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- EXPLORE - About Plant Insights
HOW can plal‘lt drought Plant Insights is an independent scientific

° ° ° publication dedicated to exploring plant
reSIStal‘lce be |mpr°ved Wlthout science literature through concise
synthesis, original conceptual figures and

compromiSing grOWth and crop critical scientific analysis.

° Each issue follows the same approach:
Y|e|d? Explore. Understand. Connect.

Why It Matters ?

Improving drought resistance without compromising yield is

a major challenge for global food security. Drought causes Article Details

greater annual crop losses than all plant pathogens combined,

with global production losses reaching approximately $30 Article type: Review

billion over the past decade. By 2050, nearly 5 billion people are Research area: Plant physiology -
expected to live in water-scarce regions, while agricultural Drought biology -

water demand could double. Hormone signalling

Yet, conventional engineering of drought-responsive genes Authors: Aditi Gupta - Andres Rico-
often improves stress resistance at the expense of plant Medina - Ana I. Cano-Delgado
growth and vyield. The challenge is therefore to develop Published in: Science, 2020
drought-smart crops capable of withstanding water scarcity DOI: 10.1126/science.aaz7614

while maintaining agricultural productivity.
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KEY INSIGHTS

02. Phytohormone signaling is the central
mechanism for drought response

ABA is the primary drought hormone, but
brassinosteroids and auxin also play critical roles
through complex cross-talk. The CLE25 peptide
mediates root-to-shoot communication,
coordinating whole-plant drought responses.

03. Tissue-specific engineering may help resolve
the yield-resistance trade-off

spatiotemporal manipulation of drought responses.

Overexpressing drought genes throughout the plant w
causes growth penalties, but targeting hormone Q
signaling to specific tissues (e.g., phloem-specific ) . . 5)
BRL3 localization) improves drought resistance Improving drought resistance is not ¢,
without impairing yield. simply about activating stronger E
04. Emerging technologies enable precision stress r?5p°nses' The key may lie in L
drought engineering controlling where and when these >
CRISPR-Cas9, optogenetics (like BLINKL for FE S P S R a_llowmg pla-n'_cs- to %
stomatal control), and small-molecule hormone conserve de‘er without sacrificing -
agonists (like opabactin) provide new tools for growth and yield. §
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— UNDERSTAND _

FROM LOCAL DROUGHT SENSING TO
COORDINATED WHOLE-PLANT ADAPTATION

ENVIRONMENTAL DROUGHT

Reduced soil water availability

LOCAL DROUGHT SENSING

Root sensing Cellular sensing
Roots detect declining Cells sense water deficit through
. soil moisture. turgor loss and osmotic stress.

y l

LONG-DISTANCE COMMUNICATION

Moves through the vasculature ABA blosyntheS|s
CLE25 peptide to aerial tissues. (NCED3)
Produced in roots ) In leaves, CLE25 activates
in response to drought. the enzyme NCED3, stimulating
Root-to-shoot systemic signal ABA production.

|
| SPATIAL COORDINATION OF RESPONSES (tissue-specific)
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What happens ? What happens ? What happens ? What happens ? S
S
ABA signalling regulates MIZ1 and SnRK2.2 act EXO70A3 regulates local BRL3 pathway activation 2>
stomatal movement coordinately in the ABA- auxin transport triggers the accumulation £
in response to water mediated hydrotropic by affecting PIN4 of osmoprotectant cly
availability. response. homeostasis. metabolites® in roots. §
Why ? Why ? Why ? Why ? g
To limit water loss through To interpret water-potential To adjust root system To protect cells against é
transpiration. gradients in the soil. architecture in response dehydration-induced 2
to water availability. osmotic stress. £
; «
o .
OUTCOME OUTCOME OUTCOME OUTCOME % -
[
Stomatal closure Hydrotropic bending Root architecture adjustment Improved drought . -
- reduced water loss - root growth toward - improved adaptation resistance without
wetter soil to water availability. compromising growth.
=
COORDINATED WHOLE-PLANT ADAPTATION
Distinct tissue-specific responses contribute to complementary functions: ‘
Reduced water loss Adaptive root growth Osmotic protection
ONE STRESS

- MULTIPLE TISSUES
-> COORDINATED DROUGHT ADAPTATION

Figure 1. From local drought sensing to coordinated whole-plant adaptation. Drought triggers signalling processes
that coordinate distinct responses across plant tissues. Root-to-shoot communication, ABA-mediated stomatal
regulation, hydrotropic responses, auxin-dependent root architecture and vascular BRL3 signalling contribute
complementary functions involved in water conservation, root adaptation and osmotic protection. Together, these
tissue-specific mechanisms illustrate how spatial coordination of stress responses can shape whole-plant drought
adaptation. Conceptual figure: Julie BUYO. Based on Gupta et al. (2020).
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— CONNECT _

Connecting research findings to broader
scientific perspectives.

Rethinking how Beyond drought as a Bridging molecular
drought responses single stress mechanisms and
are studied field performance

Drought adaptation In natural and agricultural A major challenge is to
emerges from interactions environments, plants rarely determine whether
operating across multiple experience drought in mechanisms identified in
biological scales. Rather isolation. Heat, salinity and model plants can be

than examining individual nutrient limitations can successfully translated to
signalling pathways occur simultaneously, crop species and remain
independently, creating interacting effective under field
understanding plant physiological constraints. conditions. Future
resilience requires linking Understanding how plants research should combine
molecular events to integrate multiple molecular and tissue-
cellular behaviour, organ- environmental signals specific approaches with
level responses and across tissues and field-scale phenotyping to
whole-plant physiology. coordinate potentially evaluate how targeted
This multiscale perspective competing responses will stress responses affect
could reveal properties of be essential for defining water use, growth and
drought adaptation that resilience under realistic yield across diverse and
cannot be understood by conditions. fluctuating environments.
studying each component
in isolation.
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Broader Perspectives_
iIResearch Outlook

CONNECTIONS_

From drought resistance to climate-ready agriculture

The relevance of drought-response research is becoming increasingly tangible. In June
2026, France experienced its hottest June on record, with a rainfall deficit of nearly 50%,
while drought became widespread across the country (1). At the European scale, depleted
soil moisture combined with high temperatures is already raising concerns for crop water
stress and yield potential (2).

In this context, the challenge may no longer be simply to engineer crops that tolerate
drought as an isolated event. Future crops may need to dynamically cope with successive
or simultaneous stresses — drought, extreme heat and water limitation — while maintaining
productivity. This raises a broader question: could our understanding of tissue-specific and
spatiotemporal stress responses eventually enable plants to allocate their resources more
intelligently as environmental conditions change?

If so, the next generation of crop improvement could move beyond breeding for individual
stress-resistance traits toward designing dynamic resilience: plants capable of sensing
rapidly changing environments, prioritizing protective responses in the right tissues at the
right time, and recovering when stress subsides. In an increasingly unpredictable climate,
the ability to adapt dynamically may ultimately matter as much as the ability to resist.
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