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Abstract: Silicon nanoparticles (SiNPs) were synthesized from silicon ingots using pulsed plasma in a water-ethylene 
solution with varying ethylene concentrations (10%, 40%, 70%, and 90%). X-ray diffraction analysis confirmed the 
formation of pure-phase silicon, and scanning electron microscopy revealed rod-shaped nanostructures with an average 
length of 40 nm. These synthesized SiNPs were evaluated for their effects on the growth and development of barley and 
wheat grains. Key growth parameters—germination rate, shoot height, and root length—were measured and compared 
with control samples. Results showed that barley exhibited a higher germination rate and greater shoot height than wheat. 
Interestingly, as the concentration of SiNPs increased, both barley and wheat developed shorter but stronger and more 
upright roots compared to controls. This structural change suggests enhanced resistance to environmental stress. Overall, 
the study demonstrates that silicon nanoparticles can positively influence grain crop development, offering potential for 
agricultural applications aimed at improving plant strength and resilience under challenging conditions. 
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1. INTRODUCTION  
Silicon nanoparticle has been widely used in recent 
years in medicine [1], agriculture as a fertilizer [2], 
plant pests [3] and in the production of lithium-ion 
batteries [4]. The element Silicon occupies 27.7 % of 
the earth's crust and is not found in its pure form. 
Recently, a method for the chemical production of 
silicon nanoparticles from silicon compounds has been 
developed [5]. A vegetable peeler, a rice stalk are 
widely used for the chemical production of silicon 
nanoparticles [6]. Silicon nanoparticles have been 
studied over the past decade and are of growing 
interest due to their special physical properties, active 
surface layer, distinctive photoluminescence and 
biocompatibility. Their use is widely increasing in the 
field of energy and electronic engineering. The 
direction of chemical extraction of silicon from rice 
husks is the most convenient and does not require large 
costs, extracting it from unused rice husks for use as 
fertilizer, pesticide, soil is being studied. In 
Kyrgyzstan, the volume of rice and wheat grain 
cultivation is higher than that of other grain products 
[7]. Silicon nanoparticle is the main physiological 
feature when applied to plants and affects the 
metabolic activity of plants [8]. The mesoporous 
nature of silicon nanoparticles makes them good 
candidates as suitable nano-carriers for various 
molecules that can help in agriculture [9].  

There are many methods for the synthesis of 
nanoparticles. Among them are sol-gel [10], biological 
synthesis [11] and the pulsed plasma in liquid [12,13]. 
Nanoparticles are obtained by the sol-gel method in 
several stages: hydrolysis, condensation, drying and 

calcification. The pulsed plasma in liquid method is an 
inexpensive, environmentally friendly and simple 
method. It differs from other synthesis methods in that 
it does not require the creation of different conditions, 
unlike other methods. Silicon nanoparticle has 
recently been used in many fields, however, 
applications in agricultural crops are very limited. In 
this research, silicon nanoparticles are synthesized by 
the pulsed plasma in liquid and the obtained silicon 
samples were used as additives in soil to combat plant 
growth, as well as against various physical factors. 

2. Experimental Procedure  
  
Reagents: silicon crystals (purity 99.999%), ethanol 
(96%), distilled water, potassium permanganate, soil. 
 
A pulse generator can reduce the pulse duration of the 
current to 10 µs, increase the pulse amplitude 
(amplitude) to 100 amperes and in the resulting plasma 
medium, the temperature can reach up to several 
thousand Kelvin. However, since the length of this 
pulse is very small, it does not have much effect on the 
surrounding media, because of which there is 
practically no difference between the liquid 
temperature and the room temperature. During 
synthesis, water or alcohol is selected as the liquid 
medium. Both the anode and the cathode are 
connected to a silicon ingot as an electrode and anode 
electrode (or cathode, does not matter) was kept 
vibrating in order to maintain a very small gap 
between the electrodes throughout the experiment. 
After several hours of pulsed plasma operation, the 
resulting particles in the suspension were separated 
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from the liquid and dried for analysis. The phase 
composition of the samples were determined by the X-
Ray diffraction (XRD) analysis. 

 
 
 
 
 
 
 
 
 
 

Fig. 1. Schematic representation of the pulsed plasma in 
liquid method. 

Pure silicon ingots (cathode and anode) were fixed as 
shown in Figure 1. Alcohol solution of different 
concentrations in a glass beaker of 100 ml were used as 
pulsed plasma generation media. After applying the 
pulsed plasma several hours, the powder was filtrated 
from liquid and dried for analyses.  

Effect of silicon nanoparticles on plants: the effect of 
growth height, root length, and germination percentage 
were studied using pulsed plasma nanoparticles as a 
fertilizer for barley and wheat. Wheat (Krasnodar 99) and 
barley (Hetman) varieties were selected and aged in 1 % 
potassium permanganate solution for 20 minutes to 
destroy pathogenic substances in the grain. Silicon 
nanoparticles were mixed into the soil to grow wheat and 
barley. The soil for growing barley and wheat was taken 
from pure place, where pesticides or any other treatments 
were not used. The soil was cleaned from various large 
stones, and silicon samples were mixed with the soil. 

Calculation formulas for the obtained results: 
а) The final percentage of germination(FGP) is 

calculated by the formula (Ranal and Santana 2006) as a 
percentage: 

FGP = [ TNGG / TNSS] *100%    (1) 

FGP- final germination percentage, 

TNGG- total number of grow grains, 

TNSS- total number of seeds sown, 

b) The germination rate is calculated according to the 
formula given below (Ksabator, 1962), as described: 

GR=∑(Ni/ti)                      (2) 

GR- germination rate, 

Ni- number of germinating grains per day, 

ti- total time required for germination. 

 

 

 

3. Results and Discussions  

Figure 2 shows XRD pattern of the silicon samples taken 
at various concentrations. High degree of crystallization 
was observed in the alcohol solution of low concentration. 
The crystal structure of the synthesized silicon matches 
with the data of pure silicon structure of JCPDS card 
number 27-1402. Figure 3a displays a Scanning Electron 
Microscopy (SEM) image of the silicon samples. We can 
see rod shaped nanostructures. In the Figure 3b, the size 
distribution of the nanoparticles, measured from the SEM 
image was given. The average size of the silicon 
nanoparticles were found to be 40 nm, as shown in the 
graph. Nanoparticles of 20 nm and up to 100 nm in size 
were also observed.  
Table1. Percentage of last germination, germination 

rate. 

 
In Table 1, barley and wheat were measured for 14 days 
from the moment of germination until the height of 
growth fell from the vertical position.  In control wheat, 
the height of growth at a concentration of 0.005 g, 0.01 g 
was almost the same, wheat growth was higher at a 
concentration of 0.02 g. Control sample and barley in 
0.005 g silicon soil came out within 6-8 days after 
planting. Barley at a concentration of 0.01 g, 0.02 g came 
out evenly in 4 days. The growth was higher in the 
amount of 0.01 grams compared to control samples of 
barley and other concentrations. Samples using 
nanoparticles showed the best results in terms of vertical 
position and strength. Figure 4 shows the growth of the 
root of barley and wheat. In barley, the nanoparticle did 
not have a high effect on the root. It has been observed 
that wheat has shorter roots as the concentration increases. 

 

Fig. 2. XRD patterns of silicon samples, obtained by the 
pulsed plasma in various alcohol concebtration. 

 
 

 

  

Wheat Barley 

Control 
0,005

g 

0,01

g 

0,02

g 
Control 

0,00

5g 

0,01

g 

0,02

g 

FGP 87,5 100 100 100 100 100 100 100 

GR 1,5 1,75 1,75 2,0 1,75 1,5 2,0 1,75 

 
Wheat Barley 

Control 0,005g 0,01g 0,02g Control 0,005g 0,01g 0,02g 

FGP 87,5 100 100 100 100 100 100 100 

GR 1,5 1,75 1,75 2,0 1,75 1,5 2,0 1,75 
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Fig. 3. a) SEM image of the silicon sample; b) the size 
distribution calculated from the SEM images.  

 

 

 

 

 

 

 

 

 

 

Fig. 4. SEM images of the silicon samples a), b), c); and 
d) size distribution of the obtained particles of 40% 
ethanol solution.  

Figure 4 shows images of the obtained silicon samples 
obtained in 40 % of ethanol solution in different scales 
and the particle size distribution. In solution of distilled 
water and alcohol of 10%, 40%, 70%, 90% ratio, XRD 
analysis of silicon samples showed that the phase 
composition of all the samples is pure silicon. When 
analyzed using an electron microscope, it was found that 
the obtained silicon particles are of a spherical shape with 
an average size of 40 nm.  

 

 

 

 

 

 

 

 

 

 

Fig. 5. a) Control sample of barley; b) barley grown in a 
soil with 0.5 g of silicon nanoparticles; c) barley grown 

in a soil with 1.0 g of silicon nanoparticles. Images were 
taken at the 5th day of growth.  

In Figure 5.  barley samples of various concentrations on 
the 5th day. The grains began to germinate on the 4th day 
after sowing, but the control barley germinated on the 6th 
day, the sample with a concentration of 0.005 g on the 
8th day. The photo taken on the 5th day after germination, 
the time before germination was not added because the 
measurement of the height of germination was started 
after germination. 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Image of barley and wheat on the day 11. 
 
 

 

 

 

 

 

 

 

 

Fig. 7. Barley and wheat (a) after 9th day, (b), (c), (d) 
barley wheat root after 14 days 

Figure 6. shows the germination of barley and wheat 
within 11 days. In Figure 7. germination of wheat and 
barley on the 9th day. The ninth day of the germination 
process of wheat and barley, the straight position after 14 
days shows that they are b, c, d wheat and barley roots. 
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Fig. 8. The length of the root of barley and wheat control 
samples and silicon nanoparticles of 0.5g, 1.0g, 2.0g 
concentrations. 

 

Fig. 9. Growth of wheat and barley grown for 14 days. 

Figure 8 shows length of the root of barley and wheat, in  
Figure 9. the germination height of wheat and barley 
within 14 days. It seems that wheat and barley have 
higher germination at a concentration of 0.02g of 0.01 
nanoparticles compared to other concentrations. We used 
silicon nanoparticles as fertilizers for wheat and barley, 
and for some other crops such as cucumbers and 
tomatoes.  One of the most important effects of the silicon 
nanoparticles was that the samples in which silicon was 
used germinated earlier compared to the control sample, 
and the growth differed from the control sample in terms 
of strength of standing in upright position. 

4. Conclusion  

Silicon nanoparticles were synthesized from high-purity 
silicon ingots using the pulsed plasma method. The 
synthesized powder was found to contain 98% pure 
silicon nanoparticles. X-ray phase analysis of silicon 
samples obtained from distilled water and alcohol 
solutions with 10%, 40%, 70%, and 90% concentrations 
showed that the phase composition of the silicon samples 
consisted of pure silicon. Upon analysis with an electron 
microscope, the particle sizes of the obtained silicon 
samples were measured using the 'ImageJ contact angle 
plugin' software, and full data is presented in the tables 
above. The structural forms of the particles were 
identified as rod, spherical, and cubic. 
The potential use of these silicon nanoparticles 
synthesized by the pulsed plasma method was explored 
in the agricultural sector. Barley and wheat grains were 
selected as model crops for this pilot study. These grains 
were ideal for laboratory conditions due to their short 
growth period and minimal sunlight requirements. The 
germination rate, growth height, and root length of the 
studied grain crops were compared with a control sample. 
Significant differences were observed in the germination 
rates, growth heights, and root lengths of the samples. 

Barley exhibited a higher germination rate and greater 
growth height. As the concentration of silicon 
nanoparticles in the soil increased, both barley and wheat 
developed shorter but stronger and more upright roots 
compared to the control. 
The study concluded that using silicon nanoparticles in 
soil could help plants resist external stress factors. One of 
the main advantages of silicon nanoparticles in 
agriculture is their small particle size [23]. Figure 13 
presents the X-ray diffractogram of silicon samples 
synthesized at different concentrations. As shown in the 
graph, the particle intensity was highest in distilled water 
and 40% alcohol solutions. High intensity indicated a 
higher degree of crystallinity. No high crystallization was 
observed at lower alcohol concentrations. The 
synthesized silicon nanoparticles matched the 
crystallographic data of pure silicon with JCPDS card No. 
27-1402. 
Table 1 shows the growth height of barley and wheat 
within 14 days after germination until they lost their 
upright position. In the control wheat and at 0.005 g and 
0.01 g concentrations, growth height was nearly the same, 
while at 0.02 g concentration, wheat growth was higher. 
Control barley and barley samples at 0.005 g 
concentration germinated within 6 to 8 days. At 0.01 g 
and 0.02 g concentrations, barley germinated in 4 days. 
Among the barley samples, the highest growth was 
observed at 0.01 g of nanoparticles. In terms of upright 
position and strength, the nanoparticle-treated samples 
showed the best performance. Figure 18 presents the root 
development of barley and wheat. In barley, the 
nanoparticles had minimal effect on root length. In wheat, 
increased concentration resulted in shorter roots. 
Silicon nanoparticles can be applied in several ways. One 
method involves mixing them with water and spraying 
for irrigation; however, the most effective impact was 
observed when applied directly to the soil. While other 
studies used spraying methods, they did not report high 
effectiveness; however, both abiotic and biotic resistance 
was observed to be stable. When used as soil, plant 
growth was improved, and the plants remained firm and 
upright. Therefore, silicon nanoparticles can be 
considered suitable for use on grain crops in agriculture. 
 

Funding  

The authors did not receive any financial support from 
external organizations for the research presented in this 
submission.  

 
5. REFERENCES   
 
Cite at least two relevant articles from previse IEICES Proceedings 
(http://www.tj.kyushu-u.ac.jp/en/igses/ieices/proceedings.php)  
 
Reference to a journal publication:  

 
[1] Polkovnikova YA, Prokhorova AV, Lenshin AS, 

Seredin PV(2016) Study of the possibility for 
applying of porous silicon nanopowders as a system 
for the targeted drug delivery of “Vinpocetine”.  

European Journal of Natural History 3:40-41 
[2]  Gobena N, Kassu T, Dugasa G, Dawit H, Anbessie 

D, Mengistu Ch, Getnet A(2023) Impact of silicate 
fertilizer on soil properties and yield of bread wheat 
in Nitisols of tropical environment. Heliyon. 

1190



 

https://doi.org/10.1016/j.heliyon.2023.e22933 
[3] Goswami A, Roy I, Sengupta S, Debnath N (2010) 

Novel applications of solid and liquid formulations 
of nanoparticles against insect pests and 
pathogens. Thin Solid Films 519(3): 1252–1257. 

[4] Mamun SM, Herstedt M, Oikawa K, Gustafsson T, 
Otomo T, Furusaka M, Kamiyama T, Sakaebe H, 
Edström K(2002) Neutron-scattering studies on 
carbon anode materials used in lithium-ion 
batteries.  Applied Physic 74 (1):1028– 1030. 

[5]Shrishti N, Jyotsna P, Lokesh 
CM, Amrita Ch, Amit R, Indrakant KS,  Archana S 
(2023) Silicon nanopartivles: Synthesis, uptake and 
their role in mitigation of biotic stress. 
Ecotoxicology and Environmental Safety  
https://doi.org/10.1016/j.ecoenv.2023.114783 

[6] Ma X, Zhou B, Gao W,  Qu Y, Wang L, Wang Z, Zhu 
Y(2012) A recyclable method for production of pure 
silica from rice hull ash.  Powder Technology 
217:497-501. 

[7] Tasheva G, Sabirkulova T, Kydyralieva B, 
Omurzakova N, Kaya Y (2022) Kırgızistanda 

çeltik üretimine genel bakış. Science and 

Technology 3(2) 86-94 
[8] Pooja G, Jyoti M, Nidhi S (2022) Silica nanoparticles 

as novel sustainable approach for plant growth and 
crop protection. Heliyon 
https://doi.org/10.1016/j.heliyon.2022.e09908 

[9] Anshu R, Durgesh KT, Saurabh Y, Devendra KCh, 
Marek Ž, Mansour G, Nabil I El-Sh, Marian B 
(2019) Application of silicon nanoparticles 
in agriculture.  Biotech 
https://doi.org/10.1007/s13205-019-1626-7 

[10] Ehsan K, Wanich S (2021) Nanomaterial by Sol-Gel 
Method: Synthesis and Application. Advances in 
Materials Science and Engineering 
DOI:10.1155/2021/5102014 

[11] Adinarayana TVS, Ayushi M, Ishu S,   Rama 
KRDV (2020) Facile green synthesis of silicon 
nanoparticles from Equisetum arvense for 
fluorescence based detection of Fe (III) ions. 
Nanoscale Advances DOI: 10.1039/d0na00307g 

[12] Omurzak E, Jasnakunov J (2007) Synthesis Method 
of Nanomaterials by Pulsed Plasma in Liquid. 
Journal of Nanoscience and Nanotechnology 
7:3157–3159. 

[13] E.Omurzak, A.Kalbekov. (2022). Properties of ZnO 
and Zn Nanoparticles Produced by Electrical 
Discharge in Liquid Method. Proceedings of 
international exchange and innovation conference 
on engineering & sciences (IEICES), (8), 335-339. 

 
 

1191

https://www.sciencedirect.com/journal/ecotoxicology-and-environmental-safety
https://doi.org/10.1016/j.ecoenv.2023.114783
http://dx.doi.org/10.1155/2021/5102014
https://pubs.rsc.org/en/results?searchtext=Author:T.%20V.%20S.%20Adinarayana

	Numerical modeling of nitrate reduction using of low cost organic carbon source
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	3. RESULTS AND DISCUSSIONS
	4. CONLUSION
	5. REFERENCES
	1. INTRODUCTION
	2. REVIEW OF RELATED WORK
	3. METHODOLOGY
	4. RESULTS AND DISCUSSION
	5. CONCLUSION AND RECOMMENDATION
	6. REFERENCES
	5. REFERENCES
	Evaluating the Research Landscape of Earth Blocks in Sustainable Construction: A Bibliometric Analysis (2000–2024) 
	1. INTRODUCTION
	2. CLASSIFICATION OF HYBRID MATERIALS
	3. SYNTHESIS METHODS
	4. APPLICATIONS
	5. TRENDS AND OUTLOOK
	6. CHALLENGES IN O/I HYBRID MATERIAL
	7. CONCLUSION
	8. REFERENCES
	A Review on Polymer/Nanodiamond Composites: Fabric
	Abstract: The advent of nanodiamond-based polymer 
	Keywords: Nanodiamond, nanocomposite, electrospinn
	1-Introduction:
	3-Fabrication methods of polymer/ND composites 

