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Introduction

Grapheneis one of the new carbon nanomaterial that has unique physical properties and potentially important

biological applications. Nanosheet Graphene Oxide has shown great potential to improve plant performance in
various areas. Microtuber production technology is also used as a tool to reduce the time needed to produce
economic plant resources, increase the quality of seed tubers, and produce microtubers throughout the year. The
aim of this study was to evaluate the effect of Nanosheet Graphene Oxide on the improvement of micropropagation
and microtuberazation in potato var. Agria under in vitro conditions.

Materials and Methods

Single node explants obtained from in vitro virus-free plantlet (maintained in tissue culture laboratory,
Department of Horticultural science, University of Tabriz) were cultured into modified Murashige and Skoog
(MS) medium containing four concentrations of Nanosheet Graphene Oxide (0, 25, 50 and 75 mg/L) carried out
in the completely randomized design (CRD) with four replications and kept at 25+2 degree centigrade and a
photoperiod of 16 hours of light. The proliferation traits such as leaf length, leaf width, plantlet fresh weight,
number of leaves and shoots were recorded. Then, single node explants were transferred to Murashige and Skoog
(MS) medium with four concentrations of Nanosheet Graphene Oxide (0, 25, 50 and 75 mg/liter) and kept for two
months in complete darkness and at 18+2 °C and microtuber production indices such as microtuber number,
diameter, length and weight, microtuberization percentage, shoot length, microtuber with dormancy were
measured.

Results and Discussion

The results of analysis of variance showed that different concentrations of Nanosheet Graphene Oxide had a
significant effect on all traits in proliferation and microtuberization stages. Among different levels of Nanosheet
Graphene Oxide, application of 75 mg/L showed the best response for leaf length, leaf width, and plantlet fresh
weight, followed by 50 mg/L for the number of leaves and shoots, and lastly, 25 mg/L for shoot length. At a
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concentration higher than 50 mg/L (75 mg/L graphene oxide), the number of leaves not only remained constant
but also showed a decreasing trend. Effect of different NGO concentrations on the shoot length showed that there
was no significant difference between different concentrations of NGO and the shoot length remained constant,
but the difference between the control treatment and NGO was significant. The maximum shoot length was
obtained at a concentration of 25 mg/l NGO. The different concentrations of NGO had significant effect on all
microtuberization traits at 1% probability level. Mean comparison results for different concentrations of NGO
showed that the highest value of the microtuber length, diameter and number were obtained at 25 mg/liter NGO.
However, all microtuber traits were not increased at above 25 mg/liter NGO. With the increase in NGO
concentrations, the yield of microtuber weight and microtuberization rate remain constant, and it is also possible
that these traits will decrease significantly with the increase NGO concentration. The highest yield of microtuber
weight and microtuberization rate were obtained at the 25 mg/L NOG, and higher concentrations did not increase
them. There was a significant difference between different concentrations of NGO and the control treatment in the
number of lateral shoots, so that the maximum number of lateral shoots was obtained at a concentration of 25 mg/L
of NGO. Also, concentrations above 50 mg/L of NGO had less effect on the number of lateral shoots and with
increasing concentration, the number of shoots decreased significantly. The maximum microtuber weight was
obtained at high concentrations of NGO. In other words, with the increase of NGO concentration, the microtuber
weight increased, and the most effective concentration was 75 mg/L of NGO for this trait. Although all
concentrations of NGO are favorable for this purpose, it is possible that the concentration of 25 mg/l is the most
NGO concentration.

Conclusion
The results of this research showed that the of 50 and 75 mg/L of Nanosheet Graphene Oxide were the best
concentrations micropropagation and microtuberization. 25 mg/L of Nanosheet Graphene Oxide was most
efficient concentration . Although these experiments were performed without the use of growth regulators, the
addition of Nanosheet Graphene Oxide to the medium increased micropropagation and microtuberization.
Therefore, Nanosheet Graphene Oxide can be used as a tool for efficient micropropagation and increasing the
quantity and quality seed tubers.
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Figure 2- The plantlets of potato cv. Agria treated with NGO in in vitro culture
Explant in the control (A), explant in medium with 25 mg.I"t NGO (B), explant in the medium with 50 mg.I"t NGO (C). explant in the
medium with 75 mg.I"t NGO (D).
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Figure 3- The effect of different concentrations of NGO on the microtuber length (A) and diameter (B) of potato cv. Agria
(DMRT, p<0.05)
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Table 2- ANOVA for NGO effect on the microtuber traits (experiment 2) of potato cv. Agria
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Figure 4-The effect of different concentrations of NGO on the number of microtuber of potato cv. Agria (DMRT, p<0.05)
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Figure 5- Effect of different concentrations of NGO on microtuberization rate (a) and microtuber weight performance (b) of
potato cv. Agria (DMRT, p<0.05)
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Figure 6- The effect of different concentrations of NGO on the average microtuber weight of potato cv. Agria (DMRT,

p=<0.05)
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Figure 6- The effect of different concentrations of NGO on microtuber non-dormant percentage (A) and microtuber
germination percentage (B) of potato cv. Agria (DMRT, p<0.05)
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Figure 8- The effect of different concentrations of NGO on the microtuber percentage and bud length of potato cv. Agria
(DMRT, p<0.05)
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Figure 9- Microtuber produced in the different media: without NGO (1), using 25, 50, and 75 mg.I"* of NGO (2, 3, and 4,
respectively), total microtubers produced in the medium containing NGO (5), and total microtubers produced during the
experiment (6)
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