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Abstract

Key message Interactions of phytohormone signaling pathways and their crosstalk with the different intermediates
of cell signaling cascades regulate the molecular stress responses in plants.

Plants, being sessile organisms, are constantly exposed to a
wide range of environmental variations, including perturba-
tions from salinity, drought, temperature, irradiance (includ-
ing UV radiation), heavy metal/metalloid exposure, and bio-
accumulation, and increasing CO, concentration. Some of
these factors are stressful to the plants and exacerbated by
unprecedented climate change. Biotic challenges that plants
face include herbivores and microbial pathogens, including
bacteria, fungi, viruses, and nematodes. Such stresses, either
alone or in combination, evoke detrimental consequences to
growth, productivity, and yield. Severe oxidative damages
may occur, which disrupt the structural integrity of plant
biomolecules, thereby collapsing the vital physiological pro-
cesses and redox homeostatic balance (Roychoudhury et al.
2008). In an attempt to counteract such critical events, plants
employ a variety of biochemical pathways, which activate a
wide array of phytohormones, growth regulators, and signal-
ing molecules, the interaction or cross-talk of which helps in
plant protection. Given the complexities, a complete under-
standing of mechanisms must rely on studying the elaborate
interplay of phytohormones and signaling molecules.

For a long time, abscisic acid (ABA) was considered
to be the major phytohormone exclusively connected with
stomatal regulation and plant stress responses. With the
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onset of stress, the endogenous ABA level increases, which
causes stomatal closure through slow-acting sustained
(S-type) channels, i.e., the slow anion channel-associated
1 (SLAC1) that triggers membrane depolarization (Joshi-
Saha et al. 2011; Negi et al. 2008). Enhanced reactive oxy-
gen species (ROS) production in guard cells affected by
ABA accumulation also creates a positive feedback loop to
mediate stomatal closure, which limits water loss from the
leaves (Mittler and Blumwald 2015). In addition to its role
in regulating stomatal aperture, ABA induces the expres-
sion of many genes whose products are important for stress
responses and tolerance. Such products include osmoprotect-
ant-related enzymes and late embryogenesis abundant pro-
teins (Roychoudhury et al. 2013). With further advancement
in research and discovery of emerging signaling molecules,
the concept of ABA, being the only major ‘stress phytohor-
mone’ has radically changed. Almost all the other phytohor-
mones, such as auxins, gibberellins, cytokinins, and ethylene
are equally capable of regulating stress responses by exert-
ing their functions in their own ways so that such a line of
demarcation among the phytohormones in terms of the stress
response is slowly fading away. The emerging evidence for
the interaction of the gibberellic acid (GA)-signaling mole-
cule, DELLA, with components of the signaling pathway for
the stress hormone, jasmonic acid, suggested clear involve-
ment of GA in stress responses (Colebrook et al. 2014). The
effects of cytokinin on plant xenobiotic resistance, and its
interactions with drought, salinity, temperature, and light
signals, are also increasingly being recognized (Pavlu et al.
2018). The roles of ethylene in tolerance against salinity, K*
deficiency and Fe deficiency, as well as against infections by
Alternaria alternata are reported (Khan et al. 2017). These
observations justify that abiotic stress tolerance and biotic
stress resistance in plants are well-orchestrated by elaborate
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interactions among different phytohormones and signaling
molecules that mutually influence the levels and functions
of each other.

Newly-discovered signaling functions of salicylic acid,
jasmonic acid, nitric oxide, hydrogen sulfide, melatonin,
as well as others, indicate coordination as synergistic or
antagonistic functions. Signaling of the phenolic hormone,
salicylic acid (SA) is integrated with ABA signaling in guard
cells. SA activates peroxidase-mediated ROS signal that is
integrated into Ca**/calcium dependent protein kinases-
mediated ABA signaling branch (Prodhan et al. 2018). The
role of exogenous SA in alleviating bacterial, fungal, and
viral diseases, heavy metal toxicity, the toxicity of essential
micronutrients, and salt stress has been extensively reviewed
(Wani et al. 2017). The CORONATINE INSENSITIVE 1
(COI1) protein, JASMONATE ZIM domain protein (JAZ),
and MYC constitute the core signal transduction mecha-
nism of jasmonic acid (JA) signaling and have proven to be
the intersection of signal transduction pathways with other
hormones like auxin, ethylene, ABA, SA, brassinosteroids,
and GA under various forms of stresses, as well as defense
against hemibiotrophic pathogens such as Magnaporthe ory-
zae and Pseudomonas syringae (Yang et al. 2019). Applica-
tion of exogenous ubiquitous gasotransmitter, nitric oxide
(NO), can alleviate the negative effects of stress in plants,
improve antioxidant activity in most plant species and regu-
late specific checkpoints to control the switch between plant
development and stress, via post-translational protein modi-
fications, viz., S-nitrosylation of cysteine residues and met-
als, and nitration of tyrosine residues (Sanchez-Vicente et al.
2019). The rapid production of endogenous hydrogen sulfide
in many species can also be triggered by numerous stresses,
so that it appears as a signaling molecule for cross-adapta-
tion to pathogens, salt, drought, heavy metals, cold, heat,
and flooding stress by enhancing antioxidant system activity,
accumulating osmolytes, synthesizing heat shock proteins,
as well as maintaining ion and nutrient balance (Li et al.
2016). The intrinsic nature of melatonin to act as a nodal
antioxidant upon exogenous application to plants has been
recently shown in several plant species and under different
types of sub-optimal conditions. The functions of melatonin
in regulating the homeostasis of major phytohormones like
auxins, GA, and ABA under different stresses are also evi-
dent from recent investigations (Banerjee and Roychoudhury
2019). Calcium acts as the second messenger involved in
the signaling pathways of several phytohormones. Cyto-
solic free calcium is central to the stress response in plants,
concurrent with the opening of the plasma membrane and
endomembrane Ca?*-permeable channels and terminated by
the activity of Ca”" efflux transporters in those membranes,
plus Ca®*-binding proteins, to restore the resting cytoplas-
mic concentration of 100-200 nM. Calcium signaling during
nutrient deprivation is also an emerging field of research

@ Springer

(Wilkins et al. 2016). Taken altogether, elucidation of the
intricate mechanism of interactions of phytohormone signal-
ing pathways and their integration with the intermediates of
other signaling cascades is quintessential to properly under-
stand the molecular regulation of plant stress response.

Keeping in view this elaborate and intricate cross-talk
between phytohormones and signaling molecules, the first
volume of the current special issue is intended to decipher
the interaction and cross-talk among a large number of
plant growth regulators and signaling molecules that regu-
late stress response in plants, based on both biochemical
and molecular approaches. This volume includes fifteen
research and review articles, encompassing diverse growth
regulators and signaling molecules, which were contributed
by esteemed authors, expert in their relevant fields. The
research presented pushes the field ahead in a coherent col-
lection of timely topical papers.

Author contribution Dr. Aryadeep Roychoudhury drafted the Editorial.
Dr. Tariq Aftab assisted him in collecting the references and providing
necessary suggestions.
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