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The effect of foliar application of selenium nanoparticles (SeNPs) on the appearance and
bioch@mical characteristics of Echinacea purpurea under drought stress

ABSTRACT
To investigatethe effect of selenium nanoparticle foliar application on mitigating the negative impact of drought stress in Echinacea

purpurea, cultivar Rose Carmine, a study was conducted as a split-plot based on a completely randomized design with three
replications. The research was carried out in a greenhouse (from seedling stage to two months) and subsequently in the agricultural
fields of the faculty of agriculture at Urmia University. The drought stress levels (main factor) were applied based on the soil field
capacity at four levels (20, 40, 60, and 100% of field capacity), measured by assessing soil moisture at the root depth using a TDR
device. The selenium nanoparticle treatment (sub-treatments) was applied through foliar spraying simultaneously with the different
levels of drought stress at four concentrations: zero (control), 5, 10, and 20 mg per liter, with biweekly intervals over a three-month
period. The results showed that the highest accumulation of proline (0.73 pumol per gram) occurred with the foliar application of

20 mg per liter of selenium nanoparticles under 60% field capacity drought stress. Conversely, the lowest malondialdehyde



accumulation (0.8 nmol per gram of fresh tissue) was observed with the foliar application of 5 mg per liter of selenium nanoparticles
under 20% field capacity drought stress, while the highest activity of ascorbate peroxidase (2/5 nmol per gram of fresh tissue) was
recorded with the foliar application of 20 mg per liter of selenium nanoparticles under 20% field capacity drought stress, showing
a significant difference compared to the control. Considering the overall results of the study, it was determined that the foliar
application of selenium nanoparticles possitively increased the plant’s drought stress tolerance. Consequently, yield and vegetative
growth indices were significantly influenced by the irrigation levels and nanoselenium foliar spray treatments.

Keywords: non-living stress, nano particles, medicinal plant, antioxidant properties
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Extended Abstract

Introduction

Echinacea purpurea is a valuable plant from the asteraceae family, Which has ornamental and medicinal value, and
its cultivation has become common in urban green space imyecent yéars. Considering the importance of Echinacea
purpurea from an ornamental and medicinal point of view;the con%uation of climate changes and water deficiency
as a global concern, the need to use new and efficient methodsito increase the tolerance or resistance of plants to
drought stress conditions and considering the beneficial effects/of some elements, especially at the nano scale and
also, the role of selenium as a useful element in plant nutrition'and conferring tolerance to environmental stressors
including drought, the effects of selenium nanoparticles foliar spraying in Echinacea purpurea cv. Rose Carmine
under drought stress conditions were investigated.

Materials and Methods

The seedlings of Rose*'Carminewariety were transferred to field conditions after growing sufficiently in the plug trays
in the research greenhouse of Urn}a University. Drought stress levels were applied based on the soil field capacity at
four levels (20,4060 and 100% of the field capacity) by measuring the soil moisture at the root depth using the TDR
device. Selenium nanoparticles treatment were applied at four levels of zero (control), 5, 10 and 20 mg per liter as
foliar sprayingwithtwo-week intervals and in a three-months period, concurrently with drought stress. The experiment
was carriedtout as a split plot in the form of a completely randomized design with three replications. With the
completion of the flowering period, plant samples were collected and the intended morphological and physiological
traits were measured. Analysis of variance and data mean comparison was done using SAS statistical analysis
software, and Duncan's multiple range test, respectively.

Results and Discussion

In this study, the highest activity of ascorbate peroxidase enzyme was observed in the 20 mg. I of selenium

nanoparticles under 20% field capacity drought stress conditions, which showed a significant difference compared to
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the control. This result may be attributed to the antioxidant protective effects of selenium, the improvement of the
plant's metabolic efficiency, and the enhancement of nutrient uptake and availability due to selenium.
Additionally, the lowest accumulation of malondialdenyde (MDA) was observed in the 5 mg. I selenium
nanoparticles under 20% field capacity drought stress conditions. Malondialdehyde is considered a marker of lipid
peroxidation, and its increase is typically regarded as an indicator of oxidative damage in plant tissues under stress
conditions. Therefore, the reduction of MDA levels indicates plant resistance and mitigation of drought stress adverse
effects on cell membrane. The lowest MDA level in the treatment with 5 mg. I* of selenium nanoparticles under
severe drought stress indicates that this nano-element has effectively reduced damages caused by oxidative stress.
Additionally, the highest activity of the guaiacol peroxidase was recorded in 20 mg. I'* selenium nanopartielé treatment
under 40% of field capacity drought stress. In our study, selenium was able to improve the plant's defense system
against free radicals and reducing cellular damage.

N\
Conclusion
According to the results obtained from our study about the performance of selenium nanoparticles under different
drought stress levels, it can be concluded that foliar spraying ofiselenium nanoparticles is able to increase the resistance
of the Echinacea purpurea under stress conditions and alleviatinggthe damages to the plant structure under extreme
stress conditions. Strengthening the antioxidant defense system by nang®selenium and consequently, decreasing lipid
peroxidation, regulating plant metabolism and improving metaboliéefficiency can be attributed as potential reasons
for this.



