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The use of non-thermal plasmas in agriculture or plant biology has also been widely reported in the last few years. The

topics, related to the decontamination of seeds, modification of surface properties, metabolomic pathways, and enzymatic

activity, enhancing seed germination and the initial growth, are summarized e.g., in Plants 2021, 10, 1616;

https://doi.org/10.3390/plants10081616 (https://doi.org/10.3390/plants10081616). Disease control and mycotoxin

degradation were also reported.
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1. Introduction

Plasma, called also the fourth state of matter, is a partially or fully ionized gas. A distinction is made between thermal (high

temperature, equilibrium) and non-thermal (cold, low temperature, non-equilibrium) plasma. The thermal plasma reaches

the temperatures of thousands of Kelvins and occurs in the Sun, lighting, electric sparks, tokamaks, etc. and it is therefore

not applicable in biological applications. On the other hand, the non-thermal plasma (NTP), also called low-temperature or

cold plasma, occurs at nearly ambient temperature and the high kinetic energy is stored in electrons only. Its biological

and also medical applications are very wide and include, among others, disinfection processes, acceleration of blood

coagulation and improved wound and infection healing, dental applications or cancer therapy. These are summarized in

numerous reviews, such as , or in the comprehensive books of Shintani and Sakudo  and Metelmann et al.

.

The use of non-thermal plasmas in agriculture or plant biology has also been widely reported in the last few years. The

topics, related to the decontamination of seeds, modification of surface properties, metabolomic pathways, and enzymatic

activity, enhancing seed germination and the initial growth, are summarized e.g., in . Plant disease

control  or mycotoxin degradation  were also reported. The nature of chemical reactions in NTP is rather complex,

see e.g., .

NTP may be easily generated in various electric discharges, among which the most commonly used ones are corona

discharges, plasma jets (called also plasma needle, plasma torch or plasma pen), dielectric barrier discharges, gliding

arcs and microwave discharges. For a general description of plasma sources, see e.g., . In addition, the

described effects are not constrained to the direct NTP treatment, but on a lower scale are also mediated by the effects of

plasma-activated water (PAW) or air, i.e., the water exposed to NTP prior to the application to desired objects. The

described effects can persist for many months after exposure, mainly due to the presence of stable reactive oxygen and

nitrogen particles as described e.g., in . The use of NTP has already been addressed by the authors in relation to

wheat (Triticum aestivum)  and seeds that can be used as raw seed .

2. Surface Seed and Sprout Decontamination

Both microbial and toxin decontamination of seed surface and plant sprout were included. Runtzel et al.  reported the

effective fungal inactivation of Aspergillus parasiticus and Penicillium sp. on the surface of common bean after 10–30 min

exposure of dielectric barrier discharge (DBD). Selcuk et al.  reported the inactivation of pathogenic fungi — Aspergillus
sp. and Penicillium sp.— by NTP in a SF6 atmosphere on artificially contaminated seeds of common bean, chickpea, lentil

and soybean without affecting the cooking time and other food qualities. A significant reduction of 3-log was achieved

within 15 min.

A significant reduction of the seed-borne microbial contamination on pea was observed by Khatami and Ahmadinia ,

where the amount of microorganisms decreased by ca 3-log from initial 5.5 to 2.5 log CFU/mL/cm² (the units are not

explained in the original paper) after 60 s of exposure. Peanut decontamination was reported by Basaran et al. , where

1-log and 5-log reductions of Aspergillus parasiticus after 5 min treatment in air or a SF 6 atmosphere were observed,
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respectively. The decontamination of several leguminous species (blue lupine, goat-rue, honey clover, soybean, and pea)

has been studied , where the plasma treatment contributed to better fungicidal effect against of Fusarium sp.,

Alternaria sp., and Stemphilium sp. on seeds. On the other hand, a possible reduction of toxin production on peanut

kernels was reported , where a significant reduction of aflatoxin levels without any negative sensory effect was

reported.

The decontamination of soybean seeds contaminated with bacteria using PAW was reported by Lee et al. . PAW

reduced the overall 4.3-log CFU/mL amount of aerobic microbes and 7.0-log CFU/mL of artificially inoculated Salmonella
Typhimurium within 5 min and 2 min, respectively. Two following works reported the decontamination of sprouts, both by

PAW only. Schnabel et al.  contaminated mung beans sprouts with the bacteria Escherichia coli, Pseudomonas
fluorescens, Pseudomonas marginalis, Pectobacterium carotovorum, and Listeria innocua. The experimental results

showed a reduction from 2.5-log to 3.5-log of bacteria and better growth of the mung bean sprouts, while untreated

samples became strongly glassy and cell liquor was released, no influence of treated samples was observed. Similar

results with mung bean were reported also by Xiang et al. , where reductions of 2.3 to 2.8-log were observed in aerobic

bacteria, yeasts and moulds.

3. Effects on Seed Surface Properties

The applications of NTP or PAW also affect the properties of samples. These changes appeared to be beneficial and are

listed below, and may be divided into seed surface properties and seed internal content properties. The primary effect on

the surface is a decrease of the surface energy leading to better wettability or higher hydrophilicity, as measured by the

contact angle of water droplets. This change in the wetting properties of seeds is at least partially due to oxidation of their

surface by NTP.

Bormashenko et al.  reported a contact angle decrease in common beans and their markedly accelerated water

absorption after tens of seconds of cold radiofrequency plasma treatment. The treatment leads to hydrophilization of the

cotyledon and tissues constituting the seed coat when they are exposed to plasma separately. On the contrary, when the

entire seed is exposed to plasma treatment, only the external surface of the common bean is hydrophilized by the cold

plasma. All these statements are in agreement with the results of , where the authors observed pea seeds. SEM and

Fourier transform infrared (FTIR) surface analyses showed small changes in the surface layer caused by the oxidation of

lipids and polysaccharides (the consequences are mentioned in the original work). Moreover, the result of performed

genotoxicological tests also confirmed that the level of DNA damage is minimal. A significant increase in water imbibition

was also reported for soybean seeds .

Surface modification was also reported after treatment by PAW. Fan et al.  reported a water absorption rate increase

from 65% for control samples to 75% for treated mung beans. Sajib et al.  reported a similar lipid or wax coat alteration

of black gram due to the interactions of NO²− and H2O2 with wax. Zhou et al.  confirmed by SEM that the seed coat of

mung bean is chapped and that it improves the water and nutrients absorption, which is a condition that could enhance

the germination rate of mung bean and promote the growth of hypocotyls and radicles.

4. Field Production and Quality Crop Yield

The following three works enhance the studies up to the level of field experiments. In Tarrad et al. , seeds of Egyptian

clover (T. alexandrium cv. Gemmiza 1 and cv. Fahl) were treated by pulsed atmospheric-pressure plasma jet, that

increased the final yield. The total dry matter yield increased by about 15 % and 9 % over the non-treated control for

Gemmiza 1 and Fahl cultivars, respectively.

In , the authors reported for blue lupine NTP treated seed that due to the decrease of seed infection and stimulation of

field germination, to early seedling growth and to plant resistance to pathogens, the yield increased by 27 %. In , the

authors exposed soybean seeds to NTP in various atmospheres of air, O2 or N2. Under greenhouse conditions, dry

weight of roots, plant height, stem diameter and yield of plants grown from either healthy or infected seeds were

improved. The plant height, stem diameter and root dry weight of plants from plasma-treated seeds showed increases of 3

%, 8 % and 12 %, respectively; the NTP treatment had positive effects on all the monitored parameters, as compared with

either infected plants or fungicide control.
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5. Conclusions

Non-thermal plasma (NTP) has become a widely used technique in various fields of biology, medicine, food processing

and others. 

The exposure to NTP or to plasma-activated water (PAW) can significantly affect the different properties of legume seeds.

Namely, germination starts from water uptake, and the capability of water absorption could be significantly influenced by

the action of plasma. Important surface properties and some physiological parameters of seeds could be also modified.

Oxidation processes of plasmatic reactive species may increase water adsorption capability by increasing wettability of

seed coats and could also be associated to gas exchanges and to electrolyte leakage by the seed. It is likely that NTP can

effectively change dormancy of hard seeds by affecting seed permeability and triggering subsequent processes. NTP can

positively influence the germination and growth of the seed, and subsequently also the properties of the seedlings. NTP

treatment could reduce the hardness associated with mechanical dormancy of many Fabaceae species (alfalfa, blue

lupine, grass pea, honey clover, Mimosa sp., Trifolium sp., etc.). NTP can be advantageously used in decontamination of

plant seed surfaces or legume products. Legumes tolerate this physico-chemical treatment well, and the mild stress it

causes appears to have a positive effect on them. Changes in physiological factors can then have a positive effect on the

number of crops in the field and their yield.

Acknowledgement: This study was supported by Charles University research program Progress Q25.

 

References

1. Tendero, C.; Tixier, C.; Tristant, P.; Desmaison, J.; Leprince, P. Atmospheric Pressure Plasmas: A Review. Spectrochim.
Acta B. 2006, 61, 2–30.

2. Bourke, P.; Ziuzina, D.; Boehm, D.; Cullen, P.J.; Keener, K. The Potential of Cold Plasma for Safe and Sustainable Foo
d Production. Trends Biotechnol. 2018, 36, 615–626.

3. Julák, J.; Scholtz, V. The Potential for use of Non-thermal Plasma in Microbiology and Medicine. Epidemiol. Microbiol. I
munol. 2020, 69, 28–36.

4. Scholtz, V.; Pazlarova, J.; Souskova, H.; Khun, J.; Julák, J. Non-thermal Plasma—A Tool for Decontamination and Disin
fection. Biotechnol. Adv. 2015, 33, 1108–1119.

5. Zhu, Y.L.; Li, C.Z.; Cui, H.Y.; Lin, L. Feasibility of Cold Plasma for the Control of Biofilms in Food Industry. Trends Food
Sci. Technol. 2020, 99, 142–151.

6. von Woedtke, T.; Schmidt, A.; Bekeschus, S.; Wende, K.; Weltmann, K.D. Plasma Medicine: A Field of Applied Redox B
iology. In Vivo 2019, 33, 1011–1026.

7. Shintani, H.; Sakudo, A. Gas Plasma Sterilization in Microbiology: Theory, Applications, Pitfalls and New Perspectives;
Caister Academic Press: Poole, UK, 2016.

8. Metelmann, H.R.; von Woedtke, T.; Weltmann, K.D. Comprehensive Clinical Plasma Medicine: Cold Physical Plasma fo
r Medical Application; Springer: Cham, Switzerland, 2018; ISBN 331967627X.

9. Holubová, L.; Kyzek, S.; Ďurovcová, I.; Fabová, J.; Horváthová, E.; Ševčovičová, A.; Gálová, E. Non-Thermal Plasma
—A New Green Priming Agent for Plants? Int. J. Mol. Sci. 2020, 21, 9466.

10. Scholtz, V.; Šerá, B.; Khun, J.; Šerý, M.; Julák, J. Effects of Nonthermal Plasma on Wheat Grains and Products. J. Foo
d Qual. 2019, 1–10.

11. Magallanes Lopez, A.M.; Simsek, S. Pathogens Control on Wheat and Wheat Flour: A Review. Cereal Chem. 2021, 98,
17–30.

12. Siddique, S.S.; Hardy, G.S.J.; Bayliss, K.L. Cold Plasma: A Potential New Method to Manage Postharvest Diseases Ca
used by Fungal Plant Pathogens. Plant Pathol. 2018, 67, 1011–1021.

13. Han, Y.; Cheng, J.H.; Sun, D.W. Activities and Conformation Changes of Food Enzymes Induced by Cold Plasma: A Re
view. Crit. Rev. Food Sci. Nutr. 2019, 59, 794–811.

14. Ekezie, E.F.G.; Chizoba, F.G.; Sun, D.W.; Cheng, J.H. A Review on Recent Advances in Cold Plasma Technology for th
e Food Industry: Current Applications and Future Trends. Trends Food Sci. Technol. 2017, 69, 46–58.

15. Pankaj, S.K.; Wan, Z.; Keener, K.M. Effects of Cold Plasma on Food Quality: A Review. Foods 2018, 7, 4.



16. Attri, P.; Ishikawa, K.; Okumura, T.; Koga, K.; Masaharu, S.M. Plasma Agriculture from Laboratory to Farm: A Review. P
rocesses 2020, 8, 1002.

17. Adhikari, B.; Pangomm, K.; Veerana, M.; Mitra, S.; Park, G. Plant Disease Control by Non-Thermal Atmospheric-Press
ure Plasma. Front. Plant Sci. 2020, 11, 77.

18. Ten Bosch, L.; Pfohl, K.; Avramidis, G.; Wieneke, S.; Viöl, W.; Karlovsky, P. Plasma-Based Degradation of Mycotoxins
Produced by Fusarium, Aspergillus and Alternaria Species. Toxins 2017, 9, 97.

19. Čolović, R.; Puvača, N.; Cheli, F.; Avantaggiato, G.; Greco, D.; Duragič, O.; Kos, J.; Pinotti, L. Decontamination of Myco
toxin-Contaminated Feedstuffs and Compound Feed. Toxins 2019, 11, 617.

20. Graves, D.B. The Emerging Role of Reactive Oxygen and Nitrogen Species in Redox Biology and Some Implications fo
r Plasma Applications to Medicine and Biology. J. Phys. D Appl. Phys. 2012, 45, 263001.

21. Kelly, S.; Turner, M. Atomic oxygen patterning from a biomedical needle-plasma source. J. Appl. Phys. 2013, 114, 1233
01.

22. Sysolyatina, E.; Mukhachev, A.; Yurova, M.; Grushin, M.; Karalnik, V.; Petryakov, A.; Trushkin, N.; Ermolaeva, S.; Akish
ev, Y. Role of the Charged Particles in Bacteria Inactivation by Plasma of a Positive and Negative Corona in Ambient Ai
r. Plasma Process. Polym. 2014, 11, 315–334.

23. Liao, X.Y.; Cullen, P.J.; Muhammad, A.I.; Jiang, Z.M.; Ye, X.Q.; Liu, D.H.; Ding, T. Cold Plasma-Based Hurdle Interventi
ons: New Strategies for Improving Food Safety. Food Eng. Rev. 2020, 12, 321.

24. Yousfi, M.; Merbahi, N.; Sarrette, J.P.; Eichwald, O.; Ricard, A.; Gardou, J.P.; Ducasse, O.; Benhenni, M. Non Thermal
Plasma Sources of Production of Active Species for Biomedical Uses: Analyses, Optimization and Prospect. In Biomedi
cal Engineering Frontiers and Challenges; Reza, F.R., Ed.; Intech Europe: Rijeka, Croatia, 2011; pp. 99–124.

25. Ehlbeck, J.; Schnabel, U.; Polak, M.; Winter, J.; von Woedtke, T.; Brandenburg, R.; von dem Hagen, T.; Weltmann, K.D.
Low Temperature Atmospheric Pressure Plasma Sources for Microbial Decontamination. J. Phys. D Appl. Phys. 2011,
44, 013002.

26. Simoncicova, J.; Krystofova, S.; Medvecka, V.; Durisova, K.; Kalinakova, B. Technical Applications of Plasma Treatmen
ts: Current State and Perspectives. Appl. Microbiol. Biotechnol. 2019, 103, 5117–5129.

27. Khun, J.; Scholtz, V.; Hozák, P.; Fitl, P.; Julák, J. Various DC-driven Point-to-plain Discharges as Non-Thermal Plasma
Sources and their Bactericidal Effects. Plasma Sources Sci. Technol. 2018, 27, 065002.

28. Julák, J.; Hujacova, A.; Scholtz, V.; Khun, J.; Holada, K. Contribution to the Chemistry of Plasma-Activated Water. Plas
ma Phys. Rep. 2018, 44, 125–136.

29. Al-Sharify, Z.T.; Al-Sharify, T.A.; Al-Azawi, A.M. Investigative Study on the Interaction and Applications of Plasma Activat
ed Water (PAW). IOP Conf. Ser. Mater. Sci. Eng. 2020, 870, 012042.

30. Zhou, R.; Zhou, R.; Wang, P.; Xian, Y.; Prochnow, A.M.; Lu, X.; Cullen, J.P.; Ostrikov, K.; Bazaka, K. Plasma-Activated
Water: Generation, Origin of Reactive Species and Biological Applications. J. Phys. D Appl. Phys. 2020, 53, 303001.

31. Sera, B.; Sery, M. Non-Thermal Plasma Treatment as a New Biotechnology in Relation to Seeds, Dryfruits, and Grains.
Plasma Sci. Technol. 2018, 20, 044012.

32. Runtzel, C.L.; da Silva, J.R.; da Silva, B.A.; Moecke, E.S.; Scussel, V.M. Effect of Cold Plasma on Black Beans (Phase
olus vulgaris, L.), Fungi Inactivation and Micro-Structures stability. Emir. J. Food Agric. 2019, 31, 864–873.

33. Selcuk, M.; Oksuz, L.; Basaran, P. Decontamination of Grains and Legumes Infected with Aspergillus spp. and Penicilli
um spp. by Cold Plasma Treatment. Bioresour. Technol. 2008, 99, 5104–5109.

34. Khatami, S.; Ahmadinia, A. Increased Germination and Growth Rates of Pea and Zucchini Seed by FSG Plasma. J. Th
eor. Appl. Phys. 2018, 12, 33–38.

35. Basaran, P.; Basaran-Akgul, N.; Oksuz, L. Elimination of Aspergillus Parasiticus from nut Surface with Low Pressure C
old Plasma (LPCP) Treatment. Food Microbiol. 2008, 25, 626–632.

36. Filatova, I.; Azharonok, V.; Kadyrov, M.; Beljavsky, V.; Gvozdov, A.; Shik, A.; Antonuk, A. The Effect of Plasma Treatmen
t of Seeds of Some Grain and Legumes on their Sowing Quality and Productivity. Rom. J. Phys. 2011, 56, 139–143.

37. Filatova, I.; Azharonok, V.; Shik, A.; Antoniuk, A.; Terletskaya, N. Fungicidal Effects of Plasma and Radio-Wave Pre-trea
tments on Seeds of Grain Crops and Legumes. In Nanomaterials for Security; Springer Science and Business Media L
LC: Cham, Switzerland, 2011; pp. 469–479.

38. Iqdiam, B.M.; Abuagela, M.O.; Boz, Z.; Marshall, S.M.; Goodrich-Schneider, R.; Sims, C.A.; Marshall, M.R.; MacIntosh,
A.J.; Welt, B.A. Effects of Atmospheric Pressure Plasma Jet Treatment on Aflatoxin Level, Physiochemical Quality, and
Sensory Attributes of Peanuts. J. Food Process. Preserv. 2020, 44, e14305.



39. Lee, E.J.; Khan, M.S.I.; Shim, J.; Kim, Y.J. Roles of Oxides of Nitrogen on Quality Enhancement of Soybean Sprout Du
ring Hydroponic Production Using Plasma Discharged Water Recycling Technology. Sci. Rep. 2018, 8, 16872.

40. Schnabel, U.; Sydow, D.; Schlüter, O.; Andrasch, M.; Ehlbeck, J. Decontamination of Fresh-cut Iceberg Lettuce and Fre
sh Mung Bean Sprouts by Non-Thermal Atmospheric Pressure Plasma Processed Water (PPW). Mod. Agric. Sci. Tech
nol. 2015, 1, 23–39.

41. Xiang, Q.; Liu, X.; Liu, S.; Ma, Y.; Xu, C.; Bai, Y. Effect of Plasma-Activated Water on Microbial Quality and Physicoche
mical Characteristics of Mung Bean Sprouts. Innov. Food Sci. Emerg. Technol. 2019, 52, 49–56.

42. Bormashenko, E.; Grynyov, R.; Bormashenko, Y.; Drori, E. Cold Radiofrequency Plasma Treatment Modifies Wettability
and Germination Speed of Plant Seeds. Sci. Rep. 2012, 2, 741.

43. Bormashenko, E.; Shapira, Y.; Grynyov, R.; Whyman, G.; Bormashenko, Y.; Drori, E. Interaction of Cold Radiofrequenc
y Plasma with Seeds of Beans (Phaseolus vulgaris). J. Exp. Bot. 2015, 66, 4013–4021.

44. Stolárik, T.; Henselová, M.; Martinka, M.; Novák, O.; Zahoranová, A.; Černák, M. Effect of Low-Temperature Plasma on
the Structure of Seeds, Growth and Metabolism of Endogenous Phytohormones in Pea (Pisum sativum L.). Plasma Ch
em. Plasma Process. 2015, 35, 659–676.

45. Svubova, R.; Kyzek, S.; Medvecka, V.; Slovakova, L.; Galova, E.; Zahoranova, A. Novel Insight at the Effect of Cold At
mospheric Pressure Plasma on the Activity of Enzymes Essential for the Germination of Pea (Pisum sativum L. cv. Pro
phet) Seeds. Plasma Chem. Plasma Process. 2020, 40, 1221–1240.

46. Li, L.; Jiang, J.; Li, J.; Shen, M.; He, X.; Shao, H.; Dong, Y. Effects of Cold Plasma Treatment on Seed Germination and
Seedling Growth of Soybean. Sci. Rep. 2014, 4, 5859.

47. Perez-Piza, M.C.; Cejas, E.; Zilli, C.; Prevosto, L.; Mancinelli, B.; Santa-Cruz, D.; Yannarelli, G.; Balestrasse, K. Enhan
cement of Soybean Nodulation by Seed Treatment with Non-Thermal Plasmas. Sci. Rep. 2020, 10, 4917.

48. Fan, L.M.; Liu, X.F.; Ma, Y.F.; Xiang, Q.S. Effects of Plasma-Activated Water Treatment on Seed Germination and Grow
th of Mung Bean Sprouts. J. Taibah Univ. Sci. 2020, 14, 823–830.

49. Sajib, S.A.; Billah, M.; Mahmud, S.; Miah, M.; Hossain, F.; Omar, F.B.; Roy, N.C.; Hoque, K.M.F.; Talukder, M.R.; Kabir,
A.H.; et al. Plasma Activated Water: The Next Generation Eco-Friendly Stimulant for Enhancing Plant Seed Germinatio
n, Vigor and Increased Enzyme Activity, a Study on Black Gram (Vigna mungo L.). Plasma Chem. Plasma Process. 20
20, 40, 119–143.

50. Zhou, R.; Li, J.; Zhou, R.; Zhang, X.; Yang, S. Atmospheric-Pressure Plasma Treated Water for Seed Germination and
Seedling Growth of Mung Bean and its Sterilization Effect on Mung Bean Sprouts. Innov. Food Sci. Emerg. Technol. 20
19, 53, 36–44.

51. Tarrad, M.M.; Ahmed, G.; Zayed, E.M. Response of Egyptian Clover Ecotypes to the Non-Thermal Plasma Radiation. R
ange Manag. Agrofor. 2011, 32, 9–14.

52. Filatova, I.; Lyushkevich, V.; Goncharik, S.; Zhukovsky, A.; Krupenko, N.; Kalatskaja, J. The Effect of Low-Pressure Pla
sma Treatment of Seeds on the Plant Resistance to Pathogens and Crop Yields. J. Phys. D Appl. Phys. 2020, 53, 2440
01.

53. Perez-Piza, M.C.; Prevosto, L.; Grijalba, P.E.; Zilli, C.G.; Cejas, E.; Mancinelli, B.; Balestrasse, K.B. Improvement of Gr
owth and Yield of Soybean Plants Through the Application of Non-Thermal Plasmas to Seeds with Different Health Stat
us. Heliyon 2019, 5, e01495.

Retrieved from https://encyclopedia.pub/entry/history/show/32212


