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ABSTRACT
Plants evolved different regulatory pathways to regulate downstream plant responses to drought stress. Phytohormone

signaling networks play a crucial role in activating defense molecules' biosynthesis like secondary metabolites (SMs)

under drought stress. This crosstalk between phytohormones and SMs minimizes oxidative stress, excessive water loss,

and other adverse effects of drought in plants. Further, drought-induced SMs alarms plant tissue to conquer defensive

drought stress mitigating processes via systemic induction of drought signaling.
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INTRODUCTION
Drought is significant abiotic stress that negatively influences
plant growth and development and threatens global food
security. Corp plants have evolved a complex defense system
network to cope with various biotic and abiotic stresses.
Phytohormonal networks and plant deference molecule from
secondary metabolism play an important defense role in
environmental stress along with other plant defense networks
such as Ca2+ signaling, membrane stress sensor/receptors, MAP
kinase signaling, ion channels, reactive oxygen species (ROS),
etc. [1,2]. Drought triggers the activation of downstream defense
networks mainly via activation of phytohormones homeostasis
and their signaling network. This hormonal signaling results in
the biosynthesis of different types of protective secondary
metabolites (SMs), which further provide multi-stress tolerance,
including drought stress. During drought stress, the soil becomes
dry, and drought stress is sense by plant roots as a stress signal
through the cell to cell signaling network. Subsequently, these
stress signals travel to above-ground tissue toward leaves through
root to shoot signaling via xylem. Further, it results in the
induction of systemic phytohormone signaling and biosynthesis
of SMs [3]. The crosstalk with SMs mediated signaling and
phytohormone mediated signaling triggers the stomatal closure
to prevent the water loss through vascular to guard cell signaling.
Several regulatory pathways work together to regulate the

drought-induced downstream plant responses, which minimize
excessive water loss and oxidative damages by scavenging ROS
[4,5,6]. Altogether, a crosstalk interaction of phytohormones and
SMs is essential for plant defense under drought stress. So,
understanding the mechanism of crosstalk is vital to improve the
plant defense system towards drought stress.

Jogawat et al. (2021) have explored the in-depth crosstalk
mechanism of phytochromes with SMs. Authors have described
about phytohormone action and response mechanism in
drought stress in detail. They have also described the role of
different phytohormones and SMs, their exogenous application,
and pathways engineering to improve plants to resist drought
stress. Altered induction or production of SMs is very much
species-specific. The key hormone such as jasmonic acid (JA),
salicylic acid (SA), cytokinin (CK), and auxins (AUX) play a
crucial crosstalk interaction with SMs. So, brief crosstalk
between important phytohormones and SMs are described here.

JA and SMs crosstalk under drought

JA is a key phytohormone that stimulates the biosynthesis of
SMs under drought stress. It has been noticed that exogenous
application of JA results in the induction of drought-responsive
metabolites by activating antioxidant enzymes like APX,
dehydroascorbate reductase (DHAR), γ-glutamyl cysteine
synthetase, glutathione reductase (GR), and l-galactono-1,4-
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lactone dehydrogenase [7]. JA and MeJA together elicit the
production of several SMs such as alkaloids, coumarins, taxanes,
terpenoids, and phenolic phytoalexins in several plant species
[1].

SA and SMs crosstalk under drought

It has shown that SA treatment under drought results in the
induction of signal transduction pathway encoding gene for SMs
and antioxidants. SA application in lemongrass results in the
induction of biosynthesis of terpene citral in order to ameliorate
drought stress, and SA application in chickpea results in
elevated expression of PR-1 gene, which regulated drought stress
[8,9,10]. Similarly, exogenous application of SA before drought
induction results in the accumulation of several compounds
such as phenolic compounds, protein, disaccharide, sugar,
succinate, leucine, glyceric acid, and saccharic acid that protect
the plant during drought stress [11]. Pretreatment of soybean
seeds with SA improves the pectin and lignin content in the
roots, helping the plant ameliorate drought stress [12].
Moreover, SA treatment results in the induction of the genes
involved in the SMs biosynthesis. These include cinnamyl
alcohol, sinapyl alcohol dehydrogenase, dehydrogenase, and
cytochrome P450 [8].

CK and SMs crosstalk under drought

Under drought stress, CK treatment results in several
metabolites' biosynthesis that helps the plant resist drought
stress. For instance, the accumulation of various metabolites,
such as proline, γ-aminobutyric acid, alanine, glycine, sucrose,
fructose, maltose, ribose, and organic acids, was associated with
enhanced drought tolerance in SAG12-IPT plants. These
metabolites are involved in several stress response pathways,
stress signaling, osmotic adjustment, and respiration for energy
production, helping plants from drought stress [13]. Moreover,
in barley, it was observed that ectopic overexpression of CKX
has led to the activation of the biosynthesis of flavonoids,
antioxidants, and stronger lignification of the root tissues
[14,15].

Auxin and SMs crosstalk under drought

Auxins show a different level of crosstalk with SMs under
drought stress. A mutational analysis revealed that auxin plays a
role in UV acclimation by regulating flavonoid concentration
[16]. During stress, AUX/IAA suppressor proteins such as IAA5,
6, and 19 control the biosynthesis of aliphatic GLs as well as
stomatal closer. However, the triple mutant iaa5 iaa6 iaa19
compromised aliphatic GLs accumulation and stomatal closure
under drought stress. Additionally, upregulation of DREB2A/B
under drought stress increases the transcripts of IAA5, 6, and
19, thereby accumulating aliphatic GLs. The activation of IAA5,
6, and 19 induces the biosynthesis of aliphatic GLs by
downregulating a transcription factor WRKY63. So, GLs have
an additional role in promoting drought tolerance by crosstalk
with auxins [17].

CONCLUSION
The crosstalk between phytohormonal signaling and the
biosynthesis pathways of SMs are pivotal in providing a
sustainable solution for enduring drought stress in crop plants.
So, an in-depth study on crosstalk signaling between
phytohormones and SMs is highly required to make plants more
drought resistant. A schematic representation of phytohormonal
and SMs crosstalk signaling pathways during drought stress
tolerance is given in figure 1. Further, pathways engineering of
genes from phytohormone and SMs signaling could be a great
approach to improve plant productivity under drought stress.
Potent candidate genes for generating drought-resilient
transgenic plants could be the future interest for the researchers.

Figure 1: Schematic representation of phytohormonal and
secondary metabolites crosstalk signaling pathway during
drought stress tolerance. Drought perception by roots triggers
local signals activation in the forms of phytohormones, which
move to foliar parts and initiate plant response for protection
against drought stress locally and systemically.
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