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Extended Abstract

Background: Given the contamination of medicinal plants with heavy metals, these plants have
high potential in absorbing and transferring them to usable parts. Due to the side effects related
to the presence of heavy metals in herbal medicines used in Iran, researchers are today looking
for a solution that can reduce the toxic effects of heavy metals in the soil and improve the
quality of crops grown in soils contaminated with heavy metals. The use of cost-effective and
environmentally safe nanoparticles for the remediation of metal-contaminated soils and
biosorption of trace and potentially toxic elements via microalgae or algal extract has received
much attention in the past and recently. Therefore, this experiment was conducted to feed fennel
with biostimulants, investigate some physiological parameters, reduce the absorption of the
heavy metal chromium, and ultimately maintain the quantity and quality of fennel (Foeniculum
vulgare).

Methods: This study was conducted as a factorial experiment in a randomized complete block
design with three replications under greenhouse conditions in 2023-2024. Treatments included
chromium stress at two levels (0 (control) and 100 mg/kg soil) and foliar spray at three levels
(control, algal extract at a concentration of 1 mg/L, and selenium nanoparticles at a
concentration of 20 mg/L). At the four-leaf stage, foliar spraying was performed at three levels
of zero, algal extract (I mg/L), and selenium nanoparticles (20 mg/L) three times with an
interval of 15 days. Ten days after the plant was exposed to the desired stress, the control and
treatment plants were sampled to examine the physiological parameters of the plant.

Results: The results of the analysis of variance of the mutual effect of foliar spraying x heavy
metal stress were significant regarding the antioxidant enzymes catalase and superoxide
dismutase. The results of the mutual effect of selenium nanoparticles x green algae extract were
significant for the traits of proline amino acid content and chlorophyll a, chlorophyll b, and total
chlorophyll, but there was no significant effect for antioxidant enzymes catalase and superoxide
dismutase, electrolyte leakage, and malondialdehyde. The concentrations of malondialdehyde,
antioxidant enzymes catalase and superoxide dismutase, proline content, and ion leakage
percentage increased significantly under chromium stress, while the content of photosynthetic
pigments decreased compared to the control. The application of biostimulants increased the
activity of antioxidant enzymes catalase and superoxide dismutase, proline content, and
photosynthetic pigment concentrations compared to the control, but the malondialdehyde
content decreased compared to the control. In fennel, the activity of catalase and superoxide
dismutase enzymes increased in the interaction of chromium with 1 mg/L of the algal extract, 20
mg/L of selenium nanoparticles, and their interaction, respectively, compared to the control. The
highest percentage of catalase and superoxide dismutase activity belonged to chromium stress,
and the lowest concentration of these enzymes was recorded in the control. The highest activity
of antioxidant enzymes under chromium stress after the control was assigned to foliar spraying
with algal extract. The interaction effect of selenium nanoparticles and algal extract decreased
the content of malondialdehyde and increased photosynthetic pigments. The proline content
increased by spraying 20 mg/L of selenium nanoparticles, 1 mg/L of the algal extract, and their
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interaction compared to the control. As a result, the damage caused by chromium toxic metal
stress was moderated by strengthening the antioxidant and photosynthetic system of fennel
plants with selenium nanoparticles and algal extract.

Conclusion: In general, among the studied biological stimuli under chromium stress, foliar
spraying with algal extract compared to selenium nanoparticles could strengthen the antioxidant
system of fennel plants. In this way, it could inhibit the accumulation of free radicals and
maintain the integrity of the membrane under chromium stress by reducing the malondialdehyde
content.
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Table 1. The analysis of variance for physiological and biochemical characteristics of fennel plants under chromium
stress with the foliar application of selenium nanoparticles and algal extract
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0.004 0.0006 0.002 0.362 0.001 0.641 48.83 10.86 14 Error ks
4.0 6.7 44 13.1 11.5 7.9 3.9 9.1 OV Sl

(%)

#% % NS
¢

Kt YD gime doyd S g doyd iy Jlesin ] zolaw 50 g I gxe pf Cuipa *F g
ns, * and ** are non-significant and significant, respectively, at the five percent and one percent probability levels.
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Table 2. Comparisons of mean interaction effects of heavy metal stress x foliar spraying on the amounts of catalase
and superoxidase dismutase enzymes of fennel plants

Means ,Siko
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Numbers followed by the same letters are not significantly different (P>0.05).

Cr: croum stress, Se: foliar application of selenium nanoparticles, AE: Algae Extract, mix: foliar application of selenium nanoparticles and algal

extract.
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Table 3. Physical and chemical characteristics of the soil and nanoparticles used in this study
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Figure 1. Comparisons of average foliar application and Cr stress for changes in proline and MDA content in fennel
Means with similar letters in each column do not have statistically significant differences based on the LSD test.
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Figure 2. Comparisons of the mean Cr stress on the ion leakage fFercenta e of fennel
Means with similar letters in each column do not have statistically significant differences based on the LSD test
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