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Abstract

Salinity stress is a major abiotic stress that constrains global agricultural production, severely inhibiting plant growth and leading to crop yield reduction. In
response to salinity stress, plants have evolved a series of complex adaptive strategies, among which the signaling regulatory network mediated by plant
hormones plays a central role. Jasmonates (JAs), as important lipid-derived hormones, not only regulate plant growth, development, and defense responses
but have also recently been revealed to play a critical role in the establishment of plant salt tolerance. This review systematically outlines the activation and
transduction of the JA signaling pathway in response to salinity stress and elaborates on the mechanisms by which it enhances plant salt adaptation
through regulating various physiological processes, including ion homeostasis, reactive oxygen species (ROS) accumulation and scavenging, seed
germination inhibition, and plant growth inhibition. Furthermore, the article summarizes key transcription factors and functional genes identified within this
pathway. Finally, this review discusses current challenges in the field and prospects for molecular breeding strategies to cultivate salt-tolerant crop varieties

by modulating the JA signaling pathway, along with their potential applications.
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Introduction

As soil salinization intensifies, salt stress has emerged as a major
environmental threat to global food productionll. Therefore, eluci-
dating plants' or crops' salt tolerance mechanisms is essential for
improving stress resistance and developing salt-tolerant cultivars. In
response to environmental changes, adaptive adjustments are
primarily mediated by plant hormones2-4. Among them, abscisic
acid (ABA), gibberellic acid (GA), ethylene (ET), salicylic acid (SA),
auxin, cytokinins (CKs), and brassinosteroids (BRs) play important
roles in salt stress responses and in balancing growth35-71, Beyond
these recognized hormones, accumulating evidence has also
highlighted the involvement of JA in plant adaptation to saline
environments8-19, To systematically synthesize these findings, this
review summarizes advances in existing research, introduces poten-
tial processes underlying salt-induced JA synthesis, and specifically
focuses on elucidating how the resulting JA signaling functions in
plant adaptation to salt stress. To date, many regulators of JA signal-
ing involved in plant salt responses have been identified (Table 1).
For more comprehensive reviews of JA's other functions and diver-
sity, we refer readers to other excellent reviews!'.12],

Overview of plant salt stress responses

Salt stress, an abiotic constraint caused by elevated concentra-
tions of ions such as Na* and CI- in the soil'3], poses a formidable
challenge to plant growth and development (Fig. 1). Initially,
elevated ion concentrations in the soil impose osmotic stress by
lowering soil water potential, thereby impairing water uptake by
plant cells and ultimately leading to cellular dehydrationU'4.. Subse-
quently, excessive salt ions that enter the root and accumulate
within plant tissues disrupt ion homeostasis across the plasma
membrane, alter electrochemical gradients, and interfere with the
uptake and transport of other essential ions, thereby causing
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substantial damage to plant growth and physiology!'>l. Salt stress
also triggers secondary stresses, including oxidative stress: the accu-
mulation of ROS, such as hydroxyl radicals (*OH), hydrogen perox-
ide (H,0,), superoxide anion radical (O,"-), and singlet oxygen ('0,),
damages cellular structures like membranes and compromises the
stability of macromolecules and small metabolites!6:17],

Plants employ a sophisticated network of mechanisms to perceive
and translate salt stress signals into physiological and molecular
responses (Fig. 1). Glycosyl inositol phosphorylceramide (GIPC),
localized in the plasma membrane, acts as a Na* receptor by directly
binding Na*, thereby regulating Ca?*+ influx and triggering down-
stream signaling pathways!'él. As a key second messenger in salt
stress, a rapid surge in cytosolic CaZt concentration is orchestrated
by both osmotic and ionic stimuli'®. This CaZ* signal subsequently
activates the Salt Overly Sensitive 2 (SOS2) kinase, initiating
the downstream SOS pathway within hours to facilitate ionic
homeostasis292"l, Concurrently, ROS generated under salinity also
function as secondary messengers in salt signal transductionl'922]
(Fig. 1). In addition, it is possible that additional salt receptors
remain to be discovered in plants(23],

Under salt stress, the plant cell wall functions not only as a physi-
cal apoplastic barrier and Na* reservoir, but also as an active partici-
pant in early stress responses through dynamic changes in its
integrity?#. Cell wall integrity sensors, such as leucine-rich repeat
receptor kinases (LRR-RKs), mediate the transduction of signals aris-
ing from cell wall perturbations caused by salt stress through inter-
acting with downstream signaling partners2425l, Together, these
events represent an early component of signal transduction and
adaptive cellular restructuring in response to salinity stress.

Building upon these initial signaling and cellular adjustments,
plants activate a suite of coordinated physiological and molecular
mechanisms to establish systemic tolerance. For instance, plants rely
on the SOS2 kinase to regulate ion transporter systems involved in
Na* homeostasis, including activation of Salt Overly Sensitive 1
(SOS1) at the plasma membrane. Recent evidence indicates that
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Table 1. Summary of the components involved in JA-mediated responses to salt stress.

Name Species Type Function Reference
JAZs Arabidopsis thaliana Jasmonate-ZIM- Under salt stress, JAZ proteins are degraded via the 26S proteasome, thereby [9,29,73,76,
Salvia miltiorrhiza domain protein releasing transcription factors like MYC2 to activate JA-responsive genes. The 77,80,87,89]
expression of some JAZs are induced by salt stress.
FER Arabidopsis thaliana  receptor-like kinase ~ Under salt stress, FER binding of RALF inhibits JA synthesis and signaling by [25,57]
accumulating active ABA.
RALF22/23 Arabidopsis thaliana Rapid alkalinization ~ Under salt stress, they are cleaved from LRX and bind to FER to activate [25,57]
factor Peptide downstream responses that inhibit excessive JA synthesis.
LRX3/4/5 Arabidopsis thaliana Leucine-rich Under salt stress, RALF release from LRX3/4/5 initiates downstream responses [25,57]
repeat/extensin that affect JA synthesis.
MBW Complex Arabidopsis thaliana Transcriptional The complex is a crucial activator of anthocyanin biosynthesis under salt [29]
(MYB75, complex (MYB-bHLH-  stress.
TTG8/EGL3, WD40)
WD40)
TPR2 Arabidopsis thaliana Transcriptional co-  TPR2 is recruited by ECAP to form a repression complex that suppresses the [29,45]
repressor MBW complex, inhibiting anthocyanin biosynthesis.
con Arabidopsis thaliana, F-box protein COI1 forms the core co-receptor complex with JAZ proteins for JA [29,35,38,43,74]
Nicotiana tabacum, perception. Its activity leads to JAZ degradation and the initiation of JA
Oryza sativa signaling under salt stress.
ECAP Arabidopsis thaliana  EAR motif-containing It interacts with JAZ6/8, TPR2 and MYB75 to suppress the MBW comple, fine- [29,45]
adaptor protein tuning anthocyanin biosynthesis under salt stress
MYC2 Arabidopsis thaliana, bHLH transcription MYC2, the core transcription factor of the JA signaling pathway, activates JA- [38,48,74,78,
Caragana korshinskii, factor responsive genes to suppress root growth under salt stress in Arabidopsis, 80,84]
Solanum lycopersicum promotes ABA accumulation and inhibits stomatal development in
Caragana, and collaborates with SIWRKY42 in tomato to regulate
downstream stress responses.
PLTs Oryza sativa, AP2-domain JA signaling inhibits their expression,which is related to cell division and [38,74]
Arabidopsis thaliana ~ transcription factor  elongation, repressing root growth to adapt to salt stress.
ACX Arabidopsis thaliana Acyl-CoA oxidase Under salt stress, ACX is involved in JA biosynthesis to enhance JA signaling. [46]
AOC Arabidopsis thaliana,  Allene Oxide Cyclase  Under salt stress, ZmEREB57 enhances tolerance by binding the ZmAOC2 [46,53,54,62]
Zea mays promoter to regulate OPDA synthesis..
AOS Arabidopsis thaliana, Allene Oxide Synthase AOS, a key JA biosynthetic enzyme, is directly activated by IbNAC087 and [46,60,77]
Ipomoea batatas indirectly regulated by ABF3 to enhance JA signaling under salt stress.
LOX Arabidopsis thaliana, Lipoxygenase Under salt stress, it is a key enzyme, directly activated by IbNAC087 to [46,52,60]
Ipomoea batatas enhance JA accumulation and salt stress tolerance. In soybean, the
Glycine max expression of GmLOX6 is suppressed by GmRWP-RK11.
CkCYP70A4 Caragana korshinskii ~ Cytochrome P450  Under salt stress, the CkMYC2-CkPYL4-CkPP2C complex suppresses [48]
enzyme CkCYP70A4 activity, leading to ABA accumulation.
CkPP2C Caragana korshinskii Phosphatase Under salt stress, CkPP2C forms a complex with CkMYC2 and CkPYL4 to [48]
suppress the inhibitory function of CkPP2C, contributing to ABA
accumulation.
CkPYL4 Caragana korshinskii ABA receptor Induced by JA, it forms a complex with CkMYC2 and CkPP2C to inhibit [48]
CkCYP70A4, leading to ABA accumulation under salt stress.
GmRWP-RK11 Glycine max RWP-RK TF family It is a transcriptional repressor of GmLOX6 under salt stress in soybean. [52]
OPR Arabidopsis thaliana Cis-12-oxo- Under salt stress, OPR is involved in JA biosynthesis to enhance JA signaling. [53,54]
phytodienoic acid
reductase
PAO5 Arabidopsis thaliana ~ Polyamine oxidase ~ PAOS5 catalyzes polyamine oxidation. Its loss-of-function increases tSpm [59]
levels, enhancing salt tolerance via promotion of JA biosynthesis.
IbNAC087 Ipomoea batatas NAC transcription It boosts JA accumulation by activating JA synthesis genes under salt stress, [60]
factor enhances ROS scavenging, and improves salt tolerance.
IbNIEL Ipomoea batatas E3 ubiquitin ligase It negatively regulates plant salt tolerance by weakening the activation of JA [60]
synthesis genes through the degradation of IbNAC087.
IbGATA24 Ipomoea batatas GATA zinc finger Salt stress induces the expression of IbGATA24, which in turn affects JA [61]
transcription factor  accumulation.
ZmEREB57 Zea mays AP2/ERF transcription Itis induced by salt stress and directly binds to the ZmAOC2 promoter, [62]
factor enhancing salt tolerance by regulating OPDA and JA synthesis.
GPX6 Arabidopsis thaliana Glutathione peroxidase Under salt stress, JA enhances the expression of GPX6, thereby aiding GSH- [63]
mediated ROS scavenging.
RBOH Glycine max NADPH oxidase JA activates these genes that induce H,0, production in roots under salt [70]
stress, leading to growth inhibition.
TaTIFY3B Triticum aestivum Jasmonate-ZIM- Under moderate salt stress, its overexpression enhances seed germination [73]
domain protein and root growth, but intensifies germination inhibition under high salinity.
TaTIFY10A Triticum aestivum Jasmonate-ZIM- Its overexpression promotes root growth under salinity. [73]
domain protein
OsbHLH089/0s Oryza sativa Class CbHLH They form a ternary complex with RSS3 and JAZ proteins to modulate JA [76]
bHLH094 transcription factors  responses and maintain root cell elongation under salt stress.
RSS3 Oryza sativa Transcriptional co- ~ RSS3 forms a ternary complex with class C bHLH factors and JAZ proteins, [76]
repressor and its mutation enhances JA-responsive gene expression and inhibits root
growth under salt stress.
ABF3 Arabidopsis thaliana bZIP transcription Under salt stress, ABF3 enhances JA signaling by competitively binding to [77]
factor JAZ1, thereby preserving MYC2 activity.
MKK3-MPK6 Arabidopsis thaliana  MAP kinase cascade  Under salt stress, it cascade phosphorylates and activates MYC2 to suppress [78]
module P5CS1, reducing proline accumulation and inhibiting growth.
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Table1. (continued)
Name Species Type Function Reference
P5CS1 Arabidopsis thaliana 1-pyrroline-5- Under salt stress, the MKK3-MPK6 pathway-activated MYC2 suppresses its [78]
carboxylate synthetase expression, reducing proline accumulation and inhibiting growth.
CYP94C2b Oryza sativa Cytochrome P450 It inactivates JA-lle, reducing JA signaling to alleviate growth inhibition under [79]
enzyme salt stress.
RCA Arabidopsis thaliana Rubisco activase Under salt stress, JA signaling activates its expression via MYC2 to improve [84]
photosynthetic efficiency.
SIWRKY42 Solanum lycopersicum WRKY family Under saline-alkali stress, it binds to the SISPDS2 promoter with SIMYC2 to [86]
transcription factor ~ promote spermidine synthesis and enhance plant tolerance.
SIWRKY80 Solanum lycopersicum WRKY family Released from SIJAZ1 inhibition, it activates the promoters of SISPDS2 and [87]
transcription factor ~ SINHX4 to regulate Spd synthesis and Na*/K* homeostasis, enhancing salt
tolerance.
NF-Y complex  Arabidopsis thaliana NF-Y transcription Under salt stress, this complex is released, thereby regulating the expression [89]
g{l\éFg—)YM -YB2- factor complex of salt stress-related genes.

a
Osmotic stress lonic stress Oxidative stress
b . :
Signal transduction
C

a The challenge of salt stress
- cellular dehydration
- disrupts ion gradients
- overaccumulation of ROS

Salt stress perception and transduction

- receptors/early signaling (e.g.,GIPC)

- secondary messengers (e.g.,ROS, Ca?)

- key signaling pathway (e.g.,SOS pathway)

lon homeostasis || Osmotic adjustment | Oxidative mitigation

C
Adaptation and tolerance mechanisms

Salt stress response and tolerance

- regulation of ion transporters
- accumulates compatible solutes
- enzymatic/non-enzymatic antioxidants

Fig. 1 A simplified overview of how plants perceive and respond to salinity. In the left panel, orange arrows indicate the process by which salt stress
induces osmotic, ionic, and oxidative stress and affects the normal functioning of plants, while green arrows represent the perception, signal
transduction, and adaptive responses of plants to salinity. The right panel details three key aspects: (a) the negative impacts of salt stress on plant growth
and development; (b) the signal transduction pathway activated by salt stress. In the figure, GIPC refers to the sodium ion receptor glycosyl inositol
phosphorylceramide; (c) multiple regulatory mechanisms operating at the transcriptional and protein levels to facilitate adaptive responses. This figure

was created using https://BioRender.com.

SOS1 is also localized to late endosomal/prevacuolar and vacuolar
membranes, where it may contribute to intracellular Na* compart-
mentation in addition to plasma-membrane Na* extrusion, thereby
reducing Na*-induced interference with cellular functions!26:27], Plant
cells also undergo osmotic adjustment by accumulating compatible
solutes such as proline, glycine betaine, polyols, polyamines, and
certain soluble sugars, which help lower cellular osmotic potential
and maintain turgor pressure under stress. Late embryogenesis
abundant (LEA) proteins contribute by stabilizing cellular compo-
nents during dehydration2'28], Concurrently, to mitigate the oxida-
tive stress inevitably generated during salt stress, plant cells must
tightly regulate ROS levels through a coordinated system encom-
passing their synthesis, translocation, and scavenging!'7.20, Both
enzymatic and non-enzymatic systems are induced to detoxify
ROS2171, Key enzymes involved include superoxide dismutase
(SOD), glutathione peroxidase (GPX), and glutathione S-transferase
(GST). Non-enzymatic antioxidants comprise reductive compounds
like alkaloids, carotenoids (Car), glutathione, and flavonoids (e.g.,
anthocyanins)17.20],

Previous studies indicate that salt stress affects plants differently
depending on both its intensity and the developmental stage of the
plant: moderate salt levels primarily inhibit seed germination, plant
growth, and development, while severe salt stress can lead to negli-
gible growth or compromise plant survival??l. Recently, many stud-
ies have shown that JA plays important roles in these differential
responses across salt concentrations. In this review, we focus on
JA-mediated plant response strategies under moderate and severe

Liu et al. Plant Hormones 2026, 2: €025

salinity stress. Here, moderate stress refers to sublethal conditions
that primarily inhibit plant growth and development, whereas
severe stress refers to lethal conditions that severely suppress
growth and ultimately lead to plant death. Mechanisms beyond JA
signaling that underlie plant responses to salt stress have been
extensively reviewed elsewhere (e.g., Cao et al.l'l, Ma et al.l4, Ismail
et al.l'3], and Yang & Guo(2%) and will not be discussed in detail here.

JA functions and signal transduction

JA regulates various biological processes, including seed
germinationB3%, flowering timel'], stamen development, fruit
developmentB2, trichome development3233], |eaf senescencel®4,
and responses to biotic and abiotic stressesB5-37], The JA receptor
CORONATINE INSENSITIVE 1 (COI1) was identified as an F-box
proteinB8, structurally similar to the auxin receptor TRANSPORT
INHIBITOR RESPONSE 1 (TIR1)B3940, COI1 mediates degradation of
jasmonate ZIM-domain (JAZ) transcriptional repressors via the
Skp1/Cullin/F-box (SCF) complex354142], Analysis of the receptor
structure reveals that the COI1-JAZ co-receptor complex specifically
recognizes bioactive (3R, 7S)-jasmonoyl-L-isoleucine (JA-lle) through
an open pocket, with inositol pentakisphosphate stabilizing co-
receptor interaction!*3l. Under some specific developmental signals
or environmental stimuli, elevated JA levels enhance COI1-JAZ
binding[2939-431 triggering JAZ degradation and releasing the
master transcription factors, such as myelocytomatosis protein
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2 (MYC2) and MYG3,
responses[343641.431 (Fig. 2).

In the basal state, JAZ proteins interact with transcription factors
(e.g., MYC2, MYB75) and recruit adaptors (e.g., novel interactor of
JAZ, NINJA; EAR motif-containing adaptor protein, ECAP) and co-
repressors (TOPLESS, TPLs; TOPLESS-related proteins, TPRs) for tran-
scriptional repression. NINJA interacts with JAZ proteins and recruits
TPLs via its ERF-associated amphiphilic repression (EAR) motift44:43],
Similarly, ECAP binds JAZ6/8 and recruits TPR2 to inhibit
the WD-repeat/bHLH/MYB complex, modulating anthocyanin
biosynthesisi29431 (Fig. 2).

As a central bHLH transcription factor, MYC2 activates target
genes by binding to G-box (5'-CACGTG-3') motifs in their promoters.
Through this mechanism, it regulates diverse processes including
root growth inhibition, secondary metabolite synthesis, defense
responses, and circadian rhythms[34-36:4143.46] (Fig. 2). Furthermore,
MYC2 serves as a key integrator, mediating crosstalk between JA
signaling and other pathways, including light signaling and multi-
ple hormone networks such as ABA, SA, GAs, and indole-3-acetic
acid (IAA)B3746-48] (Fig. 2). Recent studies have elucidated another
core component in the JA signaling pathway: MEDIATOR25
(MED25), a subunit of the transcriptional co-activator complex
Mediator. MED25 interacts directly with MYC2 and recruits histone
acetyltransferase HAC1, members of the Gro/Tup1 family of tran-
scriptional co-repressors like LEUNIG HOMOLOG (LUH), and
RNA polymerase Pol Il to facilitate transcriptional activation and
initiation!2591 (Fig. 2). Additionally, it plays a precise regulatory role
in terminating JA signaling by modulating JAZ splice variants via

which activate downstream JA

https://doi.org/10.48130/ph-0026-0023

pre-mRNA-processing factor 39 and 40 (PRP39a and PRP40a),
thereby preventing excessive JA response or desensitization?), In
tomato, the SIMYC2-SIMED25-MTB feedback loop serves as a key
mechanism that balances JA-mediated defense with growth,
preventing excessive inhibition, which underscores its central role in
JA signaling®9l, For extensive coverage of the expanding JA signal-
ing paradigm, including its diverse physiological outputs, please see

the excellent review by Hu et al.'"l, Howe & Yoshidal3¢, and Zhai et
al.l,

Salt stress induces JA biosynthesis

Early studies have revealed a close link between JA and salt
stressi'), It has been demonstrated that salt stress induces JA
biosynthesis, a process that relies on multiple enzymes, including
lipoxygenase (LOX), allene oxide synthase (AOS), allene oxide
cyclase (AOC), cis-12-oxophytodienoic acid reductase (OPR), and
acyl-CoA oxidase (ACX)“632, Under salt stress, the expression of key
JA biosynthetic genes is upregulated, as demonstrated by an
increase in AOC (in wheat), LOX (in rice and soybean), and OPR (in
rice and Arabidopsis)29525354], The synthesized JA subsequently acti-
vates the JA signaling pathway, which mediates the expression of
salt stress-responsive genes2%33], In addition, substantial overlap
exists between genes regulated by salt stress and those modulated
by JA treatment, further supporting JA's involvement in salt stress
responsesi®'l,  Furthermore, exogenous application of JA has
been shown to enhance plant salt tolerancels'l. For instance, JA
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o)

|

v
AZ 26S

|

Key integrator

v
MYC2

v

Q'Mediator

2OVOVAS 2 31 I
Pol
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Fig. 2 A simplified overview of JA signaling transduction in plants. In the resting state, JAZ recruits a transcriptional repressor complex (JAZ-NINJA-TPL)
to inhibit the activity of core transcription factors (e.g., MYC2). When plants sense specific developmental signals or experience stress conditions, the
bioactive JA-lle level increases. Upon binding to COI1, JA-lle promotes the degradation of JAZ proteins via the 26S proteasome pathway, thereby
activating the expression of downstream response genes. This process involves multiple proteins. For example, the key transcription factor MYC2 directly
interacts with the Mediator subunit MED25 and recruits Pol Il to initiate transcription. As indicated by the pink arrows, MYC2 acts as a key integrator that
mediates crosstalk among multiple signaling pathways, including various phytohormone signaling pathways. The JA signaling pathway regulates diverse
aspects of plant growth and development, as well as responses to both biotic and abiotic stresses. The seven colored boxes at the bottom of the figure
represent processes regulated by JA signaling. '26S' is the abbreviation of the 26S proteasome degradation pathway. This figure was created using

https://BioRender.com.
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pretreatment in barley significantly reduced Na* accumulation
under salt stress and partially alleviated the salt-induced inhibition
of photosynthesis>'l,

Building upon this established link, recent research has focused
on deciphering the upstream molecular mechanisms that activate
JA biosynthesis under salt stressl*654-62 Emerging evidence
suggests that other hormonal signals can act as critical intermedi-
ates in this process. For example, in rice, salt stress rapidly promotes
ethylene biosynthesis in primary roots. This ethylene signal then
contributes to JA induction, as salt stress triggers JA biosynthesis
through both ethylene-dependent and independent pathways,
which jointly mediate the growth inhibition of primary roots3%!
(Fig. 3). Reduced glutathione (GSH) enhances Arabidopsis tolerance
to salt stress by acting as an antioxidant to scavenge ROS and also
regulates the translation of genes involved in JA biosynthesisl>3l.
GPXs are an enzyme family that utilizes GSH to catalyze the reduc-
tion of peroxides and other harmful molecules®3l. Under salt stress,
AtGPX6 is specifically upregulated following JA treatment®®6l. This
crosstalk suggests that plants employ a complex and sophisticated
regulatory network between JA and GSH (Fig. 3). GSH stimulates JA
biosynthesis, and JA signaling further upregulates the expression of
AtGPX6 to consume GSH. This process enhances ROS scavenging
efficiency and optimizes energy allocation in plants under salt stress.

As the outermost structure of plant cells, the cell wall plays a criti-
cal role in mediating plant responses to salt stress(?4, A signaling
module, consisting of leucine-rich repeat extensins (LRX3/4/5), rapid
alkalinization factor peptides (RALF22/23), and the receptor kinase
FERONIA (FER), has been identified as a key regulator in this
processt/l. LRX3/4/5 proteins localize in the cell wall and bind
RALF22/23. Under salt stress, the STP protease cleaves and releases
the RALF22/23 peptides, which then interact with FER and trigger
its internalization(2557), This module indirectly upregulates the
expression of JA biosynthetic genes (e.g., AOS, AOC2/3, LOX3/4, and

¥ v
Organic amines
(Spm, tSpm) “ROS

increase

l H,0
GSSG
Cz~H4 Spm, tSpm GSH

Ethylene
biosynthesis

Plant Hormones

OPCL1) by promoting ABA accumulation under salt conditions,
thereby facilitating JA biosynthesis“6571 (Fig. 3).

Recently, organic amines such as spermine (Spm) and thermo-
spermine (tSpm), whose production is directly induced by salt stress
in Arabidopsis, have also been found to play important roles in the
salt stress-induced biosynthesis of JAE859 (Fig. 3). The level of free
organic amines depends on the balance between their biosynthesis
and oxidation9, In Arabidopsis, loss of the polyamine oxidase gene
Polyamine Oxidases 5 (AtPAOS) leads to tSpm accumulation, which
enhances salt tolerance by promoting the biosynthesis of JA and
related compounds under lethal salinity stress>9,

Collectively, the signaling pathways described above converge to
regulate the transcription of JA biosynthetic genes under salt stress.
The salt-induced expression of these genes is regulated by several
transcription factors. For example, the RWP-RK transcription factor
GMRWP-RK11 was identified as a transcriptional repressor of
GmLOX6 under salt stress in soybean®2., In sweet potato, the NAC
transcription factor IbNAC087 is upregulated in salt-tolerant
germplasms, where it directly activates JA biosynthesis genes such
as IbLOX and IbAQOS, leading to increased JA accumulation and
enhanced ROS scavenging, thereby improving tolerance to salinity
and droughtl®9, In addition, the E3 ubiquitin ligase NACO87-INTER-
ACTING E3 LIGASE (IbNIEL) negatively regulates salt-alkali and
drought tolerance by ubiquitinating and degrading IbNAC087,
thereby attenuating its activation of JA biosynthesis genes©,
Another salt-induced transcription factor, the GATA transcription
factor IbGATA24, also promotes JA accumulation. It interacts with
constitutive photomorphogenesis 9-5a (COP9-5a). COP9-5 also
shows comparable salt tolerance functions6'l. This evidence may
suggest that IbGATA24 and COP9-5a integrate light signaling with
JA signaling. In maize, the AP2/ERF transcription factor ethylene-
responsive element binding factor 57 (ZmEREB57), which is induced
under abiotic stress, directly binds to the promoter of ZmAOC2 to

Cell wall

ABA-GE FER
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>
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JA-lle biosynthelsis regulatory TFs

r
GmRWP-RK11

—

IbNAC087

ZmEREB57) (IbGATA24) .....7

Wﬁii
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.

Enzymes in JA biosynthesis

J

Fig. 3 Mechanisms of salt stress-induced JA biosynthesis in plants. Salt stress induces JA biosynthesis through multiple pathways, with ethylene, ABA,
ROS, and polyamines acting as upstream regulators. Blue text marks known triggers/events that promote JA biosynthesis under salt stress. Among them,
the membrane receptor FER inhibits the accumulation of the active form of ABA, but under salt stress, the RALF-LRX-S1P module triggers FER
internalization. The accumulation of JA under salt stress is primarily achieved by upregulating the expression of enzymes involved in JA biosynthesis.
Several transcription factors have been reported to directly participate in this process. Solid arrows indicate direct regulatory relationships between
transcription factors and their target genes that are supported by evidence, while IbGATA24 is involved in this process but lacks identified direct target
genes. Enzymes are presented in the order of the JA biosynthetic pathway to show the regulatory points of transcription factors. Dashed lines in the figure
indicate a causal relationship that is not direct or lacks more concrete evidence, while solid lines represent well-established and more direct regulatory

interactions. This figure was created using https://BioRender.com.
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regulate the synthesis of 12-oxophytodienoic acid (OPDA), a JA
precursor, and enhance salt tolerance by modulating both OPDA
and JA signaling pathways!®? (Fig. 3).

While substantial progress has been made in characterizing the
activators involved in salinity-induced JA biosynthesis, the precise
regulatory mechanisms by which salt stress triggers JA biosynthesis
in plants are not fully understood.

Mechanisms of JA signaling in
mediating plant adaptation to salt
stress

JA signaling mediates antioxidation under
salinity

Under salt stress, excessive ROS accumulation leads to oxidative
stress, while JA signaling plays a critical role in regulating ROS
scavengingl#5555664], This process typically occurs in mature tissues
or at later stages of the stress responsel*>355664] |t has been
reported in various crops, such as sweet potato and Phaseolus
vulgaris L., that JA enhances salinity tolerance by boosting the plant’
s overall antioxidant defense capacity(®'l. Studies have shown that
JA signaling partially regulates plant antioxidant defenses by upreg-
ulating the expression of key enzymes such as SOD, POD, CAT,
ascorbate peroxidase (APX), and increasing the concentrations of
antioxidant compounds like GSH, chlorophyll b (Chl b), and Car, and
promoting the accumulation of protective metabolites like antho-
cyanin, thereby bolstering cellular antioxidant capacity under

stress[®4564], The underlying molecular mechanisms are well charac-
terized in the model plant Arabidopsis. For instance, anthocyanins,
an important class of secondary metabolites, serve as a key example
of a JA-induced antioxidant response (Fig. 4). Their biosynthesis is
complex

primarily regulated by the master transcriptional
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MYB-bHLH-WD40 (MBW)3l. Under control conditions, JAZs can
competitively bind members of MBW and repress MBW activity(©¢l.
In addition, ECAP can interact with specific JAZ proteins and recruit
the co-repressor TOPLESS-related protein 2 (TPR2) to form the JET
(JAZs-ECAP-TPR2) complex, which epigenetically represses the
expression of anthocyanin biosynthetic genes!*>l. Under salt stress,
elevated JA levels trigger JAZ protein degradation, which releases
the MBW transcription complex from inhibition and promotes the
expression of anthocyanin biosynthetic genes294l. Interestingly,
ECAP can also directly interact with and inhibit the transcriptional
activity of MYB75, a core member of the MBW complex. Under
lethal salt stress (e.g., 200 mmol/L NaCl), ECAP is degraded via the
26S proteasome pathway, thereby releasing MYB75, which
promotes anthocyanin accumulation for enhanced ROS scavenging
and stress adaptation. Notably, this regulatory pathway is likely JA-
independent. Collectively, these findings suggest that plants
employ distinct strategies (e.g., JA-dependent vs JA-independent) to
cope with varying intensities of salt stress, yet the precise mecha-
nisms that differentiate responses to moderate vs severe salinity
require further investigation(2945],

JA signaling regulates plant ion homeostasis
under salinity

Recent studies have revealed that JA signaling modulates down-
stream transcription factors to directly or indirectly influence ion
transport and Na*/K* homeostasis, thereby contributing to the
maintenance of a low cytosolic Na*/K* ratio under salinity
stress[10.67], Salinity stress can enhance JA biosynthesis in grapevines,
activate the JA signaling pathway, and promote the expression of
the Nat/H* EXCHANGER (NHXT1). This process enhances grapevine
salt tolerance by maintaining cellular ion homeostasis(®8l. In tomato,
the WRKY transcription factor SIWRKY81 responds to JA signaling
and facilitates the reduction of the Na*/K* ratio in root cells under
saline-alkali stress. SIWRKY81 directly activates the expression of the
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Fig. 4 Mechanisms of JA signaling in plant adaptation to salt stress. Salt stress induces JA signaling, which subsequently enhances plant salt tolerance.
According to current reports, such tolerance mainly centers on responding to ionic and oxidative stress. The left panel shows JA-mediated regulation of
ion homeostasis under salt stress, with red text indicating the species in which each pathway has been reported. Under salt stress, JA mainly regulates ion
homeostasis by activating key transcriptional regulators (e.g., SIWRKY80/81), which in turn modulate the expression or activity of ion channels and proton
pumps. JA signaling promotes the expression of the vacuolar membrane Na*/H* antiporter NHX, enhances proton pump activity, and increases ATP
accumulation, indirectly enabling the proton pump to provide more H* ions required by NHX. The right panel shows the mechanisms by which JA
regulates the antioxidant system under salt stress, mainly through upregulating the expression of antioxidant enzyme genes (POD, CAT, APX, SOD) and
promoting the accumulation of antioxidant compounds (carotenoids, anthocyanin, chlorophyll b, GSH) to scavenge ROS. Dashed lines in the figure
indicate a causal relationship that is not direct or lacks more concrete evidence, while solid lines represent well-established and more direct regulatory

interactions. This figure was created using https://BioRender.com.
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Na*/H* antiporter gene SINHX4. SINHX4 is closely related to
AtNHX1/2 and is predicted to localize to the vacuole, where it may
play a role in Na* compartmentalization and thereby contribute to
Na+/K+ homeostasis®”! (Fig. 4). Research on the desert shrub Nitraria
tangutorum using Noninvasive Microelectrode Technique (NMT)
analysis confirmed that pretreatment with exogenous methyl
jasmonate (MeJA) significantly promotes the Na* efflux rate at the
root tip, which helps reduce the Na*/K* ratio in the shoot['%l, Simi-
larly, in the desert evergreen shrub Ammopiptanthus nanus,
herbivory-induced JA signaling can activate the plasma membrane
H*-ATPase to drive Na*/H* antiport, promoting Na* efflux and
reducing K+ leakage, thus enhancing salt tolerancel®®. In soybean, a
study has shown that treatment with JA can increase root ATP
content and vacuolar H*-ATPase activity under salt stress, thereby
promoting K* uptake and Na* compartmentalization, while effec-
tively reducing root-to-shoot translocation of Na*. Although JA
contributes to salt tolerance in soybean, it concurrently suppresses
root growth7071, This finding suggests that JA-mediated regulation
of ion homeostasis may be species-specific.

In conclusion, JA signaling contributes to cellular ion homeostasis
under salinity primarily through transcriptional regulation, with key
transcription factors (e.g., SIWRKY81, SIWRKY80) orchestrating the
expression of major ion transporter genes, including NHXs and
H*-ATPase (Fig. 4). The coordinated action of these transporters
facilitates Na* exclusion or sequestration and K* retention, thereby
maintaining a low cytosolic Na*/K* ratio. However, the full range of
transcription factors involved, their target genes, and how these
regulatory interactions are tuned across tissues and stress intensi-
ties remain important subjects for future research.

JA-mediated physiological responses
to salinity in plants

JA signaling inhibits seed germination and plant
growth under salt stress

Under moderate salt stress, JA signaling generally suppresses
seed germination, plant growth, and development, which may
represent an active adaptive mechanism by which plants reallocate
resources to defend against salt stress!’2. Consistently, loss of func-
tion of JASMONATE RESISTANT1 (JART), which is required for the
biosynthesis of bioactive JA-lle, results in a higher germination
ratel’2, Further investigation revealed that the JA-MYC2 module
represses the expression of the antioxidant enzyme gene CATA-
LASE2 (CAT2), thereby increasing ROS levels and negatively impact-
ing seed germination”2. In addition, Arabidopsis JAZ12/TIFY3B is
involved in salt stress and osmotic stress responsest’3. The
Arabidopsis tify3b mutant showed a lower germination rate under
salt stress and JA treatmentl’3l, Additionally, Arabidopsis
JAZ12/TIFY3B and JAZ2/TIFY10A are implicated in salt and osmotic
stress responses. The tify3b and tify10a mutants display reduced
germination under combined salt stress and JA treatment, whereas
overexpression of the wheat orthologs TaTIFY3B or TaTIFY10A in
Arabidopsis enhances seed germination under saline conditions!”3l.
This inhibitory effect of JA on seed germination may function as a
stress-avoidance strategy, delaying germination until conditions
become more favorable, thereby ensuring seedling survival (Fig. 5).

Besides seed germination inhibition, JA also plays a role in
repressing plant growth under saline conditions’4751 (Fig. 5). In both
rice and Arabidopsis, JA signaling, perceived through the COIT1-JAZ
co-receptor complex, promotes JAZ protein degradation and the
subsequent release of transcription factors such as MYC2/3/4138],

Liu et al. Plant Hormones 2026, 2: €025

Plant Hormones

These TFs activate the JA-responsive genes and repress genes
involved in cell division and elongation (e.g., PLETHORA, CycB2;1),
thereby repressing root growth and reshaping root system architec-
ture, which may help plants avoid high-salinity zones and optimize
spatial organization under salt stress74-761, JA signaling was also
shown to suppress root growth through MYC2-mediated inhibition
of CAT2 expression72l, A recent study has revealed that under salt
stress, the bZIP transcription factor ABSCISIC ACID-RESPONSIVE
ELEMENT BINDING FACTOR3 (ABF3) positively regulates JA signal-
ing in Arabidopsis through a dual mechanism. First, ABF3 competes
for JAZ1 binding, thereby preserving the transcriptional activity of
the key regulator MYC2. Second, ABF3 indirectly promotes the
expression of the JA biosynthetic gene AOS, elevating endogenous
JA levels and further amplifying the JA-mediated signaling cascade
in response to salinityl”7l, Interestingly, under salt stress, the regula-
tion of MYC2 activity extends beyond the canonical JA-COI1
pathway. For instance, the MAPK cascade MKK3-MPK6 can directly
phosphorylate and activate MYC2, which subsequently suppresses
the expression of the key proline biosynthesis gene 31-pyrroline-5-
carboxylate synthasel (P5CST). This reduction in proline accumula-
tion contributes to the inhibition of both seed germination and root
growth in Arabidopsist8! (Fig. 5).

To prevent excessive growth inhibition under salt stress, plants
have evolved multi-layered negative feedback mechanisms to finely
regulate the dynamic balance of JA signalingl#873.76.79.801 Plants inac-
tivate JA to directly alleviate its growth-suppressive effects under
salinity. In rice, the cytochrome P450 family gene CYP94C2b inacti-
vates JA by catalyzing the conversion of JA-lle into 120H-JA-lle and
12COOH-JA-lle (Fig. 5). This metabolic pathway directly reduces
active JA levels, thereby alleviating growth inhibition under salinity
stressl79l, Additionally, the accumulation of JAZ proteins provides
negative feedback regulation of JA signaling and facilitates growth
recovery!7389, Evidence from wheat shows that overexpression of
JAZ proteins TaTIFY3B and TaTIFY10A promotes root growth under
salinity, indicating that the JA-mediated inhibition of root growth at
moderate salinity can be mitigated by JAZ protein accumulation73l,
In the COI1-dependent JA signaling pathway of Arabidopsis, salt
stress significantly upregulates eight out of nine JAZ genes, with
JAZ5, JAZ7, and JAZ8 showing the highest expression levels. These
JAZs are proposed to act as negative feedback regulators by inter-
acting with MYC2/3/4, playing a pivotal role in growth recovery
post-stress(&%, Moreover, the JA and ABA pathways engage in recip-
rocal crosstalk to fine-tune the balance between growth and stress.
In the drought- and salt-tolerant plant Caragana korshinskii, salt
stress-induced JA signaling interacts with the ABA signaling path-
way. Specifically, JA induces the expression of the TF CkMYC2 and
the ABA receptor PYRABACTIN RESISTANCE 1-LIKE 4 (CkPYL4). CkMYC2
further amplifies CkPYL4 expression, while CkPYL4 forms a complex
with the ABA signaling inhibitor histone A protein phosphatase 2C
family (CkPP2C), thereby suppressing its function and inhibiting
the activity of the key ABA catabolic enzyme CkCYP70A4. This
ultimately leads to ABA accumulation!®8], ABA accumulation recipro-
cally inhibits JA synthesis in leaves, establishing a negative feed-
back loop to maintain JA homeostasis under salt stress, whereas in
roots, ABA promotes JA synthesisi 8! (Fig. 5). In rice, loss-of-function
mutations in RICE SALT SENSITIVE3 (RSS3) mildly suppress cell elon-
gation under normal conditions but induce severe root growth inhi-
bition and root cell swelling under salt conditions. RSS3 forms a
ternary complex with class C bHLH TFs (OsbHLH089/0sbHLH094) and
JAZ proteins, and its mutation disrupts this complex, leading to
upregulation of JA-responsive genes. RSS3 appears to act primarily
on genes related to cell elongation rather than cell divisionl7¢l
(Fig. 5).
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Fig. 5 Signal pathways and components involved in JA-mediated regulation of seed germination inhibition and root growth inhibition. Under moderate
salt stress, JA reshapes root architecture and suppresses seed germination. Purple arrows indicate the core process of the JA-mediated salt stress response
under moderate salt stress: salt stress induces JA-lle accumulation, which further activates gene expression through degradation of JAZ proteins
(JAZ1/2/5/7/8/9/11/12). JAZs inhibit the function of MYC2/3/4, but promote RSS3 to suppress the function of OsbHLH089/094. This leads to the
suppression of genes regulating cell division and growth, such as CycB2;1 and PLTs, thereby inhibiting root growth. At the same time, MYC2 also
suppresses the expression of P5CST (encodes a key enzyme in proline synthesis) and CAT2 (encodes a key enzyme in ROS scavenging). These events
reduce proline accumulation and maintain ROS levels for signaling. Consequently, seed germination is inhibited, and root architecture is altered. In
addition, salt stress also affects this main pathway through other signaling routes. For example, it activates the MPK cascade MKK3-MPK6, which
phosphorylates MYC2 and enhances its function. Salt stress also promotes the expression of JAZ5/7/8, CkMYC2, and CkPYL4 (encodes ABA receptor
CkPYL4) through mechanisms that are not yet fully understood. CkPYL4 inhibits the ABA signaling repressor CkPP2C and the key ABA metabolism enzyme
CkCYP70A4, leading to ABA accumulation, which further promotes the accumulation of JA-lle. Under salt stress, CYP94C2b catalyzes the conversion of the
active form JA-lle into the storage forms 120H-JA-lle/12COOH-JA-lle, preventing overactivation of the signaling pathway. Dashed lines in the figure
indicate a causal relationship that is not direct or lacks more concrete evidence, while solid lines represent well-established and more direct regulatory

interactions. '26S' is the abbreviation of the 265 proteasome degradation pathway. This figure was created using https://BioRender.com.

JA mediates stomatal development and
photosynthetic acclimation under salt stress

Salt stress significantly disrupts plant physiology by impairing
stomatal development and function, which in turn limits carbon
dioxide uptake and suppresses photosynthesisi®'l. JA has been
shown to mediate the regulation of stomatal development and
photosynthetic acclimation in plants under salt stress82, As
described above, salt stress triggers the CkMYC2-CkPYL4-
CkPP2C-CkCYP70A4 cascade to elevate ABA levels. The guard-cell-
specific outcome of this pathway is the inhibition of stomatal
development in Caragana korshinskii*®! (Fig. 6). Furthermore, in
Pisum sativum, JA effectively mitigated the salt stress-induced
decline in leaf '*CO, fixation rate and Rubisco activity®3l. Although
this study did not address the underlying molecular mechanisms,
findings from barley may offer partial mechanistic insight: under salt
stress, JA signaling upregulates Rubisco activase A (RcaA) expres-
sion via MYC2, thereby improving photosynthetic efficiency84.
Collectively, these findings reveal a dual role of JA under salt stress:
it inhibits stomatal development, which may limit CO, uptake, while
concurrently enhancing photosynthetic efficiency by upregulating
RcaA (Fig. 6). This coordinated regulation illustrates a sophisticated
balancing mechanism by which JA modulates the trade-off between
stress adaptation (limiting transpiration) and growth maintenance
(optimizing photosynthesis) in saline environments35-37:47],

Jasmonate signaling modulates plant survival
under high salinity

When exposed to severe salt stress, plant growth is almost
completely arrested. At this stage, the central physiological
challenge changes from growth or adaptation to plant survival.
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Consequently, the molecular and physiological mechanisms
employed by plants under such extreme conditions likely funda-
mentally differ from those under mild to moderate salinity(29.851,
Some studies have identified novel regulators under severe salinity
stress. For instance, transcriptional regulatory networks involving
WRKY family members highlight the complexity of JA-mediated
responses to severe salt stress. In tomato, WRKY transcription fator
SIWRKY42 was identified as a JA-responsive TF under saline-alkaline
stress. SIWRKY42 collaborates with SIMYC2 to directly bind the
SISPDS2 promoter, thereby enhancing its transcription, promoting
Spd biosynthesis, and ultimately improving plant tolerance to lethal
salinity8®l, Similarly, elevated JA levels reduce SIJAZ1 expression,
thereby releasing the MelJA-responsive TF SIWRKY80, which acti-
vates SISPDS2 and SINHX4 to regulate polyamine synthesis and
Na*/K+ homeostasis®”! (Fig. 7). tSpm also induces JA biosynthesis
under salt stress, suggesting a potential positive feedback regula-
tory strategy!8el,

Additionally, under severe salinity stress, which is associated with
excessive ROS accumulation and severe oxidative damage in plant
cells, JA signaling is often upregulated to activate antioxidant
defense systems[8388l. This response is critical for scavenging
ROS and maintaining cellular homeostasis. For instance, under
200 mmol/L NaCl treatment, the JA-JAZ8 signaling module is acti-
vated. This triggers the degradation of the non-canonical JAZ
repressor protein, JAZ8[294589 thereby releasing the NF-YA1-
YB2-YC9 transcription factor complex, which in turn activates
expression of the downstream target gene, MYB752989
Concurrently, JA signaling further enhances the activity of the
MYB75-containing MBW transcriptional complex. This coordinated
upregulation boosts the expression of key anthocyanin biosynthe-
sis genes (778, ANS, UFGT), ultimately driving anthocyanin
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Fig. 6 Mechanisms of JA-mediated stomatal development and
photosynthetic acclimation under salt stress. Under moderate salt
stress, CO, uptake and photosynthesis are limited. JA plays a dual role in
this adaptive response: purple arrows indicate the core process of JA-
mediated shoot physiological responses under salt stress. Salt stress
induces JA accumulation, which further activates JA signaling by
degrading JAZ proteins. JA signaling promotes the expression of
CkMYC2 and CkPYL4. CkMYC2 and CkPYL4 facilitate the formation of
the CkPP2C-CkMYC2-CkPYL4 complex. This complex inhibits the key
ABA metabolism enzyme CkCYP70A4, leading to ABA accumulation.
Elevated ABA levels then suppress stomatal development, reduce
stomatal density, and consequently limit CO, uptake and transpiration.
Concurrently, JA enhances photosynthetic efficiency by upregulating
Rubisco activase A (RcaA), illustrating a sophisticated balance between
stress adaptation and growth maintenance. RcaA mediates the
activation of Rubisco, the core enzyme responsible for CO, fixation in
photosynthesis, thereby facilitating efficient carbon assimilation.
Dashed lines in the figure indicate a causal relationship that is not direct
or lacks more concrete evidence, while solid lines represent well-
established and more direct regulatory interactions. '26S' is the
abbreviation for the 26S proteasome degradation pathway. A glow
effect is added to elements to indicate JA-mediated activation of
protein activity. This figure was created using https://BioRender.com.

accumulation under lethal-salt conditions[?%), This anthocyanin accu-
mulation serves as an important non-enzymatic antioxidant mecha-
nism that aids in ROS scavenging and helps restore cellular redox
balancel??! (Fig. 7). This evidence indicates that the NF-Y family
proteins interact with JAZ proteins, revealing new components of
the JA signaling pathway beyond the canonical MYC2-JAZ-COI1
module.

Perspective

The pivotal and diverse roles of JAZ proteins in
JA signaling

JAZ proteins are key negative regulators of the JA signaling
pathway142], Salt stress-induced JA accumulation triggers SCFCO!1-
mediated ubiquitination and degradation of specific JAZ proteins,
thereby releasing the transcription factors they repress“Z. While
functional redundancy is observed among JAZ family members (e.g.,
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in repressing MYC2 activity in Arabidopsis), these proteins also
exhibit remarkable spatiotemporal, species-specific, and functional
diversityB37l. Such diversity enables precise spatiotemporal adapta-
tion, indicating that JAZ proteins have evolved context-dependent
roles by engaging distinct sets of interactors in various biological
contexts. For example, in Arabidopsis, JAZ8 is established as a nega-
tive regulator of salt tolerance!®l. A similar negative regulatory role
was observed for the Salvia miltiorrhiza ortholog SmJAZ8 when
expressed in Arabidopsis'®?l. In contrast, SmJAZ3 and SmJAZ4 appear
to play positive regulatory roles under salt stress®®, In soybean,
GsJAZ2 acts as a positive regulator of saline-alkali tolerance, and its
overexpression enhances salt tolerance in transgenic Arabidopsis®'l.
In contrast, overexpression of the cotton GhJAZ2 renders trans-
genic plants more sensitive to salt stress®Z, Collectively, these find-
ings underscore remarkable functional plasticity among JAZ
proteins, manifesting as significant divergence not only across
distant species but also between closely related members within the
same protein family. In the future, a deeper understanding of the
specific molecular interactors and downstream targets that confer
these divergent roles, as well as their spatiotemporal regulation, will
be essential to fully unravel the complex, species-specific networks
mediated by diverse JAZs in salt stress adaptation.

The cross-talk between JA and other signal
pathways

In recent years, studies have shown that JA operates within a
sophisticated signaling network through extensive cross-talk with
other pathways, such as ABA, SA, ET374648] and ROSI3), to coordi-
nate plant adaptation to salinity and other stressesB37.4¢l, However,
the precise molecular mechanisms of JA cross-talk remain largely
undefined. To advance our understanding, future research should
focus on identifying key regulatory nodes that act as hubs for the
convergence and relay of JA, ABA, ROS, and other signals during salt
stress responses.

In natural environments, plants rarely face single stressors;
instead, they often encounter multiple concurrent stresses (e.g.,
salinity, drought, and heat)®l. It has been suggested that JA accu-
mulation induced by salt stress during the vegetative growth phase
may serve as a form of cross-stress memory mechanism, enabling
plants to better adapt to other types of stress, such as drought®3.
Furthermore, under combined stress conditions, metabolic repro-
gramming becomes critical for maintaining cellular homeostasis and
survival, and JA-mediated osmotic adjustment and antioxidant
defense mechanisms are likely to be particularly important in this
contextl®697], For instance, it has been reported that JA enhances
tomato adaptability under multifactorial stress combinations,
involving salinity, paraquat, and high-light stressi8l. In addition,
research on the desert shrub A. nanus demonstrates that pretreat-
ment with herbivorous insects activates JA signaling pathways,
thereby enhancing the plant’s capacity to withstand subsequent salt
stressl®9, Collectively, these findings suggest that JA plays a pivotal
role in orchestrating plant responses to overlapping stresses, high-
lighting its systemic importance in integrating abiotic and biotic
stress responses.

JA signaling in future crop improvement

The multifaceted role of JA signaling in mediating salt stress
responses, from ion homeostasis and ROS scavenging to synergistic
crosstalk with pathways like ABA, positions it as a promising target
for breeding climate-resilient crops. The future challenge and
opportunity lie not merely in enhancing stress tolerance, but in
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repressed by SIJAZ1; however, under salt stress, JA signaling suppresses SIJAZ1 expression and promotes SIJAZ1 degradation. On the right, JA activates
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complex on the WD-repeat/bHLH/MYB complex. These events collectively enhance the activation of transcription of anthocyanin biosynthesis genes by
the WD-repeat/bHLH/MYB complex. '26S' denotes the 26S proteasome degradation pathway. This figure was created using https://BioRender.com.

precisely engineering this pathway to uncouple resilience from
growth penalties, thereby achieving a balanced adaptation.

Recent research underscores this possibility by identifying key
regulatory nodes that coordinately improve multiple traits. For
example, the soybean NAC TF GmST2 exemplifies a master switch
that directly activates the JA biosynthesis genes GmAOC3/4, form-
ing a module that simultaneously enhances salt tolerance and
disease resistance and promotes growth. An elite haplotype (Hap1)
of GmST2 has been shown to boost soybean yield by approximately
22% in saline-alkaline fields, providing a concrete genetic target for
decoupling the yield-stress resistance trade-off®. Furthermore,
research in maize identified NLA as a key gene that enhances cold
tolerance by activating JA signaling (via JAZ11 degradation) while
simultaneously restricting phosphate uptake through ubiquitina-
tion-mediated degradation of PT4. Artificial intelligence (Al)-assisted
targeted editing of its inositol polyphosphate (InsP) binding motif
(NLA212) successfully decouples this trade-off, markedly improving
both cold resilience and phosphorus use efficiency in maizel'00,
These results demonstrate that precision engineering of JA-
associated regulators can achieve synergistic gains in both stress
resistance and growth. Breeding strategies centered on such key
genes will therefore be more effective.

Consequently, future crop improvement will increasingly depend
on advanced genomics and precision breeding to exploit such
beneficial alleles. Priorities include: (1) using genome-wide associa-
tion studies (GWAS) and gene editing to deploy elite variants like
GmST2-Hap1 across different genetic backgrounds; (2) engineering
synthetic JA signaling circuits that are activated specifically under
stress conditions to avoid constitutive growth inhibition; (3)
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integrating JA pathway components into a systems-based breeding
framework that considers cross-talk with ROS, ABA, and develop-
mental pathways; and (4) using Al-assisted tools to design and
engineer JA signaling pathways for enhanced crop stress resistance
and higher yield. Ultimately, the goal is to transform our under-
standing of JA as a stress-response hormone into a cornerstone for
designing intelligent, high-yielding crops capable of thriving on
increasingly saline soils.

Ethical statements

During the preparation of this work, the authors used DeepSeek
Al for language editing, grammar checking, and stylistic refinement.
DeepSeek was employed solely to optimize English expression,
adjust sentence structure to align with academic writing standards,
and enhance the fluency and comprehensibility of the text. The
conceptualization, analysis, and conclusions of this work were
entirely conducted by the authors, and no Al tool was involved as an
author. The authors have reviewed and edited all content gener-
ated with the assistance of this tool, verified its accuracy, and
assume full responsibility for the final version of the work.

Author contributions

The authors confirm their contributions to this study as follows:
conceived and designed the study: Liu Y, Xu M, Zhou J, Wang T,
Li Xing, Li Xi, Fu Y, Li C; wrote and revised the manuscript: Liu Y,
Shaar-Moshe L, Li C. All authors reviewed the results and approved
the final version of the manuscript.

Liu et al. Plant Hormones 2026, 2: €025


https://BioRender.com
https://doi.org/10.48130/ph-0026-0023
https://doi.org/10.48130/ph-0026-0023
https://doi.org/10.48130/ph-0026-0023
https://doi.org/10.48130/ph-0026-0023
https://doi.org/10.48130/ph-0026-0023

https://doi.org/10.48130/ph-0026-0023

Data availability

The data supporting the findings and conclusions of this review
are derived from previously published studies and publicly available
datasets. The references to these sources are provided in the refer-
ence section of this article. For any specific data or datasets used in
this review, the original sources are cited directly within the text and
the table. No new experimental data were generated for this review.

Acknowledgments

This work was supported by the Beijing Natural Science Founda-
tion (Grant No. 6252013 to CL) and the National Natural Science
Foundation of China (Grant No. 32200261 to CL). S-ML was
supported by the Zuckerman STEM Leadership Program. We apolo-
gize to the many authors whose work we were not able to cite here
due to the limited space.

Conflict of interest

The authors declare that they have no conflict of interest.

Dates

Received 29 July 2026; Revised 1 September 2026; Accepted 20
September 2026; Published online 22 October 2026

References

[1] Cao Y, Zhou X, Song H, Zhang M, Jiang C. 2023. Advances in deci-
phering salt tolerance mechanism in maize. The Crop Journal
11:1001-1010

[2] Zhu JK. 2016. Abiotic stress signaling and responses in plants. Cell
167:313-324

[3] Yu Z, Duan X, Luo L, Dai S, Ding Z, et al. 2020. How plant hormones
mediate salt stress responses. Trends in Plant Science 25:1117—-1130

[4] Ma L, LiJ, Li J,Huo Y, Yang Y, et al. 2026. Plant salt-tolerance mecha-
nisms: classic signaling pathways, emerging frontiers, and future
perspectives. Molecular Plant 19:538-570

[5] Ma S, Gong Q, Bohnert HJ. 2006. Dissecting salt stress pathways. Jour-
nal of Experimental Botany 57:1097—1107

[6] Kazan K. 2015. Diverse roles of jasmonates and ethylene in abiotic
stress tolerance. Trends in Plant Science 20:219—-229

[7] Aizaz M, Lubna, Jan R, Asaf S, Bilal S, et al. 2024. Regulatory dynamics
of plant hormones and transcription factors under salt stress. Biology
13:673

[8] Sheteiwy MS, Shao H, Qi W, Daly P, Sharma A, et al. 2021. Seed prim-
ing and foliar application with jasmonic acid enhance salinity stress
tolerance of soybean (Glycine max L.) seedlings. Journal of the Science
of Food and Agriculture 101:2027-2041

[9] Lv B, Deng H, Wei J, Feng Q, Liu B, et al. 2024. SmJAZs-
SmbHLH37/SmERF73-SmSAP4 module mediates jasmonic acid
signaling to balance biosynthesis of medicinal metabolites and salt
tolerance in Salvia miltiorrhiza. The New Phytologist 244:1450—1466

[10]  Marquis V, Smirnova E, Poirier L, Zumsteg J, Schweizer F, et al. 2020.
Stress- and pathway-specific impacts of impaired jasmonoyl-
isoleucine (JA-lle) catabolism on defense signalling and biotic stress
resistance. Plant, Cell & Environment 43:1558—1570

[11]  HuS, YuK, Yan J, Shan X, Xie D. 2023. Jasmonate perception: Ligand -
receptor interaction, regulation, and evolution. Molecular Plant
16:23-42

[12] Kazan K, Manners JM. 2008. Jasmonate signaling: toward an inte-
grated view. Plant Physiology 146:1459—-1468

[13] Ismail A, Takeda S, Nick P. 2014. Life and death under salt stress: same
players, different timing? Journal of Experimental Botany
65:2963-2979

Liu et al. Plant Hormones 2026, 2: €025

[14]

[18]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[29]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Plant Hormones

Hasegawa PM, Bressan RA, Zhu JK, Bohnert HJ. 2000. Plant cellular
and molecular responses to high salinity. Annual Review of Plant Phys-
iology and Plant Molecular Biology 51:463—499

Munns R, Tester M. 2008. Mechanisms of salinity tolerance. Annual
Review of Plant Biology 59:651-681

Golldack D, Li C, Mohan H, Probst N. 2014. Tolerance to drought and
salt stress in plants: unraveling the signaling networks. Frontiers in
Plant Science 5:151

Mittler R, Zandalinas S, Fichman Y, Van Breusegem F. 2022. Reactive
oxygen species signalling in plant stress responses. Nature Reviews
Molecular Cell Biology 23:663—-679

Jiang Z, Zhou X, Tao M, Yuan F, Liu L, et al. 2019. Plant cell-surface
GIPC sphingolipids sense salt to trigger Ca?* influx. Nature
572:341-346

Choi WG, Toyota M, Kim SH, Hilleary R, Gilroy S. 2014. Salt stress-
induced Ca%* waves are associated with rapid, long-distance root-to-
shoot signaling in plants. Proceedings of the National Academy of
Sciences of the United States of America 111:6497—6502

Yang Y, Guo Y. 2018. Elucidating the molecular mechanisms mediat-
ing plant salt-stress responses. The New Phytologist 217:523-539

Ma L, Qin DB, Sun L, Zhang K, Yu X, et al. 2025. SALT OVERLY SENSI-
TIVE2 and AMMONIUM TRANSPORTER1;1 contribute to plant salt
tolerance by maintaining ammonium uptake. The Plant Cell
37:koaf034

Li J, Liu J, Wang G, Cha JY, Li G, et al. 2015. A chaperone function of
NO CATALASE ACTIVITY1 is required to maintain catalase activity and
for multiple stress responses in Arabidopsis. The Plant Cell 27:908—925
Wang CF, Han GL, Yang ZR, Li YX, Wang BS. 2022. Plant salinity
sensors: current understanding and future directions. Frontiers in
Plant Science 13:859224

Parrotta L, Guerriero G, Sergeant K, Cai G, Hausman JF. 2015. Target
or barrier? The cell wall of early- and later-diverging plants vs
cadmium toxicity: differences in the response mechanisms. Frontiers
in Plant Science 6:133

Zhao C, Jiang W, Zayed O, Liu X, Tang K, et al. 2021. The
LRXs-RALFs-FER module controls plant growth and salt stress
responses by modulating multiple plant hormones. National Science
Review 8:nwaa149

Lin H, Yang Y, Quan R, Mendoza I, Wu Y, etal. 2009. Phosphorylation
of SOS3-LIKE CALCIUM BINDING PROTEIN8 by SOS2 protein kinase
stabilizes their protein complex and regulates salt tolerance in
Arabidopsis. The Plant Cell 21:1607—1619

Ramakrishna P, Gdmez-Arjona FM, Bellani E, Martin-Olmos C, Escrig S,
et al. 2025. Elemental cryo-imaging reveals SOS1-dependent vacuo-
lar sodium accumulation. Nature 637:1228—-1233

Verslues PE, Agarwal M, Katiyar-Agarwal S, Zhu J, Zhu JK. 2006. Meth-
ods and concepts in quantifying resistance to drought, salt and freez-
ing, abiotic stresses that affect plant water status. The Plant Journal
45:523-539

Li G, ShiL, Li X, Wang Y, Bi Y, et al. 2022. ECAP is a key negative regu-
lator mediating different pathways to modulate salt stress-induced
anthocyanin biosynthesis in Arabidopsis. The New Phytologist
233:2216-2231

Pan J, Wang H, You Q, Cao R, Sun G, et al. 2023. Jasmonate-regulated
seed germination and crosstalk with other phytohormones. Journal
of Experimental Botany 74:1162—-1175

Zhao L, Li X, Chen W, Xu Z, Chen M, et al. 2022. The emerging role of
jasmonate in the control of flowering time. Journal of Experimental
Botany 73:11-21

Liu B, Seong K, Pang S, Song J, Gao H, et al. 2021. Functional speci-
ficity, diversity, and redundancy of Arabidopsis JAZ family repressors
in jasmonate and COl1-regulated growth, development, and
defense. New Phytologist 231:1525—-1545

Song S, Qi T, Huang H, Xie D. 2013. Regulation of stamen develop-
ment by coordinated actions of jasmonate, auxin, and gibberellin in
Arabidopsis. Molecular Plant 6:1065—-1073

Zhuo M, Sakuraba Y, Yanagisawa S. 2020. A jasmonate-activated
MYC2-Dof2.1-MYC2 transcriptional loop promotes leaf senescence
in Arabidopsis. The Plant Cell 32:242-262

Page 110f13


https://doi.org/10.1016/j.cj.2022.12.004
https://doi.org/10.1016/j.cell.2016.08.029
https://doi.org/10.1016/j.tplants.2020.06.008
https://doi.org/10.1016/j.molp.2025.12.009
https://doi.org/10.1093/jxb/erj098
https://doi.org/10.1093/jxb/erj098
https://doi.org/10.1016/j.tplants.2015.02.001
https://doi.org/10.3390/biology13090673
https://doi.org/10.1002/jsfa.10822
https://doi.org/10.1002/jsfa.10822
https://doi.org/10.1111/nph.20110
https://doi.org/10.1111/pce.13753
https://doi.org/10.1016/j.molp.2022.08.011
https://doi.org/10.1104/pp.107.115717
https://doi.org/10.1093/jxb/eru159
https://doi.org/10.1146/annurev.arplant.51.1.463
https://doi.org/10.1146/annurev.arplant.51.1.463
https://doi.org/10.1146/annurev.arplant.51.1.463
https://doi.org/10.1146/annurev.arplant.59.032607.092911
https://doi.org/10.1146/annurev.arplant.59.032607.092911
https://doi.org/10.3389/fpls.2014.00151
https://doi.org/10.3389/fpls.2014.00151
https://doi.org/10.1038/s41580-022-00499-2
https://doi.org/10.1038/s41580-022-00499-2
https://doi.org/10.1038/s41586-019-1449-z
https://doi.org/10.1073/pnas.1319955111
https://doi.org/10.1073/pnas.1319955111
https://doi.org/10.1111/nph.14920
https://doi.org/10.1093/plcell/koaf034
https://doi.org/10.1105/tpc.114.135095
https://doi.org/10.3389/fpls.2022.859224
https://doi.org/10.3389/fpls.2022.859224
https://doi.org/10.3389/fpls.2015.00133
https://doi.org/10.3389/fpls.2015.00133
https://doi.org/10.1093/nsr/nwaa149
https://doi.org/10.1093/nsr/nwaa149
https://doi.org/10.1105/tpc.109.066217
https://doi.org/10.1038/s41586-024-08403-y
https://doi.org/10.1111/j.1365-313X.2005.02593.x
https://doi.org/10.1111/nph.17937
https://doi.org/10.1093/jxb/erac440
https://doi.org/10.1093/jxb/erac440
https://doi.org/10.1093/jxb/erab418
https://doi.org/10.1093/jxb/erab418
https://doi.org/10.1111/nph.17477
https://doi.org/10.1093/mp/sst054
https://doi.org/10.1105/tpc.19.00297
https://doi.org/10.48130/ph-0026-0023
https://doi.org/10.48130/ph-0026-0023
https://doi.org/10.48130/ph-0026-0023
https://doi.org/10.48130/ph-0026-0023
https://doi.org/10.48130/ph-0026-0023

Plant Hormones

[35]

[36]

[37]

[38]

[39]
[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[63]

[54]

[55]

[56]

[57]

Ghorbel M, Brini F, Sharma A, Landi M. 2021. Role of jasmonic acid in
plants: the molecular point of view. Plant Cell Reports 40:1471-1494
Howe GA, Yoshida Y. 2019. Evolutionary origin of JAZ proteins and
jasmonate signaling. Molecular Plant 12:153—-155

Santino A, Taurino M, De Domenico S, Bonsegna S, Poltronieri P, et al.
2013. Jasmonate signaling in plant development and defense
response to multiple (a)biotic stresses. Plant Cell Reports
32:1085-1098

Xie DX, Feys BF, James S, Nieto-Rostro M, Turner JG. 1998. COI1: an
Arabidopsis gene required for jasmonate-regulated defense and
fertility. Science 280:1091—-1094

Dharmasiri N, Dharmasiri S, Estelle M. 2005. The F-box protein TIR1 is
an auxin receptor. Nature 435:441-445

Kepinski S, Leyser O. 2005. The Arabidopsis F-box protein TIR1 is an
auxin receptor. Nature 435:446—451

Chini A, Fonseca S, Fernandez G, Adie B, Chico JM, et al. 2007. The JAZ
family of repressors is the missing link in jasmonate signalling. Nature
448:666—-671

Thines B, Katsir L, Melotto M, Niu Y, Mandaokar A, et al. 2007. JAZ
repressor proteins are targets of the SCF©' complex during
jasmonate signalling. Nature 448:661-665

Sheard LB, Tan X, Mao H, Withers J, Ben-Nissan G, et al. 2010.
Jasmonate perception by inositol-phosphate-potentiated COI1-JAZ
co-receptor. Nature 468:400—405

Pauwels L, Barbero GF, Geerinck J, Tilleman S, Grunewald W, et al.
2010. NINJA connects the co-repressor TOPLESS to jasmonate
signalling. Nature 464:788—-791

Li C, Shi L, Wang Y, Li W, Chen B, et al. 2020. Arabidopsis ECAP is a new
adaptor protein that connects JAZ repressors with the TPR2 co-
repressor to suppress jasmonate-responsive anthocyanin accumula-
tion. Molecular Plant 13:246—-265

Wasternack C, Hause B. 2013. Jasmonates: biosynthesis, perception,
signal transduction and action in plant stress response, growth and
development. An update to the 2007 review in Annals of Botany.
Annals of Botany 111:1021-1058

Kazan K, Manners JM. 2013. MYC2: the master in action. Molecular
Plant 6:686—703

Li X, Huang D, Lin X. 2024. Interlinked regulator loops of ABA and JA
respond to salt and drought stress in Caragana korshinskii. Environ-
mental and Experimental Botany 225:105829

Zhai Q, Deng L, Li C. 2020. Mediator subunit MED25: at the nexus of
jasmonate signaling. Current Opinion in Plant Biology 57:78—86

Lin L, Du M, Li S, Sun C, Wu F, et al. 2022. Mediator complex subunit
MED25 physically interacts with DST to regulate spikelet number in
rice. Journal of Integrative Plant Biology 64:871-883

Walia H, Wilson C, Condamine P, Liu X, Ismail AM, et al. 2007. Large-
scale expression profiling and physiological characterization of
jasmonic acid-mediated adaptation of barley to salinity stress. Plant,
Cell & Environment 30:410-421

Li S, Zhang B, Ma P, Zhang Y, Hu Z, et al. 2025. The 13-lipoxygenase
GmLOX6 is involved in JA biosynthesis and serves as a positive regu-
lator of salt stress tolerance in soybean. The Plant Journal 124:e70550
Zhao Y, Dong W, Zhang N, Ai X, Wang M, et al. 2014. A wheat allene
oxide cyclase gene enhances salinity tolerance via jasmonate signal-
ing. Plant Physiology 164:1068—1076

Zou X, Liu L, Hu Z, Wang X, Zhu Y, et al. 2021. Salt-induced inhibition
of rice seminal root growth is mediated by ethylene-jasmonate inter-
action. Journal of Experimental Botany 72:5656—5672

Cheng MC, Ko K, Chang WL, Kuo WC, Chen GH, et al. 2015. Increased
glutathione contributes to stress tolerance and global translational
changes in Arabidopsis. The Plant Journal 83:926—939

Rodriguez Milla MA, Maurer A, Rodriguez Huete A, Gustafson JP.
2003. Glutathione peroxidase genes in Arabidopsis are ubiquitous
and regulated by abiotic stresses through diverse signaling path-
ways. The Plant Journal 36:602—615

Zhao C, Zayed O, Yu Z, Jiang W, Zhu P, et al. 2018. Leucine-rich repeat
extensin proteins regulate plant salt tolerance in Arabidopsis.
Proceedings of the National Academy of Sciences of the United States of
America 115:13123-13128

Page 120f13

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(711

[72]

[73]

[74]

[75]

[76]

https://doi.org/10.48130/ph-0026-0023

Naka Y, Watanabe K, Sagor GH, Niitsu M, Pillai MA, et al. 2010.
Quantitative analysis of plant polyamines including thermospermine
during growth and salinity stress. Plant Physiology and Biochemistry
48:527-533

Zarza X, Atanasov KE, Marco F, Arbona V, Carrasco P, et al. 2017.
Polyamine oxidase 5 loss-of-function mutations in Arabidopsis
thaliana trigger metabolic and transcriptional reprogramming and
promote salt stress tolerance. Plant, Cell & Environment 40:527—-542

Li X, Wang Z, Sun S, Dai Z, Zhang J, et al. 2024. IbNIEL-mediated
degradation of IbNAC087 regulates jasmonic acid-dependent salt
and drought tolerance in sweet potato. Journal of Integrative Plant
Biology 66:176—195

Zhu H, Zhai H, He S, Zhang H, Gao S, et al. 2022. A novel sweetpotato
GATA transcription factor, IbGATA24, interacting with IbCOP9-5a
positively regulates drought and salt tolerance. Environmental and
Experimental Botany 194:104735

Zhu J, Wei X, Yin C, Zhou H, Yan J, et al. 2023. ZmEREB57 regulates
OPDA synthesis and enhances salt stress tolerance through two
distinct signalling pathways in Zea mays. Plant, Cell & Environment
46:2867—-2883

Ursini F, Maiorino M, Brigelius-Flohé, Aumann KD, Roveri A, et al.
1995. Diversity of glutathione peroxidases. Methods in Enzymology
252:38-53

Zuiiga PE, Castafeda Y, Arrey-Salas O, Fuentes L, Aburto F, et al.
2020. Methyl jasmonate applications from flowering to ripe fruit
stages of strawberry (Fragaria x ananassa 'Camarosa’) reinforce the
fruit antioxidant response at post-harvest. Frontiers in Plant Science
11:538

Gonzalez A, Zhao M, Leavitt JM, Lloyd AM. 2008. Regulation of the
anthocyanin biosynthetic pathway by the TTG1/bHLH/Myb transcrip-
tional complex in Arabidopsis seedlings. The Plant Journal 53:814-827
Qi T, Song S, Ren Q, Wu D, Huang H, et al. 2011. The jasmonate-ZIM-
domain proteins interact with the WD-Repeat/bHLH/MYB complexes
to regulate jasmonate-mediated anthocyanin accumulation and
trichome initiation in Arabidopsis thaliana. The Plant Cell
23:1795-1814

Shang C, Liu X, Chen G, Li G, Hu S, et al. 2024. SIWRKY81 regulates
Spd synthesis and Na*/K* homeostasis through interaction with
SIJAZ1 mediated JA pathway to improve tomato saline-alkali resis-
tance. The Plant Journal 118:1774-1792

Ismail A, Riemann M, Nick P. 2012. The jasmonate pathway mediates
salt tolerance in grapevines. Journal of Experimental Botany
63:2127-2139

Chen Y, Cao C, Guo Z, Zhang Q, Li S, et al. 2020. Herbivore exposure
alters ion fluxes and improves salt tolerance in a desert shrub. Plant,
Cell & Environment 43:400-419

Ghassemi-Golezani K, Farhangi-Abriz S. 2018. Foliar sprays of salicylic
acid and jasmonic acid stimulate H*-ATPase activity of tonoplast,
nutrient uptake and salt tolerance of soybean. Ecotoxicology and
Environmental Safety 166:18—25

Farhangi-Abriz S, Ghassemi-Golezani K. 2018. How can salicylic acid
and jasmonic acid mitigate salt toxicity in soybean plants? Ecotoxicol-
ogy and Environmental Safety 147:1010-1016

Song RF, Li TT, Liu WC. 2021. Jasmonic acid impairs Arabidopsis
seedling salt stress tolerance through MYC2-mediated repression of
CAT2 expression. Frontiers in Plant Science 12:730228

Liu H, Yao Y, Ma J, Wang S, Li S, et al. 2024. Wheat TaTIFY3B and
TaTIFY10A play roles in seed germination and abiotic stress
responses in transgenic Arabidopsis and rice. BMC Plant Biology
24:951

Pauwels L, Morreel K, de Witte E, Lammertyn F, Van Montagu M, et al.
2008. Mapping methyl jasmonate-mediated transcriptional repro-
gramming of metabolism and cell cycle progression in cultured
Arabidopsis cells. Proceedings of the National Academy of Sciences of
the United States of America 105:1380—-1385

Galvan-Ampudia CS, Testerink C. 2011. Salt stress signals shape the
plant root. Current Opinion in Plant Biology 14:296—-302

Toda Y, Tanaka M, Ogawa D, Kurata K, Kurotani K, et al. 2013. RICE
SALT SENSITIVE3 forms a ternary complex with JAZ and class-C bHLH

Liu et al. Plant Hormones 2026, 2: €025


https://doi.org/10.1007/s00299-021-02687-4
https://doi.org/10.1016/j.molp.2019.01.015
https://doi.org/10.1007/s00299-013-1441-2
https://doi.org/10.1126/science.280.5366.1091
https://doi.org/10.1038/nature03543
https://doi.org/10.1038/nature03542
https://doi.org/10.1038/nature06006
https://doi.org/10.1038/nature05960
https://doi.org/10.1038/nature09430
https://doi.org/10.1038/nature08854
https://doi.org/10.1016/j.molp.2019.10.014
https://doi.org/10.1093/aob/mct067
https://doi.org/10.1093/mp/sss128
https://doi.org/10.1093/mp/sss128
https://doi.org/10.1016/j.envexpbot.2024.105829
https://doi.org/10.1016/j.envexpbot.2024.105829
https://doi.org/10.1016/j.pbi.2020.06.006
https://doi.org/10.1111/jipb.13238
https://doi.org/10.1111/j.1365-3040.2006.01628.x
https://doi.org/10.1111/j.1365-3040.2006.01628.x
https://doi.org/10.1111/tpj.70550
https://doi.org/10.1104/pp.113.227595
https://doi.org/10.1093/jxb/erab206
https://doi.org/10.1111/tpj.12940
https://doi.org/10.1046/j.1365-313x.2003.01901.x
https://doi.org/10.1073/pnas.1816991115
https://doi.org/10.1073/pnas.1816991115
https://doi.org/10.1016/j.plaphy.2010.01.013
https://doi.org/10.1111/pce.12714
https://doi.org/10.1111/jipb.13612
https://doi.org/10.1111/jipb.13612
https://doi.org/10.1016/j.envexpbot.2021.104735
https://doi.org/10.1016/j.envexpbot.2021.104735
https://doi.org/10.1111/pce.14644
https://doi.org/10.1016/0076-6879(95)52007-4
https://doi.org/10.3389/fpls.2020.00538
https://doi.org/10.1111/j.1365-313X.2007.03373.x
https://doi.org/10.1105/tpc.111.083261
https://doi.org/10.1111/tpj.16709
https://doi.org/10.1093/jxb/err426
https://doi.org/10.1111/pce.13662
https://doi.org/10.1111/pce.13662
https://doi.org/10.1016/j.ecoenv.2018.09.059
https://doi.org/10.1016/j.ecoenv.2018.09.059
https://doi.org/10.1016/j.ecoenv.2017.09.070
https://doi.org/10.1016/j.ecoenv.2017.09.070
https://doi.org/10.3389/fpls.2021.730228
https://doi.org/10.1186/s12870-024-05656-7
https://doi.org/10.1073/pnas.0711203105
https://doi.org/10.1073/pnas.0711203105
https://doi.org/10.1016/j.pbi.2011.03.019
https://doi.org/10.48130/ph-0026-0023
https://doi.org/10.48130/ph-0026-0023
https://doi.org/10.48130/ph-0026-0023
https://doi.org/10.48130/ph-0026-0023
https://doi.org/10.48130/ph-0026-0023

https://doi.org/10.48130/ph-0026-0023

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

factors and regulates jasmonate-induced gene expression and root
cell elongation. The Plant Cell 25:1709-1725

Zhang Q, Du J, Han X, Hu Y. 2024. Transcription factor ABF3
modulates salinity stress-enhanced jasmonate signaling in Arabidop-
sis. Plant Diversity 46:791-803

Verma D, Jalmi SK, Bhagat PK, Verma N, Sinha AK. 2020. A bHLH tran-
scription factor, MYC2, imparts salt intolerance by regulating proline
biosynthesis in Arabidopsis. The FEBS Journal 287:2560-2576

Kurotani Kl, Hayashi K, Hatanaka S, Toda Y, Ogawa D, et al. 2015.
Elevated levels of CYP94 family gene expression alleviate the
jasmonate response and enhance salt tolerance in rice. Plant and Cell
Physiology 56:779—789

Valenzuela CE, Acevedo-Acevedo O, Miranda GS, Vergara-Barros P,
Holuigue L, et al. 2016. Salt stress response triggers activation of the
jasmonate signaling pathway leading to inhibition of cell elongation
in Arabidopsis primary root. Journal of Experimental Botany
67:4209-4220

Matkowski H, Daszkowska-Golec A. 2023. Update on stomata devel-
opment and action under abiotic stress. Frontiers in Plant Science
14:1270180

Hewedy OA, Elsheery NI, Karkour AM, Elhamouly N, Arafa RA, et al.
2023. Jasmonic acid regulates plant development and orchestrates
stress response during tough times. Environmental and Experimental
Botany 208:105260

Velitchkova M, Fedina I. 1998. Response of photosynthesis of Pisum
sativum to salt stress as affected by methyl jasmonate. Photosynthet-
ica 35:89-97

Aliakbari M, Tahmasebi S, Sisakht JN. 2024. Jasmonic acid improves
barley photosynthetic efficiency through a possible regulatory
module, MYC2-RcaA, under combined drought and salinity stress.
Photosynthesis Research 159:69-78

Ahmad RM, Cheng C, Sheng J, Wang W, Ren H, et al. 2019. Interrup-
tion of jasmonic acid biosynthesis causes differential responses in the
roots and shoots of maize seedlings against salt stress. International
Journal of Molecular Sciences 20:6202

Liu X, Shang C, Duan P, Yang J, Wang J, et al. 2025. The SIWRKY42-
SIMYC2 module synergistically enhances tomato saline-alkali toler-
ance by activating the jasmonic acid signaling and spermidine
biosynthesis pathway. Journal of Integrative Plant Biology
67:1254-1273

Shang G, Liu X, Chen G, Zheng H, Khan A, et al. 2024. SIWRKY80-medi-
ated jasmonic acid pathway positively regulates tomato resistance to
saline-alkali stress by enhancing spermidine content and stabilizing
Na*/K* homeostasis. Horticulture Research 11:uhae028

AbdElgawad H, Zinta G, Hegab MM, Pandey R, Asard H, et al. 2016.
High salinity induces different oxidative stress and antioxidant
responses in maize seedlings organs. Frontiers in Plant Science 7:276

Liu et al. Plant Hormones 2026, 2: €025

[89]

[90]

(911

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

Plant Hormones

Li X, Li CJ, Shi L, Lv G, Liu Y, et al. 2024. Jasmonate signaling pathway
confers salt tolerance through a NUCLEAR FACTOR-Y trimeric
transcription factor complex in Arabidopsis. Cell Reports 43:113825
Wang M, Wang T, Kou J, Wu J, Shao G, et al. 2024. SmJAZ3/4 posi-
tively and SmJAZ8 negatively regulates salt tolerance in transgenic
Arabidopsis thaliana. Plant Physiology and Biochemistry 216:109151
Zhu D, Cai H, Luo X, Bai X, Deyholos MK, et al. 2012. Over-expression
of a novel JAZ family gene from Glycine soja, increases salt and alkali
stress tolerance. Biochemical and Biophysical Research Communica-
tions 426:273-279

Sun H, Chen L, Li J, Hu M, Ullah A, et al. 2017. The JASMONATE ZIM-
domain gene family mediates JA signaling and stress response in
cotton. Plant and Cell Physiology 58:2139-2154

Dai H, Jia G, Shan C. 2015. Jasmonic acid-induced hydrogen peroxide
activates MEK1/2 in upregulating the redox states of ascorbate and
glutathione in wheat leaves. Acta Physiologiae Plantarum 37:200
Shaar-Moshe L, Hayouka R, Roessner U, Peleg Z. 2019. Phenotypic
and metabolic plasticity shapes life-history strategies under combi-
nations of abiotic stresses. Plant Direct 3:e00113

Rossatto T, Souza GM, do Amaral MN, Auler PA, Pérez-Alonso MM, et
al. 2023. Cross-stress memory: salt priming at vegetative growth
stages improves tolerance to drought stress during grain-filling in
rice plants. Environmental and Experimental Botany 206:105187
Shaar-Moshe L, Blumwald E, Peleg Z. 2017. Unique physiological and
transcriptional shifts under combinations of salinity, drought, and
heat. Plant Physiology 174:421-434

Ahmad P, Rasool S, Gul A, Sheikh SA, Akram NA, et al. 2016.
Jasmonates: multifunctional roles in stress tolerance. Frontiers in
Plant Science 7:813

Pascual LS, Mittler R, Sinha R, Peldez-Vico MA, Lépez-Climent MF, et
al. 2023. Jasmonic acid is required for tomato acclimation to multifac-
torial stress combination. Environmental and Experimental Botany
213:105425

Li S, Wang M, Du X, Wang Y, Pan Y, et al. 2025. The GmPRL1b-GmST2-
GmMAOC3/4 module confers salt tolerance and Botrytis cinerea resis-
tance by inducing jasmonic acid biosynthesis in soybean. Plant
Biotechnology Journal 23:5965-5983

Liao H, Zhao X, Ren K, Guo L, Li Z, et al. 2026. Rewiring an E3 ligase
enhances cold resilience and phosphate use in maize. Nature
653:831-839

Copyright: © 2026 by the author(s). Published by
By Maximum Academic Press on behalf of Chongqing
University. This article is an open access article distributed under

Creative Commons Attribution License (CC BY 4.0), visit https://
creativecommons.org/licenses/by/4.0/.

Page 130f 13


https://doi.org/10.1105/tpc.113.112052
https://doi.org/10.1016/j.pld.2024.05.003
https://doi.org/10.1111/febs.15157
https://doi.org/10.1093/pcp/pcv006
https://doi.org/10.1093/pcp/pcv006
https://doi.org/10.1093/jxb/erw202
https://doi.org/10.3389/fpls.2023.1270180
https://doi.org/10.1016/j.envexpbot.2023.105260
https://doi.org/10.1016/j.envexpbot.2023.105260
https://doi.org/10.1023/A:1006878016556
https://doi.org/10.1023/A:1006878016556
https://doi.org/10.1007/s11120-023-01074-2
https://doi.org/10.3390/ijms20246202
https://doi.org/10.3390/ijms20246202
https://doi.org/10.1111/jipb.13839
https://doi.org/10.1093/hr/uhae028
https://doi.org/10.3389/fpls.2016.00276
https://doi.org/10.1016/j.celrep.2024.113825
https://doi.org/10.1016/j.plaphy.2024.109151
https://doi.org/10.1016/j.bbrc.2012.08.086
https://doi.org/10.1016/j.bbrc.2012.08.086
https://doi.org/10.1016/j.bbrc.2012.08.086
https://doi.org/10.1093/pcp/pcx148
https://doi.org/10.1007/s11738-015-1956-y
https://doi.org/10.1002/pld3.113
https://doi.org/10.1016/j.envexpbot.2022.105187
https://doi.org/10.1104/pp.17.00030
https://doi.org/10.3389/fpls.2016.00813
https://doi.org/10.3389/fpls.2016.00813
https://doi.org/10.1016/j.envexpbot.2023.105425
https://doi.org/10.1111/pbi.70359
https://doi.org/10.1111/pbi.70359
https://doi.org/10.1038/s41586-026-10142-1
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.48130/ph-0026-0023
https://doi.org/10.48130/ph-0026-0023
https://doi.org/10.48130/ph-0026-0023
https://doi.org/10.48130/ph-0026-0023
https://doi.org/10.48130/ph-0026-0023

	Introduction
	Overview of plant salt stress responses
	JA functions and signal transduction
	Salt stress induces JA biosynthesis
	Mechanisms of JA signaling in mediating plant adaptation to salt stress
	JA signaling mediates antioxidation under salinity
	JA signaling regulates plant ion homeostasis under salinity

	JA-mediated physiological responses to salinity in plants
	JA signaling inhibits seed germination and plant growth under salt stress
	JA mediates stomatal development and photosynthetic acclimation under salt stress
	Jasmonate signaling modulates plant survival under high salinity

	Perspective
	The pivotal and diverse roles of JAZ proteins in JA signaling
	The cross-talk between JA and other signal pathways
	JA signaling in future crop improvement

	Ethical statements
	Author contributions
	Data availability
	Acknowledgments
	Conflict of interest
	References

