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Abstract  
 
The current research was carried out to reveal the possible impacts of cold plasma on growth and physiology of wheat, 
as a new approach in plant science. Short and long-term impacts of different types of plasma (nitrogen and helium) with 
surface power density of 0.4 W cm-2, exposure times (15, 30, 60, and 120 s), and repetitions (1, 2, and 4 times with 24 h 
intervals) were evaluated. Single-time applied helium or nitrogen derived plasma significantly promoted total root and 
shoot lengths, in contrast to four times application, and the root system was more sensitive than the shoot one. In 
addition, seedlings were more sensitive to nitrogen derived plasma, compared with helium. The physiological responses 
to plasma treatment were analyzed via protein assay and peroxidase or phenylalanine ammonia lyase (PAL) activities 
measurements. Plasma generated signaling molecules, especially ozone, nitric oxide, and/or UV radiation induced 
promotions in the peroxidase and PAL activities as well as increase in protein content in leaves, especially when times 
and/or repetitions increased. Plants were perished by the nitrogen derived plasma at the highest exposure time and 
number of repetitions. However, the seedlings with inhibited growth not only caught up control one month after, but 
even the growth rate and biomass accumulation in the shoot and leaves were accelerated. Increased leaf soluble phenol 
content was recorded in plasma treated seedlings, especially at longer times and more repetitions.  

Additional key words: cold plasma, helium, nitrogen, nitric oxide, ozone, phenylalanine ammonia lyase, peroxidase, proteins, wheat. 
 
 
Introduction 
 
Cold (non-thermal) atmospheric pressure plasmas are 
emerging as a novel tool for the treatment of living 
tissues for biological and medical purposes (Alekseev  
et al. 2014). Non-thermal dielectric barrier discharge 
plasma (DBD) is one of well-developed methods of 
plasma generating, and it is called cold because it is a 
non-thermal discharge produced by establishing strong 
electrical fields across small gap fills with non-
conducting coat that prevents the transition of the plasma 
discharge into an arc and heat production (Louste et al. 
2005). It is usually working at atmospheric pressure and 
normally obtained between two parallel electrodes made 
from materials of low dielectric loss and high breakdown 

strength (glass, quartz, polymer, or ceramics) separated 
by a gap of some millimeters and excited by alternating 
current voltage with frequency in the range of 1 - 20 kHz 
(Shi and Kong 2005).  
 Nitric oxide, hydrogen peroxide, superoxide, singlet 
oxygen, electrons, positive ions, and UV radiation are 
generated in DBD (Bußler et al. 2015a). These 
compounds, especially ozone and nitric oxide as 
biologically noteworthy active compounds, as well as UV 
radiation, could act as effective elicitor to modify plant 
growth, development, and metabolism. The synthesis of 
nitric oxide from air, aiming plasma technology is 
according to a really well-known reaction between N2  
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and O2 in the air activated by plasma (Fridman 2008). 
Nitric oxide acts as a signaling molecule at different steps 
of the plant life cycle (Lamattina and Polacco 2007, 
Domingos et al. 2015, Kashyap et al. 2015, Santisree  
et al. 2015).  
 The cold plasma treatment has been introduced as a 
fast, economic, and pollution-free method to reduce the 
bacterial bearing rate of seeds (Mitra et al. 2014), to alter 
seed coat structure, to enhance the permeability of seed 
coat, to promote seed germination and seedling growth 
(Sera et al. 2008, 2010, Filatova et al. 2011, Chen et al. 
2012, Park et al. 2013, Ling et al. 2014, Mihai et al. 
2014, Stolárik et al. 2015), and to modify some 
physiological characteristics (Wu et al. 2007, Ling et al. 
2014, Stolárik et al. 2015) and yield (Jiang et al. 2014). 
Data about plant-plasma interaction are rare, so more 

convincing studies are needed to clarify the underlying 
mechanisms involved in the above mentioned effects.  
 Wheat is consumed as staple cereal in many countries, 
making more than a third of earth's population, so 
improvement in its agricultural properties could elevate 
life safety levels and strengthen stability for development 
(Welch and Graham 2004). There are many interests to 
achieve eco-friendly suitable ways to trigger plant growth 
and improve plant resistance to stress conditions. There 
are not many studies about the affordable range of plasma 
treatment and possible effects of cold plasma on the 
various aspects of plant differentiation, growth, 
development and physiology. The current research was 
carried out to evaluate the possible impacts of different 
application modes of cold plasma on the plant growth and 
physiology in wheat. 

 
 
Materials and methods  
 
Seeds of wheat (Triticum aestivum L. cv. Parsi) were 
purchased from the Seed and Plant Improvement 
Institute, Karaj, Iran.  
 Dielectric barrier discharge (DBD) plasma was 
generated at atmospheric pressure between two glass 
plates (190  190  3 mm) as dielectric barriers covering 
the two powered circular plate copper electrodes 
(diameter 180 mm) (Fig. 1). The gap between dielectrics 
was 4 mm. Nitrogen and helium were applied as the 
functional gas between dielectrics. The dielectric acts as a 
stabilizing material when the potential across the gap 
reaches the breakdown voltage leading to the formation 
of a large number of micro-discharges. To generate DBD 
plasma, a modified alternative current (AC) high voltage 
power supply (mp516, Nik Plasma Tech., Iran) was used. 
Applied voltage was measured by a high voltage probe 
(HVP40, Pintek Electronics, Taiwan) connected to an 
oscilloscope (TDS1012B, Tektronix, USA). During all 
experiments, the frequency and the applied voltage of the 
device was fixed at 20 kHz and 15 kV, respectively. The 
instrument power was 100 W, so for 254.3 cm2 plasma 
treatment areas, the surface power density was equal to 
0.4 W cm-2. 
 Wheat seeds were exposed to the plasma discharge in 
gases pressure of 100 Pa. Meanwhile, the control samples 
were left untreated. Briefly, the seeds (24 h after soaking) 
were treated with two kinds of plasma, helium or nitrogen 
in five different times of exposure (0, 15, 30, 60, and 
120 s) with three repetition modes (1, 2, or 4 times with 
24 h intervals). Treatment groups were called on the basis 
of plasma type, time of exposure, and repetition times as 
follows: C (control), N15-1 (N plasma, 15 s once), N30-1 
(N plasma, 30 s once), N60-1 (N plasma, 60 s once), 
N120-1 (N plasma, 120 s once), N15-2 (N plasma, 15 s 
twice), and so on, and similarly He15-1 (He plasma, 15 s 
once), etc. 
 The experimental design was completely randomized 
with four replications. All seeds were grown in Petri 
dishes of 10 cm diameter, containing Whatman papers 

moistened with distilled water. All samples were kept in a 
culture room under a 16-h photoperiod, an irradiance of  
33.75 μmol(photon) m-2 s-1 (fluorescent lamps), a 
temperature of 25 ± 3 °C, and an air humidity of 47 %. 
One day after the last plasma treatments, 5-d-old 
seedlings were planted in 5 cm pots filled with 200 g of 
peat and Perlite (1:1). Evaluations were conducted on  
5-d-old seedlings (just one day after the last treatment) 
and 35-d-old plants (30 d after the last treatments).  
 Digital images of control and plasma treated seedlings 
were obtained using a digital camera CANON G12, and 
total root length (summation of all root lengths of each 
seedling) and shoot length were analyzed using the 
ImageJ software, a public domain Java-based image 
processing program. Shoot and leaf fresh mass were 
determined in 35-d-old seedlings. 
 To evaluate the fast reactions, enzymatic activities 
and protein content were done on samples of 5-d-old 
seedlings and total soluble phenol content was analyzed 
in 35-d-old seedlings. Enzymes were extracted at 4 °C 
using 0.1 M phosphate buffer (pH 7.5), containing 
0.5 mM Na2-EDTA and 0.5 mM ascorbic acid. The 
homogenates were centrifuged at 4 °C for 15 min and the 
supernatant was used for further assays. Protein content 
was measured according to the method described by 
Bradford (1976) with bovine serum albumine as a 
standard. Peroxidase activity was assayed as described by 
Biles and Abeles (1991). The reaction mixture consisted 
of acetate buffer (0.2 M, pH 4.8), 3 % (v/v) H2O2, and 
0.04 M benzidine in 50 % (v/v) methanol. The reaction 
was started by adding the enzyme extract. The 
absorbance (A) was measured at 530 nm using 
spectrophotometer (UV-1700, Shimadzu, Japan). The 
peroxidase activity was expressed as ΔA g-1(f.m.) min-1. 
The phenylalanine ammonia lyase (PAL) activity was 
measured according to the method described by 
Beaudoin-Eagan and Thorpe (1985). The reaction 
mixture consisted of 6 μM phenylalanine, Tris-HCl 
buffer (0.5 M, pH 8), and 0.2 cm3 of enzyme extract. 
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After 60 min at 37 °C, the reaction was ended by adding 
0.05 cm3 of 5 M HCl and A was measured at 290 nm. 
PAL activity was determined by measuring the amount of 
cinnamic acid produced and expressed in μg(cinnamate) 
g-1(f.m.) min-1. Total soluble phenolics in the leaf 
ethanolic extracts were assessed using the Folin-
Ciocalteu reagent procedure (Goldwasser et al. 1999). 

Tannic acid was used as a standard. 
 Data was analyzed by analysis of variance (ANOVA) 
as a factorial experiment in a completely randomized 
design with four replications using SPSS software. Mean 
separation was performed with Duncan’s multiple range 
test at P < 0.05. 

 

 
Fig. 1. An apparatus for development of dielectric barrier discharge plasma at atmospheric pressure. Glass dielectric barrier (white) 
covering two powered circular plate copper electrodes (grey); d is gap between dielectrics and equal to 4 mm. 
 
 
Results and discussion  
 
The single-time He treatments had a meaningful 
promoting effect on the total root length, but when He 
plasma was applied for longer times and/or in more 
repetitions (He120-4 and He60-4), it reduced the total 
length of root system meaningfully, in comparison with 
control (Table 1) and the seedlings showed signs of 
yellowness and apparent defects. In contrast, treatments 
of N120-1, N60-1, N30-2, and N30-1 promoted root 
system elongation (Table 1). Four-time N plasma 
treatments resulted in the significant decreases in shoot 
length, whereas single-time treatments increased shoot 

length and N60-1, He60-1, and N120-1 induced the 
highest shoot length (Table 1). The obtained results 
showed that plasma affected root system more severely 
than shoots (Fig. 2) and this could be due to higher 
sensitivity of root meristem cells comparing with shoot 
meristem. The plant growth reactions to plasma 
treatments were dependent on times and repetitions, 
where the growth inhibitory symptoms and defects were 
clearly recorded in samples exposed for longer times and 
more repetitions, in contrast to single time treatments. 
The detrimental impacts of N-plasma were more severe 

 
Table 1. Effects of He or N derived cold plasma used for different times and repetitions on the total root and shoot lengths in 5-d-old 
wheat seedlings (1 d after the last treatments). C - control, P15-1 - plasma 15 s once, P30-1 - plasma 30 s once, etc. .... P120-4 - 
plasma 120 s four times. Means  SEs, n = 4; values followed by different letters are significantly different at P ≤ 0.05 according to 
Duncan’s multiple range test. 
 

Shoot length [mm] Total root length [mm] Parameters 
N He N He Treatments 

44.78  0.94cd 44.78  0.94c   53.33  2.06f   53.33  2.06e C 
46.60  0.75bc 48.23  0.79b   71.60  2.62de   79.88  3.56c P15-1 
45.58  0.46bc 43.63  1.84cd   74.89  1.18d   64.24  1.83d P15-2 
30.83  0.82f 34.72  0.86f   51.07  1.62f   41.61  1.85f P15-4 
42.58  0.42de 48.58  0.77b   66.05  1.0e 100.61  3.10b P30-1 
47.38  0.41b 42.78  1.28cde   87.54  2.72c   67.70  2.40d P30-2 
32.15  1.57f 35.68  1.27f   49.49  1.28f   52.23  2.42e P30-4 
53.31  0.51a 54.63  0.68a   99.91  1.75b 116.40  2.30a P60-1 
40.68  1.027e 41.30  1.18de   70.65  2.98de   38.40  3.05f P60-2 
33.00  0.74f 30.58  0.86g   30.78  3.64g   26.63  4.36g P60-4 
51.99  0.41a 50.71  0.26b 112.23  4.82a 121.09  3.62a P120-1 
46.09  0.90bc 40.27  0.78e   53.49  1.97f   45.32  2.28ef P120-2 
24.64  0.78g 29.65  1.49g     9.62  0.94h   19.01  1.37g P120-4 
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than those of He plasma (Fig. 2) which may result from 
the higher amount of produced NO in N-plasma 
compared with He-plasma. Some reactive species in the 
cold plasma-produced gas phase are NO, H2O2, 
superoxide, singlet oxygen, electrons, and positive ions 
(Bußler et al. 2015b). The modifications in root system 
recorded in the present study could be attributed to the 
various active nitrogen and oxygen species, especially O3 
and NO produced during plasma treatments. It has been 
stated that NO can influence root system through two 
main events: cell division in meristematic zone and cell 
differentiation (Fernández-Marcos et al. 2011). The 
decreases in primary root growth and promotions in 
lateral root development caused by NO have been 
described in various plants, including tomato (Correa-

Aragunde et al. 2004) and Arabidopsis (Méndez-Bravo et 
al. 2010). On the basis of microscopic analysis of 
seedling roots in meristematic zone, the primary root 
meristem was affected by alterations in NO content 
(Fernández-Marcos et al. 2011). According to their 
findings, polar auxin transport also may be affected 
basically via posttranscriptional modification of PIN1 
protein involved in auxin transport. So it seems that 
plasma treatments according to exposure time and 
number of repetitions may change root system via 
alterations in hormonal balance (Benjamins and Scheres 
2008) and also can increase water uptake into seeds 
(Stolárik et al. 2015). But it should be mentioned that 
more investigations are needed to reveal this effects 
conclusively. In addition, plasma treatment of wheat  

 

Fig. 2. The impact of some treatments of He or N derived cold plasma on the growth of 5-d-old seedlings (1 d after the last plasma 
treatments): A - control; B - He plasma for 60 s, 4-times; C - N plasma for 60 s, 4-times; D - He plasma for 120 s, 4-times; 
E - N plasma for 120 s, 4-times. Rectangles 68  35 mm. 
 
Table 2. Effects of He or N derived cold plasma used for different times and repetitions on protein content and activities of 
peroxidase and phenylalanine ammonia lyase (PAL) in 5-d old wheat seedlings (one day after the last treatments). C - control, P15-1 
- plasma 15 s once, P30-1 - plasma 30 s once, etc. .... P120-4 - plasma 120 s four times. Means  SE, n = 4; values followed by 
different letters are significantly different at P ≤ 0.05 according to Duncan’s multiple range test. 
 

 PAL [μg(cinnamate) g-1(f.m.) min-1 ] Peroxidase [ΔA g-1(f.m.) min-1 ] Protein content [mg g-1(f.m.)] Parameters 
N He N He N He Treatments 

2.410.04e 2.410.04e 44.092.19e 44.092.19fg 2.490.05f 2.490.05h C 
2.450.04e 2.380.03e 44.351.88e 43.131.87fg 2.540.04f 2.520.02gh P15-1 
2.690.03cd 2.450.01e 47.441.62e 48.521.45ef 2.650.02e 2.540.03gh P15-2 
2.800.01b 2.540.02d 47.370.76e 40.572.93g 2.710.01de 2.690.02ef P15-4 
2.740.03bc 2.590.01d 45.481.29e 42.821.75fg 2.710.01de 2.610.02fg P30-1 
2.870.03a 2.540.02d 54.48.83cd 53.971.67cde 2.790.02cd 2.710.01de P30-2 
2.760.02bc 2.690.02c 59.330.98bc 50.800.60de 2.910.02b 2.820.02c P30-4 
2.790.02b 2.790.01ab 55.670.64cd 51.361.07de 2.830.02bc 2.760.02cde P60-1 
2.900.01a 2.830.02ab 61.040.44ab 56.721.21bcd 2.900.04b 2.940.03b P60-2 
2.800.02b 2.820.01a 65.172.06a 60.142.35b 3.020.06a 3.010.01ab P60-4 
2.910.02a 2.750.02bc 58.713.12bc 52.670.67de 2.930.03ab 2.810.02cd P120-1 
2.630.01d 2.750.03bc 55.840.83cd 59.001.04bc 2.910.02b 2.960.01b P120-2 
2.650.017d 2.710.02c 53.380.46d 67.023.89a 2.930.02ab 3.110.10a P120-4 
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seedlings can affect them via UV produced between two 
dielectrics and this could modify physiological and 
metabolic processes including hormone equilibrium, 
especially auxin, cytokinin, and ethylene content, thereby 
triggering further mechanisms. 
 Helium or nitrogen derived plasma, especially the 
latter one, enhanced protein content except for He15-1, 
He15-2, N15-1 and the most notable increases were 
recorded in N60-4 and He120-4 treatments (Table 2). In 
He or N plasma treated seedlings, the highest elevations 
in peroxidase activity was found in N60-4 and He120-4 
(Table 2). He plasma treatments significantly increased 
the PAL activity and higher activities were recorded in  
60 and 120 s treatments than in shorter ones (Table 2).  
N plasma treatment was even more effective than He 
plasma to stimulate PAL activities and all nitrogen 
treated samples except N15-1, showed significant 
elevation in PAL activity (Table 2). The recorded 
increases in protein content, the activity of peroxidase 
(one critical antioxidant enzyme), in combination with 
inductions in the activity of PAL (a key enzyme in 
phenylpropanoid metabolism), may be regarded as 
defense-related responses triggered by plasma especially 
when times and/or repetition were increased. These 
results are in agreements with findings of Jiang et al. 
(2014) indicating that plasma treatments induced 
activities of antioxidant enzymes and PAL activities in 
tomato plants, thereby improving resistance against the 
pathogen Ralstonia solanacearum. The recorded 
reactions could be attributed to the critical signaling 
molecules produced during plasma treatments, like nitric 
oxide, known as a signaling compound, and ozone 
(recognized as a stress factor) as well as UV radiation. 
Also, the structural changes in cell wall caused by plasma 
and production of oligosaccharides may trigger some 
defense-related responses in a cell. Plasma-inherent 

reactive oxygen species (ROS) such as hydroxyl radicals 
and singlet oxygen are present in the plasma and can 
react with phenolic compounds and cause structural 
alterations in plants (Grzegorzewski et al. 2011). NO 
reacts with numerous extracellular/intracellular targets as 
a free radical and form various reactive nitrogen species 
(Gross et al. 2013). It is known as a down-regulating 
signal for hydrogen peroxide, and also as an inducer of 
ROS degradation and production, thereby targeting the 
regulatory feed-back complex between signaling 
molecules (Hasanuzzaman et al. 2012). NO arrests lipid 
peroxidative reactions and activates expression of 
antioxidant enzyme genes and this is why it is called a 
chain-breaking antioxidant (Siddiqui et al. 2011). NO 
induces cytoprotective proteins and the synthesis of 
catalase, superoxide dismutase, and glutathione  
S-transferase (Wang et al. 2013). NO as a signaling 
compound has a critical role in promoting resistance to 
salt stress, mainly via the activation of antioxidant 
defense system, production of osmolytes, special 
proteins, and so regulates water flux and ion homeostasis 
(Farooq et al. 2013). In addition, O3 as a strong oxidant 
can interact with apoplast constituents, and produces 
reactive oxygen species such as H2O2, OH•, O2

• and 
HOO• (Torsethaugen et al. 1997). The alterations in 
enzymatic (Łabanowska et al. 2016) and non-enzymatic 
antioxidants (Corpas et al. 2011) due to O3 have been 
recorded. Therefore, plasma affected metabolism and 
triggered defense-related reactions could be attributed to 
the modified redox signal status caused by the plasma-
derived signaling molecules. Moreover, as it has been 
stated that UV exposure strongly stimulates nitric oxide 
synthase activity (Filatova et al. 2011), the emitted UV 
during plasma formation may act as an accelerating factor 
influencing plant physiology. Alterations in the activities 
of antioxidant enzymes in plants after exposure 

 
Table 3. Effects of He or N derived cold plasma used for different times and repetitions on shoot and leaf fresh mass and total content 
of soluble phenols in 35-d-old wheat seedlings (30 d after the last treatment). C - control, P15-1 - plasma 15 s once, P30-1 - plasma 
30 s once, etc. .... P120-4 - plasma 120 s four times. Means  SEs, n = 4; values followed by different letters are significantly 
different at P ≤ 0.05 according to Duncan’s multiple range test. ** - plants were destroyed by plasma treatment. 
 

 Soluble phenols [mg g-1(f.m.)] Leaf fresh mass [g] Shoot fresh mass [g] Parameters 
N He N He N He Treatments 

3.410.07c 3.410.07f 0.060.002c 0.060.002de 0.260.007e 0.260.007cd C 
3.460.06c 3.440.03ef 0.060.002c 0.070.00de 0.260.004e 0.250.007de P15-1 
3.450.08c 3.450.03ef 0.070.002bc 0.070.002cde 0.270.007e 0.260.008cd P15-2 
3.840.02ab 3.440.05ef 0.070.002bc 0.060.002e 0.260.007e 0.240.004de P15-4 
3.460.06c 3.480.02def 0.070.002abc 0.070.00de 0.270.006e 0.300.002b P30-1 
3.830.03b 3.530.03de 0.090.003a 0.080.003ab 0.360.006b 0.340.006a P30-2 
3.980.03a 3.630.02bc 0.070.003abc 0.060.003e 0.300.002d 0.240.01e P30-4 
3.950.05a 3.550.02cd 0.070.003abc 0.080.00bc 0.300.003d 0.310.006b P60-1 
3.800.02b 3.710.02b 0.090.002ab 0.070.002cde 0.320.006c 0.280.010c P60-2 
3.920.02ab 3.810.02a 0.080.00abc 0.060.002e 0.290.004d 0.250.006de P60-4 
3.820.01b 3.650.01b 0.080.003abc 0.080.002a 0.290.004d 0.320.005b P120-1 
3.870.02ab 3.820.01a 0.070.02abc 0.070.002cd 0.380.007a 0.280.006c P120-2 
0.000.00d** 3.900.02a 0.000.00d** 0.070.002cde 0.000.00f** 0.230.009e P120-4 
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to UV have been observed in various plant species, such 
as Populus spp. (Jia et al. 2009), Acorus calamus 
(Kumari et al. 2010), Corallina officinalis (Li et al. 2010) 
and Vitis vinifera (Martínez-Lüscher et al. 2013). 
Therefore, plasma treatments provide a complicated and 
multiple treatments of signaling molecules and UV, 
thereby triggering modifications in plant metabolism. 
 In the long-term assessments of plasma impacts 
N120-4 was perished, probably because of plasma related 
tensions. According to our results, in contrast to He120-4, 
N120-4 manifested a reduced growth in short term period 
and led to seedling death one week just after planting. 
Surprisingly, the reducing and inhibitory impacts of 
extensive plasma treatments, not only mitigated one 
month after the treatments and caught up control, but also 
accelerated the growth rate and biomass accumulations in 
shoot and leaves (Table 3). One month after plasma 
treatments, increase in shoot fresh mass was recorded in 
some plasma treatments among which He30-2, He60-1, 
He120-1, N120-2, N30-2, and N60-2 was the highest. 
Some plasma treatments led to significantly higher leaf 
fresh mass where the highest values were observed in 
N30-2, N60-2, N60-4, N120-1, N120-2, He120-1,  
He60-1, and He30-2 (Table 3). These findings might be 
attributed to the possible plasma-induced enhancement in 
uptake of essential mineral nutrients, modified hormonal 
balances, or changes in source-sink relations. There is 
evidence indicating that plasma treatments improve 
uptake of calcium and boron in tomato, compared to 
control (Jiang et al. 2014). 
 The total soluble phenol content increased 

meaningfully in He30-4, He60, and He120-related 
treatments, and the highest recorded amount was at 
He120-4 (Table 3). Except N15-1, N15-2, and N30-1 
other applied treatments led to significantly higher 
content of soluble phenols, comparing with control 
(Table 3). The obtained results reflect the increases in the 
content of total soluble phenolic compounds as a long-
term consequence of plasma treatment, most probably 
due to triggering impacts of plasma derived elicitors 
and/or plasma generated UV. The application of cold 
plasma technology may be regarded as a suitable 
approach for modification of valuable secondary plant 
metabolites (Bußler et al. 2015a). Fan et al. (2014) and 
Ibrahim and Srour (2015) demonstrate that elevating  
UV-B irradiation can lead to the flavonoid synthesis rise 
via stimulating PAL activity in soybean seedlings. 
 In conclusion, it seems that plasma treatments might 
have significant desirable promoting effects on plant 
growth and physiology probably via stimulating defense-
related metabolism, influencing plant nutrition, and 
modifying hormonal balances. More precise investi-
gations are needed to reveal the exact physiological and 
molecular mechanisms involved in these processes. Cold 
atmospheric plasma technology may be considered as an 
alternative approach to provide conditions in which plant 
is subjected to combined treatments of several 
biochemical- and photo-elicitors, thereby triggering 
modifications of metabolism. Data about plant-plasma 
interactions are rare and incomplete, so this article could 
be path stimulating research in this progressing field.  
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