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Abstract 

Today, wheat is not only of vital importance for human nutrition but is also the most widely 

cultivated crop globally, providing approximately 20% of daily protein and caloric intake. After 

rice, wheat serves as the second most important staple food crop in developing countries (Asseng 

S.; Guarin J., 2020). As global food demand continues to rise, there is a pressing need to increase 

food production, which cannot be achieved solely by expanding agricultural land (Lawlor D.W.; 

Mitchell R.A., 2001). 

 

 

Introduction  

The Development Strategy of Uzbekistan highlights the importance of “Implementing a program 

for the development of the food industry” under the agenda of “Rapid economic development and 

ensuring high growth rates.” Given the high national demand for wheat grain, it is crucial to select 

varieties adapted to irrigated land conditions and to further improve optimal agrotechnological 

practices for wheat cultivation through scientific research. 

Amidst a variety of environmental challenges, it is necessary to enhance seed germination and 

early plant development in agriculture while simultaneously reducing reliance on pesticides and 

other environmentally hazardous chemicals. To this end, the development of novel, 

environmentally friendly technologies is essential. One such innovative method is seed treatment 

using ion plasma (Rashid, A.; Harris, D.; Hollington, P.A.; Khattak, R.A., D.A., 2002). 

Ion plasma represents a state of matter in which gases are ionized. It is a physicochemical process 

whereby gas becomes ionized under high temperature or in an electric field. A growing body of 

research is investigating the potential impacts of ion plasma treatment on plant development. 

Plasma-based methods can supply additional nutrients and create favorable growth conditions for 

plants, offering significant applications in modern agriculture. 

In recent years, scientific studies have increasingly focused on the pre-sowing treatment of seeds 

using ion plasma technology to improve germination rates, growth parameters, crop productivity, 

and resistance to abiotic stress factors (Starič, P.; Grobelnik Mlakar, S.; Junkar, I.; Los, A.; 

Ziuzina, D.; Boehm, D.; Cullen, P.J.; Bourke, P.; Mehrotra, R.; Tyagi, G.; Jangir, D.K., 2021; 
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Zhang, W.; Xu, L.L.; Ober, E.S.; Alahmad, S.; Cockram, J.; Forestan, C.; Hickey, L.T.; Kant, J.; 

Maccaferri, M.; Marr, E.; Milner, M.; Pinto, F., 2021). Among the various crops studied, wheat 

remains a focal species, being a primary source of calories and non-animal protein (Sharma, K.K.; 

Singh, U.S.; Sharma, P.; Kumar, A.; Sharma, L., 2015). 

The Alekseevich wheat cultivar is highly attractive for agricultural production due to its high yield 

potential, resistance to cold stress, tolerance to diseases and pests, and its suitability for high-

quality bread production. Although its cultivation is officially approved in the Central Black Earth 

and North Caucasus regions of the Russian Federation, Alekseevich is also well-adapted to the 

diverse agro-ecological zones of Uzbekistan, making it viable for widespread cultivation (State 

Register of Agricultural Crops Recommended for Cultivation in the Republic of Uzbekistan, 

2022). Its pronounced cold resistance allows it to quickly adapt to various climatic conditions, 

rendering it a versatile cultivar for different regions 

(https://agronom.expert/posadka/ogorod/zlaki/pshenitsa/sort-alekseevich. html, accessed 

27.04.2024) 

 

Research Methodology 

The experiment investigated the effect of ion plasma (O₃-based) seed treatment on the 

germinability of winter wheat (Alekseevich cultivar) under conditions of irrigated typical sierozem 

(grey) soils. Initial germination studies were carried out in a laboratory setting using Petri dishes, 

followed by field-scale lysimetric experiments. 

The field trials were conducted from March to August 2024 at the lysimetric facility located on 

the experimental farm of the Botanical Research and Education Center of the National University 

of Uzbekistan named after Mirzo Ulugbek. In total, 55 lysimetric experimental containers were 

prepared and installed as part of the study. A two-factor experimental design was implemented to 

evaluate the interaction between ion plasma treatment and mineral fertilizer application. 

Irrigation was carried out according to plant water requirements throughout the experiment. Key 

parameters monitored included seed germination rate, seedling emergence, and tillering density. 

The ion plasma treatment was performed as illustrated in Figure 1, following a controlled 

sequence. Seeds (excluding the control treatment) were exposed to ozone (O₃) at approximately 

15,1 Watts for durations ranging from 10 to 100 seconds using a conveyor-based plasma treatment 

unit. This exposure is intended to enhance seed metabolic activity and positively influence 

germination performance. 

 
Figure 1. Mechanism of seed treatment via ion plasma 

https://agronom.expert/posadka/ogorod/zlaki/pshenitsa/sort-alekseevich
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Figure 2 presents a schematic layout of the lysimetric experimental design. The experimental 

matrix consisted of 11 treatments, ranging from a control (no plasma treatment) to 10–100 seconds 

of plasma exposure. Each treatment included combinations of control (no fertilizer), full 

recommended NPK rates (N200P140K60 kg/ha, replicated twice), and moderate NPK rates 

(N150P105K45 kg/ha) supplemented with two foliar nutrient suspensions (also replicated twice). 

The control treatment was completely devoid of fertilizers and plasma exposure, serving as a 

baseline to evaluate the effects of the treatments. All NPK fertilizers were applied pre-sowing. The 

first foliar suspension consisted of UAN-32 (urea ammonium nitrate, 32% nitrogen) applied at 5 

L/ha during the tillering stage in variant V-x.3. The second suspension involved “Kalifos” (10% 

phosphorus, 25% potassium), applied at 2 L/ha during the stem elongation phase, also in variant 

V-x.3. 

 
Figure 2. Schematic Layout of the Lysimetric Experiment 

 

Seed germination under field conditions is a critical indicator reflecting the actual biological 

viability of seeds. In this experiment, seeds were sown at a density of 500 seeds per 1 m², based 

on the surface area of each lysimetric container, and the number of germinated seedlings was 

counted to determine germination percentage. 

 

Research Findings  

The results of the study revealed that ozone-based ion plasma treatment, in combination with 

mineral fertilizers, had a significantly positive effect on seed germination. In the control treatment 

(V-1.1), where neither plasma treatment nor fertilizers were applied, the germination rate was only 

83%, corresponding to 415 germinated seeds per m². This low figure indicates weak germination 
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vigor in the absence of any stimulatory treatment. 

However, when fertilizers were applied without plasma treatment (V-1.2 and V-1.3), germination 

increased slightly to 84%, demonstrating a modest 1–2% improvement. Plasma treatment for just 

10 seconds (V-2.1) led to a noticeable increase in germination, reaching 87%, which is 4% higher 

than the untreated control. This suggests that even a brief exposure to ion plasma positively 

stimulates seed metabolic activity. Moreover, when the 10-second plasma treatment was combined 

with fertilizer application (V-2.2 and V-2.3), germination reached 88%, or 440 seeds per m². 

As the duration of plasma exposure increased, germination continued to improve. At 20, 30, and 

40 seconds, germination rose to 89% and 90%, corresponding to 445–450 germinated seeds per 

m², respectively. 

The highest germination rates were observed in the 50-second treatment variants (V-6.1 to V-6.3), 

where germination peaked at 92% (460 seeds per m²). This finding indicates that a 50-second 

plasma treatment may represent the optimal exposure time for maximizing germination. Plasma 

treatments of 60 and 70 seconds also maintained high germination levels of 90–92%, 

corresponding to 450–460 seeds per m². However, treatments beyond this duration-specifically 

80, 90, and 100 seconds (V-9.1 to V-11.3)-resulted in a slight decline or stabilization of 

germination rates at around 88% (440 seeds per m²). This trend suggests that excessively long 

plasma exposure may exert a detrimental effect on seed physiological integrity. 

 

Table 1.  Germination rate of winter wheat seeds (day 16) depending on ozone-based ion 

plasma treatment and mineral  fertilizers (2023–2024) 

Variant 
numbers 

The treatment duration of 

seeds with ozone using 

the ion plasma method 
(15.1 watt voltage) Annual norm of mineral fertilizers 

The number of germinated plants 

(planted at 500 seeds per 1 m²) 

plants per square 

meter 
% 

V-1.1 

Control 

Control 415 83 

V-1.2. N200P140K60 kg/ha 420 84 

V-1.3. N150P105K45 kg/ha+2 times suspension* 420 84 

V-2.1 

10 second 

Control 435 87 

V-2.2. N200P140K60 kg/ha 440 88 

V-2.3. N150P105K45 kg/ha+2 times suspension* 440 88 

V-3.1. 

20 second 

Control 445 89 

V-3.2. N200P140K60 kg/ha 445 89 

V-3.3. N150P105K45 kg/ha+2 times suspension* 445 89 

V-4.1. 

30 second 

Control 445 89 

V-4.2. N200P140K60 kg/ha 445 89 

V-4.3. N150P105K45 kg/ha+2 times suspension* 445 89 

V-5.1. 

40 second 

Control 450 90 

V-5.2. N200P140K60 kg/ha 450 90 

V-5.3. N150P105K45 kg/ha+2 times suspension* 455 91 

V-6.1. 

50 second 

Control 460 92 

V-6.2. N200P140K60 kg/ha 460 92 

V-6.3. N150P105K45 kg/ha+2 times suspension* 460 92 

V-7.1. 

60 second 

Control 450 90 

V-7.2. N200P140K60 kg/ha 455 91 

V-7.3. N150P105K45 kg/ha+2 times suspension* 455 91 

V-8.1. 

70 second 

Control 460 92 

V-8.2. N200P140K60 kg/ha 460 92 

V-8.3. N150P105K45 kg/ha+2 times suspension* 460 92 

V-9.1. 

80 second 

Control 440 88 

V-9.2. N200P140K60 kg/ha 440 88 

V-9.3. N150P105K45 kg/ha+2 times suspension* 440 88 

V-10.1. 

90 second 

Control 435 87 

V-10.2. N200P140K60 kg/ha 435 87 

М-10.3 N150P105K45 kg/ha+2 times suspension* 440 88 

V-11.1. 

100 second 

Control 455 91 

V-11.2. N200P140K60 kg/ha 455 91 

V-11.3. N150P105K45 kg/ha+2 times suspension* 460 92 
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During the experiment, wheat seeds were treated with ozone using the ion plasma method for 

varying durations (from 0 to 100 seconds). Additionally, two fertilization regimes were applied: 

the full standard rate - N200P140K60 kg/ha, and a 25% reduced rate supplemented with two 

applications of a microbial suspension -N150P105K45 kg/ha + 2x suspension treatment. Under these 

conditions, germination rate, plant population density, tillering coefficient, and plant height were 

analyzed. 

When analyzing the treatment groups by variant, the control group (V-1.1 to V-1.3, untreated with 

plasma) showed relatively low germination rates (415–420 plants/m²). The plant population 

ranged between 525–545 plants/m². The tillering coefficient was 1.3. The tallest plants were 

observed in the untreated control (23,4 cm), but plant height decreased (down to 16,8 cm) when 

fertilizers were applied, suggesting that excessive fertilizer rates may sometimes inhibit plant 

growth. 

In variants V-2.1 to V-2.3 (10-second plasma exposure), germination and plant population 

significantly increased compared to the control, reaching 610–643 plants/m². The tillering 

coefficient improved to 1,4–1,5, reflecting a positive plasma effect. Plant height reached up to 24,5 

cm, particularly under the reduced NPK + suspension treatment. 

In variants V-3.1 to V-3.3 (20-second plasma exposure), germination remained high (up to 645 

plants/m²), and plant height ranged from 17,0 to 19,6 cm. Although slightly lower than the 10-

second treatment, these results were stable and consistent. 

In V-4.1 to V-4.3 (30-second plasma exposure), similar germination levels were recorded. Plant 

density ranged between 578–640 plants/m². While the highest plant height (23,5 cm) was observed 

in the untreated subvariant, fertilization reduced it to 13,4 cm, indicating a mismatch between 

plasma treatment and fertilizer dose. 

Variants V-5.1 to V-5.3 (40-second plasma exposure) showed germination rates of 450–455 

plants/m², with total plant density reaching up to 690 plants/m². Plant height ranged between 16,2–

23,6 cm, and the tillering coefficient varied between 1,3–1,5, indicating good but slightly unstable 

results. 

In V-6.1 to V-6.3 (50 seconds), the highest plant density was observed, reaching 760 plants/m² in 

V-6.2. Tillering coefficient was notably high (1,7), and plant height ranged from 21,3–23,1 cm. 

This treatment represents the optimal combination of plasma exposure duration and fertilizer rate. 

Variants V-7.1 to V-7.3 (60 seconds) displayed moderate and stable results, with plant height 

ranging from 20,1–23,8 cm. However, total plant density declined slightly compared to previous 

high-performing variants. The tillering coefficient remained stable at 1,4. 

In V-8.1 to V-8.3 (70-second plasma treatment), germination reached 460 plants/m², and plant 

population ranged from 470 to 693 plants/m². The tallest plants were recorded in V-8.3 (27,4 cm) 

when the suspension was applied, highlighting the synergistic effect of plasma treatment and 

microbial stimulation. 

In V-9.1 to V-9.3 (80 seconds), plant density stabilized at 440 plants/m², with a tillering coefficient 

between 1,3–1,4. Plant height ranged from 20,8 to 27,6 cm, showing some decline in the fertilizer 

variants compared to the control. 

In V-10.1 to V-10.3 (90 seconds), the highest plant height of 29,8 cm was observed in V-10.1 

(control), although plant population slightly decreased. These results suggest that longer plasma 

treatment may enhance growth when matched with the correct fertilization background. 
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In V-11.1 to V-11.3 (100 seconds), a significant reduction in plant density (435–480 plants/m²) 

and the lowest tillering coefficient (0,9–1,1) were recorded, indicating that excessive plasma 

exposure suppresses plant development. 

Overall, ozone treatment using ion plasma within the 50–70 second range produced the most 

favorable agronomic results. In particular, treatments using the reduced fertilizer rate (N150P105K45) 

supplemented with two microbial suspension applications led to high and stable germination rates, 

increased plant population, and improved plant height. 

 

Conclusion 

The study demonstrated that ion plasma treatment of seeds, in combination with nutrient 

background, positively influences seed germination and plant development. Plasma-treated winter 

wheat exhibited improved nitrogen and phosphorus assimilation and enhanced utilization of other 

soil nutrients. 

The highest plant density (760 plants/m² in V-6.2) and tillering coefficient (1,7) were observed in 

the 50-second treatment group, confirming this duration as optimal. Notably, combining plasma 

treatment with mineral fertilizers and microbial suspensions significantly boosted germination, 

with a maximum rate of 92% recorded in V-6.3 (50 seconds + suspension). 

The most pronounced positive effects of ion plasma treatment on seed germination occurred 

between 50–70 seconds. In particular, 50-second treatment resulted in up to 92% germination. 

When plasma is combined with fertilizers and biostimulant suspensions, outcomes are 

significantly enhanced. 

This technology can be considered a modern, eco-safe, and highly effective agro-technique for 

improving seed germination, metabolic energy, and disease resistance. Integrating ion plasma 

technology with resource-efficient fertilization systems enables high agrobiological efficiency and 

sustainable crop production. 

 

References 

1. Asseng S; Guarin J; Raman M; Kiss G; Despommier D; Meggers F and Gauthier P.Wheat 

yield potential in controlled-environment vertical farms. Proceedings of the National 

Academy of Sciences-2020. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7430987/ 

2. Lawlor D.W;  Mitchell R.A. Crop ecosystem responses to climatic change. In Climate Change 

and Global Crop Productivity; Nobel P.S; Reddy K.R; Hodges H.F, Eds.; CABI Publishing: 

Wallingford, UK, 2001. 

3. Rashid, A.; Harris, D.; Hollington, P.A.; Khattak, R.A. On-farm seed priming: A key 

technology for improving the livelihoods of resource-poor farmers on saline lands. 

In Prospects for Saline Agriculture; Springer: Dordrecht, The Netherlands, 2002; pp. 423–

431.  

4. Starič, P.; Grobelnik Mlakar, S.; Junkar, I. Response of Two Different Wheat Varieties to 

Glow and Afterglow Oxygen Plasma. Plants 2021, 10, 1728. [Google Scholar] [CrossRef] 

5. Los, A.; Ziuzina, D.; Boehm, D.; Cullen, P.J.; Bourke, P. Investigation of mechanisms 

involved in germination enhancement of wheat (Triticum aestivum ) by cold plasma: Effects 

on seed surface chemistry and characteristics. Plasma Process. Polym. 2019, 16, 1800148. 

[CrossRef]  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7430987/
https://scholar.google.com/scholar_lookup?title=Response+of+Two+Different+Wheat+Varieties+to+Glow+and+Afterglow+Oxygen+Plasma&author=Stari%C4%8D,+P.&author=Grobelnik+Mlakar,+S.&author=Junkar,+I.&publication_year=2021&journal=Plants&volume=10&pages=1728&doi=10.3390/PLANTS10081728
https://doi.org/10.3390/PLANTS10081728


 

Volume 3, Issue 5, May - 2025   

ISSN (E): 2938-3781 

18 | P a g e  

 

 

6. Mehrotra, R.; Tyagi, G.; Jangir, D.K.; Dawar, R.; Gupta, N. Analysis of ovarian tumor 

pathology by Fourier Transform Infrared Spectroscopy. J. Ovarian Res. 2010, 3, 27.  

7. Makhammadiev S., Sattarov D., Atoev B., Jabbarov Z., Jobborov B., Turgunov M.M., 

Muydinov K.G. (2021). The Formation of the Nutrient Medium in the Soil is Influenced by 

Varieties and Fertilizer and Its Impact on Grain Yield of Winter Wheat. Annals of the 

Romanian Society for Cell Biology, 5218–5230. Retrieved from 

http://annalsofrscb.ro/index.php/journal/article/view/3072. 

8. Makhammadiev S.K., Sattarov D.S. Interaction of winter wheat varieties and fertilizers on 

old-irrigated typical serozem soil / Makhammadiev S.K., Sattarov Dj.S.  // J. Pladorode. - 

Moscow, 2016. - No. 2 (89). -P. 12-16. 

9. Makhkamova D, Gafurova L, Nabieva G, Makhammadiev S, Kasimov U and Juliev M, 

Integral indicators of the ecological and biological state of soils in Jizzakh steppe, IOP 

Conference Series: Earth and Environmental Science. 2022. -P.1-7. 

10. Zhang, H.; Shen, W.B.; Zhang, W.; Xu, L.L. A rapid response of β-amylase to nitric oxide 

but not gibberellin in wheat seeds during the early stage of germination. Planta 2005, 220, 

708–716.  

11. Ober, E.S.; Alahmad, S.; Cockram, J.; Forestan, C.; Hickey, L.T.; Kant, J.; Maccaferri, M.; 

Marr, E.; Milner, M.; Pinto, F.; et al. Wheat root systems as a breeding target for climate 

resilience. Theor. Appl. Genet. 2021, 134, 1645–1662. [Google Scholar] [CrossRef] 

[PubMed] 

12. Sattarov, Djurakul, Samad Mahammadiev, и Dilafruz Makhkamova. «Changes of Nutritive 

Elements in Soils That Medium-Supplied With Phosphorus, Depending on Fertilizers Used in 

Cotton Agrocenosis». Под редакцией V. Likhovskoi, V. Volynkin, V. Novello, V. Kukhar, 

и A.M. Jordão. BIO Web of Conferences 78 (2023 г.): 02012.  

13. Samad  Makhammadiev, Jabbarov  Zafarjon, Kenjaev  Yunus, Umedillo  Kasimov, Zoyr  

Rakhmatov, Dilafruz  Makhkamova, Otamurod  Imomov. Effect of mineral fertilizers on yield 

and grain quality of winter wheat in the conditions of foothill plains. E3S Web Conf. 563 

03056 (2024) DOI: 10.1051/e3sconf/202456303056 https://www.fao.org 2019 

14. Sharma, K.K.; Singh, U.S.; Sharma, P.; Kumar, A.; Sharma, L. Seed treatments for sustainable 

agriculture—A review. J. Appl. Nat. Sci. 2015, 7, 521–539.  

15.  https://agronom.expert/posadka/ogorod/zlaki/pshenitsa/sort-alekseevich.html 27.04.2024. 

16. O‘zbekiston Respublikasi hududda ekish uchun tavsiya etilgan qishloq xo‘jalik ekinlari 

DAVLAT REESTRI 2022 y. 

 

https://scholar.google.com/scholar_lookup?title=Wheat+root+systems+as+a+breeding+target+for+climate+resilience&author=Ober,+E.S.&author=Alahmad,+S.&author=Cockram,+J.&author=Forestan,+C.&author=Hickey,+L.T.&author=Kant,+J.&author=Maccaferri,+M.&author=Marr,+E.&author=Milner,+M.&author=Pinto,+F.&publication_year=2021&journal=Theor.+Appl.+Genet.&volume=134&pages=1645%E2%80%931662&doi=10.1007/s00122-021-03819-w&pmid=33900415
https://doi.org/10.1007/s00122-021-03819-w
http://www.ncbi.nlm.nih.gov/pubmed/33900415
https://agronom.expert/posadka/ogorod/zlaki/pshenitsa/sort-alekseevich.html

