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Abstract

The present study was designed and implemented to investigate the possibility of green synthesis of magnetic iron
oxide nanoparticles (IONPs) in the presence of aqueous and ethanolic extracts of beeswax waste (Beeswax waste,
Bw) as an agricultural waste and to evaluate the effect of IONPs nanoparticles synthesized by Bw (Bw-1ONPs)
compared to chemical nanoparticles (Ch-IONPs) on marigold plant under lead stress conditions. In the following
study, the experiment was conducted as a factorial experiment in a completely randomized design in a hydroponic
environment. The experimental treatments included two levels of lead (0 and 300 mg/L) and three different forms
of iron (ferrous sulfate as control, Bw-IONPs, Ch-IONPs) in three replications. The results showed that the dry
weight of the shoot, root, chlorophyll a, total chlorophyll and protein decreased by about 46, 41, 44, 33 and 15
percent under lead stress, respectively, and increased by about 20, 6, 39, 27 and 14 percent with the use of
nanoparticles, especially Bw-IONPs nanoparticles, respectively. However, phenol, flavonoid and anthocyanin
increased under lead stress conditions and showed a further increase with the use of iron in the form of
nanoparticles, especially Bw-1ONPs nanoparticles. The above compounds appeared to act as antioxidants for the
plant. The superiority of Bw-IONPs nanoparticles over other forms of iron under stress conditions may indicate
the possibility of using nanoparticles synthesized by green methods in the development of sustainable agricultural
methods and protection of natural resources and provide new solutions to deal with problems caused by soil
pollution and environmental stresses
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