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Figure 2. The effects of copper oxide nanoparticles and application methods treatments on germination
percentage (a) and mean germination time (b) of corn seeds
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Figure 3. The effects of copper oxide nanoparticles and application methods treatments on germination
synchrony index (a) and mean daily germination (b) of corn seeds
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Figure 4. The effects of copper oxide nanoparticles and application methods treatments on germination
rate (a) and D50 (b) of corn seeds
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Table 2. Analysis of variance of growth characteristics and biochemical treits of corn Seedling under the
influence of copper oxide nanoparticles (Nano-CuQ) and its application methods (AM)

Mean of squares
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oy O e T L e
~ df  Seedling  Seedling  Vigorindex  proline  Catalase  Peroxidase Polyphenol
. oxidase
length dry weight content
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Nano-CuO
o )5 slo by,
Application 1 4.339™ 0.0010™ 44576.91™ 2.10™ 147.03™ 1.77m 1845.33
methods
Nano-CuOx AM 4 39.45™ 0.0030™ 477179.21 0.65™ 242" 16.68™ 123.81™
ool sl 20 1.73 0.0000020 11887.55 0.01 0.235 1.54 2.23
Error
St - 3.54 1.36 167 1.16 2.66 2.66
CV (%)
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ns, * and ** are non-significant and significant probability level of 5%, 1%, respectively
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Figure 5. The effects of copper oxide nanoparticles and application methods treatments on seedling dry (a)
and seedling length (b) of corn
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Figure 7. The effect of copper oxide nanoparticles and application methods treatments on Catalase (a),
peroxidase (b), and polyphenol oxidase enzymes activity (c) of corn seedling
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Abstract

In order to evaluate the effect of copper oxide nanoparticles synthesized from eucalyptus plant on
seed germination, growth and biochemical characteristics of corn seedlings, and an experiment was
carried out in a randomized complete block design with three replications at the University of
Mohaghegh Ardabili in 2021. Experimental factors included synthesized copper oxide nanoparticles (0,
2.5, 5, 10, and 20 mg L-1) and the application methods of copper oxide nanoparticles (seed priming and
adding to the planting medium). The results showed that in both methods of nanoparticle application
(adding to the planting medium and priming), with the use of different concentrations of copper oxide
nanoparticles, there was a significant increase in the percentage and speed of germination, average daily
germination, germination synchronization index, strength index, length and dry weight. Corn seedlings
and the reduction of the average germination time, the time for the germination of corn seeds to 50%.
Among the methods of nanoparticle application, pretreating seeds with a concentration of 2.5 mg L™ of
copper oxide nanoparticles and adding a concentration of 5 mg L™ of nanoparticles to the planting
medium has the greatest effect on improving the percentage and speed of germination, seed
synchronization index, length and dry weight. Seedlings and vigor index and decreased average seed
germination time. The use of different concentrations of copper oxide nanoparticles in both application
methods increased the activity of catalase, peroxidase, polyphenol oxidase and amino acid proline
content compared to the control treatment. In general, it is recommended to use a concentration of 2.5
mg L of copper oxide nanoparticles as a seed priming method and add a concentration of 5 mg L™ of
nanoparticles to the planting medium to improve seed germination, growth and biochemical
characteristics of corn seedlings.
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