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Summary

Plantations of Greek oregano ( Origanum vulgare var. hirtum) were watered with water
treated for 30 min with low-temperature, low-pressure glow plasma of low frequency
either in the air, under nitrogen, carbon dioxide, methane or molecular oxygen.

The kind of the water influenced the yield and quality of crops in terms of
a number of plants, their height, total biomass, total number and mass of leaves.
Watering the plants with every kind of the plasma treated water provided essential
changes in the compaosition of isolated essential oil. In such manner the composition
of the essential oil could be tailored following the consumer demands, particularly
in cases of designing better cure potential for herbal medicine and aromatherapy.
The selection of particular kind of the plasma treated water for watering provides
essential oil of diverse suitability as the spice and flavouring agent. Regarding the
kind of water taken for watering always carvacrol was a dominating component of
the essential oil. Application of particular kind of treated water always changed the
yield of particular components of the oil up to a total inhibition of its formation but
never resulted in formation of novel components.
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Streszczenie

Plantacje greckiego oregano (Origanwm vulgare var. hirtum) podlewano wodg trak-
towang przez 30 min niskotemperaturowg, niskocisnieniowg plazmg jarzeniowy
o niskiej czestosci pod powietrzem, azotem ditlenkiem wegla, metanem lub czaste-
czkowym tlenem.

Rodzaj wody mial wplyw na wydajnos¢ i jakodc plondw wyrazona liczbg ros-
lin, ich wysokoscia, calkowita biomasa oraz liczbg i masg lisci. Podlewanie roélin
kazdym rodzajem plazmowanej wody prowadzilo do istotnych réznic w skladzie wy-
dzielanego olejku eterycznego. Dzigki temu moizna bedzie regulowad jakosc olejku
stosownie do zadan konsumentow, co jest szczegdlnie istotne w przypadku ziolole-
cznictwa i aromatoterapii. Wybdr rodzaju wody do podlewania pozwalal na pozyski-
wanie olejku eterycznego o odmiennych wlasciwosciach przyprawowych i nawania-
jacych. Bez wzgledu na rodzaj wody stosowanej do podlewania karwakrol byl zawsze
dominujagcym skladnikiem olejku. Stosowanie poszczegdlnych rodzajow wody od-
miennie wplywalo tez na wydajnos¢ poszezegolnych skladnikow olejku. Podlewanie
plazmowana woda pozwalalo eliminowad niektore skladniki olejku, ale nigdy nie
prowadzilo do pojawiania si¢ nowych.

Introduction

Invention of low-temperature low pressure glow plasma of low frequency (LPGP)
and equipment for its development [1, 2] induced a series of studies on physical,
physicochemical and chemical structure of water treated with that plasma. At tem-
perature, pressure and frequency maintained constant on the plasma generation
the time of exposure of water to glow plasma and atmosphere under which the tre-
atment was performed appeared crucial for the properties of resulting water. Thus,
series of papers was published on the structure and physical, physicochemical and
chemical properties of water treated with LPGP in the air (LPGPA) [3], under nitro-
gen (LPGPN) [4], ammonia (LPGPAM) [5], carbon dioxide (LPGPC) [6], methane
(LPGPM) [7] and molecular oxygen (LPGPO) [8].

These kinds of LPGP treated water distinguished from one another with their
macrostructure and, hence, with their functional properties. For instance, LPGPAM
was suggested as an efficient nitrogen fertilizer [5]. Macrostructure dependent func-
tional properties of LPGP-treated water were particularly extensively studied in case
of plant breeding cultivation. Wolski et al. [9] presented beneficial effect of LPGPA
on the quality and yield of crops of fodder grass. Pisulewska et al. [10] demonstra-
ted that watering peppermint with LPGPA considerably changed the composition
of extracted essential oil. The water macrostructure dependent effect of various
kinds of LPGP treated water was well demonstrated in case of watering cress [11].
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Subsequently, relevant studies focused on herbs that is, on lavender [12] and basil
[13]. The results confirmed pronounced effect of watering on the composition of
essential oil and, to a lesser extent, on the yield and quality of the crops. In this
study, Greek oregano (Origanum vulgare var. hirtum) was taken under conside-
ration to extend the understanding links between the macrostructure of water
used for watering plants and the yield as well as quality of the crops. Such stu-
dies also contribute to the knowledge of possible mechanisms of the influence
of particular kinds of LPGP treated water upon biosynthesis of the components
of its essential oil. In this paper effect of the specific modulation of the flavor is
signalized. It is based on known [14, 15] effect of associations of sensory impres-
sions. Results of those associations depend on the temperament and personality
of individual consumers.

Greek oregano [16] is one of many species of flowering plants in the mint
family (Lamiaceae). It originates from Western and Southwestern Eurasia and the
Mediterranean region but its plantations spread all over the World. It prefers a hot,
relatively dry climate, but does well in other environments.

The soil pH of 6.0 to 8.0 is beneficial [17]. Oregano is used chiefly as a culinary
herb. Its taste and aroma depend on climate, season and soil composition and even
on the drying method [18]. Over 60 different compounds have been identified in
the essential oil either or distilled from the plant.

Among them dominate carvacrol and thymol ranging to over 80% of the
total content, while p-cymene, y-terpinene, caryophyllene, spathulenol,
germacrene-D, B-fenchyl alcohol, 8-terpineol limonene, pinenes and ocimene
are less abundant components [19-22].

These components are responsible for flavour and aroma of the plant.
Frequently, cold pressed oil is in use. Apart from flavouring compounds it contains
also fatty acids such as linoleic, stearic and palmitic acids in form of glycerides
responsible for the taste of the product and tocopherols acting as antioxidants
[23]. The commercial cold pressed oils from seeds undergo standardization [24].
Although Greek oregano essential oil was traditionally used in folks therapy any
clinical evidence of its beneficial influence on the human health is lacking [25].
Instead, there are warnings on its anti-disease effects [26-28].

Materials and methods
Materials
Greek oregano (Origanum vulgare var. hirtum) seeds were provided by Novisem
vegetable seed company (Baarlo, The Netherlands). It is perennial, white flowering
and extremely aromatic plant.
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Substrate

Substrate was composed of medium size turf fraction Florabalt* Pot Medium-Coar-
se (Floragard, Oldenburg, Germany). The medium had pH = 5.6, total salt 1.2 g/L,
210 mg N/L, 120 mg PO, /L, 260 mg K,O/L. It was supplemented with multicompo-
nent PG-Mix 18-10-20 fertilizer (1.20 kg/m’) (Yara, Oslo, Norway).

Water

Tap water from Boleslawiec of total hardness 129 mg/dm' CaCO, pH 7.1,
conductivity 334 mS/cm, Fe < 50 mg/dm’, Mn < 5 mg/dm’ and 6.93 mg/dm’
dissolved oxygen was used as the standard. That water was LPGP treated for
30 min in contact with the air following Bialopiotrowicz et al. [3] providing LPGPA
and, alternatively, treated for the same time with LGPG under nitrogen as described
by Chwastowski et al. [4], providing LPGPN. LPGPC, LPGPM and LPGPO were
prepared following methods described by Ciesielska et al. [5-7], and Chwastowski
et al. [B], respectively. LPGP of 38°C was generated at 5x10~ mbar, 800 V, 50 mA and
10 KHz frequency in a plasmothrone patented by Oszczeda et al. [1] and Reszke et
al. [2]. The produced water was stored at ambient temperature in 1L closed teflon
containers, Water used in particular experiments was stored for no more than
2 weeks.

Trays
Multiplate long life trays model QP 24RW (Herkuplast Kubern GmbH, Ering/
Inn, Germany) were used. Each of them contained was composed of 24 trays. and
24 pots, each of 230 cm® capacity (= 140 trays per 1m?).

Methods

Greek oregano plantation

The monofactorial experiment was carried out from January 24" (sowing) till May
18" (harvesting) 2019 (harvesting) in a greenhouse at the University of Agriculture
in Cracow. The greenhouse was set for 22/18°C (day/night) temperature. The auto-
matic additional 16h illumination with sodium lamps early spring was used when
natural light intensity decreased below 100 W/m?®, The experiment involved three
sets of trays with 24 pots each. Ten seeds of origanum were sown into every pot.
The watering was adjusted according to tensiometer readings (Irrometer model SR
150 mm) when soil water tension was < -40 kPa. The plants were watered by hand
manually to avoid the accidental contact of water with leaves. Initially, plants consu-
med totally 3L water, that is 1L per each replication in the 5 day period until March
24", In the subsequent 1 month period the watering was intensified and the same
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amount of water was administered to the plants in 3 day periods. In the final period
of breading the grown plants were watered daily consuming the same amount of
water. In such manner the watering consumed totally 40 mL each kind water daily.
The experiment terminated on May 18" 2019 when the plants were collected and
separated into leaves and stems. The plants were then dried at 105°C for 4 hours to
determine dry mass of the crops.

Preparation of extracts

Extracts were prepared on 30 min. grounding of the plant material (leaves and
stems) in a mortar (20 g) with 96% ethanol (100 ¢m®) added. Composition of
extracts was studied with gas chromatography

Separation of essential oils by distillation of dry mass of plants

Samples of the plant (leaves and stems) dried at 35°C to constant weight (1 g) were
steam distilled for 2 h in a Deryng apparatus with a closed water circulation. The
collected oils were transferred to a closed vial and stored in dry ice until analyzed.
Gas chromatographic analysis was performed within three days.

Gas chromatographic analyses

Sample of essential oil (5 pL) was transferred to closed chromatographic viol and
evaporated on a heating plate. Using gas-tight syringe gaseous sample (10 pL) was
analysed using a Bruker 436-GC gas chromatograph coupled with Bruker SCION
SQ (single quadruple, electron ionization) mass spectrometer (Durham, UK). The
estimations were duplicated.

The instrument was equipped with BR-5ms; 0.25 mm x 30 m, df = 0.25 pm.
The column operated at the following temperature programme: 50°C (2 min) at
the temperature rate increase 10°C/min up to 170°C (0 min), then at 25°C to 280°C
(5 min). Dispenser, transfer line and the ion-source temperature was 300, 280 and
200°C, respectively. Sample separation was set for 1:20, helium was used as the
carrier gas. The flow of the mobile phase was 1,0 mL/min, and ionization energy
was 70 eV. Scanning was performed in the 50-500 m/z range.

Chromatographic signals were identified by comparison with mass spectra
available in the NIST 11 library [29]. Area under particular chromatographic peaks
were calculated involving CompassCDS software installed in the chromatograph.

Statistics
Average values of number of plants, height of plants, total mass of plants, total
number of leaves, number of leaves per plant, mass of stems, total mass of foliage
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and mass of one leaf and corresponding standard deviations (Table 1) were calcula-
ted for results of plantations grouped in 6 sets, each containing 24 pots.

The results were subjected to statistical interpretation, mean values and
standard errors were calculated, and the significance of the variables was
determined. Statistically significant differences between means (p < 0.05) were
evaluated using one-way analysis of variance (ANOVA) with a post hoc multiply
Duncan’s range test [30]. Moreover, the Pearson product-moment correlation
coefficients between analyzed variables were calculated. The significance level for
correlation coefficient was p = 0.05, and the number of pairs for the calculations
was N = 216, All statistical analyses were calculated using Statistica 13.3 software
(Tibco Software Inc., Palo Alto, USA).

Table 1. Quantitative characteristics of the oregano crops watered with various kinds of water
treated with low-pressure glow plasma in contact with various gases.

Plasmed watera
Estimation
Nan-plasmed
LGP LPGPN LMGPC LPGPM LPGPO
{comtrod)
anbe:nfphm 421 +0.15 5072046 | 5492002 5012:023d  |4Te031b | 36] 20.Me

Heightofplants/I pot [om] | 182430a  [254234b |286+34b  [42:18b |B622%b |206:Lh
Total massof plant [g]  |&32£021a  [907£013 | 10042002 (9120200 [923:02%b |7842021d
Total number of leaves 8474162 9322320 [M4+17b  [894:24c  |B06£12d  |7RI:1de
Number of leaves per plant | 1139£0.3% | 13272025 |1394£024 | 128220.04d |1245004e | 11232030

Mass of stems [g] 167 1013 19:02b [206:022b (227:010b [224:001b (2112012
Total mass of foliage [g] | 6.33£0.3% T51t06db (TEB:028h 7034018 (698102 |551:02k
Mass of one leaf |g] 0073 £ 0.007a | 0.077 £ 0.00% | 0.087 +0.005a | 0.075 £ 0.0083 | 0.071 + 00082 | 0.067 £ 0.00%

* Every experiment with particular kind of water employed 24 pots. Thus, the values presented in that Table are
averages of 24 estimations. Differences in values in verses followed by identical letter differ from one another on
statistically unessential manner.

Source: own research.

Results and Discussion

Generally, watering O. vulgare with LPGP treated water considerably influenced me-
asured parameters describing the plant (Table 1). Number of plants after watering
with LPGPN increased by about 30% whereas watering with LPGPC and LGPGA
provided about 20% increase. Watering with LPGPM resulted in solely about 13%
increase in that parameter whereas watering with LPGPO reduced the number of
plant by about 15% in respect to the result of watering with non-treated water. Wa-
tering with LPGP-treated water was beneficial for height of plants. It increased by
over 55% in case of LPGPN in order to decline to about 18% in case of the appli-
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cation of LPGPO. Total number of leaves increased by approximately to 10% to 5%
after watering with LPGPN, LPGPA and LPGPC and watering with LPGPM and
LPGP) reduced it by about 5 and 10% in respect to the result collected after watering
with control water. Number of leaves per plant increased in all cases except watering
with LPGPO by between about 20 to 10% but watering with LPGPO reduced it by
about 15% in respect to control. An increase in the mass of stems, depending on
the kind of treated water used balanced between 25 and 35%. LPGPN provided the
lowest about 25% increase,

Total mass of foliage rose from about 10% for LPGPM to about 25% in case of
LPGPN. Solely watering with LPGPO reduced that mass by about 10% in respect
to the control. Only w Watering with LPGPN was beneficial in terms of all kinds of
plasmed water had a little effect upon mass of one leaf providing about 20% incre-
ase whereas no effect on this property could be noted after watering with remained
kinds of water.

The use of LPGP-treated water, except LPGPM had no effect on the yield of
extracted essential oil. It was extracted from leaves and stems. The use of LPGPM
resulted in 50% reduction of the yield of that oil in respect to its yield achieved from
the material after watering with remaining kinds of water (Table 2). In that Table only
components whose amount reaches 0.01% and above are characterized. Essential
oil extracted from material from our plantation of Greek oregano consisted of
41 components. Among them definitely dominated carvacrol constituting over
56% of the total amount of oil. Subsequent 11 components residing in the oil in
the amount 1.00% and above constituted hardly 32.88%. They were caryophyllene
(8.25%), y-terpinene (6.40%), thymol (4.43%), p-cymene (3.24%), 3-octanol
(2.38%), cis-B-terpineol (2.35%), sabinene (1.68%), trans-dihydrocarvone (1.61%),
methyl thymyl ether (1.36%), thymoquinone (1.14%) and 3-carene (1.04%).

Table 2. Composition of essential oil collected from Greek oregano watered with non-treated
water and water treated with glow plasma in the air (LPGPA), under nitrogen (LPGPN), carbon
dioxide (LPGPC), methane (LPGPM and under molecular oxygen (LPGPO).

Peak
Jrtin e ml Component | Non-treated | LPGPA | LPGPN | LPGPC | LPGPO | LPGPM
gram
1 2 k] 4 5 ] 7 8 9
1 708 f-Thujene 002 0.04 049 - 0.27 -
2 127 a-Pinene 0.01 0.03 016 183 0.09 1.02
E 768 Camphtne 001 0.03 0.02 133 - 0.72
5 822 Sabinene 1.68 0.14 825 0.12 7.08 -
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1 2 3 4 ] & 7 # 9
] B36 1-Octen-3-ol 0.59 083 242 - 482 347
8 849 3-Octanone 069 0,35 001 - - -
9 B.60 f-Pinene 0.69 (.48 209 1.25 412 L15
[} B79 3-Octanol 138 0.08 - - - L5
12 9.05 a-Phellandrene 0.95 1o 0.35 0.76 030 0.42
13 9.13 3-Carene L.04 004 208 192 - 23]
14 932 a-Terpinene 0.56 0.82 167 027 L.56 0.23
1& 9.51 p-Cymene 1M 1.21 0.05 028 006 0.7%
¥) 9.63 D-Limonene 0.49 .10 160 419 140 474
.| 8937 trais-f- .34 .20 0.08 M (.08 -
Ocimene
21 l10.04 p-Ocimene 023 0.20 0456 1.52 0.08 -
n 1037 y-Terpinene 6.40 460 213 0.35 200 037
3 10.67 cis - Terpineol 235 0.51 595 0.62 0.35 .50
7 11.40 Linalool 0.06 .53 - 035 - 24
28 1146 eti-4-Thujanal 0.20 0.19 135 035 6.20 097
30 121 Neo-allo- 0.19 003 014 015 013 0.13
ocimene
39 13.19 1,3-Dimethyl- 0,65 .06 009 .21 348 0.21
-1-cyclohexene
40 13.24 endo-Borneod- 0.32 057 0.o7 1.28 007 454
-dupl
44 1350 Terpinen-4-ol 0.20 .06 072 0.05 084 (.62
46 13.80 a-Terpineol 0,65 0o7 END] 0135 628 465
48 1387 Dihydroca- 004 006 014 - 0.15 1.24
fvone
50 144 tritns-Dibydro- 1.51 o7 - - o 201
carvone
53 14.82 Methyl thymyl 1.36 .04 3.65 - - 4.25
ether
59 1508 Thymoquinone 114 064 0ol - - -
66 16.04 Thymol 443 .26 RS2 - 1326 -
68 16.33 Carvacrol 5632 8132 | 400 TL46 3145 4465
71 17.05 Elixene 095 09 078 - .65 -
73 1745 Eugenol 017 010 139 684 242 547
7 17.70 Carvacryl 0.06 (R [1] 231 = 1.08 =
acetale
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1 2 3 4 5 & 7 B 9
82 1897 | Caryophyllene B35 092 156 0.11 74 375

83 19.14 p-Copaene 002 0.04 - 0.06 - -
B 19.52 Humulene 054 018 0.06 004 168 051
B8 1983 | Germacrene D 025 381 5.9 - - 428

89 19.99 y-Elemene 0.08 013 099 - 218 -
| 20.08 B-Bisabolene 075 092 = - 041 214
94 2074 4-epi-cubedol 0.07 0.03 - - 0.15 0.12
95 2080 | Caryophylle- |  0.02 0.02 . 027 | 004 | 085

ne oxide
Total number of components 41 41 H 26 n 30
Yield of essential oil [mL/100 g dry mass}* 02 02 02 02 01 0.2
* Data quoted with £ 0.05% precision,

Source: own research,

Thus, carvacrol was chiefly responsible for flavour and aroma of this essential
oil. However, it also introduced antimicrobial and some fungicidal properties [31].
Watering with LPGPA and LPGPC considerably increased the level of that phenol
whereas watering with LPGPN, LPGPO and particularly LPGPM reduced its level.

Caryophyllene, a sesquiterpene, is known for its anticancer and analgesic
properties [32]. Watering with LPGP-treated water decreased the original content of
that component in the essential oil (8.25%) in the order LPGPM (7.24%) > LPGPO
(3.75%) > LPGPN (1.56%) > LPGPA (0.92%) > LPGPC (0.11%). It is biosynthesized
from the common terpene precursors dimethylallyl pyrophosphate (DMAPP) and
isopentenyl pyrophosphate (IPP). First, single units of DMAPP and IPP are reacted
via an SN1-type reaction with the loss of pyrophosphate, catalyzed by the enzyme
GPPS2, to form geranyl pyrophosphate (GPP). This further reacts with a second
unit of IPP, also via an SN1-type reaction catalysed by the enzyme IspA, to form
farnesyl pyrophosphate (FPP). Finally, FPP undergoes QHS1 enzyme-catalysed
intramolecular cyclization to form caryophyllene [33].

y-Terpinene was a subsequent component in the order arranged according to its
decreasing content in the essential oil. That terpene exhibits antimicrobial properties
against various human pathogens [34]. Watering with LPGP-treated water reduced
the content of this terpene in the order: control (6.40%) > LPGPA (4.10%) > LPGPN
(2.13%) > LPGPO (2.00%) > LPGPM (0.37%) > LPGPC (0.35%).

Apart from a pleasant aromatic scent, thymol, a monoterpenoid phenol, intro-
duced to the essential oil strong antiseptic properties. Hence, it is used as medical
disinfectant and non-persisting pesticide [35, 36]. Watering the plant with LPGPO
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tremendously increased the content of this compound in the essential oil from 4.43%
in control to 13.26%. Also watering with LPGPN doubled the initial concentration
therein. LPGPA strongly decreased the content of thymol to 0.26% and watering
with either LPGPC or LPGPM completely inhibited formation of thymol.

p-Cymene, the aromatic hydrocarbon contributes to the aroma of the essential
oil. It can be dangerous for human health [37, 38]. Watering with the LPGP-treated
water considerably but not completely inhibited biosynthesis of that compound.
LPGPN and LPGPO were the most efficient in this respect.

3-Octanol is used chiefly as a fragrant compound. Although slightly irritating at
higher concentration it is safe in use [39]. Its concentration in control sample (2.35%)
was significantly reduced when the plant was watered with LPGPM and LPGPA to
1.05% and 0.68%, respectively, and totally inhibited by watering with LPGPN, LPGPC
and LPGPO.

cis-p-Terpineol, the terpene alcohol is used as a fragrant component. It is absorbed
by skin, therefore, it is irritating at higher concentration. At low concentration it is
safe in use [40]. Watering the plant with LPGPN increased the yield of that terpene
by about 120% whereas the watering with other kinds of the LPGP-treated water
considerably but not completely inhibited its biosynthesis and, hence, reduced its
content in the essential oil.

Sabinene is one of the chemical compounds that contribute to the spiciness of
black pepper [41]. In Greek oregano its biosynthesis was strongly promoted by
watering its plantation with LPGPN and LPGPO lifting its content from 1.18% in
control to 8.25 and 7.09%, respectively. Watering with LPGPA and LPGPC reduced
the sabinene content to slightly over 0.10% and watering with LPGPM completely
eliminated sabinene from the essential oil.

trans-Dihydrocarvone, terpene of a medium intensity strength of aroma should
not be used for fragrance and flavouring [42]. Its biosynthesis is stimulated when
the plant was watered with LPGPM and strongly inhibited by watering with other
LPGP-treated kinds of water.

Methyl thymyl ether is appreciated for its burnt, smoky, and woody tasting.
It causes skin, eye and respiratory tracts irritation [43]. Watering the plant with
LPGPN and, particularly with LPGPM strongly promoted its biosynthesis whereas
LPGPA, LPGPC and LPGPO inhibited it.

Thymoquinone, a component considered as useful in treating cancer [44, 45]
resided in the essential oil extracted after watering the plant with non-treated water
(control) in the amount of 1.14%. Watering with either LPGPA or LPGPN reduced
the amount of that component to 0.64 and 0.01%, respectively, whereas watering
with remained kinds of water under study completely inhibited formation of that
component.
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The last in the order 3-carene is reported as useful in relieving inflammation
related to arthritis or fibromyalgia and boosting bone health, subsequently
benefitting people with osteoporosis, osteoarthritis, or other bone diseases. It is
also suggested as memory stimulating terpene (46, 47]. The plant watering with
LPGPM, LPGPN and LPGPC stimulated biosynthesis of that terpene whereas
LPGPA and LPGPO inhibited its formation.

Insight in Table 2 shows that watering plantations with various kinds of LPGP-
treated water did not provide any novel component of the essential oil which would
be absent in the oil from the control plantation.

Separate studies are required to explain mechanisms of biosynthesis of particular
components of the essential oil. Some speculations on that subject were presented
in our earlier papers [12, 13]. Recently Krause et al. [48] presented the course
of biosynthesis of thymol and carvacrol. It involved the cyclization of geranyl
diphosphate to y-terpinene, followed by a series of oxidations via p-cymene. That
finding could rationalize an increment of the carvacrol content and simultaneously
decrease of some other components in the essential oil isolated from the plant
watered with LPGPA. This water contained singlet oxygen as guests of aqueous
clathrates. On decomposition of LPGPA clathrates, singlet oxygen turned in the
triplet oxygen molecules providing the medium of oxidative properties and, hence,
supporting biosynthesis of carvacrol . An increase in the yield of biomass from
the plants watered with LPGPN and LPGPC could be rationalized in terms of
the content of the molecules of nitrogen and carbon dioxide, respectively, in their
excited states. These molecules were incorporated by the plant for biosynthesis of
proteins as presented in our earlier papers [12, 13].

Conclusions

Watering plantations of Greek oregano influences the yield and quality of the crops
as well as composition of essential oil isolated from the dried plant. The effect of
watering depends on the method of the treatment of water with glow plasma. The
selection of particular kind of the plasma treated water for watering provides essen-
tial oil of diverse suitability as the spice, flavouring agent and also a potential mean
applicable from the point of view of herbal medicine and aromatherapy. Regarding
the kind of water taken for watering always carvacrol was a dominating component
of the essential oil. Never Application of particular kind of treated water always
changed the yield of particular components of the oil up to a total inhibition of its
formation but never resulted in formation of novel components. Separate studies
are required to explain mechanisms of biosynthesis of particular components of the
essential oil.
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