Plasma-activated water enhances growth, antioxidant activity,
and sensory quality of hydroponically grown lettuce
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Background o R

The growing global population increases the need for .
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heavily on synthetic fertilizers, especially nitrogen-based 800 Green color
ones [1,2]. Emerging physical methods—like static amc;i;ablilmy ’ Leaf uniformity
magnetic fields, pulsed electric fields, and cold 500
atmospheric plasmas—offer potential alternatives, though
their effects on plants are still being studied [3,4]. One 400 Juiciness Visual freshness
promising method is plasma-activated water (PAW), i=
created when electrical discharges interact with water, - %0 7
producing reactive oxygen and nitrogen species (RONS) 200 Crispiness {:\ Aroma
such as hydrogen peroxide (H,0,), nitrites (NO,), and N\
nitrates (NO,-). These components aid plant growth: H,0, 100
affects cell signaling, while NO,~ and NO,;~ provide Aftertaste =L Sweetness
essential nitrogen. PAW thus offers a sustainable, eco- 0 "*-..:'.
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Objective Figure 1: Projected area of the lettuce head over 4-10 weeks of cultivation. Figure 2: Sensory evaluation of lettuce after 10 weeks of cultivation.
Different letters indicate statistically significant differences among treatments — -

« Evaluate the effects of seed priming with PAW and according to LSD test (P<0.05).

subsequent hydroponic cultivation in PAW-enriched

Hoagland solution on lettuce. A Total content of soluble phenolics B Flavonoids
« Focus on plant growth, antioxidant response, and the 20 "
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¥ Smallest head & lowest fresh Wight Figure 3: Total content of soluble phenolics (Galic Acid Equivalents) (A) and content of flavonoids (Quercetin)
T T Highest phenolics & flavonoids (B) in central rosette leaves lettuce plants. Different letters indicate statistically significant differences among
N treatments according to LSD test (P<0.05).
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Improved plant growth C G-POX b GR Figure 4: Overall appearance of lettuce plants after
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10 weeks of cultivation. Scale bar = 30 cm.

120 120

b

47> PAW alone boosted antioxidant defenses but limited

growth. a0 a0
¥ Priming enhanced growth and antioxidants in older B ' N .

leaves. ° -
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Figure 5: Activity of SOD (A), APX (B), G-POX (C) and

GR (D) antioxidant enzymes in young and old leaves
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of lettuce plants. Different letters indicate

statistically  significant  differences among

{ PAW + Priming achieved the best balance — vigorous
growth and strong antioxidant activity.
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Lettuce plants (Lactuca sativa L.) were cultivated for 10 weeks in Pesistat |
Recovery and Resilience Plan for Slovakia under the project No. hydroponic system. The plants were grown under controlled conditions DC Power Supply & Capacitor High Voltage Probe
09103-03-V03-00033 EnvAdwice. of cultivation chamber (25/23°C, 16 h photoperiod, 250 pmol Box
photons - m2 - s PAR). “2s | ~| Ossilloscope
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22 596-602. For priming, seeds were immersed in PAW for 1.5 hours. The pH of the 2 SELELY I
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{

| liter container
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Preparation of PAW

d RE COVE RY PAW was prepared by treating 5 L of tap water (pH = 7.9) with 21 parallel | ;
L. transient spark (TS) discharges over 238 minutes. Each TS operated at ~1 ' . — o
kHz with electrodes 1 cm above the water surface. Freshly treated PAW + 4 liters container

AN D RESI LI E N CE: Ho;glg\llgnd s.zgijgypl\iﬂcal characteristics: H,0, = 267 pM, NO,~ = 1233 uM,
an s = UM.
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