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Abstract

World demand for food has an upwards trend, and in this context, solutions are sought
so that each seed can benefit from optimal conditions, have a uniform rise, and produce
vigorous plants that produce at the potential level. Cold plasma treatments are potentially
useful in treating seeds to improve the germination quality and increase this in the early stages
of vegetation. This paper aims to test the impact that cold plasma treatments have on wheat
seeds and to determine the influence of treatment duration and discharge voltage on
germination parameters. Applying cold plasma treatments to wheat grains had different
effects depending on the time and discharge voltage used but showed a positive impact,
manifested by improved germ characteristics and an increase in the biometric parameters
studied. Thus, the increase in treatment duration and discharge voltage resulted in significant
increases in germination parameters compared with untreated controls. Due to the results
obtained, plasma can become an effective alternative method for treating seeds used in
agriculture.
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Introduction
With over 200 mil ha cultivated area wheat is one of
main crops in the world.
The importance is given by the rate of wheat in the
human nutrition and the world population growing trend,
from 6 billion in 1999 to 7 billion in 2011 (FAOSTAT [1].
In the conditions of the rapid increase of food demand, it’s
needed to ensure the safety and security of foods, and to
improve the technologies of crops, so that the level of
production obtained allows the food request to be
covered, while maintaining the level of the cultivated
area constantly at same level.
In order to meet these requirements, particular
attention must be paid to the efficiency of each component
of the crop production technology flow. The first element
with an impact on production is seed quality, which is why
phytosanitary treatments for disease and pests protection,
as well as treatments with biostimulating effect are
important.
In the category of physical methods available for seed
treatment, is the exposure of the seeds to the action of
different fields of radiation and especially the plasma
seed treatment (JIANG [2]).
The cold plasma treatment could improve the
germination, promote the growth and increase the metabolic
process level of wheat, leading to increased yield.
Cold plasma treatment was used for the first time for
activation and decontamination of surfaces. Recently it has
been applied successfully for the treatment of plant seeds.
The treatment of corn seeds with plasma 50 W and 100 W
at a pressure of 500 mTorr for 2.5 minutes positively
influenced their germination and biometric characteristics
of sprout (FILATOVA [3]).
Radish seeds harvested exposed to 9.3 GHz
microwaves had higher germination compared with
non-irradiated seeds. High power microwaves increased
radish germination energy by 6% (RADZEVIČIUS [4]).
With the proper conditions of exposure, plasma
conditioning of seeds provides a stimulating effect and
could be used for pre-sowing seed stimulation. Exposure of
seeds to a continuous plasma discharge is more effective
than exposure to a pulsed plasma discharge. When the
germination level is high the stimulating effect is more
weakly expressed. (DUBINOV [5]).
The seed germination of oilseed rape was adversely
affected by drought stress, but this was significantly
improved by the cold plasma treatment, especially for the
drought-sensitive cultivar, Zhongshuang (LING LI [6]).
The germination rate of corn seeds was also
unaffected while the growth of corn plants showed slight
improvement by the plasma application. Therefore,
the glow discharge plasma could be applied as a pretreatment of seeds in order to improve the cereal crops
(BRAŞOVEANU [7]).

After exposing the wheat seeds to plasma treatment
in a surface discharge atmospheric pressure and at room
temperature, it was found that the roots and sprouts of
plasma treated samples were longer and heavier than
those of the untreated seeds, for all treatment durations
investigated (DOBRIN [8]).
The main objective of this research was to identify
the effect of the cold plasma treatment upon the winter
wheat seeds, applied at the different duration and
different voltages of discharges. The second objective
was to establish the optimum parameters for winter
wheat seeds treatment with the cold plasma.

Materials and Methods
Experiment
To test the effect of non-thermal plasma on wheat
grains, carried out was an experiment with two factors
where A factor is voltage with 4 graduation a1 0 kV,
a2 13 kv, a3 15 kV, a4 17 kV, and Factor B during the plasma
treatment b1 t 0 min, b2 t 5 min, b3 t10 min and b4 t 15 min.
The experiment was made in 4 replications and in each
variant were 100 seeds.

The Cold plasma reactor
The seeds were treated by non-thermal plasma using
a surface discharge reactor, at atmospheric pressure and
room temperature. The set-up is illustrated in Figure 1.

Figure 1. Experimental set-up: HV – a.c. high voltage
transformer, high voltage electrode – array of 13 copper
wires (diameter 100 μm, length 44 mm, distance between
adjacent wires 6 mm), ground electrode – aluminum tape
(length 90 mm, width 48 mm), glass plate (length 120 mm,
width 90 mm, thickness 1.5 mm), and seeds – Triticum
aestivum.
The plasma reactor consists of two electrodes placed
on both sides of a glass plate (length 120 mm, width 90 mm,
thickness 1.5 mm). The high voltage electrode is an array
of 13 copper wires, each wire having a diameter of 100 μm
and length of 44 mm. The distance between adjacent wires
was 6 mm. The ground electrode was an aluminum tape
(length 90 mm, width 48 mm). The seeds were distributed
uniformly on each wire. The plasma reactor was placed in
a rectangular case and air was flown with a rate of 1 L/min.
The discharge was generated in AC mode using a high
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voltage transformer which provides a sinusoidal voltage
at 50 Hz frequency. The discharge voltage was measured
by a high voltage probe (P6015A, Tektronix, USA).
The current was measured with a shunt resistor of 3 Ω
connected in a series with the ground electrode. The total
charge dissipated in the discharge was measured with
a non-inductive capacitor of 1.5 μF placed instead of
the shunt resistor. The discharge characteristics were
monitored by a digital oscilloscope (DPO 2024, Tektronix,
USA). The average power dissipated in the discharge
was calculated by the Lissajous method.

Seeds for testing
The wheat (Triticum aestivum) seeds used for the test
were from Pedro variety, the production of year 2017,
Thousand Grain Weight 43,52, grain specific weight 72,6.
For testing the germination was used “Towel Germination
Test” method (TGL) in accordance with the standard
SR1634/1999. (ISTA [9, 17]). The samples were incubated
at 20oC and at 80% humidity in the Caloris ITU 150
vegetation chamber.
a. Germination rate The germination rate G=Ng*100/Nt,
Ng is the number of germinated seeds, is the total number
of seeds tested ISTA [10, 11].
b. Speed of germination was calculated by formula
𝑛

𝑖
𝑆𝐺 = ∑𝑁
𝑖=1 𝑑
𝑖

where, ni = number of germinated

seeds in the day i, di = number of days from start testing
(day 1, day 2…day i) [3, 12, 13, 14].
𝑛𝑑

𝑖 𝑖
𝑀𝐺𝑇 = ∑𝑁
where
𝑖=1 𝑁
n = number of germinated seeds, d = number of days,
N = total number of days of monitoring test [3, 12,

c. Mean germination Time

13, 14].
d. Mean daily germination

e.

86

86.1

86.4

83

83

number of seed germinated in one day, dx = the day
when was recorded the maxim number of germinated
seeds in one day.
Germination Value GV = PV*MDG [12]

The effect of plasma treatments applied to wheat
grains vary depending on discharge voltage and treatment
time. We present the impact in which the factor A is the
voltage of discharge and factor B is the duration of
the discharge on the parameters of germination characterization that have been studied.
Analyzing the germination rate (G) Fig 1, it is found
that it varies between 83% in the untreated control and
reaches a maximum of 88.8% at a 3b1. Analyzing the
influence of the voltage of discharge (A Factor) on the rate
of germination, it was found that all treatments determined
the G increase, but these significant increases occurred only
at the voltages of 15 and 17 kV. For the same time of
treatment, increasing the voltage of discharge caused
increases in germination rates, these increases are not
significant for one voltage of discharge of 13 kV for all
times of the treatments; for 5 min duration of treatment
at 17 kV the increase was distinctly significant, and for
all other durations of discharge was significantly.
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, nx = the maximum
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𝑑𝑥

Results and Discussions

88.1*
87.7*

0→𝑁

Data was subject to analysis of variance using XL
STAT application under Excel.
The data were compared using Least Significant
Difference (LSD) for 5%, 1% and 0,1%.
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𝑃𝑉 =

max
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𝑥

Statistical analysis
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a1 V0
a4 V17

b4 – t15min
a2 V13
Poly. (average b)

Figure 1.a. Germination rate
(for same voltage of descharge)
JIANG [17] showed that the application of cold
plasma treatments led to an increase in the germination rate,
proportional to the discharge power, with significant values
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formula given by

88.8*

89
88

MDG = Ng/N,

Peak Value (PV) is the day when recorded the highest
number of seed germinated, calculated by the following

a1 V0

a2 V13

average a
b3– t10min

a3 V15
b1- t0
b4 – t15min

a4 V17
b2 – t5min
Poly. (average a)

Figure 1.b. Germination rate
(for same time of tretment)
being obtained at powers higher than 80 W. Applying cold
plasma treatment with low power may be insufficient to
determine quantitative effects on seeds.
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Increasing the duration of treatment (Factor B)
determined a significant increase in germination rate.
For each discharge voltage, increasing the discharge time

caused significant increases in germination rate, except
for the discharge at 13 kV when the increases were not
significant.
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Figure 2.b. Speed of germination
(for same time of tretment AxB)

The results regarding the speed of germination (SG)
are centralized in fig 2, where we can see that SG was
varied between 10,6 for non treated seeds up to 18,6 at
variant a4b2. The increase of the voltage of discharge was
followed by increasing of SG. For the same duration of
discharge the increasing of voltage was recording the very
significant increases of SG. The increase of discharge time
caused increases of SG. For the same voltage of discharges,

increasing the durations of treatment was obtained by
the very significant increases of SG.
SHAPIRA [20] showed that the application of cold
plasma treatments to alfalfa, clover and beans had the effect
of increasing the speed of germination, this increase was
more pronounced under drought conditions, the results
being explained by the increase in the permeability of
the skin under the influence of treatments.

Mean germination Time
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(for same time of tretment)
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Figure 2.a. Speed of germination
(for same voltage of descharge BxA)
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Mean germination Time (MGT) recorded a variation
from 5,9 to control variants up to 4,8 at a3b1. Compared
with the control, the plasma treatments resulted in a
decrease in MGT. Increasing the discharge voltage caused
a decrease in MGT, significant for 13 kV and very
significant for 17 kV. Increasing the duration of treatment

a1 V0
average a
b3– t10min

a2 V13

a3 V15
b1- t0
b4 – t15min

a4 V17
b2 – t5min
Poly. (average a)

resulted in very significant decreases in MGT compared
to untreated control. For 13 kV, the increase in treatment
duration resulted in a reduction in MGT compared to the
untreated control, and for the 17 kV voltage, the increase
in treatment duration led to a slight increase.

925

MIHAI GIDEA et al

Mean daily germination
(for same voltage of descharge)

Germination rate %
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In the research carried out by (LI LONG [21]) on

has led to a significant increase in the MDG. Increasing the

soybean, it has been shown that increasing the discharge

duration of B Factor treatment led to increases that are

power by increasing the treatment time or the discharge

significant only at 15 min. By analysing the MDG for

power resulted in an increase in MGT.

the same discharge voltage, it was found that increasing

The mean daily germination MDG showed an

treatment duration at 13 kV did not cause significant

increase from 8,3 at untreated, up to a maxim value of 8,9

increases, and for the 17 kV voltage, the increase in

at variant a3b1. The increase in A Factor’s download voltage

treatment duration led to a reduction in the MDG.
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The Peak value (PV) of wheat grain after plasma

compared to the untreated control. These increases are

treatment increased from 2.5 to control and up to 4,2 in the

correlated with the treatment time for treatment voltages

a2b3 variant. Increase in withdrawal pressure and duration

of 13 and 15 kV, and at a voltage of 17 kV there was

of treatment resulted in very significant increases in PV

a decrease.
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Germination rate (for same voltage of descharge)
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Germination value (GV) ranged between 20.8 on the
control variant and 37.4 on the a2b3 variant. The increase
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