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Anomauin

Bupowgysannsa eucokux eposicais 3epHa coi @ ymosax nom aKuleHHsA KIiMamy i po3uupeHts mpueaiocmi ecemayiii-
HO20 nepiody Ha 3ax00i Ykpainu 6 ymosax Manozo Ilonicca nompebye yOOCKOHANEHHA cucmeMu y00OperHs yiei 3epHo-
60608601 Ky1EMYPU, 0cO0IUBO azomuumu 0oopusamu. Cos — pociuHa, wo 30amua cumbiomuyto Qikcysamu ammocge-
PHUX a30m, MOMY 003Y8aHHS XIMIYHUX 000pue 05 Hel Mae eenuxe 3navenns. Himpamui oopmu azomy modscyme ineioy-
eamu ymeopeHHsi Oy1b00Y0K HA KOPEHSIX ma No2iputy8amu acumiiayiro azomy 6 xo0i gomocunmesy. Mu docuiounu 06i
Gopmu azomuux 006pué — AMOHIUHY cenimpy ma cyib@am amoHiio 3a IXHb02O 6HecenHsi nepeod cigboro (N30) ma y
nioxcugnenus 6 gazi bymonizayii. [{ns cmabinizayii ymeopeHHs Himpamie y epyHmi 6HOCUIU [Heibimop Himpugikayii
N-Lock™ (nimpanipun) ¢ Hopmi 1,7 n/2a nepeod cieboro. Ineibimop npoodoesicye nepiod eugiibHenusi Himpamié Ha 4-6
MUdICHI6 ma yoe3neuye pociunu 8i0 MOKCUYHO20 6NAUSY HA A30Mm (IKcamopu, yoe3neuye UMUEANHs HIMpPAmis y epyH-
mogi 600U ma 3anodieae 36iMprO8ankI0 ammocghepy 3aKucy asomy — naprukogozo 2azy. Haibinewa epooicaiinicmo coi
ompumana 3a euecents cyavamy amoniro (N30) i nimpanipuny nepeo cieboro 3 nioxcusnenusim (N30) y pasi 6ymoni-
sayii — 3,9 m/ea 3epHa.

Kirouosi ciioBa: cynpdar aMoHiro, aMOHiIHa ceNliTpa, BITyTYBaHHS HITPATIB, 3BITPIOBAHHSA 3aKHUCy N, HITpaIlipHH.

Abstract

The cultivation of high soybean grain yields in the context of climate moderation and the extension of the growing
season in Western Ukraine, specifically in the Male Polissya region, requires the improvement of the fertilization sys-
tem for this legume crop, particularly with nitrogen fertilizers. Soybean is a plant capable of symbiotically fixing at-
mospheric nitrogen, making the dosage of chemical fertilizers highly significant. Nitrate forms of nitrogen can inhibit
the formation of nodules on roots and impair nitrogen assimilation during photosynthesis. We studied two forms of
nitrogen fertilizers — ammonium nitrate and ammonium sulfate, when applied before sowing (N30) and as top dressing
during the budding phase. To stabilize nitrate formation in the soil, the nitrification inhibitor N-Lock™ (nitrapyrin) was
applied at a rate of 1.7 l/ha before sowing. The inhibitor prolongs the nitrate release period by 4-6 weeks, protecting
plants from the toxic effects on nitrogen fixers, preventing nitrate leaching into groundwater, and reducing nitrous
oxide emissions — a greenhouse gas, into the atmosphere. The highest soybean yield was obtained with the application
of ammonium sulfate (N30) and nitrapyrin before sowing, with additional top dressing (N30) during the budding phase
— 3.9 t/ha of grain.

Keywords: ammonium sulfate, ammonium nitrate, nitrate leaching, nitrous oxide emissions, nitrapyrin.

Introduction

As a crop with exceptional consumer and agronomic qualities, soybeans are increasingly attracting the at-
tention of farmers. New early-maturing varieties with improved traits, the northward shift of warmer cli-
mates, and high productive potential have contributed to the introduction of this leguminous plant into the
Male Polissya region of Western Ukraine. To fully utilize these qualities and advantages, experimental in-
formation is needed on how to adapt varieties to different ecological zones. Given the moderate and humid
climate of Male Polissya, soybeans here benefit from an adequate rainfall and temperature regime. In these
conditions, a good mineral nutrition background that is environmentally safe is crucial. Today, farmers are
achieving yields of 2.0-3.0 t/ha of grain without significant expenditures on mineral fertilizers for soybeans,
which partly supply themselves with nitrogen. Plant morphology size, number of pods per plant, and grain
count — positively correlates with grain yield but is closely related to the plant's nitrogen supply.



Research results

Agricultural production in its modern form has largely developed through the exploitation of soils and ex-
erts negative pressure on the environment [1]. However, without chemical inputs and sensible management
of soil resources, it is impossible to provide food for humanity today [2].

Nitrogen is a critical nutrient for the optimal growth and yield of crops [3]. The invention of the Haber-
Bosch process for the production of synthetic nitrogen fertilizer and its role in the "Green Revolution" of the
1960s cannot be overstated. It led to a rapid increase in crop yields worldwide. The annual global demand for
synthetic nitrogen fertilizers continues to grow, driven by population growth and a global shift towards a
protein-rich diet. The estimated global application of nitrogen-containing fertilizers in 2020 was 110 Mt
(IFA, 2019). However, the energy-intensive Haber-Bosch process for producing synthetic nitrogen fertilizers
consumes 2% of the world's fossil fuel energy reserves. This makes synthetic nitrogen fertilizers expensive
to produce and represents a significant cost for grain producers [4], as well as a major challenge for main-
taining high environmental quality.

Despite the importance of achieving high grain crop yields, the issue of large nitrogen fertilizer applica-
tions, particularly against the backdrop of low phosphorus and potassium levels, remains problematic. Ele-
vated nitrogen application rates pose a risk of nitrate leaching through vertical and lateral water flows, which
is particularly relevant for the Male Polissya region, where groundwater is often at a depth of just one meter.
High doses of mineral nitrogen also increase the emission of nitrous oxide [6], a greenhouse gas.

In Western Ukraine, the use of nitrogen stabilizers in the soil is uncommon, and the import of industrial
preparations is unstable. However, the challenge of growing high-yield crops under maximum nitrogen ferti-
lization without nitrogen loss persists [7]. Nitrogen fertilizers play a crucial role in meeting the nutritional
needs of soybeans and are the primary source of nutrients for protein formation and energy conversion. Sta-
tistics show that increased nitrogen fertilizer application has led to more than a 40% increase in global crop
yields [8]. In some countries, from 1980 to 2010, the amount of nitrogen assimilated by crops in agriculture
doubled, while nitrogen fertilizer application tripled. Nitrogen losses from fertilizers applied to the soil are
initially estimated at 35-40% as NH3, with 10% lost as N20O emissions at the second stage, and 15-25% of
NO3- leached in well-moistened soils, such as those in the Male Polissya region.

Therefore, the study of nitrification inhibitors to prevent nitrogen losses has long been relevant and is
considered economically efficient. According to B. Fuchs and N. Baumgartner [7], by slowing down the
conversion of ammonium from fertilizers into nitrate, plants receive the necessary nitrogen supply in line
with their needs for an extended period of 10-15 days. At the same time, the plant adapts to partially ammo-
nium-based nutrition. Nitrification inhibitors are suitable for use on most soil types, making their application
effective for significantly reducing nitrogen losses through various pathways [8].

According to V. Pavlenko [9], a summary of 239 experiments conducted in 25 countries confirms the
positive impact of nitrification inhibitors on nitrogen conversion in the soil and the efficient use of nitrogen
fertilizers. These inhibitors reduce losses through denitrification and nitrate leaching, improve nitrogen nutri-
tion of crops, and increase their yield and product quality.

Nitrapyrin is produced in the form of the N-Lock™ product. The active substance is an organic com-
pound with the formula CICSH3NCCI3. N-Lock™ is a widely used nitrification inhibitor in agriculture. It
acts as a soil bactericide and has been in use since 1974. Nitrapyrin was reviewed by the EPA and was rec-
ognized as safe for use in 2005 [10].

Ukraine has actively engaged in the implementation of the European Council Directive 91/676/EEC of
December 12, 1991, on the protection of waters against pollution caused by nitrates from agricultural sources
[11]. The Directive outlines a series of documents that should serve as guidelines across economic sectors,
including the "Methodology for Determining Nitrate Vulnerable Zones" and the "Code of Good Agricultural
Practices."

In the conditions of the Western Forest-Steppe and Male Polissya regions, there is no experience in apply-
ing mineral fertilization systems for soybeans using nitrogen stabilizers in the soil. Therefore, the issue of
optimizing nitrogen nutrition for plants and preventing the loss of nitrogen compounds from agroecosystems
remains relevant.

The aim of our research in the conditions of the Male Polissya was to investigate the effect of nitrapyrin,
a nitrogen nitrification stabilizer, on the agrochemical properties of the soil, as well as the growth and devel-
opment of soybeans against the background of different forms of mineral fertilizers.



The experiments were conducted on a field designated for experimentation at the "BIK AGRO" farm.
Traditional agronomic methods were used in this study.

The experimental field has a derno-gley loamy soil. Before the experiments were established, the content
of easily hydrolyzable nitrogen, determined by the Kornfield method, was at a medium level. The content of
nitrate nitrogen (Nn) was determined potentiometrically using a nitrate ion-selective electrode in a salt ex-
tract of a 1% solution of alum-potassium alum at a soil-to-solution ratio of 1:2.5. The nitrate content in the
soil, in mg/kg, was found based on the pNO3 value. The intensity of annual nitrous oxide emissions from the
soil (EN20, kg/ha) was calculated using the formula proposed by A. F. Bouwman (1996) as presented in [6].
Nitrate reserves (ZN-NO3, kg/ha) were calculated using the humus reserve calculation formula [6, 12] with
conversion coefficients. The phosphorus content (P205) in the upper 20 cm layer was above average. The
exchangeable potassium content was at a medium level.

The soybean cultivation technology used was traditional: plowing to a depth of 18-20 ¢cm. The Mentor
variety was grown. The nitrification inhibitor N-Lock™ was applied according to the experimental scheme
at a rate of 1.7 1/ha. N-Lock™ — nitrapyrin completely decomposes in the soil [6].

Research conducted during 2022-2023 allowed us to make preliminary conclusions..

Conclusion

Elevated rates of nitrogen fertilizer application (N30 before sowing + N30 as top dressing during the bud-
ding phase) for soybeans, aimed at increasing grain yield, pose a threat of nitrogen loss in the form of nitrate
through vertical leaching with moisture and in gaseous form through nitrous oxide emissions into the atmos-
phere. Both phenomena harm the natural environment by polluting water and saturating the atmosphere with
greenhouse gases.

The use of the nitrogen stabilizer N-Lock™, which acts as a nitrification inhibitor in the soil, significantly
reduces the concentration of nitrate ions in the 0-40 cm soil layer, thereby preventing the leaching of soluble
nitrates into the subsoil and groundwater. The reduction in nitrate ion concentration limits the intensity of
gaseous nitrogen release during the nitrification activity of the soil bacteriocenosis.

With an N30 nitrogen rate in the form of ammonium nitrate without the use of nitrapyrin, soybean yield
was the lowest compared to other nitrogen fertilization options. When using nitrapyrin and ammonium sul-
fate N30, a high yield was achieved, and with additional N30 top dressing, the highest average yield in the
experiment was obtained during 2022-2023.

To achieve a soybean yield of 3.6-3.8 t/ha and maximize the efficiency of nitrogen mineral fertilizers, we
recommend applying N30P60K60 before sowing and N30 during the budding phase, along with the nitrogen
stabilizer nitrapyrin N-Lock™ at a rate of 1.7 I/ha before sowing. Among nitrogen fertilizer forms, ammoni-
um sulfate is preferred over ammonium nitrate.
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