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Extended Abstract

Introduction: Saffron, a member of the lily family, is highly valued for its low water
requirements, potential for job creation, and medicinal properties. Despite the high costs
associated with traditional saffron cultivation, the use of tissue culture is recommended
to enhance cultivation practices and produce disease-free seedlings. In vitro cultivation
can significantly boost the production rate of new seedlings, with success largely
dependent on the hormonal composition used. Additionally, carbon nanotubes, which
have various applications in biology, have demonstrated a positive impact on plant
growth. This study employs the response surface methodology (RSM) to optimize the
saffron culture medium with carbon nanotubes and to identify the appropriate hormonal
composition.

Materials and Methods: This research was conducted using in vitro culture techniques
and a RSM design, comprising four replications. The factors investigated included
concentrations of 2,4-D (0.2-0.5 mg/L), BAP (1.5-6 mg/L), and multi-walled carbon
nanotubes (30-70 pg/mL). The culture medium and equipment were sterilized in an
autoclave at 120°C and 1.5 atmospheres. Pedicel shells were removed, washed, and then
immersed in Vitex solution for 30 minutes. The explants were placed in culture dishes
and maintained under controlled light and temperature conditions. After five weeks,
callus induction characteristics, such as callus induction percentage, diameter, and fresh
weight, were measured. The Box-Benken statistical design was utilized for data analysis,
and necessary transformations were applied based on software recommendations. A
quadratic function was generally selected for the fitted model, even in cases of non-
significance, and response surface curves along with contour diagrams were used to
interpret the interaction effects of the traits. Tissue culture optimization aimed at
maximizing callus formation, fresh weight, and diameter, with the highest model fitness
identified as the optimal environment
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Results and Discussion: The study's findings indicated that the concentrations of
nanocarbon and 2,4-D significantly affected the number of calluses produced. At lower
concentrations of 2,4-D, increasing BAP resulted in a higher number of calluses, while
at higher concentrations, this effect remained positive. The maximum number of calluses
was achieved with specific combinations of 2,4-D and BAP concentrations. High levels
of BAP and carbon nanotubes increased the callus production percentage to 174%,
whereas at lower concentrations, it was below 85%. The ratios exhibited a saddle
function, with the highest number of calluses observed at low concentrations of 2,4-D
and nanocarbon. Additionally, the linear effects of 2,4-D and carbon nanotube
concentrations were significant at the 1% level, while the effect of BAP was not
significant. Elevated concentrations of 2,4-D negatively impacted callus diameter,
whereas increasing nanocarbon at high concentrations contributed to an increase in
diameter. Ultimately, raising the concentration of 2,4-D led to an increase in callus
induction percentage from 79.68% to 92.185%, although high concentrations had a
detrimental effect. The highest callus induction percentage was noted with a specific
combination of 2,4-D and carbon nanotubes.

Conclusion: The experimental results demonstrated that carbon nanotubes and the
hormones BAP and 2,4-D significantly influenced saffron callus induction. High
concentrations of 2,4-D exhibited the most substantial effect on the number of calluses
produced. Furthermore, the application of BAP hormone up to a certain concentration
increased callus number, but higher concentrations resulted in a decrease. Finally, the
percentage of callus induction was positively affected by carbon nanotubes, while other
characteristics did not show significant effects.
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