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Effect of plasma activated water on plant growth
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With increasing population and decreasing food sources there is demand for new approaches in
agriculture. Low temperature plasma (LTP) is a promising technology able to enhance
productivity and maintain quality of food and has a potential to be used in various agriculture
applications. Beside direct plasma treatment of dry seeds for germination improvement [1] the
plasma activated water (PAW) for stimulation of seed germination and plant growth has become
recently popular, too [2]. LTP generated by electrical discharges in atmospheric pressure air is a
source of various reactive species, free radicals and charged particles. When plasma is in the
contact with water the reactive particles originated in the gas phase diffuse into the water and
produce reactive oxygen and nitrogen species RONS (‘OH, 0,7, H,0,, NO,, NO;j,
ONOO7/HONOO). The main species in the PAW responsible for the effect on seeds and plants
are H,O,, NO;™ and NOs™. They can act like signal molecules, are a potential source of nitrogen
Or may cause cross resistance against stress in plants [3].

The PAW was produced by a self pulsing transient spark discharge (TS) generated in a system
with tap water repetitively flowing through the discharge zone [4]. We monitored the pH and
concentration of H>O,, NO,~, NOs™ in PAW by colorimetric methods via UV/Vis absorption
spectrophotometry. The lettuce Lactuca sativa was used as a model plant. The plants were
irrigated either with PAW or with H,O, and/or NaNOs solutions to compare the individual and
combined effect of the dominant species in PAW. After 5 weeks of cultivation in pots with soil
in controlled conditions the growth parameters of the plants (number of leaves, fresh and dry
weight), photosynthetic pigments (chlorophylls and carotenoids), rate of net photosynthesis,
content of soluble proteins, and activity of antioxidant enzymes in leaves and roots of plants
were analyzed.

The number of green leaves, dry weight of above-ground part and photosynthetic pigments
content increased with increasing HO, and NOj;™ concentrations with more pronounced effect if
both are present in the solution. Level of photosynthesis and protein content was found higher for
the plants irrigated with PAW compared with the plants irrigated with a corresponding mixture
of H,O, and NO;~, while the results on dry weight and pigments were found comparable.
Irrigation with PAW did not increase the antioxidant enzymes activities in above-ground part or
roots of plants compared to the reference. The mechanism of RONS effect on plant metabolism
and growth is complex and the obtained results need to be verified by further studies.

This work was supported by Slovak Research and Development Agency APVV 0134-12 and
APVV 16-0216.
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