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Abstract

The global security of agricultural products has been threatened due to climate changes and the increase in
ultraviolet radiation. Considering the effectiveness of nanoparticles in improving plant resistance to stress,
nanotechnology can be used to reduce the effects of stress. This research aims to investigate the UV-A stress on
the dill and evaluate the effect of silver nanoparticles in reducing the damage of this stress on the plant. First,
pot cultivation of dill seeds was done, when the plant grew to 8 cm, UV-A stress was applied at three levels (0,
30 minutes, and 60 minutes), at the same time, the samples were treated with silver nanoparticles at three
levels(0, 50 and 100 mg/L).The growth parameters (fresh and dry weight of stem and root, length of stem and
root), physiological parameters (photosynthetic pigments), biochemical parameters (catalase activity, ascorbate
peroxidase activity, protein content).The results showed that ultraviolet radiation causes a significant decrease in
the growth parameters and photosynthetic pigments of chlorophyll a, b, and total Chl., however, the amount of
carotenoids decreased less compared to chlorophylls, so the ratio of carotenoids to total chlorophyll increased.
Ultraviolet radiation significantly reduced catalase enzyme activity and protein content, while significantly
increasing ascorbate peroxidase enzyme activity. Treatment of plants with silver nanoparticles mitigated the
damaging effects of UV radiation, and a concentration of 100 mg/L was identified as the optimal concentration
of silver nanoparticles for improving both growth and biochemical parameters of plants exposed to 30 minutes
of UV-A radiation. Therefore, application of silver nanoparticles at an appropriate concentration is
recommended to enhance plant growth and performance under the detrimental effects of ultraviolet radiation.
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Extended Abstract

Introduction

Ultraviolet (UV) radiation, particularly
UV-A (315-400 nm), is an abiotic stress
factor that significantly influences plant
growth and physiological processes. While
UV-A is less energetic than UV-B or UV-
C, prolonged exposure can still induce
oxidative stress by generating reactive
oxygen species (ROS), leading to cellular
damage, impaired photosynthesis, and
reduced biomass accumulation. Plants
have evolved both enzymatic and non-
enzymatic antioxidant defense systems to
mitigate such stress, including the
synthesis of UV-absorbing compounds
like flavonoids and anthocyanins, as well
as activation of antioxidant enzymes such
as catalase (CAT) and ascorbate
peroxidase (APX). In parallel,
nanotechnology has emerged as a
promising approach to enhance plant
resilience under environmental stresses.
Silver nanoparticles (AgNPs) have shown
potential in improving growth parameters,
modulating antioxidant activity, and
increasing tolerance to various abiotic
stresses, including salinity and heavy
metals. However, limited information
exists on the interactive effects of UV-A
radiation and AgNPs, especially in
medicinal and aromatic plants like dill
(Anethum graveolens L.). This study
aimed to evaluate the protective role of
AgNPs against UV-A-induced stress in dill
by assessing morphological, physiological,
and biochemical responses.

Methods

A pot experiment was conducted under
controlled greenhouse conditions using a
factorial arrangement based on a
completely randomized design with three
replications. Two factors were examined:
(1) foliar application of AgNPs at three
concentrations (0, 50, and 100 mg/L), and
(2) UV-A radiation exposure at three

durations (0, 30, and 60 minutes per day)
using a 40-W fluorescent UV-A lamp (365
nm) placed 40 cm above the plants. Dill
seeds were sown in plastic pots filled with
a 1:2 mixture of leaf compost and perlite.
After thinning to five uniform seedlings
per pot at the 8-cm height stage, treatments
were applied daily for 30 days. Two weeks
after treatment termination, plants were
harvested for analysis. Growth parameters
(fresh and dry weights of shoots and roots,
shoot and root lengths) were recorded.
Photosynthetic pigments (chlorophyll a, b,
total chlorophyll, and carotenoids) were
quantified spectrophotometrically using
Arnon’s method. Antioxidant enzyme
activities, catalase (CAT) and ascorbate
peroxidase (APX) were assayed using
standard protocols. Total soluble protein
content was determined via the Bradford
method with a BSA standard curve. Data
were subjected to analysis of variance
(ANOVA) and means were compared
using Duncan’s multiple range test at P <
0.05.

Results and Discussion

UV-A radiation significantly suppressed
all growth parameters in a time-dependent
manner, with 60-minute exposure causing
more severe reductions than 30 minutes.
Both shoot and root fresh/dry weights and
lengths declined under UV-A, consistent
with previous reports in other species such
as Melissa officinalis and pepper. This
growth inhibition is attributed to oxidative
damage, DNA lesions, and disruption of
photosynthetic machinery. Conversely,
AgNP application, especially at 100 mg/L,
significantly enhanced growth traits and
mitigated UV-A-induced suppression. The
protective effect of AgNPs is likely linked
to their ability to modulate antioxidant
systems and reduce ROS accumulation.
Photosynthetic pigment contents
(chlorophyll a, b, total chlorophyll, and
carotenoids) were markedly reduced by
UV-A exposure, with greater losses at 60
minutes. However, AgNP treatments,
particularly at 100 mg/L, alleviated these
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declines, suggesting a protective role in
chloroplast integrity. The increase in
carotenoid content under AgNP + UV-A
may reflect enhanced photoprotection, as
carotenoids quench ROS and dissipate
excess light energy. Interestingly, the ratio
of carotenoids to total chlorophyll
increased under UV-A but was unaffected
by AgNPs, indicating that this ratio is
primarily stress-responsive rather than
nanoparticle-mediated. Enzymatic
responses showed a dual pattern: CAT
activity decreased under UV-A but was
restored by AgNPs, whereas APX activity
increased under UV-A but was suppressed
by AgNPs. This suggests that AgNPs may
shift the antioxidant defense strategy
enhancing CAT-mediated H,0,
decomposition while reducing reliance on
the ascorbate-glutathione cycle. Total
soluble protein content followed a similar
trend to growth and pigment data: UV-A
reduced protein levels, while AgNPs
counteracted this effect, possibly by
stabilizing protein synthesis or reducing
proteolytic  degradation under stress.
These findings align with prior studies
demonstrating the ameliorative effects of
nanoparticles under abiotic stress. The
efficacy of AgNPs appears concentration-
dependent, with 100 mg/L consistently
outperforming 50 mg/L across most
parameters. The observed benefits are
likely due to the high surface-to-volume
ratio of nanoparticles, facilitating
interactions with cellular components and
enhancing stress signaling or ROS
scavenging.

Conclusion

This study demonstrates that UV-A
radiation imposes significant oxidative
stress on dill plants, leading to reduced
growth, photosynthetic pigment
degradation, and protein loss. However,
foliar application of silver nanoparticles
particularly at 100 mg/L effectively
mitigates these adverse effects by
enhancing antioxidant enzyme activity
(notably  catalase) and  preserving

photosynthetic and protein integrity. The
results highlight the potential of AgNPs as
a nano-priming agent in sustainable
agriculture to improve plant resilience
against UV stress. The combination of
short-term (30 min) UV-A exposure with
AgNP treatment may even serve as a
hormetic strategy to boost secondary
metabolite production without
compromising growth. Future research
should explore field applicability,
nanoparticle uptake mechanisms, and
potential  phytotoxicity at  higher
concentrations or prolonged exposure.
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