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INTRODUCTION

The escalating effects of climate change, characterized by
erratic rainfall and increasing soil salinization, pose a severe
threat to food security worldwide. Traditional breeding
methods to develop highly stress-tolerant crops are often
slow and cannot keep pace with the rapidly changing
environmental landscape. Consequently, there is a critical
need for innovative and resource-efficient strategies to boost
the natural resilience of staple crops. A fascinating concept
emerging from plant biology research is "'priming.” Priming
describes a state where a plant, having received a mild or
transient stimulating signal (the priming agent), develops an
enhanced capacity to mount a faster and stronger defense
response upon subsequent exposure to a severe stressor.
Crucially, the plant maintains this readiness without
expending the significant energy required for a full defense
response during non-stress conditions. Among the most
effective and widely studied chemical priming agents are the
non-protein amino acids, gamma-aminobutyric acid (GABA)
and its isomer, beta-aminobutyric acid (BABA). While
GABA is a ubiquitous, naturally accumulating metabolite
found in all organisms and often linked to the plant's
carbon/nitrogen balance, both compounds have been
unequivocally identified as key signaling molecules that
orchestrate the plant's stress "memory" and defensive
readiness. Their application offers a non-toxic, eco-friendly
approach to arming crops against the most challenging
abiotic stresses: drought and salt.

2. The Dual Role of GABA in Stress Defense

GABA is synthesized in plants primarily via the GABA
shunt, a metabolic pathway that bypasses parts of the
conventional tricarboxylic acid (TCA) cycle. While this
pathway is essential for general metabolism and acts as a
carbon and nitrogen reservoir, GABA’s role extends far
beyond a simple metabolite, particularly under stress. Upon
application or stress-induced accumulation, GABA acts as a
crucial signal. It enhances stress tolerance through multiple
mechanisms, including:
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2.1. Antioxidant System Enhancement:
Drought and salinity typically lead to a surge in
reactive oxygen species (ROS), causing
oxidative damage. GABA priming accelerates
the activation of key antioxidant enzymes, such
as Superoxide Dismutase (SOD), Catalase
(CAT), and Peroxidase (POD), -effectively
scavenging ROS and limiting cellular damage.

2.2. Osmotic Adjustment: Under drought and
high salinity, plants must maintain cellular water
pressure (turgor). GABA contributes to this by
regulating the accumulation of compatible
solutes, or osmolytes, like proline and soluble

Osmotic lml.me ,
Antioxidants | 5" =
= Biochemical =

—.  Respomse <

~ Membrane
stability I
RWC

Signaling gene =
Stress response gene [ == _
\E

Response  ——

0:6:
= ROS | 5= eroxide anion
= MDA

-, H0, 5

N

Available online at
http://agrospheresmagazine.vitalbiotech.org

l GABA
Molecular = )

ISSN (E): 2582 — 7022

sugars. Furthermore, GABA itself can function
as a non-toxic osmolyte, helping to maintain
cellular water balance and protect photosynthetic
machinery.

2.3. lon Homeostasis: In saline environments,
the accumulation of toxic ions, particularly Na+,
disrupts essential processes. GABA has been
shown to modulate ion transport, aiding in the
compartmentation of Na+ ions away from the
cytosol or promoting the uptake of beneficial
ions like K+, thereby maintaining the critical
K+/Na+ ratio necessary for cell function.
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Figure-1: GABA role in alleviating salt stress negative effects

3. BABA: The Master Priming Agent for
Resilience

BABA, a structural isomer of GABA, is known
as one of the most potent chemical inducers of
resistance, particularly for priming plants against
both biotic (pathogens) and abiotic stresses.
While it was once considered a foreign
compound, it is now known to accumulate
endogenously in stressed plants, confirming its
role as a natural stress metabolite.

The priming effect of BABA is mediated

through a complex signaling network. Research
suggests that a specific aspartyl-tRNAsynthetase
protein, encoded by the IBI1 gene, acts as the
receptor for BABA. This receptor-ligand
interaction triggers signaling cascades that
crosstalk with major plant defense hormones:
3.1. Abscisic Acid (ABA): For abiotic stress,
BABA priming is often linked to the ABA
pathway, a central regulator of drought response.
The priming action leads to a faster and more
robust induction of ABA-responsive genes,
which ~ control  critical ~ drought-response
mechanisms like stomatal closure and osmolyte
synthesis.
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3.2. Faster, Stronger Defense: Like GABA,
BABA priming establishes an enhanced "stress
memory." When a primed plant encounters
drought or salt stress, its defense-related genes,
including those for antioxidant production and
ion transporters, are activated earlier and reach
higher expression levels than in non-primed
plants. This head-start minimizes the initial
shock and damage caused by the stressor.
4. The Cost-Benefit Advantage of Priming

The most significant agricultural
advantage of GABA and BABA priming is the
cost-effective enhancement of tolerance. In the
primed state, the plant is merely "ready," not
actively fighting. Only a small amount of energy
is invested in pre-synthesizing signaling
components or modifying chromatin (epigenetic
memory). The bulk of the energy-consuming
defense  machinery  (like  mass-producing
antioxidants or defense proteins) is only
mobilized rapidly upon the actual stress event.
This conservation of metabolic resources ensures
that the plant does not suffer growth penalties,
which are common when traditional defense
mechanisms are  constitutively  activated.
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Plant Species Abiotic stresses

Reference

Pistachio Salt stress

Karimi, et al, 2017

Rapeseed Drought stress Baghizadeh, et al, 2017
Tobacco Chilling stress Ma, et al, 2020
Chickpea Salt stress Mahmud, et al, 2020

Chinese cabbage Salt stress

Elradi, et al, 2022

Linen, Chickpea Heat stress drought stress

Quan, et al, 2022

Table-1: Demonstration of many plant species that have been examined to elucidate the function of
BABA in tolerance and regulation of different types of stresses.

CONCLUSION

GABA and BABA represent a paradigm shift in
crop protection against environmental extremes.
Their function as signaling molecules that induce
an energy-efficient state of stress priming offers
a powerful solution to mitigating the damaging
effects of drought and salinity. By accelerating
the activation of core defensive systems—from
antioxidant scavenging and better osmo-
regulation to maintaining crucial ion balance—
these non-protein amino acids allow crops to
maintain higher yield and survival rates under
adverse conditions. Future research focusing on
optimizing the application methods and better
understanding the receptor-level signaling of
these molecules promises to unlock their full
potential, establishing them as the plant's
essential "secret weapon" for a more sustainable
and resilient agriculture.
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