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Abstract
Introduction:

With the industrialization of societies in recent days, many toxic compounds have been released
into the environment. Environmental pollution caused by heavy metals is one of the most
important global factors of soil pollution that threatens food security. Medicinal plants are
important economic plants and their products are widely consumed in the world and Iran. Since
cadmium is known as the main element in causing various cancers, especially digestive cancer, it
is necessary and important to investigate the effects of this toxic metal on the gquantitative and
qualitative properties of fennel. Using nano fertilizers in soil and nutrients can be a suitable
solution to reduce the adverse effects of this heavy metal.

Materials and Methods:

This experiment was conducted in order to evaluate some biochemical characteristics of fennel
plant and the possibility of mitigating the effects of cadmium heavy metal stress by foliar
spraying of selenium nanoparticles, algae extract and their interaction in greenhouse conditions in
a factorial manner based on a randomized complete block experimental design with three
replications in 2023-2024 was implemented. The first factor included the heavy metal cadmium
chloride at two levels (control and 20 mg/kg of soil) and the second factor is foliar application at
three levels (control, algal extract, and selenium nanoparticle with concentrations of 2 mg/L and
20 mg/L).

Results:
The findings showed that under cadmium stress, the amount of malondialdehyde, catalase and
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superoxide dismutase enzymes, proline content and ion leakage percentage increased
significantly, while the content of photosynthetic pigments decreased compared to the control.
Also, the highest level of malondialdehyde concentration and activity of catalase and superoxide
dismutase enzymes were observed in foliar spraying with algal extract under cadmium stress
compared to the control. The synergistic effect of selenium nanoparticle and algal extract
decreased ion leakage by 3.91% and increased proline and photosynthetic pigments by 16.73%,
especially chlorophyll b by 33.11%. In other words, the adverse effects of cadmium stress have
been reduced by strengthening the antioxidant and photosynthetic system of fennel plant by
selenium nanoparticles and algae extract.

Conclusions:

In general, foliar application of algal extract (concentration of 2 mg/L) due to the high content of
macro and micro elements and antioxidant properties compared to selenium nanoparticles, has
been able to inhibit free radicals by increasing the activity of antioxidant enzymes and by
reducing the electrolyte leakage, maintain the integrity of the membrane in the condition of
cadmium stress.
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Table 1. Chemical and physical characteristics of soils seaweed extract properties used in the study

Soil texture N (%) Phosphorus (mg kg-) Potassium (mg kg-)
Sandy-loam 0.19 11.9 245
EC (ds m-1) pH Cd (mg kg
1.18 7.13 0.08

Parameter Concentration Parameter Concentration
N 0.1% Carbohydrate 1.87%
P 0.1% Organic acids 0.71%
K 1.5% Organic carbon 52gL*!
Cu 11mgL? Amino acids 107gL™?
Fe 150 mg L™ Auxin 15gL*
Mn 80mg L™ Cytokinin 11gL*
Zn 50mg L™ Gibberellin 24gL*
Organic matter 4.95% Seaweed extract 26%

Figure 1. Control (A), cadmium stress treatment (B), selenium nanoparticle (C) and algal exract (D)

in fennel plant respectively.
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Table 2. Analysis of variance for physiological and biochemical characteristics of fennel plant under
cadmium stress and foliar application of selenium nanoparticles and algae extract

Means of square (MS)

sov a g Proline MDA Sﬁgrfj soo  cha cnp o
Block 2 11.375 492.12° 0.053 0.008 1.16  0.004 0.003" 0.015
Cadmium stress 1 560.666°° 9322.04** 69.020°° 0.322"" 22.42°° 0.464*° 0.170° 1.201*"
Spraying 3 31.166° 840.81"  7.243" (005 048  0.028° 0.011* 0.072**
Interaction 3 6.777 46.26 3.465 0.018" 178" 0,001 0.001 0.003
Error 14 8.37 80.79 0.55 0.002 036  0.005 0.0005 0.007
(/HCV - 7.7 5.1 7.0 13.0 12.3 6.7 6.1 5.3

ns, * and ** are non-significant and significant respectively at the five percent and one percent probability levels.
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Table 3. Comparisons of mean interaction effects of heavy metal stress x foliar spraying on the
amount of malondialdehyde, catalase and superoxidase dismutase antioxidant enzymes of fennel

plant.
. Means

Variable - - <
MDA (umol.g FW™) CAT (mg.g FW™)  SOD (mg.g FW™)

Control 9.533% 0.220°¢ 3.566°

Cd 14.766°2 0.613° 7.100°

Se 8.866° 0.266 ¢ 4.133°

AE 8.700° 0.296 ¢ 4.033°¢

mix 8.666° 0.273°¢ 4.100°

AE xCd 12.733" 0.483° 5.733°

Sex Cd 11.166°¢ 0.470° 5.466 "

mix x Cd 10.666¢ 0.416° 5.266"

LSD 1.305 0.086 1.062

Numbers followed by the same letter are not significantly differentns (P<0.05).
Cd: cadmium stress, Se: foliar application of selenium nanoparticles, AE: Algae Extract, mix: foliar application of selenium

nanoparticles and algae extract.
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Figure 2. Comparison of the mean foliar application and heavy metal stress on the ion leakage

percentage of fennel plant
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