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Effect of Iron Nanoparticle and Salicylic Acid on Regeneration and Some
Morphophysiological Indices of Hypericum perforatum L. In Vitro
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Table 1- Analysis of variance of iron nanoparticle and salicylic acid on morphological traits of Hypericum
perforatum L.
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(1) Ol posis sy 11 30 16.5 14.5 8.2 24 20
CV (%)
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Fig. 1. The effects of iron nanoparticle and salicylic acid on regeneration percentage of Hypericum perforatum L.
Different letters indicate significant differences at P <0.01.
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Fig. 2. The interaction effects of iron nanoparticle and salicylic acid on fresh weight of Hypericum perforatum L.
Different letters indicate significant differences at P <0.01.
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Fig. 3. The effects of iron nanoparticle on plant height of Hypericum perforatum L. Different letters indicate

significant differences at P < 0.01.
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Fig. 4. The interaction effects of iron nanoparticle and salicylic acid on leaf number of Hypericum perforatum L.
Different letters indicate significant differences at P <0.01.
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Fig. 5. The effects of iron nanoparticle and salicylic acid on leaf area of Hypericum perforatum L. Different letters
indicate significant differences at P < 0.01.
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Fig. 6. The effects of iron nanoparticle on roots number of Hypericum perforatum L. Different letters indicate
significant differences at P < 0.01.
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Fig. 7. The interaction effects of iron nanoparticles and salicylic acid on root length of Hypericum perforatum L.
Different letters indicate significant differences at P <0.01.
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Table 2. Analysis of variance of the iron nanoparticle and salicylic acid concentration on physiological traits of
Hypericum perforatum L.
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Fe (A)
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(1) & s
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Fig. 8. The interaction effects of iron nanoparticle and salicylic acid on chlorophyll a content of Hypericum
perforatum L. Different letters indicate significant differences at P < 0.01.
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St. John's wort (Hypericum perforatum L.) has effective compounds such as hypericin and
hyperforin. Nanoparticles and elicitors increase secondary metabolite production and improve
the physiological indicators of plants. Therefore, the purpose of this research is to investigate
the effect of iron nanoparticle (no iron nanoparticle application and application of 50 and 100
pM) and salicylic acid (no application of salicylic acid and application of 40, 80 and 120 uM)
on some morphophysiological indices (percent regeneration percentage, fresh weight, plant
height, root length, root number, number of leaves, leaf area, content of photosynthetic
pigments) and phytochemical (total phenolic and flavonoid content) of Hypericum perforatum
L. The results indicated that the interaction effect of iron nanoparticles and salicylic acid on
regeneration percentage, fresh weight, number of leaves, leaf area, root length, total chlorophyll
content, phenol, and flavonoid content was significant at the probability level of 1%. In contrast,
plant height and number of roots were insignificant. The comparison of the averages revealed
that the highest percentage of regeneration and fresh weight was observed in the control
treatment and the treatment combination of 50 uM iron nanoparticles and 120 uM salicylic
acid, respectively. In general, the simultaneous application of iron nanoparticles (50 uM) and
salicylic acid (40 and 80 uM) significantly positively affected the morphophysiological and
phytochemical characteristics of Hypericum perforatum L.

Keywords: Nanoparticles, Phenolic compounds, Photosynthetic pigments, Regeneration,
Salicylic acid.
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