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Last years low- temperature plasma and electromagnetic fields have been 
successfully applied in agriculture for pre-sowing seed treatment. It has been 
shown that plasma and radio-wave pre-treatment of seeds stimulate their 
germination and sprouting process, lead to suppression of fungal and bacterial 
pathogens that cause various plant diseases /1–4/. At the same time the nature of 
plasma interactions with biological substances still remains unclear. 

In this paper, we have studied the efficacy of low-pressure capacitively 
coupled RF plasma and RF electromagnetic field treatments of seeds of some 
important agricultural crops for seed sowing properties improvement. 

Seeds of spring wheat, blue lupine and maize were chosen for 
investigations. Tested species were treated with 5.28 MHz air plasma at a 
pressure 40 Pa. The discharge was operated between two plane-parallel water-
cooled copper electrodes with the diameter of 120 mm placed in a stainless steel 
vacuum chamber with the inner volume of 53.2 m3 /1/. A distance between 
electrodes was varied between 20 and 40 mm according to the number and size 
of the treated seeds. A supplied full specific RF power could be changed in a 
range 0.1 – 0.7 W/cm3 in dependence on treatment conditions. A Petri dish with 
seeds to be treated by the plasma was put on the grounded electrode before the 
vacuum chamber pumping. The exposure duration was 2.5, 5 and 10 min. To 
study an influence of vacuum on seeds germinating characteristics, a part of 
tested seeds were kept in vacuum chamber at the operation pressure of 40 Pa for 
at least 15 min. Under the experimental conditions the gas temperature did not 
increase beyond 310°C.  

The effectiveness of pre-sowing plasma seed treatments was examined by 
means of evaluation of the laboratory germination ability as well as a level of 
fungal infection on sprouting seeds for treated and untreated (control) samples. 
Seeds were grown on a moist filter paper in sterile Petri dishes in a thermostat at 
20° C (for wheat and lupine) and 25° C (for maize) under a light-dark regime. 
The seed germination and the seed infection were estimated after 7 and 10 days 
incubation for wheat and lupine/maize correspondingly. 
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It has been found that plasma and radio-wave pretreatments of seeds 
positively influenced their germination and biometric characteristics of sprouts. 
The plasma treatment of seeds with low germination ability (spring wheat, 
maize) stimulated their germination and the early stages of seedling 
development, while it did not affect negatively the germination of seeds with 
high germination ability (lupine) (Fig. 1). The seed pre-treatments for 2.5 and 
5 min were the most effective for seeds germination enhancement for all 
species. The seedling of spring wheat was 2.1 cm higher for treated seeds than 
that in the control (Fig. 1b). The same result was observed for maize seeds as a 
result of plasma treatment during 2.5 min. Large seedlings have higher survival 
and growth rates than small seedlings that will provide the good conditions for 
plant growth at the later stages of ontogenesis.  
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Figure 1. Germination (a) and seedling height (b) of spring wheat, maize 
and blue lupine as a result of plasma and vacuum seed pre-treatments 

The control seeds of spring wheat were infected mainly with Fusarium spp. 
and Alternaria spp., seeds of maize – with Fusarium spp. and Penicillium spp., 
blue lupine seeds – with pathogenic fungi Colletotrichum gloeosporiodes and 
Kabatiella caulivora, saprophytic fungi (Alternaria spp., Cladosporium spp., 
Mucor spp., Penicillium spp.) and bacteria. The results of plasma and radio-
wave treatment of seeds against fungi and bacteria are presented in Fig. 2 – 4.  
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Figure 2 Seeds infection level of spring wheat with pathogenic fungi and 
bacteria as a result of plasma (a) and radio-wave (b) pretreatments 
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Figure 3 Seeds infection level of maize with pathogenic fungi and 
bacteria as a result of plasma (a) and radio-wave (b) pretreatments 
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Figure 4 Seeds infection level of blue lupine with pathogenic fungi and 
bacteria as a result of plasma (a) and radio-wave (b) pretreatments 

 

The wheat seeds exposure to plasma for 10 min resulted in decrease of 
Fusarium by 17 %. The maize seeds treatment suppressed by 12% and 20% 
Fusarium and Penicillium correspondingly (Fig. 2a, 3a). A significant decrease 
(by 77%) was observed in the total infection level of blue lupine seeds after the 
treatments both for plasma treated seeds during 5 min and for seeds exposed to 
electromagnetic field during 10 min (Fig. 4). At the same time no fungicidal 
effect on the spring wheat seeds was observed against Alternaria (Fig. 2). We 
have even observed a stimulative effect on Alternaria growth after the 
treatments. This fact needs additional further investigations for verification.  

  
Conclusions 
This study shows that the low temperature air plasma pre-treatment of 

seeds of some important agricultural crops is an effective tool against a number 
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of pathogenic fungi and bacteria that cause severe plant diseases. The treatment 
improves germination percentage, shoot and root growth for seeds with low 
germination ability (spring wheat and maize). The most effective fungicidal and 
bactericidal effects achieved for the seeds with high germination ability. It was 
observed drastic reduction of the total infection level of blue lupine seeds that 
decreased from 100% in the control up to 23% for the plasma treated seeds 
during 5 min. Similar results were observed for radio-wave treatment. The 
radio-wave pre-treatments of seeds for 5 – 10 min were the most effective for 
both seed germination enhancement and fungal infection reduction on sprouting 
seeds. Further studies are necessary for the other crops or groups of crops with 
different germination ability to explain the observed inability of the plasma 
treatment to suppress growth of Alternaria spp. on the tested spring wheat seeds. 
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