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Abstract: The article presents the results of studies aimed to identify the effect of foliar treatments of winter
wheat, sugar beets and soybeans with mineral and bioorganic fertilizers. Their positive effect on increasing the
concentration of mineral forms of nitrogen in soil was revealed. The crop types have a greater influence on the
size of nitrous oxide emissions: in winter wheat crops - 679 pg/m?, soybeans - 637.2 ug/m?3, sugar beets - 576.8
pg/md. The amounts of nitrous oxide emissions were lower in the variants without the use of phosphorus-
potassium fertilizers. The Ruter AA fertilizer showed the greatest efficiency on winter wheat crops - 42.7 c¢/ha.
Soybean grain yield of 44.2 c/ha was also achieved by using Ruter AA, as well as Geo-humate together with
phosphorus-potassium fertilizers. On the background of the actual supply of phosphorus and potassium,
maximum yield was obtained when using N30 on the leaf - 39.3 c/ha. Foliar feeding ensured a yield of sugar
beet root crops of up to 67.1-77.4 c/ha on the backdrop of the application of phosphorus-potassium fertilizers
with the advantage of using Amino turbo. The largest yield of sugar beet roots without use of mineral
phosphorus and potassium was ensured by N30 treatment of the leaf in the phases of 4-6 and 8 leaves - 63.2
t/ha. Of the organo-mineral fertilizers and biostimulants, the best result was shown by the use of Ruter A - 62.6
t/ha. We believe that foliar feeding of crops can be a sustainable farming method that can increase crop yields
and reduce N20 emissions.

Keywords: sugar beets; soybeans; winter wheat; foliar feeding; yield; nitrous oxide; bioorganic fertilizers;
amino acids; soil mineral nitrogen

1. Introduction

The main objective of agricultural sector of any country is to provide the population with food
through its own production. The south-eastern region is attractive for crop production development
in Kazakhstan, for which sugar beets, winter wheat and soybeans are identified as priority crops.
However, sustainable production of high yields of good quality is hampered by a number of factors:
low level of fertility of soils typical for the region - serozem soils; climatic conditions. The latter
negatively affect both cultivated plants and soil, enhancing the processes of humus mineralization,
deterioration of soil biological activity, agro-physical and physico-chemical properties.

One of the techniques that enhance the increase of crop productivity on low-fertility soils is the
use of mineral fertilizers, especially nitrogen fertilizers, which provide the necessary level of nitrogen
nutrition in soil. The nitrate form of nitrogen is the main source of available nitrogen for plants and
its regime characterizes the situation of plant supply with the element quite well [1,2].

However, it must be remembered that with systematic application of mineral fertilizers, ballast
elements can accumulate in soil in significant quantities, negatively affecting its properties and
fertility, the yield and its quality, and the environment [3,4].

This causes the need to search for the forms and types of nitrogen-containing fertilizers that can
be used as an alternative to mineral nitrogen for crops with different biological characteristics from

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202406.1033.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 June 2024 d0i:10.20944/preprints202406.1033.v1

the point of view of economic benefits and reduction of environmental load through the controlled use of
fertilizer doses and reduction of “greenhouse” gas (GHG) emissions from soil to atmosphere. In this vein,
the use of bioorganic fertilizers and biostimulants is becoming an increasingly preferable option [5-7].

In recent years, bioorganic fertilizers containing, along with organic carbon, macro- and
microelements, amino acids, humic substances, growth stimulants, auxins, etc., are increasingly used
in practice of foliar plant nutrition, as one of the environmentally friendly methods of increasing crop
productivity. Research works conducted by the scientists has proven the effectiveness of foliar
fertilizers on the elements of crop productivity, yield and quality [8-12].

In the emission of greenhouse gases (CO2, CHs, N20), which take part in destruction of ozone layer
of atmosphere, the main “supplier” of nitrous oxide (N20) into the atmosphere is agriculture [13-15].

Nitrogen from mineral fertilizers is easily included into biogeochemical cycle of soil nitrogen,
including nitrification and denitrification the processes, increasing the contribution of N20O emissions
(NOE) into the atmosphere, which represent significant losses of nitrogen [16-22]. For example, to
form grain yield of 10 t/ha with appropriate amount of by-products, the need in nitrogen (taking into
account utilization ratio up to 60%) is 350—400 kg/ha of nitrogen. This amount of nitrogen added to
soil, assimilated by plants and microorganisms, will cause emission into the atmosphere of at least 4—
5 kg of N-N:0 /ha. [23-25]. According to FAO estimates, the global emission of N20 from soils from
the use of nitrogen fertilizers increased from 1682 thousand tons in 2000 to 2272 thousand tons in
2017, i.e. by 35% over 17 years [26].

In recent years, many farmers have been replacing nitrogen fertilizers with various fertilizers of
organic and biological origin, including those containing amino acids, which have a number of
properties that affect crop productivity. Treatment of crops with organic acids and amino acids affects the
increase in plant resistance to stress factors - temperature, water, light, salt, soil, pesticide, etc. [27].

Amino acids are involved in the formation of pollen fertility and formation of fruit ovaries [28];
they increase the ability to absorb nutrients [29] and resist to pests and diseases [30,31].

The use of such fertilizers can complement traditional mineral nutrition schemes with maximum
effect. However, the impact of these types of fertilizers on t nitrous oxide (N20) emissions from soil
remains unclear, especially taking into account their association with the abundance of nitrogen-
cycling microorganisms [32].

According to Zijian He et al.,, 2023, organic fertilizers significantly reduce N20O emissions, but
increase global warming potential by increasing CH4 and CO2 emissions. When replacing chemical
fertilizers with organic ones, GHG emissions were influenced by various factors, such as climatic
conditions, soil conditions, crop types and agricultural practices [33].

Whereas, according to Akiyama, H. et al., 2003, comparative assessment of contribution of
poultry manure, pig manure and urea to the total flows of N20O, NO NO: showed, that for year, by
nitrous oxide they amounted to 184, 61.3 and 44.8 mg N m (-2); 9.95, 16.6 and 148 mg N m (-2) for
NO, respectively; and -6.21, -7.23 and -7.84 mg N m (-2) for NO, respectively [34].

When comparing the size of N20 emissions in cabbage plantings, it was revealed that when
treated with bioorganic and mixed fertilizers, N2O emissions were significantly lower than when
treated with urea, respectively, but there was no significant effect on the content of mineral nitrogen
and crop yield. At the same time, partial replacement of urea with bioorganic fertilizers is the best
option, since it allows increase of denitrification to reduce N20 emissions, and also guarantees the
efficiency of nitrogen use and cabbage yield capacity [35].

Organic fertilizers of various origins have lower nitrous oxide emission coefficients compared
to mineral fertilizers. Moreover, this coefficient depends on the type of organic fertilizer (manure,
wastewater, compost, plant residues, etc.), on the C/N ratio), soil properties (texture, drainage,
organic carbon and nitrogen) and climatic factors (precipitation) [36].

In accordance with the Law of the Republic of Kazakhstan adopted on March 26, 2009 “On
ratification of the Kyoto Protocol to the United Nations Framework Convention on Climate Change”
on non-exceeding and reduction of greenhouse gas emissions, important aspect is the assessment of
the size of gas emissions from soils during cultivation of intensively fertilized strategically prior
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agricultural crops. In various soil and climatic zones of Kazakhstan, studies of the issue of greenhouse
gas emissions during crop production were carried out [37-39].

Our research works - is the prerequisite for the development of a new approach to the use of
fertilizers for agricultural crops that are priority for irrigation conditions of south-east Kazakhstan,
aimed at realizing the potential of their productivity, cost saving, associated with the use of fertilizers
and reducing the environmental load while simultaneously reducing “greenhouse” gas emissions
from soil into the atmosphere.

2. Materials and Methods

Field experiments were carried out in the fields of the “Kainar Koksu” PF in the Koksu district
of the Zhetysu region with the crops: winter wheat (44°88349398"N 7811644999 "E), soybeans
(44°87015996"N 78°18767999 "E), sugar beets (44°85526197"N 78°17802303 "E) (Figure 1).

|| Winter wheat|

y
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£

Figure 1. Location of field experiments.

The climate of the research area is continental. Average temperatures in January range from -9
to -7°C (the coldest month), July 22-24°C (the hottest month). The average annual air temperature is
9.4°C. The average annual precipitation in 2022-2023 was 434.2 mm. When cultivating crops under
the conditions of our experiments, moisture availability is not a limiting factor.

Research objects - agricultural crop varieties, zoned in the region: winter wheat, variety
Bezostaya 100 (originator - National Grain Center named after P.P. Lukyanenko SPA Kuban Grain,
RF), sugar beet, variety VIORICA KWS (originator KWS SAAT SE, Germany), soybean, Zhansaya
variety (originator KazRILCP, RK).

Ammonium nitrate (34.5% N), Ruter AA- liquid organo-mineral fertilizer enriched with chelates
and a complex of amino acids of plant origin (total N 5.65%; P20s 5,0%; K20 3,5%; Fe, Mn, Mo Zn
<0,05%; free amino acids 7.0%); Amino turbo - new generation universal biostimulator based on
highly saturated balanced complex of amino acids (organic N 12.8%, organic C 39%, total amino acids
85%, free amino acids 80%); Geohumate - humic, organomineral fertilizer with microelements (N 1,2%,
P205 0,55%; K20 6,5%; S 2.1%, Mg, Fe,Si Ca, humic acid 34%, fulvic and other organic acids 25%) were
used as nitrogen and bioorganic fertilizers in the experiments.

Foliar fertilization with nitrogen and organomineral fertilizers was carried out according to the
stages of organogenesis responsible for crop formation: winter wheat and soybeans - stages III and
IV+V, sugar beets - formation of 4-6 leaves and 8 leaves.
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For farmers to get closer to the real situation in fertilizing agricultural crops, we carried out
experiments on the background of natural supply of soil with mobile phosphorus and exchangeable
potassium and bringing the level of content of these elements to the calculated need for sugar beet
and soybean crops. The level of nitrogen nutrition can be regulated by treatment of vegetative plants
in the early stages of growth and development.

The area of the plots for tilled crops is 150 m?, for wheat — 96 m2.

Research Methods

The rates of phosphorus-potassium fertilizers were calculated using the balance method.

The soil analysis included determination of substance composition: content of organic matter
[GOST 26213-91], determination of humus according to Tyurin; determination of mineral nitrogen by
the sum of nitrogen forms - easily hydrolyzed (according to Tyurin and Kononova), ammonia
(according to Nessler’s method), nitrate (potentiometrically, by measuring the activity of nitrate ions
with ion-selective electrode), content of mobile forms of phosphorus and potassium [GOST 46 -42-
76 1.7.104. Determination of P20s and K2O according to Machigin for carbonate soils (CINAO)].

Accounting for nitrous oxide emission - gas sampling using the closed chamber method (Figure 2).

Figure 2. Gas sampling using the closed chamber method (a) general view of the chamber;
(b)installation of the chamber at the field site.

Since the objective was to study the effect of fertilizers on nitrogen emission, and not to study
nitrogen flows in agrocenoses, we determined the amount of nitrous oxide emission by critical phases
and after foliar treatments of crops. Gas sampling was conducted during the main phases of crop
development before and after leaf treatment. The samples were taken during the vegetation period.
From October 2021 (winter wheat) to September-October 2023 (soybean and sugar beet harvest).
Closed chambers for nitrous oxide sampling according to the method of Buchkina N.P. [40] were
buried in the soil at a depth of 10 cm for 24 hours after which gas samples were taken from each
chamber using three-way taps and syringes and then introduced into sterile disposable vacutainers.
N20 fluxes in gas samples were analyzed using a Thermo Scientific TSQ 8000 EVO triple quadrupole
gas chromatograph/mass spectrometer (MS) with a capillary column (Trace 1310 GC/TSQ 8000 Evo,
Thermo Fisher Scientific).

Sample separation was performed using a Supel-Q PLOT column (30m x 0.32 mm). Helium
(class A) was used as the gas carrier, and 10 ul of sample was injected at a low rate of 1 mL/min.
Calibration was achieved using certified reference gas mixtures. The retention times for N20O were
1.45 minutes, respectively. To allow sufficient time for equilibration, sample collection, injection, and
data collection [41] the total time per sample was set at 5 minutes.

Statistical analysis of the results was carried out using the generally accepted method [42] and
in Excel 2010 (Microsoft).
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3. Results and discussion

Crop productivity is primarily determined by the content of nutrients in soil in form accessible
to plants, on the basis of which the plan on fertilizer use is developed.
Therefore, before starting field experiment, soil study was carried out to determine the degree

of supply of humus and mobile forms of nutrients, on the basis of which cartograms were compiled
(Figure 3).
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Figure 3. Cartograms of content of humus and mobile forms of nutrients in soil: A — winter wheat, B —
sugar beets, C — soybeans.

As can be seen from these cartograms, content of humus and mobile forms of nutrients is very
low. On average, across the plots, the supply of soil with available phosphorus was in the range of
10-16 mg/kg of soil for winter wheat, 13-52 mg/kg of soil for sugar beets, and 10-20 mg/kg of soil for
soybeans. Taking into account soil supply data, the rates of phosphorus-potassium fertilizers for the
main application to create a background were calculated and the rates of phosphorus fertilizers for
crops averaged 119 kg a.s./ha for winter wheat, 84 kg a.s./ha for sugar beets, for soybeans — 94 kg
a.s./ha. There is no need for potassium fertilizers for winter wheat and soybean crops; the need for
potassium in sugar beets was 351 kg a.s./ha.

The analysis of soil for the content of mineral forms of nitrogen in the initial period of growing
season of agricultural crops showed that treatment of winter wheat plants with fertilizers in the tiller
phase after the resumption of the spring growing season had a positive effect on this indicator - in
control its content was 47.1 mg/ kg, on fertilized variants it increased by 16.5-21.8 mg/kg (Table 1).
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Table 1. Content of mineral nitrogen forms in light gray soils depending on use of fertilizers, mg/kg.

nl\;i Variants NLg. N-NO: N-NH: N min, ¥
Winter wheat, sowing 2022
1 Control —no fertilizers 26,1 18,8 2,2 47,1
2 PK calculated dose 28,0 16,8 1,7 46,5
3 NB30 -III s/o and IV-V s/o 33,6 25,5 9,1 68,2
4  Amino turbo - III s/o and IV-V s/o 33,7 23,3 6,6 63,6
5 Ruter AA -1II s/o and IV-V s/o 34,5 20,4 6,5 61,4
6 Geohumat - III s/o and IV-V s/o 34,5 25,3 9,1 68,9
Sugar beets, sowing 2023
1 Control - no fertilizers 27,1 27,3 17,8 72,2
2 NB30 4-6 leaves and 8 leaves 33,6 31,8 7,0 72,4
3 Amino turbo 4-6 leaves and 8 leaves 26,1 25,6 2,5 54,2
4 Ruter AA 4-6 leaves and 8 leaves 30,8 25,7 2,5 59
5 Geohumat 4-6 leaves and 8 leaves 299 22,7 3,1 55,7
6 PK calculated dose 20,5 13,3 2,5 36,3
7 PK calculated dose + N30 4-6 leaves and 8 leaves 224 14,1 5,4 41,9
8 PK calculated dose + Amino turbo 4-6 leaves and 8 leaves 22,4 14,3 2,0 38,7
9 PK calculated dose + Ruter AA 4-6 leaves and 8 leaves 19,6 16,9 1,9 38,4
10 PK calculated dose + Geohumat 4-6 leaves and 8 leaves 25,2 14,9 2,4 42,5
Soybeans, sowing 2023

1 Control without fertilizers 24,1 17,4 2,3 43,8
2 N30 - IIT s/o and IV-V s/o 34,5 15,9 2,2 52,6
3 Amino turbo - IIl s/o and IV-V s/o 33,6 18,3 2 53,9
4 Ruter AA -1l s/o and IV-V s/o 33,6 18,8 1,4 53,8
5 Geohumat - III s/o and IV-V s/o 26,1 17,7 2,5 46,3
6 PK calculated dose 28,9 3,9 2,0 34,8
7 PK calculated dose +N30 III s/o and IV-V s/o 25,2 5,2 2,8 33,2
8 PK calculated dose + Amino turbo III s/o and IV-V s/o 25,2 3,9 1,7 30,8
9 PK calculated dose + Ruter AA III s/o and IV-V s/o 22,4 13,9 1,9 38,2
10 PK calculated dose + Geohumate III s/o and IV-V s/o 20,5 13,8 3,3 37,6

During this period, of the studied biofertilizers, the effectiveness of Geohumate was at the same
level as application of N30 on leaf - 68.9 and 68.2 mg/kg, respectively. Among nitrogen forms, the
share of easily hydrolyzed nitrogen accounts for 49-60% and nitrate 33-40%; the share of ammonia
form of nitrogen in nitrogen nutrition of winter wheat is no more than 13%.

In sugar beet crops, certain pattern in the content of nitrogen mobile forms after the first plant
treatment was not identified, and in the control, it was 72.2 mg/kg; on the background of calculated
phosphorus dose, its content was 2 times lower - 36.3 mg/kg. In general, in the variants with foliar
treatment on background without fertilizers, content of mineral nitrogen was at the level of 54.2-72.4
m/kg, with maximum value in the variant with N30 application on the leaf — 72.4 mg/kg. On
phosphorus-fertilized background of the studied fertilizers, the best results were obtained in the
variant with Geohumat - 42.5 mg/kg. At the same time, in the control, the ratio of the share of easily
hydrolyzable and nitrate forms of nitrogen was almost equal to 1:1; on the background of phosphorus
fertilizers, easily hydrolyzable nitrogen prevailed - 51-59%.

Phosphorus fertilizers applied before sowing and nitrogen, organomineral, biofertilizers applied
in the first fertilizing in accordance with experimental scheme had impact on the content of nutrients
in soil under soybean sowing. As in the experiments with sugar beets, content of mineral forms of
nitrogen was higher in the control — 43.8 mg/kg, on the background with phosphorus — 34.8 mg/kg.
The application of leaf fertilizers on the background of phosphorus apparently contributed to greater
development of the root system of sugar beets and soybeans and, accordingly, to the increase in the
degree of absorption of mineral nitrogen. At the same time, in soybean crops in the control, the
amount of nitrogen forms was almost the same in the experimental variants. On the background of
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application of phosphorus, the increase in the amount of mineral nitrogen was noted in the variants
with leaf treatment with Ruter AA and Geohumat - 38.2 and 37.6 mg/kg, respectively.

In general, fertilizers improve nitrogen nutrition regime of light gray soils in cultivated crops.
The main sources of nutrition are easily hydrolyzed nitrogen and nitrate. Ammonium forms of
nitrogen are practically absent and use of fertilizers does not affect their dynamics.

When using fertilizers, the important matter is the size of the emission of nitrous oxide into the
atmosphere. According to Novoa, R. et al., 2006, this indicator is also influenced by such factors as
crop type, biochemical quality of residues, agricultural management, climate and season, soil
properties and soil moisture [43].

During the experiment, we assessed the amount of nitrogen emission from gray soils of the
experimental plots. Under winter wheat crops in germination phase after autumn application of
fertilizers, the initial concentration of nitrous oxide was 440.3 ug/m?, in the field prepared for sowing
sugar beets and soybeans in 2023, this Figure was 373.7 and 557.7 pg/m?. It should be noted that the
predecessor of sugar beet was winter wheat along the turnover of alfalfa layer. The predecessor of
soybean is arable land uncultivated for 3-4 years. This affected the emission size.

The account of the amount of nitrous oxide emissions after the first leaf treatment showed that
on average in the experimental variants on winter wheat crops this Figure was equal to 679 ug/m?;
sugar beets — 576.8 ug/m? soybean — 637.2 ug/m? (Figures 3-5). That is, in agrocenoses under winter
wheat, N20O emissions are higher in comparison with tilled crops - sugar beets and soybeans, as in the
initial definition indices. That is, at the beginning of growing season, crops can be arranged in a row
according to the amount of N20 emissions into the atmosphere: winter wheat > soybeans > sugar beets.

The amount of nitrogen emission under winter wheat crops, depending on foliar fertilizer
treatments, was almost at the same level - 6754.6-679.0 ug/m?3, while lower values were in the variant
with urea treatment - 674.6 ug/m? (Figure 4).

667.1 679.1 674.6 679 677.9 679
700
600
500
400
300
200
100 471 465 68.2 63.6 61.4 68.9
0
Control-no PKcalculated PK+N30-III PK+Amino PK+ Ruterr A PK +
fertilizers dose s/foand IV-V  turbo-Ills/o -IlIs/ounIV- Geohumat -
s/o and IV-V s/o V s/o Il s/o m IV-
V s/o

B N min, mg/kg B The emission of nitrous oxide , ug/m3

r=0.83

Figure 4. Effect of fertilizers on mineral nitrogen content and the amount of nitrous oxide emissions
in soil under winter wheat crops.

The emission of nitrous oxide from soil under sugar beet crops was higher on the background
with application of calculated rates of phosphorus fertilizers - 599.4 ug/m®and in the variants only
with application of nitrogen and bioorganic fertilizers on the leaf - 554.2 ug/m3. There were no
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significant differences between the variants in the amount of N20 emissions after the first leaf
treatment (Figure 5).
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Figure 5. Effect of fertilizers on the content of mineral nitrogen and the amount of nitrous oxide
emissions in soil under sugar beet crops.

Under soybean crops, differences in two backgrounds are noted. The amount of nitrous oxide
emissions in the control was 624.8 ug/m?versus 649.6 ug/m?on the background with calculated dose
of phosphorus fertilizers (Figure 6).
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Figure 6. Effect of fertilizers on the content of mineral nitrogen and the amount of nitrous oxide
emissions in soil under soybean crops.
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In soybean crops in control, foliar treatments contributed to reduction in nitrous oxide emission
sizes - from 642.1 pg/m?in control to 634.8 and 632.3 pug/m?when treated with urea and Amino turbo,
respectively. A significant decrease in emission levels was detected during leaf treatment of soybeans
at the III stage of organogenesis with Ruter AA - 609.4 ug/m®*and Geohumat - 605.4 ug/ms3. On the
background of creating optimal phosphorus level for soybeans, the emission size was 646.6 ug/m®.
There was no significant difference between the options with foliar treatments on this background;
the amounts of nitrous oxide emission sizes were in the range of 646.7-657.7 ug/m?.

As noted above, nitrous oxide makes a significant contribution to the “greenhouse effect” and is
of soil origin. Various processes of microbial transformation of nitrogen compounds - denitrification,
nitrification, dissimilatory reduction of nitrates into ammonium, interaction of nitrites with amino
acids, etc. serve as N20 sources in soils. Nitrous oxide has a peculiarity: its biological absorption is
limited, due to the impossibility of assimilation by plants, fungi and soil zoofauna [44].

Therefore, the only way for microbial transformation of N20 in soils is the reduction of nitrous
oxide by denitrifying and nitrogen-fixing bacteria [45].

Denitrification - the stage of reduction of nitrous oxide into molecular nitrogen due to
functioning of specialized enzyme - N2O reductase has the greatest importance. The rate of nitrous
oxide recovery in soils may primarily depend on concentration of mineral nitrogen compounds,
content of organic matter, presence of plants and other factors [46].

Study of the interaction between the content of mineral forms of nitrogen and the amount of
N20 emission in winter wheat crops showed that the increase in the content of mineral forms of
nitrogen after foliar fertilizing with mineral and bioorganic fertilizers on the background of calculated
doses of phosphorus fertilizers increases the amount of nitrous oxide emissions from soils with high
correlation coefficient.

In sugar beet crops in foliar feeding of control plants, a negative linear correlation was revealed
between the studied indicators (rl = -0.68), which indicates the absence of convincing evidence of
significant relationship between the studied variables. Conducting foliar feeding of sugar beets on
the background of phosphorus fertilizers helps to reduce the content of mineral nitrogen in soil,
probably due to increased absorption capacity of the plant root systems, but at the same time,
although not significantly, increases the size of nitrous oxide emissions (12 =0.44).

In soybean crops (nitrogen-fixing crop), the content of mineral forms of nitrogen after foliar
fertilization with nitrogen and bioorganic fertilizers is directly proportional to the amount of nitrous
oxide released from the soil (Figure 5). The correlation coefficient on the control is r1=0.59, on the
background with the application of phosphorus fertilizers r2=0.75.

The yield is the main agronomic indicator of feasibility and effectiveness of using elements of
agritechnologies, including fertilizers. Currently, the use of new types and forms of fertilizers that
are alternative to mineral fertilizers is especially relevant. Among them are fertilizers based on a
complex of microelements with substances of organic nature: amino acids, humic substances.
Fertilizers containing organic sources of nutrients have a significant advantage as a controlled factor
in controlling production process, namely foliar feeding. They are effective during crop development
periods, which are responsible for the formation of the future yield, under stressful conditions when
exposed to low temperatures, and the use of pesticides [47,48].

Amino acids are one of the most active components of metabolism, participating in a wide
variety of biochemical processes, in the synthesis of protein and growth substances, and determine
the speed and intensity of plant growth processes [49].

Preparations based on humic acids are classified as natural plant growth regulators. The positive
effect of their use is due to changes in biochemical processes of plant cells and tissues: regulation of
photosynthesis, protein and carbohydrate metabolism, plant respiration and transpiration, etc. [50].

In addition, the presence of humic substances in soil helps to increase the utilization rate of basic
nutrients from soil by inhibiting the formation of phosphorus and potassium forms that are
inaccessible to plants [51,52].

Thus, these types of fertilizers provide the increase in their multifunctionality and have the
properties of biostimulating potential, being a kind of correctors of mineral nutrition and indirect
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tool of impact on plant immunity, accelerating metabolic processes and activating the synthesis of
proteins and carbohydrates.

The conducted studies confirmed high agronomic effect of the use of fertilizers - all crops
responded positively, but differently, to foliar feeding with the studied types of fertilizers.

The yield capacity of winter wheat largely depends on weather conditions, especially during the
period of formation and development of reproductive organs, which occur in the autumn-early
spring (III stage of organogenesis) and the period associated with increasing temperatures (IV stage
of organogenesis). Therefore, providing plants in these phases not only with mineral elements, but
also with substances that affect plant immunity and accelerate metabolic processes is the important
factor in obtaining good harvest, especially if there is a risk of stress factors. It should be noted that
early stress turns out to be more negative than relatively late stress [53].

Researches in 2022-2023 determined that double foliar treatment of winter wheat plants with the
studied fertilizer complexes on the background of pre-sowing application of calculated dose of
phosphorus fertilizer had a significant effect on the yield of winter wheat. For all experimental
variants, the difference compared to the control exceeds the LSD value of 5.4 c.

The most effective was foliar feeding of winter wheat on leaf with Ruter AA - liquid organo-
mineral fertilizer enriched with chelates and complex of amino acids of plant origin - 42.7 c/ha, which
is 13.5 c or 46% higher than the control variant without fertilizer. Compared to the P120 background,
this variant also showed the advantage of 4.8 c/ha. (table 2).

Table 2. The influence of foliar fertilizing on grain yield of winter wheat, c/ha (harvest 2023).

Yield " Increase

X ield capacity, c/ha

Variants Average /ha %
1 I 111

ntrol — no fertilizers 80 40 40 2

. calculated dose 00 00 70 9 8

0 - I s/o and IV-V s/o 50 30 70 2 0 2

nino turbo - I s/o and IV-V s/o 80 10 20 4 7

ter AA - 1II s/o and IV-V s/o 70 20 10 7 5 2

ohumat - III s/o and IV-V s/o 10 20 60 0 7

Do,os, c/ha

On winter wheat crops, when applying foliar fertilizers on the background of P120 application,
the emission levels of nitrous oxide were at the level of the background variant within 675-679 pg/m3
and slightly exceeded the control. At the same time, the best method of increasing grain yield of
winter wheat with equal amounts of nitrogen emission by other options is foliar treatment with Ruter
AA fertilizer.

The Ruter AA fertilizer had an advantage over foliar feeding with ammonium nitrate at 3.5 c/ha.
A complex of amino acids (Amino turbo) and complex of microelements with humic acids
(Geohumate) had a smaller effect than the use of phosphorus fertilizers and ammonium nitrate, but
were higher than the control variant without fertilizers - 36.4 and 37.0 c/ha, respectively. The positive
effect of foliar treatment of winter wheat crops with humic and amino acids on the background of
basic mineral fertilizer is also evidenced by the data of Lozek, O., 1997, Bardas, M. Et al., 2024; [54,55].

To ensure consistently high soybean yields, it is necessary to improve technology of its
cultivation by using various preparations that have positive effect on plant growth and development.
The specifics of nitrogen nutrition in soybeans remain controversial to this day and depend on
cultivation conditions [56-61].

So, in production, many farmers practice using nitrogen fertilizers for crops, arguing for this
practice by the absence of bacterial preparations for seed treatment before sowing. A solution to this
problem is possible through the use of new fertilizers of organomineral or biological nature, which
contribute to the increase in yield without causing harm to the environment [62,63].

As can be seen from the data in Table 3, double treatment of soybean plants on leaf with the
studied fertilizers had a positive effect on grain yield.
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Table 3. Effect of foliar fertilizing on soybean grain yield on the background of calculated doses of
phosphorus fertilizers, c/ha.
Yield capacity, c/ha Increase,
Variant A ha————
ariants . o verage, c/ha Jha %
Control 33,6 36,5 283 32,8 0
P94 calculated dose 43,2 384 36,7 39,4 6,6 20,1
P94 calculated dose + N30 - III s/o and IV-V s/o 39,6 404 45,3 41,8 90 274

P94 calculated dose + Amino turbo III s/o and IV-Vs/o 44,8 43 42,7 43,5 10,7 32,6
P94 calculated dose +Ruter AA III s/o and IV-V s/o 425 41,6 485 442 11,4 34,8
P94 calculated dose + Geohumat III s/o and IV-V s/o 40,4 48,1 44,2 442 11,4 34,8
LSDo,05, c/ha 6,1

Ha moceBax cou mpu IpuMeHEHMM AUCTOBBIX yA00peHmit Ha (poHe BHeceHms1 P94 pasmeps
SMUCCUM 3aKUCU a30Ta ObLAM Ha ypoBHe (POHOBOIO BapuaHTa (646,6 1g/m®) B mpegeaax 647,7-657,7
pg/m3) mpu 3HaueHuMM Ha KOHTpoae 642,1 pg/md. Ilpm STOM Aydlllee COOTHOIIEHME MeEXKAY
IoKazaTedeM ypOXXafHOCTh ¥ pa3Mephl SMICCHM 3aKUCH a30Ta IIpM  MCIOAB30BaHUU
ouoctuMyaaTopa AmuHo turbo — 43,5 c/ha u 646,7 1g/m? cooTBeTCTBEHHO.

On soybean crops, when applying foliar fertilizers against the background of applying P94, the
amounts of nitrous oxide emission were at the level of the background variant (646.6 pg/m?) within
the range of 647.7-657.7 ug/m?) with a control value of 642.1 pug/m3. At the same time, the best ratio
between the yield indicator and the size of nitrous oxide emissions when using the biostimulator
Amino turbo is 43.5 c¢/ha and 646.7 pg/m?, respectively.

The difference between control variant and application of calculated dose of phosphorus
fertilizers was not very large, but within a significant range - 6.1 c/ha. The most positive effect on
soybean grain yield was done by double foliar feeding with foliar fertilizers - Ruter AA and
Geogumat, where the yield in two variants was 44.2 c/ha. In the variant with the use of complex of
amino acids (Amino turbo), the yield shortfall in comparison with the use of Ruter AA and Geohumat
was 0.7 c/ha. Foliar feeding with ammonium nitrate (N30) provided a slight increase of 2.4 c/ha
compared to the P94 background.

In general, foliar fertilizers on the background of using calculated dose of phosphorus fertilizers
contributed to obtaining the yield of about 42-44 c/ha.

On the background without phosphorus, this value averaged 38 c/ha and foliar fertilizers
significantly exceeded the control, but the yield was lower in comparison with the background of
using P94 (Table 4).

Table 4. Effect of foliar fertilizing on soybean grain yield without applying calculated doses of
phosphorus fertilizers, c/ha.

. Yield capacity, c/ha Increase
Variants I pII Y I Average, c/ha ha %

Control 33,6 36,5 28,3 32,8 0

P94 calculated dose 43,2 38,4 36,7 39,4 6,6 20,1
N30 - III s/o and IV-V s/o 39,5 38,5 39,8 39,3 6,5 19,8
Amino turbo - III s/o and IV-V s/o 38,9 37,1 39,9 38,6 5,8 17,7
Ruter AA -1II s/o and IV-V s/o 38,2 37,8 37,3 37,8 5,0 15,2
Geohumat - III s/o and IV-V s/o 39,5 38,1 37,2 38,3 5,5 16,8
LSDoos, c/ha 3,5

Cultivation of soybeans on natural background made it possible to obtain maximum yield when
using mineral nitrogen - ammonium nitrate on the leaf - 39.3 c/ha at the level with the variant with
application of P94. However, the size of emission here was also maximum. Reduction in greenhouse
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gas emissions is ensured by the use of Geohumat fertilizer - 605.4 pg/m?with yield of 38.3 c/ha, which
is 5.5 c/ha higher than the control.

The yield of the same level in the variant with application of P94 before sowing was formed by
soybean plants after double treatment with ammonium nitrate - 39.3 c/ha.

As can be seen from the data in Table 4, foliar fertilizers without optimizing the level of
phosphorus supply increase grain yield by 5.0-5.8 ¢ compared to the control.

Thus, our data are confirmed by the results of studies on the effectiveness of fertilizers based on
a complex of microelements with amino acids or humic substances, as well as nitrogen fertilizers, in
direct dependence on provision of soil with other nutrients, primarily mobile phosphorus [64,65].

Various biotic and abiotic stresses affect the availability of nutrients, physiological processes in
plants and assimilation capacity of the root system. One of the factors in overcoming these stresses is
mineral fertilizers, which form plant nutrient medium and eliminate the deficiency of nutrients in soil.
The physiological basis of the action of mineral nutrition elements on plant growth, development,
accumulation and outflow of sugars into root crops have been revealed in many works [66-71].

So, there is an opinion that the use of fertilizers leads to the decrease in sugar content and
deterioration in technological quality of root crops while simultaneously increasing crop yields [72,73].

Under these conditions, there is certain interest in studying the effectiveness of foliar fertilizers
on background with optimal and insufficient levels of phosphorus and potassium supply. Foliar
feeding is not a substitute for application of fertilizers in soil to maintain nutrient levels, but it is also
necessary for high root crop yields. According to Kenenbaev S.B. et al., 2017, when cultivating sugar
beets, it is recommended to apply 3 foliar feedings: first treatment with regulators KAS, Novosil
and Gumat should be carried out when the beet leaves are closed in the rows, the second before the
leaves are closed in the rows, the third - before harvesting (20 days before harvesting), which ensures
root crop yield of 50 t/ha [74].

These recommendations are also based on research conducted in England, according to which
“spraying sugar beet tops in June or after disassembling bouquets was as effective as pre-sowing
fertilizer application” [75].

It is important to note that foliar feeding gives plant growers the opportunity to quickly,
bypassing the intermediary role of soil, meet the needs of plants for nutrients.

In our experiments, two feedings were carried out in phases that are critical in the nutrition of
sugar beet plants [76].

The application of the studied types of fertilizers on the leaf on sugar beets ensured the increase
in the yield of root crops to 67.1-77.4 c/ha (Table 5).

Table 5. The influence of foliar fertilizing on the yield of sugar beet root crops on the background of
applying calculated doses of phosphorus-potassium fertilizers, t/ha.

] Yield capacity, c/ha Increase, t/ha
Variants I PII y o Average, t/ha t/ha %
Control 54,4 53,1 56,8 54,8 - -
P84K351 calculated dose 63 63,1 60,8 62,3 7,5 13,7
N30 4-6 leaves and 8 leaves 68,4 66,2 66,8 67,1 12,4 22,4
Amino turbo 4-6 leaves and 8 leaves 80,9 80,9 70,4 77 4 22,6 41,2
Ruter AA 4-6 leaves and 8 leaves 63,4 85,2 70,1 72,9 18,1 33,0
Geohumat 4-6 leaves and 8 leaves 61,1 85,8 67,9 71,6 16,8 30,7
LSDoos, c/ha 10,9

As already noted, in the experiments, the crop with the lowest values for N2O emissions was
sugar beet, and on the background of applying calculated doses of phosphorus-potassium fertilizers,
foliar fertilizing did not have a significant effect on increasing the amount of nitrous oxide emissions
599.5-600.0 pg/m? versus 598.7 pug/m3. In this case, the excess over the control is 45.3-46.5 pg/m?3.

In this experiment, the advantage lies in double treatment of sugar beet leaves with fertilizer
based on the Amino turbo amino acid complex, which ensured yield of 77.4 t/ha with nitrous oxide
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emissions of 600.0 pg/m?3. Foliar feeding Ruter AA and Geohumat were less effective in comparison
with the amino acid complex and the yield was 72.9 and 71.6 t/ha, respectively, but the amount of
nitrogen emission was almost at the same level, 599-600 pg/m?. The application of ammonium nitrate
through the leaf apparatus contributed to the increase in yield in comparison with the control and
background P84K351 by 12.4 and 4.8 t/ha. That is, due to foliar fertilizing, the yield increased in
comparison with the control by average of 17.5 t/ha.

On sugar beet crops without the use of phosphorus-potassium fertilizers, the effect of foliar
fertilizing, with the exception of the variant with ammonium nitrate (N30), was less significant
compared to the background. If on the background the yield of root crops was 62.3 t/ha, then with
mineral nitrogen it increased it only by 0.9 t/ha (Table 6).

Table 6. The influence of foliar fertilizing on the yield of sugar beet root crops on the background
without applying calculated doses of phosphorus-potassium fertilizers, t/ha.

) Yield capacity, c/ha Increase, t/ha
Variants I pII Y I Average, t/ha t/ha %
Control 54,4 53,1 56,8 54,8 - -
P84K351 calculated dose 63 63,1 60,8 62,3 7,5 13,7
N30 4-6 leaves and 8 leaves 63,2 66 60,4 63,2 8,4 15,3
Amino turbo 4-6 leaves and 8 leaves 62,5 62,3 57,9 60,9 6,1 11,1
Ruter AA 4-6 leaves and 8 leaves 60,2 64,8 62,8 62,6 7,8 14,2
Geohumat 4-6 leaves and 8 leaves 62 59 65 62,0 7,2 13,1
LSDo,05, c/ha 4,1

As the data from the studies showed, on the background without phosphorus and potassium
fertilizers, it is possible to obtain yield of about 60-63 t/ha at the level with application of P84K351
with N20O emissions at the level of the control variant without fertilizers - 552.8-556, 4 ug/m3. But here
it should be noted that the best method according to the studied indicators is double treatment with
N30 in the phases of 4-6 and 8 leaves - 63.2 t/ha root crop yield and 552.8 pg/m? nitrous oxide
emissions. Of the organo-mineral fertilizers and biostimulants, the best result was shown by the use
of Ruterr A - 62.6 t/ha and 554.0 pg/m?, respectively.

Foliar treatment with organic-mineral fertilizers on background without the use of fertilizers
ensured yield of 61-62 t/ha. However, in comparison with the control, the increase in yield was
significant in these variants and amounted to average of 7 t/ha.

The increase in the yield of sugar beet roots when applying organomineral fertilizers is
apparently explained by the fact that in addition to containing mineral nutrition elements, these
fertilizers have a stimulating effect on the growth and development of plants, increasing their
resistance to unfavorable growing conditions [77-79].

According to the results of statistical processing of the Fisher criterion Face>Frable (at a0 = 0.05), and
with this value, the probability of accidentally obtaining such F-criterion value does not exceed the
permissible significance level of 5%. Consequently, the obtained value is not accidental, it was formed
under the influence of significant factors, that is, statistical significance of the entire equation and
indicator of the closeness of the connection is confirmed.

4. Conclusions

Our studies have shown that foliar treatments of cultivated crops with mineral and bioorganic
fertilizers increase the content of mineral forms of nitrogen. The size of nitrous oxide emissions is
influenced by crop types and timing of selection. Under winter wheat crops, the autumn accounting
of the initial concentration of nitrous oxide showed value of 440.3 pg/m?, sugar beets and soybeans -
373.7 and 557.7 pg/m3, respectively. In the spring after the first treatment during the growing season
on the leaf, on average for the experimental variants on winter wheat crops, this indicator increased
to 679 pg/m3; sugar beets — 576.8 pg/m?; soybean — 637.2 pg/m3. That is, in agrocenoses under winter
wheat, N20O emissions are higher compared to tilled crops - sugar beets and soybeans.
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In winter wheat crops, increase in the content of mineral forms of nitrogen after foliar fertilizing
with mineral and bioorganic fertilizers on the background of calculated doses of phosphorus
fertilizers increases the size of nitrous oxide emissions from soil with high correlation coefficient.

In sugar beet crops with foliar feeding of control plants, a negative linear correlation was
revealed between the studied indicators, which indicates the absence of convincing evidence of a
significant relationship between the studied variables. Conducting foliar fertilization of sugar beets
on background of phosphorus fertilizers helps to reduce the content of mineral nitrogen in soil and
does not significantly increase the size of nitrous oxide emissions.

In soybean crops, the content of mineral forms of nitrogen after foliar fertilization with nitrogen
and bioorganic fertilizers is directly proportional to the amount of nitrous oxide released from soil.

Double foliar treatment of winter wheat plants with the studied fertilizer complexes had a significant
effect on the yield of winter wheat. The most effective was the foliar fertilizing of winter wheat on the leaf
by Ruter AA - 42.7 c/ha, which is 13.5 ¢ higher than the control variant without fertilizers.

Double foliar fertilization with foliar fertilizers - Ruter AA and Geohumat - had a positive effect
on soybean grain yield - the yield was 44.2 c/ha. In the variant with the use of a complex of amino
acids, the yield was 0.7 c/ha less, but here smaller amounts of nitrous oxide emissions are noted. On
the background without phosphorus, the maximum yield was obtained when using ammonium
nitrate on the leaf - 39.3 c/ha.

Foliar feeding with the studied fertilizers ensured yield of sugar beet roots of up to 67.1-77.4 c/h
on the background of applying the calculated dose of phosphorus and potassium fertilizers. The
advantage here in Amino turbo — the root crop yield is 77.4 t/ha. Cultivation of beets without the use
of mineral phosphorus and potassium with the best effect from foliar fertilizing, as well as on
soybeans, was shown by the variant with treatment with ammonium nitrate in the phases of 4-6 and
8 leaves - 63.2 t/ha. Of the organic-mineral fertilizers and biostimulants, the best result was shown by
the use of Ruter A - 62.6 t/ha.

We believe that agricultural foliar feeding can be a sustainable farming method that can increase
yields and reduce N20 emissions.
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