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INFLUENCE OF DIELECTRIC BARRIER DISCHARGE PLASMA
ON LEPIDIUM SATIVUM SEEDS GERMINATION
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The effect of dielectric barrier discharge (DBD) treatment on the germination of Lepidium sativum seeds under
different conditions was investigated: dry and wet seeds. The emission spectra of the DBD plasma were measured.
The rotational (T,) and vibrational (T,) temperatures of the DBD plasma are determined from the N, bands. The
dependences of the germination percentage of Lepidium sativum seeds at different time intervals of DBD treatment
were obtained. The optimal time for treating Lepidium sativum seeds was determined for dry and wet seeds.
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INTRODUCTION

One of the goals of sustainable development is to
eliminate world hunger [1 - 2]. The control of plant dis-
eases is essential for sustainable food crop production
[3 - 4]. Many plant disease management strategies have
played significant roles in reducing the frequency and
intensity of diseases. However, 20...30% loss of crop
production still occurs annually because of plant diseas-
es. Under the current circumstances, traditional disease
management strategies have often shown limitations in
control efficiency and have multiple drawbacks. Chemi-
cal-based methods are most frequently applied for plant
disease control; however, the emergence of pathogen
resistance and environmental pollution make this strate-
gy less reliable. The induction of plant resistance
through species breeding and genetic engineering has
been considered as a stable and long-lasting method for
plant disease control. Public view on genetically modi-
fied organisms is still a barrier for popular use [3].

Fungi on seeds can affect the quality of the crop and
cause spoilage and damage to the embryos during stor-
age. They can infect food grains, producing toxins that
cause diseases in humans or animals using these grains
as food [5].

One method to prevent fungi's negative impact on
plant growth and storage is plasma treatment [6].
Nonequilibrium atmospheric pressure plasma has many
applications in various fields, such as surface treatment,
combustion enhancement, bacterial inactivation [6 - 8],
and contamination reduction [9]. Plasma is an effective
sterilization method and can be used as an alternative to
chemical seed disinfection [10]. One of the sources of
nonequilibrium atmospheric pressure plasma can be a
dielectric barrier discharge (DBD) [11].

This work is devoted to studying the effect of DBD
treatment on the germination of Lepidium sativum
seeds. The seeds of Lepidium sativum was chosen be-
cause it germinates quickly.

1. EXPERIMENTAL SETUP
AND METHODOLOGY

Fig. 1 shows a schematic representation of a plasma
system with a DBD designed for treating Lepidium
sativum seeds before planting. The DBD system is made
using a Petri dish lid. The bottom metal electrode (1) is
placed on the lower plane of the glass lid. It is made of a
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copper wire in the form of a mesh placed on a 2 mm
thick dielectric glass (2), which separates it from the
upper metal electrode (3). The upper metal electrode is
in the shape of a disk with a diameter of 30 mm and is
made of copper. The disk is covered with a dielectric
made of epoxy resin (4).

Fig. 1. Scheme of plasma system with DBD designed
for treating Lepidium sativum seeds before planting:
1 — copper wire used as a lower metal electrode;

2 — dielectric; 3 — disk-shaped copper upper electrode;
4 — epoxy-based dielectric; 5 — DC power source;

6 — low-frequency signal generator; 7 — unit with trans-
former and amplifying circuit; 8 — seeds;

9 — Petri dish; 10 — oscilloscope (O); 11 — light guide;
12 — spectrometer; R; and R, — voltage divider resistors

The power supply of the dielectric barrier discharge
consists of three units: a TES 13 DC power source (5), a
GZ-109 low-frequency signal generator (6), and a unit
containing a transformer and an amplifying circuit (7).
The DC source (5) makes it possible to regulate the
power of the dielectric barrier discharge in the range of
0...20 W. With the help of a low-frequency signal gen-
erator (6), the frequency can be adjusted within the
0...20 kHz range. The Lepidium sativum seeds (8) were
treated in a Petri dish (9).
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Voltage oscillograms were recorded by an oscillo-
scope (10) using a voltage divider made of resistors R;
and R, (R;:R, =1000000:1). The effect of DBD plasma
on seed germination was investigated using Lepidium
sativum seeds as a model. During the experiment, at-
mospheric air was used as a feed gas for DBD. Fig. 2
shows typical DBD voltage waveforms. The discharge
power was 6.3 W, and the frequency was set to 4 kHz
using a low-frequency signal generator, which corre-
sponds to the waveforms shown in Fig. 2. The presence
of peaks on the envelope of the voltage signal is typical
for a DBD.
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Fig. 2. Typical oscillgérams of DBD voltage -
(timescales — 0.1 ms/div)

Optical emission spectroscopy of plasma radiation
was carried out using an optical fibre (11), placed at a
set distance h from the surface of the copper mesh, and
a Solar Tl S-150-2-3648 USB spectral device (12). The
light guide was oriented along the beam of vision per-
pendicular to the surface of the glass plate on which a
copper mesh was placed. Emission spectra were pro-
cessed using a PC. The obtained optical emission spec-
tra were used to determine the rotational (T,) and vibra-
tional (T,) temperatures of nitrogen (N,) in plasma. The
temperatures were estimated by comparing the experi-
mental optical emission spectra with the spectra simu-
lated using the SpecAir 2.2 program [12]. More infor-
mation about this method is available in our previous
works [13 - 15].
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Fig. 3. Photos of DBD electrodes system designed
for treating seeds before planting: lower electrode (a);
upper electrode covered with epoxy resin (b);
DBD during operation (c)

Fig. 3 shows photographs of the DBD electrode sys-
tem. Before the treatment with DBD, Lepidium sativum
seeds were placed in a Petri dish, as shown in Fig. 4.
The Petri dish was placed under the plasma system. The
distance from the lower plane of the glass flange to the
bottom of the Petri dish was 10 mm. The seed treatment
time varied from 0 to 8 min with a step of 1 min.

Fig. 4. Photo of Lepidium sativum seeds placed
in Petri dish before treatment with DBD

Fig. 5. Photo of typical container with soil-filled cells
(a) in which both untreated and treated
with DBD Lepidium sativum seeds (b) were planted

After the DBD treatment, the Lepidium sativum
seeds were planted in special containers (Fig. 5,a) with
soil-filled cells. A control group of untreated Lepidium
sativum seeds was planted in the containers alongside
treated seeds. Nine Lepidium sativum seeds were plant-
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ed in each cell of the special container (Fig. 5,b). There
were two regimes of DBD treatment, when Lepidium
sativum seeds were dry and wet.

The containers with planted Lepidium sativum seeds
(Fig. 6) were placed inside a box and illuminated with
phytolamps during the workday (from 9:00 to 18:00).
The room temperature was maintained at 20°C.

Fig. 6. Photo of a box where special containers
with planted seeds were illuminated with phytolamps

Lepidium sativum seed germination was monitored
3, 7, 10 days after planting. After 10 days, germinated
Lepidium sativum were dug up, washed with water, and
their photographs were taken and analyzed.

2. RESULTS AND DISCUSSION

A typical plasma emission spectrum of a DBD with
air as feed gas is shown in Fig. 7. The emission spec-
trum is composed chiefly of N, bands due to it being the
main component of air. The appearance of the molecu-
lar N, band indicates that the rotational temperature is
quite low compared to the rotating temperature of rotat-
ing gliding discharges [13 - 16].
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Fig. 7. Typical emission spectrum of DBD plasma:
discharge power — 6.3 W; frequency — 4 kHz
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Rotational and vibrational temperatures of N, mole-
cules in plasma were determined from the nitrogen N,
bands by comparing the experimentally measured opti-
cal emission spectra with the ones simulated using the
SpecAir 2.2 software [12]. The rotational temperature
was T, =300 K, while the vibrational temperature was
T, = 2900 K. In the case of DBD, the rotational temper-
ature is at the level of room temperature, unlike a rotat-
ing gliding discharge where the rotational temperature is
an order of magnitude higher [16, 17], and treated seeds
will not be burned due to thermal effects. The signifi-
cant difference between the rotational and vibrational
temperatures, which are almost an order of magnitude
different, indicates the non-equilibrium of the DBD
plasma.

Fig. 8 shows the percentage of germination of
Lepidium sativum seeds measured on the 3, 7" and 10™
day after planting under different operating modes of
the plasma system with a DBD — dry and wet seeds. The
power of the DBD was 6.3 W, the frequency was 4 kHz,
and the treatment time varied from 0 to 8 min in 1-min
increments. The control group was not treated and cor-
responds to a treatment time of 0 minutes. The germina-
tion of dry Lepidium sativum seeds (Fig. 8,a) in the case
of DBD treatment for 1, 2 and 3 min is better than in the
case of no treatment. In the case of dry Lepidium
sativum seed treatment for 2 min, the percentage of
Lepidium sativum germination seeds is higher than in
the case of no treatment.

The germination of wet Lepidium sativum seeds (see
Fig. 8,b) in the case of DBD treatment for 6 min is bet-
ter than in the case of no treatment. When comparing
wet seeds and dry seeds, the germination percentage of
wet seeds is lower than that of dry seeds. This differ-
ence requires further investigation.

Fig. 9 shows the comparison of percentage of
Lepidium sativum seeds germination without treatment
(control) and with treatment by plasma of DBD on the
3 7" and 10" day after planting when seeds were dry
and wet before the planting.

Fig. 10 shows photos of the Lepidium sativum dug
up on the 10" day after seeds planting. The same num-
ber of seeds was planted for each treatment time. Seeds
that did not germinate or have become rotten were not
photographed. The number of Lepidium sativum seeds
that germinate in case treated with DBD plasma is high-
er than in case when seeds were not treated.
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Fig. 8. Dependence of percentage of Lepidium sativum seeds germination on the 3", 7" and 10" day after
planting relative to the number of seeds planted for different time of DBD treatment: dry seeds (a); wet seeds (b)
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Fig. 9. Dependence of percentage of Lepidium sativum seeds germination without treatment (control)
and with treatment by plasma of DBD on the 3", 7" and 10" day after planting when seeds were dry and wet
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Flg 10. Photo of Lepldlumv sativum stems on the 10th
day: control (dry seeds) (a); 2 min (dry seeds) (b); con-
trol (wet seeds) (c); 6 min (wet seeds) (d)

These findings can significantly impact the agricul-
tural sector, as the described treatment method is inde-
pendent of logistics (all that is needed is air and electric-
ity) and does not require the purchase of pesticides. Al-
so, this method reduces harmful emissions into water
(chemical industry waste) and air (waste from transpor-
tation), which, together with independence from the
delivery of chemical treatments, is extremely important.

CONCLUSIONS

The influence of dielectric barrier discharge on the
germination of Lepidium sativum seeds was investigated
when seeds were dry and wet before the treatment.

The emission spectrum of the DBD plasma was
measured, and N, was determined as its main compo-
nent. From the emission spectra, the rotational and vi-
brational temperatures of N, were estimated. The rota-
tional temperature was T, =300 K, that close to room
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temperature at 300 K, and vibrational temperature was
T, =2900 K.

As of the 10™ day after planting, the germination of
the dry Lepidium sativum seeds treated with a DBD,
regardless of the treatment time (in the range of 1 to
3 min), was better compared to untreated seeds. Regard-
ing the percentage of germination, the optimal treatment
time with a DBD of dry seeds was 2 min. When consid-
ering the development of the Lepidium sativum stem,
the optimal time of DBD treatment is 2 min. Regarding
the percentage of germination, the optimal treatment
time with a DBD of wet seeds was 6 min. When consid-
ering the development of the Lepidium sativum stem,
the optimal time of DBD treatment is also 6 minutes.
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BIIJINB IIJIABMU AIEJEKTPUYHOTI'O BAP'€PHOI'O PO3PAAY HA IPOPOCTAHHSA HACIHHA
LEPIDIUM SATIVUM

0. Heoubanwk, €. Iznamenxo, 10. Kosaneuxo

JlocTipKeHo BIUTHB [TieleKTpUaHOTo 6ap’eproro pospsiay (JBP) Ha mpopocranus Hacinus Lepidium sativum 3a
PI3HMX YMOB: BOJIOTOTO Ta CYXOTI'O HaciHHsS. BuUMipsHO eMicCiiiHi CHIEKTpH IIa3MH AieNeKTPUYHOrOo Oap’€pHOro pos-
psny. Busnaueno obeproBy (T,) Ta xomuBHy (T,) Temneparypu miia3mMu JieJIeKTPUYHOTO Oap’€pHOTo po3psay 3a
cmyramu azoty (Ny). [To6ymnoBaHO 3anex)HOCTI BiZICOTKY MpopocTanHs HaciHuH Lepidium sativum 3a pi3Hux mpomi-
JKKIB yacy oOpoOKHM JieNeKTpUYHNM Oap’epHUM po3psiioM. BusHadeHo HaiOUIbIl onTHMaNbHUN Yac 0OpoOKM Ha-

cinnst Lepidium sativum asist cyxoro Ta BOJIOrOro HaciHHsI.

ISSN 1562-6016. Problems of Atomic Science and Technology. 2025. Ne4(158)

141


https://sdgs.un.org/goals
http://www.specair-radiation.net/
http://www.specair-radiation.net/

