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A b s t r a c t  
 

Wheat is widely used as a food, technical and feed crop. Increased wheat yields can be 
achieved by mitigating biotic and abiotic stresses using a variety of technologies that include trace 
elements and growth regulators. Nanosilicon microfertilizer (NanoSilicon LLC, Russia) is an environ-
mentally friendly product containing 50 % of pure colloidal-sized crystalline silicon. This work, for the 
first time, confirms the positive effect of the Nanosilicon preparation on photosynthetic potential and 
the net productivity of photosynthesis, the synthesis of chlorophyll, carotenoids and sugars and shows 
an advantage of Nanosilicon over the pesticide Vincite and an experimental biological product. Under 
the influence of Nanosilicon, the component structure of the spring wheat yield changed, namely, the 
number of productive stems, ears and 1000-grain weight increased. Our goal was to examine the effect 
of Nanosilicon preparation on spring wheat photosynthetic productivity and yield components in the 
conditions of the Orel region and to compare the effect of Nanosilicon with that of a chemical pesticide 
and a bioactive preparation. The experiment design included four treatments of spring wheat (Triticum 
aestivum L.) cv. Darya seeds (Federal Research Center for Grain-Legumes and Cereals, Streletskoe 
village, Oryol region, 2016-2019). The seeds were soaked for 2 hours before sowing in water, in chem-
ical pesticide Vinzit (two controls), in a novel biological product based on buckwheat bioflavonoids, 
and in Nanosilicon concentrate (tests). During vegetation, the control and test treatments were twice 
applied to the growing plants at tillering and at stem extension phases. The energy of seed germination 
and germination rate were determined, the development of seed infections was assessed. The pheno-
logical phases (three leaves, tillering, stem extension, earing, flowering, milk ripeness, and full ripeness 
of the grain) were recorded. Photosynthetic potential (PP), photosynthetic productivity and net pho-
tosynthetic productivity (NPP) were evaluated, leaf area and the pigment content were measured. It 
was found that pre-sowing treatment of spring wheat seeds with Nanosilicon contributed to an 18.5 % 
increase in germination energy and a 5.5 % increase in germination rate as compared to the control 
treatments. Due to the Nanosilicon application, the plants were taller, resulting in more leaves until 
the end of the growing season, which indicates a longer leaf life compared to controls. The leaf area 
was 20.0 % larger at the earing-flowering period compared to the control (water), that was, 14.6 % 
larger for the biopreparation and 8.3 % larger for the pesticide Vincit. Photosynthetic capacity for 
control (water), Vincit, Nanosilicon, and the biopreparation was 633360, 686022, 1560384, and 
1104894 m2ʺday/ha, respectively. NPP value for Nanosilicon was greater as compared to the controls, 
by 60-80 % for water and by 22.2 % for Vincit. The amounts of chlorophylls and carotenoids in plants 
were the greatest at the earing—flowering phase. Under the influence of Nanosilicon and the biological 
preparation, the synthesis of pigments increased by 20-30 % compared to the controls. Nanosilicon 
contributed to an increase in the synthesis of sugars in the process of photosynthesis to a lesser extent 
than the biological product, which can be explained by the difference in the distribution of assimilates 
and a large accumulation of proteins. The advantages of the Nanosilicon over the bioactive preparation 
in the number of grains and the 1000-seed weight were minor. Under the effect of Nanosilicon, the 
number of productive stems increased by 33.7 %, the number of ears by 38.7 %, the ear weight by 
26.8 %, the number of grains per ear by 19.2 grains, and the 1000-grain weight by 19.7 % as compared 
to the control. These indicators for the bioactive preparation were slightly lower than for Nanosilicon, 
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but higher than in control treatments. For four years, the grain yield under the influence of Vincite 
was approximately 8 % higher compared to the control (water) and from 9 to 16.6 % higher due to 
Nanosilicon and the bioactive preparation. 

 

Keywords: spring wheat, Nanosilicon, biological product, germination energy, germination 
rate, net photosynthetic productivity, yield components 

 

Wheat, a food, industrial and fodder crop is grown on 30.3% of the grain 
sown area [1-4] in a wide range of climatic conditions and soils [5-7]. However, 
Trnka et al. [8] reported about various adverse weather events that can significantly 
affect wheat productivity in Europe. Climate change will lead to a reduction in 
the production of major cereals, with the exception of millet [9]. Technologies 
that mitigate the effects of biotic and abiotic stresses should increase wheat yields. 

In recent decades, researchers and commercial farmers have paid signifi-
cant attention to plant biostimulants and trace elements, in particular silicon. Sil-
icon weakens the negative effects of abiotic stresses (metal toxicity, salinity, water 
stress, and temperature) and can reduce biotic stress [10-12]. The use of silicon 
fertilizers significantly increases plant resistance to diseases and pests. Silicon ac-
tivates protective mechanisms, e.g., the synthesis of phytoalexins, antioxidant de-
fense enzymes, and jasmonic acid signaling [13-15]. Silicon fertilizers have positive 
effects on various soils when growing rice, sugarcane, barley, sorghum, maize, 
wheat, oats, rye, sunflowers, beans, broad beans, soybeans, clover, alfalfa, millet, 
tomatoes, cucumbers, tobacco, sugar beets, lemons, tangerines, grapes, apples, 
and melons [16-18]. Under the influence of silicon, the intensity and productivity 
of photosynthesis increases. Meanwhile, the contribution of the traits that deter-
mine the production process in plants, which is carried out due to the functioning 
of the photosynthesizing system, is still not clear [19]. 

Additional photosynthesis can occur due to an increase in its daily dura-
tion or in leaf area. In grain crop, an increase in the potential number of grains 
and their size results from an increase in photosynthesis [6, 20, 21]. 

Nanosilicon microfertilizer (NanoKremniy LLC, Russia), a promising 
plant stimulant for grain crops, is an environmentally friendly product containing 
50% pure colloidal crystalline silicon. Polyethylene glycol (food additive E1521), 
6% iron, 1% copper, 0.5% zinc, 20% humic acids, 8% fulvic acids, 0.02% calcium, 
0.01% boron serve as stabilizers. Unlike ordinary silicon, Nanosilicon which con-
sists of active silicon particles of 5 nm or larger without impurities, can be com-
pletely assimilated by plants [22]. Studies conducted on spring wheat [22-24], 
winter wheat [25] and winter barley [26] showed that Nanosilicon contributed to 
an increase in the grain number per ear and a 34-35% increase in yield upon seed 
treatment and double spraying plants. 

Recent years have witnessed growing interest in regulation and modifica-
tion of physiological processes in plants, including optimized use of sunlight 
throughout the growing cycle. Though the dry matter production is a result of 
photosynthesis, it is very difficult to find a relationship between this process and 
the yield size. An increase in the efficiency of photosynthesis and crop yields is 
due primarily to the genetic improvement but also to proper variety-specific grow-
ing and farming technology and plant stimulants. 

This work is the first to show the positive effect of the Nanosilicon on the 
photosynthetic potential, net productivity of photosynthesis, the synthesis of chlo-
rophyll, carotenoids, sugars and the advantage of this preparation over the pesti-
cide Vincit, KS, and a biological stimulant. Under the influence of Nanosilicon, 
the structure of the spring wheat crop changed, namely, the number of productive 
stems, ears and the 1000-grain weight increased. 

Our goal was to study the effect of the Nanosilicon on the photosynthetic 
productivity and structure of the spring wheat yield in the Orel region and to 
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compare the action of Nanosilicon with a chemical pesticide and an experimental 
bioactive preparation. 

Materials and methods. Field experiments were carried out on spring wheat 
(Triticum aestivum L.) variety Daria of the (Federal Research Center of Legumes 
and Groats, Streletskoye village, Orel Province, 2016-2019). The variety is in-
cluded in the State Register of Breeding Achievements approved for use in the 
Central and Central Black Earth Regions (2016). The climate of the territory is 
moderately continental with a sufficient amount of heat and moisture, but precip-
itations are unevenly distributed. The soils of the experimental site are dark gray 
forest, medium loamy. In controls and treatments, 7 m2 plots were used in four 
replicates. Seeds were soaked for 2 hours before sowing. During the growing sea-
son, vegetative plants were twice sprayed (at tillering and stem extension phases). 

In two controls, the seeds were soaked in water (10 l/t) or in the Vincit, 
KS (Cheminova A/S, France, 1.5 l/t) with the use of 10 l/t working solution. For 
an experimental biological (Orel State Agrarian University, Russia), the dosages 
were 1.56 ml/t (working solution 10 l/t) for seed soaking and 3.12 ml/ha (working 
solution 200 l/ha) for plant spraying. For Nanosilicon (LLC NanoKremniy, Rus-
sia), the dosages were 150 g/t (working solution 10 l/t) for seed soaking and 
50 g/ha (working solution 200 l/ha) for plant spraying [27]. 

Germination energy (percentage of seeds germinated on day 3) and seed 
germination rate (percentage of seeds germinated on day 7) were determined ac-
cording to GOST 12038-84 “Seeds of agricultural crops. Methods for determining 
germination” (Mocow, 2004). Seed infections was assessed according to GOST 
12044-93 “Seeds of agricultural crops. Methods for determining the incidence of 
diseases” (Mocow, 2011). Seed contamination was determined on day 10 in germi-
nators. The total infection percentage was expressed compered to 100% infection. 

Phenological observations covered the development stages of 2-3 leaves, 
tillering, stem extension, heading, flowering, milk ripeness, and full grain ripeness. 
The net productivity of photosynthesis was determined according to Nichiporovich 
[28] and calculated based on the increase in dry biomass over the test period per 
the average leaf area [29]. The leaf area was measured according to Moiseev et al. 
[29]. For examination, 10 plants were taken for each control and treatment. 

The content of pigments in plants was determined according to V.F. Gav-
rilenko et al. [30] after homogenizing the leaves in a porcelain mortar and extract-
ing with 100% acetone. The concentration of pigments in the extracts was meas-
ured by absorption at  λ = 662 nm (chlorophyll a), λ = 644 nm (chlorophyll b) 
and λ = 440.5 nm (carotenoids) (an automated single-beam spectrophotometer 
SF-56, Lomo- Spectrum, Russia). 

The tables and figures show the arithmetic means (M) and standard errors 
of the means (±SEM). The significance of the differences was determined by the 
Student’s t-test at P = 0.95. For data processing, we used the methodological 
recommendations of B.A. Dospekhova [31]. The paper presents data on photo-
synthesis obtained in 2019, and data on yield under the influence of Nanosilicon 
and an experimental biological product for all four years of the study. 

Results. In 2019, the phases of development of spring wheat fell on the 
following dates: stage of the 2nd leaf (shoots) on May 6, tillering on May 20, tiller-
ing—the beginning of stemming on May 31, heading—the beginning of flowering 
on June 13, end of flowering on June 23, and beginning of ripening on July 5. 

The minimum seed infection (0.8%) occurred with the use of the agro-
chemical disinfectant Vincite, KS. In the control without treatment, the infection 
varied over years within 8.3-12.6%, when treated with Nanosilicon within 7.8-
9.2%, and with an experimental biological within 6.4-9.5%. 

In lab tests with pre-sowing seed treatment, the maximum increase in 
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germination energy by 18.5% and germination rate by 5.5% (p < 0.05) compared 
to control occurred upon application of Nanosilicon and the experimental biolog-
ical. In the field trials, this difference was about 10%. Apparently, the increase in 
seed germination rate under the influence of silicon was due to the stimulation of 
root growth. Growth regulators, penetrating plant cells, change the activity of 
physiological processes, primarily the synthesis of hormones and enzymes, pro-
moting cell division, root growth, and activation of aquaporin genes [32-34]. 

Photosynthetic productivity depends on physiological and biochemical 
processes that determine the size and quality of the yield, but there is still no clear 
understanding of how these processes are regulated and may be controlled [35, 
36]. Heyneke et al. [37] emphasize the important role of metabolic pathways not 
directly involved in photosynthesis. The pathways that attract main attention are 
those ensuring a better carbon assimilation, an increase in the efficiency of pho-
tosynthesis and, as a result, the higher yield of biomass [38]. For example, ribulose 
1,5-bisphosphate carboxylase/oxygenase (RuBisCo), a fundamental carbon fixa-
tion enzyme, is extremely ineffective, and many strategies to improve the photo-
synthetic capacity of plants are focused on overcoming the limitations of the en-
zyme by improving its activity and regulation [39]. 

 

 
Fig. 1. Heigh (A) and dry weigh (B) of spring wheat (Triticum aestivum L., cv. Daria) plants at 2nd 
leaf (seedings) (a), tillering (b), tillering—beginning of stem extension (c), tillering—beginning of heading 
(d), end of heading (e), and beginning of ripening (f) stages as influenced by various treatments: 1 — 
water, 2 — Vincite, KS desingectant, 3 — Nanosilicon, 4 — an experimental biological (n = 10, 
M±SEM; Streletskoe settlement, Orel Province, 2019). 

 

Starting with wheat seedlings, there was an advantage in plant develop-
ment due to Nanosilicon application as compared to the controls (Fig. 1). Plants 
from seeds treated with an experimental biological lagged somewhat behind, but 
were significantly more powerful than the control plants and exceeded them in 
dry weight. The use of Nanosilicon and biological product provided the greatest 
and significant excess compared to control (by 27-34%, p < 0.05). 

The total leaf area during the beginning of the tillering—beginning of head-
ing stages was 15834.00 m2 for the control (water), reaching 17150.55, 19009.60, 
and 18141.10 m2 for Vincite, KS, Nanosilicon, and the experimental biological, 
respectively. Spring wheat reached the largest leaf areas with Nanosilicon and the 
biological, exceeding the control (water) by 20.0 and 14.6%. 

According to Mokronosov [40] and Nikitin [41], in plants that have more 
leaves, proper agrotechnologies and a shorter growing season can provide greater 
productivity even with a low intensity of photosynthesis. However, in our opinion, 
with an increase in the assimilating leaf area, it is worth to consider the total 
amount of chlorophylls, and hence the nutritional value of the crop. Meanwhile, 
the increase in leaf area per hectare for the entire growing season (the photosyn-
thetic potential PP), is an indicator of the duration of the photosynthetic activity. 

cm
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The sowings with PP of 2 million m2ʺday/ha are recognized optimal [42, 43]. 
With Nanosilicon and the experimental biological, the PP of spring wheat 

crops increased during the growing season due to an increase in the leaf area. In 
control (water) and upon treatments with Vincite, KS, Nanosilicon, and the bio-
logical, the PP values were 633360, 686022, 1560384, and 1104894 m2ʺday/ha, 
respectively. 

The leaf area correlates with plant biomass which was the largest with 
Nanosilicon and the biological (see Fig. 1). 

The use of growth regulators and biologicals affects the crop production 
process, induces plant immunity and allows people to have environmentally 
friendly food [44]. Pre-sowing treatment with growth regulators has a positive 
effect on the yield and baking properties of the products, including the protein 
and starch content, the amount and quality of gluten, and the bulk density of grain 
[45]. In corn subjected to salt stress and cold shock, application of salicylic acid, 
mannitol, and thiourea regulates plant growth and responses to oxidative stress, 
increases growth rate, leaf surface index, plant height, grain yield, and total dry 
matter accumulation [46, 47]. 

The final yield depends on other factors, among which the variety, soil 
and climatic conditions play a fundamental role. The formation of productivity is 
determined by the net productivity of photosynthesis (NPP) which depends on 
the assimilation surface of plants [48]. To increase the yield potential, it is neces-
sary to increase the total biomass, but if sunlight during the growing season is 
already fully used, then an increase in biomass requires photosynthesis occurred 
in a more efficient way [48, 49]. The concept of more efficient photosynthesis to 
increase yields has been considered by many researchers. Long et al. [50] identified 
the goals as improving the kinetic properties of RuBisCo, modifying C3 crops to 
confer the ability of C4 photosynthesis, and improving the canopy architecture. 
The classical approach is the change in stomatal conductance [51, 52]. 

In our studies, the NPP value directly depended on the treatment (Table 
1). With Nanosilicon and the biological, the NPP was higher compared to both 
controls. Apparently, in the plants treated with these preparations, the contribution 
of assimilating organs was greater and the consumption of carbohydrates for res-
piration was less. Depending on the treatments, the value of NPP in spring wheat 
varied from 6.86±0.28 at the beginning of stem extension to 18.30±0.80 g/m2ʺday 
by the end of heading. 

1. Net productivity of photosynthesis (g/m2ʺday) in spring wheat (Triticum aes-
tivum L., cv. Daria) plants depending on treatments and the stages of plant devel-
opment (n = 10, M±SEM; Streletskoe settlement, Orel Province, 2019 год) 

Treatment  
Stage 

tillering  
tillering—beginning 
of stem extension  

tillering — begin-
ning of heading  

end of 
heading  

beginning 
of ripening  

Control (water) 0.49±0.02 6.86±0.28 7.70±0.35 10.10±0.37 5.00±0.24 
Control (Vincite, KS) 1.39±0.06 7.90±0.34 8.80±0.28 9.50±0.33 6.11±0.45 
Nanosilicon 1.40±0.07 8.70±0.41 14.20±0.55 18.30±0.80 10.33±0.80 
Experimental biological 2.29±0.10 8.20±0.41 12.20±0.40 16.90±0.74 9.30±0.43 
N o t е. For description of the treatments, see Materials and methods. The observed values for the Student’s t-test 
exceed the tabulated values at df = 9 and P = 0.95, which indicates the reliability of the obtained differences in the 
net productivity of photosynthesis compared to the control values. 

 

As is known, an increased leaf area in crops can reduce photosynthetic 
productivity, but this did not happen in our studies. The maximum leaf area at 
heading was 18000 m2/ha which is far from optimal values [53]. 

The work of pigments that play a key role in photosynthesis depends on 
climatic and ecological factors [54, 55]. According to Andrianova et al. [35], the 
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amount of chlorophyll during tillering and stem extension may indicate the po-
tential productivity of plants, since the formation of a high yield depends on the 
size of the assimilation apparatus and the time of its functioning. 

In our experiments, the synthesis of pigments also reflected the effect of 
Nanosilicon on photosynthesis. The amount of pigments in leaves increased over 
the growing season by 20-70%, depending on the time of leaf functioning (Fig. 2, 
A). The amounts of chlorophyll and carotenoids were the greatest on July 13, that 
is, at the tillering—heading stage. 

 

 
Fig. 2. Accumulation of chlorophylls a and b (А) and carotenoids (Б) in spring wheat (Triticum aes-
tivum L., cv. Daria) plants at tillering (a), tillering—beginning of stem extension (b), tillering—beginning 
of heading (c), end of heading (d), and beginning of ripening (e) stages as influenced by various 
treatments: 1 — water, 2 — Vincite, KS desingectant, 3 — Nanosilicon, 4 — an experimental bio-
logical (n = 10, M±SEM; Streletskoe settlement, Orel Province, 2019). 

 

In all experimental periods, plants treated with Nanosilicon and the bio-
logical exceeded the control in chlorophyll contents by 20-30%. Note, even during 
grain maturation, the leaves of these plants remained green which indicates a 
longer photosynthetic activity. 

Carotenoids absorb light 
in the blue-green region of the 
solar spectrum and transfer en-
ergy to chlorophylls, thereby ex-
panding the wavelength range of 
light that can drive photosynthe-
sis. They serve to increase the 
overall efficiency of photosyn-
thetic light reactions and protect 
photosynthesizing organisms from 
overexposure to light [56]. The 
content of carotenoids often pos-
itively correlates with the amount 
of chlorophyll [57]. Our data 
confirm this conclusion (see Fig. 
2, B). It is widely known that sil-
icon significantly stimulates the 
growth of many plant species via 
increasing photosynthetic activ-

ity, leaf area, and chlorophyll content [58-62]. 
Nanosilicon enhanced sugar production to a lesser extent than the exper-

imental biological, which can be explained by the redistribution of assimilates and, 
probably, a large accumulation of proteins in spring wheat under the influence of 
Nanosilicon (Fig. 3). Our hypothesis is in line with the data showing that mineral 
fertilizers significantly increase the mass fraction of protein and gluten in the grain 

 
Fig. 3.  Accumulation of sugars in spring wheat (Triticum 
aestivum L., cv. Daria) plants at plants at 2nd leaf (seed-
ings) (a), tillering (b), tillering—beginning of stem extension 
(c), tillering—beginning of heading (d), end of heading (e), 
and beginning of ripening (f) stages as influenced by vari-
ous treatments: 1 — water, 2 — Vincite, KS desingectant, 
3 — Nanosilicon, 4 — an experimental biological (n = 10, 
M±SEM; Streletskoe settlement, Orel Province, 2019). 
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of spring wheat [63-65]. According to the report of Lavoy et al. [66], an increase 
in the protein content in wheat seeds under the influence of mineral fertilizers is 
due to a high correlation between the grain protein content and nitrate reductase 
activity, as is confirmed by Tao et al. [67]. The elevated grain sugar levels we 
observed under the influence of the experimental biological may have been asso-
ciated with the level of salicylic acid which has a positive effect on the assimilation 
activity of plants [68, 69]. 

According to Mokronosov [70], growth regulators and phytohormones 
which contribute to a change in the outflow of assimilates from leaves to repro-
ductive organs can ensure the greatest economic yield. Growth regulators and 
stimulants help to increase plant immunity, increase yields, and improve quality 
for obtaining environmentally friendly food [53]. 

We have found that the Nanosilicon application is an effective and low- 
cost technique to increase the overall yield of spring wheat. At the end of the 
growing season, the collected sheaves were heavier than in the controls and supe-
rior in the ear size. Under the influence of Nanosilicon, the number of productive 
stems increased by 33.7, of ears by 38.7, the weight of an ear by 26.8, the number 
of grains per ear by 19.2, and the 1000-grain weight by 19.7% compared to the 
control (water) (Table 2). For the biological, the indicators were slightly lower 
than for Nanosilicon but higher compared to both controls. 

2. Yield components in spring wheat (Triticum aestivum L., cv. Daria) depending on 
treatments (n = 10, M±SEM; Streletskoe settlement, Orel Province, 2019 год) 

Treatment 
Productive stem 
number per 1 m2  

Ear Grain number 
per ear  

1000-grain 
weight, g  

Ear number 
length, cm weight, g 

Control (water) 326±11.2 8.2±0.37 1.9±0.08 32.8±0.84 37.7±1.49 300±11.6 
Control (Vincite, KS) 276±10.2 8.3±0.31 1.9±0.08 33.1±1.47 40.1±1.94 244±10.6 
Nanosilicon 436±17.3 9.0±0.43 2.4±0.11 39.6±1.63 45.1±2.00 416±16.9 
Experimental biological 344±11.5 8.9±0.42 2.3±0.11 41.2±1.41 44.8±1.64 319±12.7 
N o t е. For description of the treatments, see Materials and methods. The observed values for the Student’s t-test 
exceed the tabulated values at df = 9 and P = 0.95, which indicates the reliability of the obtained differences 
compared to the control values. 

 

3. Four-year yields of spring wheat (Triticum aestivum L., cv. Daria) depending on 
treatments (n = 10, M±SEM; Streletskoe settlement, Orel Province) 

Treatment 
Yield, c/haга Gain to the control (water), %  

2016 2017 2018 2019 2016 2017 2018 2019 
Control (water) 28.9±1.38 38.2±1.61 41.3±2.04 45.1±2.00     
Control (Vincite, KS) 31.4±1.20 41.4±0.91 44.5±2.11 47.3±2.01 8.65 8.40 7.80 4.88 
Nanosilicon 33.7±1.45 43.7±2.03 45.1±2.19 49.4±1.91 16.61 14.40 9.20 9.53 
Experimental biological 34.5±1.55 43.9±2.07 45.3±1.71 48.9±2.16 19.01 14.90 9.20 8.43 

LSD05 1.2 1.4 1.2 0.9     
N o t е. For description of the treatments, see Materials and methods. The observed values for the Student’s t-test 
exceed the tabulated values at df = 9 and P = 0.95, which indicates the reliability of the obtained differences 
compared to the control values. 

 

Wheat yield under the influence of Nanosilicon increased due to an in-
crease in both the grain number per ear and grain weight (Table 3). When treated 
with Vincite, KS, the yield increased by 8% compared to the control (water), with 
the exception of 2019 (only by 5%), and under the influence of Nanosilicon and 
the biological, its increase was 9-19%. 

Thus, the Nanosilicon turned out to be more effective towards the spring 
wheat cv. Daria than the agrochemical Vincite, KS but differed little from the 
experimental biological product based on buckwheat bioflavonoids. Seed pre-treat-
ment with Nanosilicon and the biological increased the germination energy by 
18.5% and germination rate by 5.5% (p < 0.05) compared to the controls (water 
and Vincite, KS). The height of plants, the number and area of leaves, the pho-
tosynthetic potential, the indices of net productivity of photosynthesis (NPP), and 
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the amounts of chlorophylls and carotenoid indicate superiority of Nanosilicon 
over the controls. The NPP indices for Nanosilicon were 60-80% higher than the 
control (water) and 22.2% higher compared to agrochemical Vincite, KS. Under 
the influence of Nanosilicon and the biological, the synthesis of pigments in-
creased by 20-30%. The biological product largely influences the synthesis of sug-
ars than Nanosilicon, which can be explained by the difference in the redistribu-
tion of assimilates and the enhanced accumulation of proteins in plants under the 
influence of silicon. Nanosilicon provides an increase in the grain number per ear 
and the 1000-grain weight compared to both controls. The advantage over the 
bioactive proparation was insignificant. Nanosilicon increased the number of pro-
ductive stems by 33.7, of ears by 38.7, the weight of an ear by 26.8, the grain 
number per ear by 19.2, and the 1000-grain weight by 19.7% compared to con-
trol (p < 0.05). Indicators for the biological product were slightly lower than for 
Nanosilicon but higher than the control. Wheat yield for four years under the 
influence of Nanosilicon and the biological increased by 9.0-16.6% as compared 
to control. 
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