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Abstract. Wheat (Triticum aestivum L.), as one of the most important cultivated crops in the world and Iran, is constantly
threatened by many diseases, including Fusarium contamination. Due to the unique characteristics of nanoparticles, copper oxide
nanoparticles show high antibacterial and antifungal properties. The purpose of this research was to comparatively investigate the
antifungal effects of copper oxide nanoparticles and its bulk form on the suppression of Fusarium calmorum in wheat. For this
purpose, a pot experiment was done with four levels (10, 250, 500, and 1000 mg L) of nanoparticles and bulk form of copper
oxide treatments in wheat (Roshan cultivar). The results showed that the maximum inhibition of root pathogenicity was observed
in a high concentration of nanoparticles as compared to bulk form. The 250 and 500 mg L concentrations of copper oxide
nanoparticles caused the highest stem and root length and the highest dry weight of the aerial part and root, respectively.
Treatment with 10 and 250 mg L' nanoparticles also increased the content of chlorophyll a, total chlorophyll, carotenoid,
chlorophyll stability index, membrane stability coefficient, and relative leaf water content. While the content of chlorophyll b,
malondialdehyde, hydrogen peroxide, and proline increased with the increasing concentration of both nanoparticle and bulk
forms. The results of this research showed that the low and medium concentrations of nanoparticles were more successful in
inhibiting the aforementioned fungus than the bulk form.
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Figure 1. View of natural wheat (Roshan cultivar) (Positive Control), fungal-infected plant (Negative Control), plants treated
with copper oxide nanoparticles (nCuO), and plants treated with bulk form of copper oxide particles (bCuO).
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Table 1. Effect of copper oxide nanoparticles and copper oxide bulk on the growth and disease severity indices in wheat (Roshan
cultivar). Each data is the mean of 3 independent replicates; values with the same letter did not significantly differ at P < 0.05
levels based on the Duncan test. nCuO is the nanoparticle form and bCuO is the bulk form of the particle.
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Figure 3. Comparison of the effect of different concentrations of copper oxide nanoparticles (nCuO) and the bulk form
(bCuO) on the relative water content (A), membrane stability index (B), hydrogen peroxide content (C), malondialdehyde
content (D) and proline content (E) compared to the controls in wheat (Roshan cultivar). Each data is the mean of 3
independent replicates = SE; values with the same letter did not significantly differ at P < 0.05 levels based on the
Duncan test. nCuO is the nanoparticle form and bCuO is the bulk form of the particle.
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