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Chitosan is applied in production of food and cosmetics, as well as in biomedicine and agriculture. In some cases, its use is constrained by poor solubility in water. Solubility can be increased by plasma-chemical treatment, which results in shortening of chitosan macromolecules and modification of their structure. For these purposes, both low-pressure plasma, for example, electron-beam plasma, and atmospheric pressure plasma in contact with a liquid (with a treated solution or an aqueous dispersion of chitosan) are used [1–3]. 
The report discusses the results of processing acetic acid solutions of chitosan and its aqueous dispersions with three methods of gas discharge excitation. These are a direct current discharge in air between a metal anode and a treated solution (liquid cathode), a discharge in vapor-gas bubbles near the surface of a graphite electrode immersed in a solution, and a pulsed discharge between two metal electrodes immersed in a liquid under treatment. Experimental setups are described in [2, 3]. 
In all cases, the average molecular weight of chitosan significantly decreases: according to gel permeation chromatography, the main fraction has a molecular weight of ~1000 Da. The yield of water-soluble products increases with the treatment time and depends on the concentration of the solutions: the maximum yield (24.4 wt.%) was obtained using a direct current discharge with a cathode solution (1% solution of chitosan in 2% acetic acid), less yield (1 wt.%) - when processing aqueous dispersions. The results of IR spectroscopy and 1H NMR spectroscopy showed a change in the degree of deacetylation of chitosan. After treating a chitosan solution with a discharge between silver, copper, and zinc electrodes immersed in it, composite films were obtained with the inclusion of nanoparticles (Ag, Cu2O, ZnO), which suppress the reproduction of bacteria.
The use of water-soluble chitosan statistically significantly increased the laboratory and soil germination of pea seeds, the degree of their swelling during soaking, the rate of development of roots and sprouts when sown in the ground. A higher content of chlorophyll was found in the extracts obtained from plants, which indicates the intensification of photosynthesis processes. The use of aqueous solutions of low molecular weight chitosan when soaking seeds significantly slows down the development of bacteria and fungi.
This work was supported by the Russian Foundation for Basic Research (project no. 20-02-00501 A).
References
Vasilieva T.M., Naumova I.K., Galkina O.V., Udoratina E.V., Kuvschinova L.A., Vasiliev M.N., Maung Htay Khin, Ko Ko Zaw Htet, IEEE Trans. Plasma Sci. 48. 1035 (2020).
Khlyustova A., Sirotkin N., Naumova I., Tarasov A., Titov V., Plasma Chem. Plasma Process. 42. 587–603 (2022).
Naumova I.K, Subbotkina I.N., Titov V.A., Khlyustova A.V., Sirotkin N.A. Applied Physics. 2021. № 4. P. 40. 



1

