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Main research findings

POD increases under extended photoperiod or high-light episodes,
consistent with enhanced detoxification of reactive oxygen species
(ROS).

Background and objectives

Context. Ginger is commonly cultivated under partial shade :
(agroforestry, intercropping, or net-house systems) where light
duration and intensity fluctuate. These conditions can trigger

photo-oxidative stress and constrain growth if antioxidant capacity  Proline accumulates under shade or light limitation, supporting
IS Insufficient. osmoprotection, redox buffering, and stress signaling.

Objective. Synthesize evidence on how peroxidase (POD) activity and e Across studies, POD and proline often rise together under
proline accumulation co-vary across photoperiod and shade regimes, and suboptimal light duration, suggesting coordinated regulation rather
evaluate their potential as biomarkers for rapid phenotyping and cultivar than independent indicators.

selection. « Germplasm differs in response magnitude; strong POD + proline
responsiveness is frequently associated with better performance
under shade-based cultivation.

e Evidence supports biomarker-guided screening, but standardized
assays, sampling timepoints, and decision thresholds remain limited.

Mechanistic framework (schematic)

Stress signals

Shade /low light ROS burst, redox

Photoperiod shift Reduced photon

Extended or fluctuating > SUDDI > Imbalance
light duration PRIy membrane /
and carbon gain
chloroplast stress : : : :
! l l Biomarker interpretation for screening
Coordinated Light scenario POD Proline Practical
Proline response tolerance activity level Interpretation
POD response O ) G h stabili g
Enhanced ROS detox 3 smo_prot(?ctlon ol rowtn stabllity under Extended photoperiod / episodic High  Variable Strong antioxidant
cell wall / lignification signaling shade high light activation; prefer
redox buffering and variable stable growth.
photoperiods o _
Moderate shade (cultivation target) Moderat Moderat Balanced protection
e-high e and shade
performance.
Deep or prolonged shade Moderat High  Stress buffering

e Increases; watch for

. . . . . carbon limitation.
Note: schematic summary (not to scale); relationships compiled from published

evidence. Moderat Fast ROS control plus

e-high  osmoprotection.

Rapid light transitions (sunflecks) High

Knowledge gaps, future directions, and takeaways

Take-home messages
 POD and proline provide a complementary readout of oxidative detoxification and stress buffering under variable light.

o Best-performing shade-adapted accessions typically show a balanced (moderate-high) POD response with moderate proline, avoiding
severe carbon limitation.

« For rapid screening, combine biochemical indices with simple light metadata (photoperiod, PPFD, and shade fraction).

Suggested workflow: Standardize leaf age and time of day, quantify POD activity and free proline, then rank accessions using a
combined tolerance index.

Key gaps

* Inconsistent photoperiod definitions, light metrics, and assay protocols across studies.

« Limited genotype-by-environment experiments linking biomarkers to rhizome yield and quality.

 Few time-course studies capturing early versus late POD—proline dynamics.

Future directions

* Develop a harmonized phenotyping panel: POD isoenzymes, proline, ROS markers, chlorophyll fluorescence.
e Test screening thresholds across shade systems (agroforestry, net-house, intercropping).

 Combine biochemical screening with genomic tools for biomarker-guided selection.
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