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oo Stress Resilience o580
G0 “Naveen Kumar, Hitesh Kapoor and Somesh Sharma \

cE35e0 Department of Horticulture, Lovely Professional University, Jalandhar, Punjab, India
“Corresponding Author’s email: naveenbharkeshiya7@gmail.com

oringa oleifera leaf extract is derived from the nutrient-rich leaves of the "miracle
2850 tree," containing zeatin cytokinins, amino acids, vitamins, minerals, and antioxidants.
&% As a biostimulant, it differs from fertilizers by stimulating plant physiology rather than direct
02550 nutrition, promoting growth under stress without synthetic chemicals. Farmers prepare it via
& simple water extraction (e.g., 3-6% solutions for foliar spray).

"7 Mode of Action under Stress
950 Moringa leaf extract (MLE) mitigates stress through multifaceted modes involving
;’; phytohormone crosstalk, ROS homeostasis, and gene upregulation, extending its biostimulant
%0 effects beyond basic nutrition.
026%0

% Hormonal Regulation
£ MLE's zeatin cytokinins delay senescence by inhibiting protease genes and boosting
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éf%i photosynthetic genes (e.g., psbA for PSII), while auxins enhance vascularization for nutrient
Sl flow. Under stress, GA3 counters ethylene-induced inhibition via DELLA protein

degradation, promoting internode elongation and fruit sizing. ABA-like compounds trigger
guard cell closure via Ca** influx and K* efflux, conserving water (e.g., +stomatal regulation
in drought). These interact: cytokinin-auxin balance (A/C ratio) optimizes root/shoot growth,
amplified under stress for recovery.
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ROS Scavenging Pathways
2550 Stress generates ROS (02, H:0:, and 'O:), damaging PSII and lipids. MLE's
&% phenolics/flavonoids donate H* to quench via non-enzymatic paths, while ascorbate-
&%g:@ glutathione (AsA-GSH) cycle regenerates antioxidants. Enzymatic boost: SOD converts Oz~
&% to H202; CAT/APX decompose it (e.g., 26-48% SOD rise in salt stress). Nrf2-like
Q;&ﬁ transcription activates downstream genes (GST, GPX), reducing MDA by 30-50% in trials.
. Osmoregulation and lon Homeostasis

Maintaining ion balance is another key defense mechanism. The SOS1 gene helps remove
excess sodium from cells, while HKT transporters control sodium and potassium movement
to keep ions in balance. Proline biosynthesis (via P5CS enzyme) and glycine betaine
accumulation stabilize proteins/quench ROS, maintaining RWC >75% under drought/salt.
Sugars (trehalose) protect membranes; ions (K*/Na* exclusion via HKT transporters) prevent
toxicity. MLE upregulates aquaporins for hydraulic conductivity.
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Gene and Epigenetic Regulation
Gene and epigenetic regulation help plants survive under environmental stresses like cold or

C : /{g)
“ waterlogging. Application of Moringa Leaf Extract (MLE) activates important transcription fffiw
- factors such as WRKY and MYB, which further trigger stress-related genes like DREB and ;Q
022550 ERF. These genes improve tolerance by protecting cell membranes, maintaining water 022550
ifj balance, and supporting photosynthesis. i?
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Epigenetic changes also play a role in stress adaptation. Histone acetylation loosens the DNA
structure, making it easier for transcription factors like CBF/DREB to activate cold-
responsive genes. This results in higher proline accumulation, better chlorophyll content, and
stronger cold tolerance in papaya plants treated with MLE.

Stress-Specific Mechanisms Table

- : . 0
Drought ABA-stomatal closure, aquaporins 1, proline/sugars WUE 14.9%, RWC

osmolyte, AsA-GSH cycle sustained
. Na* exclusion (HKT), SOD/CAT 1, phenolics ROS MDA 30-50%, +
Salinity ; .
quench, proline compartmentation growth
CBF/DREB genes, membrane fluidity (unsat. fats), -
Cold cytokinins chlorophyll protect Stability, recovery
Heat HSPs 1, antioxidants, GA3-ethylene balance Senescence, + yield

Practical Applications

Apply 2-6% MLE as foliar sprays at key stages (e.g., full bloom, fruit set) for 10-45% yield
gains in fruits like papaya, plum, and tomato. In papaya LTS trials (6.4°C), MLE with
glycine betaine optimized sugars and vegetative recovery. Cost-effective and eco-friendly, it
suits even under stress condition.
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