tomita et al., 2021
antiporter vacuoles for cytoplasmic
detoxification
HKTI High-affinity K'/Na*  Controls Na* exclusion and  Rice, Wheat, Singh et al., 2021
transporter root-to-shoot transport Maize
SOS1 Plasma membrane Na"* efflux to prevent cellular ~ Arabidopsis Xie et al., 2022
Na'*/H* antiporter toxicity
SOS2 Protein kinase Activates SOS1 via Arabidopsis Yin et al., 2020
phosphorylation in response
to salt stress
SOS3 Calcium sensor (CBL  Senses Ca?" signals, activates ~ Arabidopsis  Villalta ez al., 2021
family) SOS2
P5CS Enzyme for proline Osmolyte accumulation to Rice Jumpa et al., 2023
biosynthesis maintain osmotic balance
BADH Enzyme for glycine Osmoprotectant synthesis Wheat, Maize  Zhao et al., 2021
betaine synthesis enhancing stress tolerance
DREBIA/DREB2A  Transcription factors  Regulate expression of stress- ~ Wheat, Rice ~ Amirbakhtiar et al.,
responsive genes 2021
LEA proteins Protective proteins  Stabilize proteins/membranes Wheat, Barley Bhardwaj et al.,
under stress 2013
HVAI LEA group 3 protein Enhances tolerance to Barley, Rice  Singh et al., 2024b

dehydration and salt stress
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Figure 1. Ionic stress signaling pathways to maintain ion homeostasis and adaptation of plants to salinity stress
(Yang & Guo, 2018)
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P5CS and ABA-mediated stress 2015
tolerance
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