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Abstract

Two signaling materials, namely hydrogen peroxide and 24-epi brassinosteroids, have significant biological
effects on plant growth, including increasing plant tolerance to environmental stresses. In the present study, the
effect of drought stress and its interaction with H202 and 24-epibrassinolide on protein content, sugars,
essential oil percentage, photosynthetic pigments (chlorophyll a, b), auxiliary pigments (carotenoids, phenols,
and flavonoids) were investigated. For this purpose, an experiment was conducted based on a factorial design in
a completely randomized design with three repetitions in the research greenhouse of the Agricultural Research,
Education and Natural Resources Centre of Southern Kerman, and the plants under went drought stress
treatment at three levels of irrigation 100% (control), 75% (mild stress) and 50% field capacity (severe stress) in
the fifth week after germination (the beginning of reproductive growth), Which successively, in 2 stages, first
three days before stress, and 15 days later, spraying hydrogen peroxide on the plants was applied at
concentrations (0, 0.5 and 1 mM) and 24-epi brosinosteroids (0, 0.5 and 1 mM). With increasing levels of stress,
essential oil percentage, sugar soluble, carotenoids, phenolic compounds, flavonoids, the shoot increased, and
protein of aerial organ and chlorophyll decreased. The use of H202 and 24-epibrassinolide in drought stress
conditions had a positive and significant effect on the tested traits. The levels of protein, chlorophyll a and b
increased by concentrations of H202 and 24-epibrassinolide in the same levels of stress. As a result, by spraying
24-epibrassinolide at 1 mM, chlorophyll a reached its highest level (mL-190/10). Spraying 24-epibrassinolide
under severe stress conditions increased flavonoids of the aerial organ by 1.58 (Observance g) and decreased
essential oil percentage (2.44%). In general, it can be said that drought stress reduced the ability of
photosynthesis and plant production. Spraying hydrogen peroxide and 24-epibrassinolide was able to improve
the photosynthetic system and resistance of the cumin plant to stress.
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Extended Abstract

Introduction Drought stress stands as one
of the most critical abiotic constraints to
global agricultural productivity,
particularly in arid and semi-arid regions
where water scarcity is a chronic issue.
Medicinal and aromatic plants like cumin
(Cuminum cyminum L.), which hold
immense economic and therapeutic value,
are especially wvulnerable. Cumin, the
world’s second most popular spice after
black pepper and Iran’s most important

cultivated medicinal herb, is
predominantly grown in precisely these
water-limited environments. This

geographical reality necessitates the
development of effective strategies to
enhance its drought resilience. Plants
combat drought-induced oxidative stress,
primarily caused by the overproduction of
Reactive Oxygen Species (ROS), through
complex physiological and biochemical
adaptations. Among these, the exogenous
application of signaling molecules such as
hydrogen peroxide (H,O,) and 24-
epibrassinolide (EBR) has emerged as a
promising approach. Brassinosteroids like
EBR, even at nanogram levels, are known
to bolster plant defenses against
environmental stresses by protecting
cellular  structures like chloroplasts.
Similarly, H,O,, when applied at low,
controlled concentrations, acts as a
secondary messenger that activates
antioxidant systems and induces stress
tolerance. This study was therefore
designed to systematically evaluate the
protective roles of H,0O, and EBR in
mitigating the adverse effects of drought
stress on the phytochemical and
physiological profile of cumin, with the
aim of identifying practical solutions for
sustainable cultivation.

Methods The experiment was conducted
in a research greenhouse using a factorial
arrangement  within ~a  completely
randomized design, with three replications.

Cumin plants were grown in plastic pots
filled with sandy-clay loam soil. Drought
stress was imposed at three levels based on
field capacity (FC): 100% FC (well-
watered control), 75% FC (mild stress),
and 50% FC (severe stress). Stress
application began in the fifth week after
germination, coinciding with the onset of
reproductive  growth. The signaling
molecules, H,O, and EBR, were applied
as foliar sprays at concentrations of 0, 0.5,
and 1 mM. Spraying was performed in two
stages: first, three days before the
induction of drought stress, and second, 15
days after the initial stress application. A
comprehensive suite of biochemical and
physiological traits was measured,
including protein content, soluble and
insoluble sugars, essential oil percentage,
photosynthetic pigments (chlorophyll a
and b), and auxiliary pigments
(carotenoids, total phenols, and
flavonoids). Standard laboratory protocols
were employed for all analyses: the
Bradford method for protein, the phenol-
sulfuric acid method for sugars,
Lichtenthaler’s method for pigments, and
spectrophotometric assays for phenols and
flavonoids. Essential oil was extracted via
hydrodistillation using a Clevenger
apparatus. All data were subjected to
analysis of variance (ANOVA) using SAS
software, and mean comparisons were
performed using Duncan’s multiple range
test at a 5% significance level.

Results and Discussion

The results demonstrated a clear and
significant impact of drought stress on
cumin’s physiology. As water deficit
intensified from 100% to 50% FC, a
marked decline was observed in traits
associated with primary metabolism and
photosynthetic efficiency. Protein content
in the aerial parts and concentrations of
chlorophyll a and b  decreased
significantly, indicating damage to the
photosynthetic machinery and protein
synthesis pathways, likely due to ROS-
induced degradation. Conversely, the



Roodbari & Abbaspour: Effect of Hydrogen Peroxide and 24-Epibrassinolide on ...

plant’s secondary metabolism was strongly
activated under stress. Levels of soluble
sugars, carotenoids, total phenolic
compounds, and flavonoids in the aerial
organs increased substantially with stress
severity. This is a well-documented
survival strategy, where these compounds
function as osmolytes to maintain cellular
turgor and as potent antioxidants to
neutralize harmful ROS. The application
of H,0, and EBR proved highly effective
in counteracting these negative effects.
Under identical stress conditions, foliar
application of these signaling molecules
led to a significant increase in protein
content and chlorophyll a and b
concentrations compared to untreated,
stressed plants. This indicates that both
compounds help preserve the plant’s
photosynthetic capacity under water stress.
Notably, 1 mM EBR was exceptionally
effective, elevating chlorophyll a to its
highest recorded level of 10.90 mg/mL
FW, underscoring its role in stabilizing
chloroplast membranes. The interaction
between drought stress and signaling
molecules also significantly modulated
secondary metabolism. While drought
alone increased flavonoid content, the
combined treatment of severe drought
(50% FC) with 1 mM EBR resulted in a
synergistic boost, raising flavonoid levels
to 1.58 mg/g FW. This highlights EBR’S
ability to potentiate the plant’s antioxidant
defense system. Intriguingly, this same
treatment (1 mM EBR under severe stress)
led to a reduction in essential oil
percentage to 2.44%. This inverse
relationship suggests a metabolic trade-off,
where the plant, under severe stress and
hormonal  signaling, prioritizes the
synthesis of protective antioxidants over
the energetically costly production of
volatile essential oils. Carotenoid analysis
revealed a similar adaptive pattern. Their
concentration rose significantly — with
drought severity, peaking at 13.28 mg/mL
FW under 50% FC, serving a critical
photoprotective function. The application
of H,O, and EBR further amplified this
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response. The highest carotenoid value
(16.36 mg/mL FW) was recorded under
the combined treatment of severe drought,
1 mM H,0,, and 1 mM EBR, representing
a remarkable ~70% increase over the
control. This demonstrates the powerful,
synergistic role of these signaling
molecules in enhancing the plant’s
capacity to dissipate excess light energy
and prevent photo-oxidative damage.

Conclusion Drought stress imposes a
severe physiological burden on cumin,
significantly impairing its photosynthetic
efficiency and primary metabolic functions
while triggering a defensive upregulation
of secondary metabolites. The exogenous
application of hydrogen peroxide and,
more prominently, 24-epibrassinolide,
serves as a highly effective strategy to
mitigate this damage. These signaling
molecules enhance the plant’s resilience
by bolstering its antioxidant defense
system, thereby reducing oxidative
damage, protecting vital photosynthetic
pigments and proteins, and strategically
modulating the biosynthesis of secondary
metabolites. While both compounds
demonstrated  beneficial effects, 24-
epibrassinolide exhibited superior efficacy
in alleviating drought-induced damage and
improving the overall physiological status
of the cumin plant. This makes EBR a
particularly promising, practical tool for
improving the cultivation and vyield
stability of this valuable medicinal herb in
water-scarce, arid, and semi-arid regions
worldwide.
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