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Abstract. The use of complex microfertilisers on a chelated basis in agricultural
technologies of the main crops is limited due to the lack of clear recommendations on
the norm, methods, and timing of their use in particular production conditions and the
levels of expected yield increase. Based on the rather specific mechanism of action of
drugs, these recommendations are adjusted by investigating the level of reaction of
plants and crops in particular zonal and weather conditions. The purpose of this study
was to establish the reaction of soybean varieties to foliar top-dressing with complex
Vuksal Microplant microfertiliser. Scientific research was conducted according to
the field method during 2019-2021. According to the scheme of the experiment,
the following varieties were investigated: Krynytsia, ES Hladiator, Melodiia,
Korona, Feieriia, Etiud, Sava, Orfei, Everest, which are classified as early-maturing.
The crop was fertilised according to the following variants: N P, K, - N, .P, K, +1
Vuksal Microplant top-dressing and N, P, K, +2 Vuksal Microplant top-dressing.
According to the tasks of experimental studies, the field germination rate of seeds
was identified by calculating the density of plants in the phase of full germination for
all repetitions of the experiment; phenological observations were made in variants
of the experiment using the method of variety testing of agricultural crops; the leaf
surface area was determined according to the clear-cutting method and the yield
was established according to the weight method using direct combining of each
site. Statistical processing of experimental data was performed using the Microsoft
Excel and Statistica 10.0 application software package. A variant of the fertiliser
system was established, which provides a substantial impact on soybean yield and
a variety that formed stable productivity over years with changing weather conditions.
Based on the results of the study, it is recommended to grow the Etiud soybean
variety in production crops with culture fertilisation according to the system of
applying macroelements at the rate of N P, K, and performing two top-dressings
with the Vuksal Microplant complex fertiliser on a chelate basis at the rate of 2 /ha.
The first spraying should be carried out in the phase of 2 ternate leaves (BBCH 13-14),
and the second in the phase of bean formation (BBCH 70-71)
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INTRODUCTION

Normal growth and development and formation of the
soybean grain crop is possible only involving second-
ary fertilising components (Vozhegova et al., 2016).
Studies conducted in various soil and climatic zones of
Ukraine have determined that not all secondary fertil-
ising components and not all soils need to be applied
under agricultural crops (Gamajunova et al., 2021).
Microelements increase the yield of soybean grains,
provided that they are applied on soils that are poor
in fertility and content on the corresponding elements
(Vozhegova et al., 2018).

The relevance of the subject under study lies in
the fact that important achievements in biology over
the past century are proven facts of the need for trace
elements for the active life of plant, animal, and human
bodies. Considerable attention of the scientific commu-
nity around the world is paid to establishing the role of
secondary fertilising components in plant life. Micro-
fertilisers have a positive effect on the processes of
organogenesis of soybean plants.

Scientists confirm that the agrochemical and
physiological role of microfertilisers is multifaceted
(Shevnikov & Shevnikov, 2020). They improve the met-
abolic processes of substances in plants, activate their
synthesising functions and contribute to the optimal
course of physiological and biological processes (Tafij
et al.,2016). They have a positive effect on the process of
chlorophyll synthesis and improve the intensity of pho-
tosynthesis (Kots et al., 2022). The action of secondary
fertilising components contributes to the resistance of
plants to fungal and bacterial diseases (Pospielova et al.,
2021). It affects the increase in tolerance of such unfa-
vourable environmental conditions as lack of produc-
tive moisture in the soil, short-term decrease or increase
in air temperature, and other biotic factors (Gamayunova
et al., 2020). The most effective measures to influence
the productivity of soybean varieties are the protection
of crops from harmful organisms, the use of irrigation,
a balanced fertiliser system, biologics, and regulators.

The purpose of the study was to establish the yield
level of modern soybean varieties depending on the fer-
tiliser system.

To fulfil the stated purpose, the following tasks
were identified:

¢ to calculate the density of plants in the germina-
tion phase and determine the field germination rate of
soybean seeds depending on the variety;

¢ to conduct phenological observations of the onset
of growth and development phases of soybean varieties
and record the duration of the entire vegetation season;

¢ to determine the leaf surface area of soybean
plants depending on the fertiliser system;

» to determine the influence of the properties of
varieties and the fertiliser system on the yield of soybean
seeds.

MATERIALS AND METHODS

Scientific research was conducted during 2019-2021 in
the conditions of the central forest-steppe of Ukraine.
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The object under study was varieties of the
early-maturing group: Krynytsia, ES Hladiator, Melodiia,
Korona, Feieriia, Etiud, Sava, Orfei, Everest.

In the field experiment, the system of fertilisation
of soybean varieties was used according to the following
variants:

1 N15P30K40;
2. NP, K, +1top-dressing with Vuksal Microplant;
3. NP, K, + 2 top-dressings with Vuksal Microplant.

Mineral fertilisers for soybeans were applied in
the norm — NP, K, .. During the main tillage, 30 kg
of active agent/ha of phosphorus and 40 kg of active
agent/ha of potassium were added. For this purpose,
150 kg/ha of physical weight of simple granular super-
phosphate and 100 kg/ha of physical weight of potas-
sium salt were used. During sowing, a seeder applied
15 kg of active agent/ha of full mineral fertiliser in
the form of ammonium nitrate phosphate fertiliser, in
the norm of 100 kg/ha of physical weight of fertiliser.
For foliar top-dressing, Vuksal Microplant was used —
a mineral fertiliser, the components of which are che-
lated complexes (%): N — 5; K,0 — 10; MgO — 3; SO,-13;
B—-0.3;Cu—0.5;Fe—1;Mn—-1.5; Mo —-0.01;Zn - 1.

On the variants where 1 top-dressing was used,
the crops were sprayed with a working solution in the
phase of 2 ternate soybean leaves (BBCH 13-14) with
2 l/ha of Vuksal Microplant.

On the variants where 2 top-dressings were used,
soybean crops were sprayed with a working solution
in the geminate leaf phase (BBCH 13-14) with 2 l/ha
of Vuksal Microplant and in the bean formation phase
(BBCH 70-71) — with the same fertiliser at 2 l/ha.

In total, 27 variants were investigated in the
experiment: nine varieties (Factor A) and three variants of
the fertiliser system (Factor B). The experiment repeata-
bility — three times. Site placement — randomised (Yesh-
chenko et al., 2005). The area of the experimental plot
was 36 m?, accounting area — 25 m?. Soybeans were
sown in the usual drills with a row spacing of 15 cm.
According to the scheme of the experiment, the cultiva-
tion technology in the variants was the same, only the
fertiliser system under study differed.

The main type of soil of the experimental sites is
typical heavy loamy chernozem. Humus content in the
soil at a depth of 0-20 cm was 3.8-4.5%; easily hydrolysed
nitrogen (according to Tiurin) — 8.6-12.2 mg/100 g of
soil; P,0, (according to Chyrykov) — 15.8-20.1 mg/100 g
of soil; K,O (according to Maslova) — 10.3-12.1/100 g of
soil. During the three years of research, weather condi-
tions had deviations compared to the long-term aver-
age. In terms of humidity and temperature conditions,
the best conditions for soybeans were during the grow-
ing season of 2019 and 2021, but the increased air tem-
perature combined with the drought, due to the lack of
precipitation during the second half of July and through-
out August, limited the synthesis of organic matter, which
adversely affected the development of crop productiv-
ity. The worst weather conditions were recorded during
2020, especially the lack of moisture was characteristic.




RESULTS AND DISCUSSION
Scientists have found that upon working to increase the
adaptive potential of soybean varieties, it is possible to
increase the annual collections of vegetable protein and
oil by 10-15% or more (Vozhegova et al., 2019).

Plants use only a fraction of the mineral elements
introduced into the soil (Arbacauskas et al., 2021). Thus,
for most brands of mineral fertilisers, the average utilisa-
tion rates of the active agent range from 40-60% nitro-
gen, phosphorus 10-20%, potassium 20-40% (Taranenko
et al., 2021). Furthermore, the level of nutrient absorp-
tion depends on the structural parameters and qual-
ity of the soil, as well as on the development of the
plant’s root system (Hanhur et al., 2020). According to
the data provided in most reference books (Shepilova
et al., 2021) the formation of one hundredweight of soy-
bean seeds requires 4.5-9.5 kg of nitrogen, 1.5-3 kg of
phosphorus, 3.5-6 kg of potassium. Rather wide limits
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of variation of coefficients indicate the presence of factors
that contribute to or, conversely, reduce the level of
assimilation of soil minerals (Punchyshyn et al., 2019).

One of the first tasks of the study was to establish
the field germination of seeds by counting plants in the
phase of full soybean germination.

According to the results of calculating the num-
ber of plants by variants in the phase of full germination,
it was found that the germination rate of soybean seeds
was influenced by weather conditions of the year and
biological characteristics of varieties (Table 1). Depend-
ing on the conditions of the year, the best field germi-
nation of seeds was in 2019, on average for variants.
Depending on the varieties, the highest density of plants
in the full germination phase was in the Etiud variety.
Field germination of seeds of this variety, on average,
was 91.2%.

Table 1. Field germination rate of soybean seeds, % (2019-2021)

N15P30K4o + N15P50K4o +
Item No. Experiment variants N, P. K, 1 top-dressing with 2 top-dressing with
Vuksal Microplant Vuksal Microplant
1 Krynytsia 75.1 77.8 76.3
2 ES Hladiator 84.3 87.7 85.1
3 Melodiia 82.1 84.5 83.6
4 Korona 85.6 87.1 85.9
5 Feieriia 86.1 87.2 86.5
6 Etiud 90.3 92.5 90.9
7 Sava 80.5 82.6 80.9
8 Orfei 814 83.1 82.3
9 Everest 83.4 85.3 84.1

The duration of the growing season is an indi-
cator that describes the conditions of crop formation
of field crops.

As for the duration of the soybean growing sea-
son, it is not a constant value. It varies for several rea-
sons, primarily the temperature of the soil and air, the
intensity and duration of lighting, the level and nature
of moisturising (Vozhegova et al., 2020). The level of
response depends on the specific features of the geno-
type, dosage, and ratio of these factors (Gamayunova &
Panfilova, 2020).

A critical review of scientific sources on the influ-
ence of abiotic and biotic factors on the duration of soy-
bean vegetation indicates considerable differences in
opinions on their role and place in changing the dura-
tion of vegetation. Thus, M. Galytska et al. (2021) empha-
sise that the intensity of plant organogenesis mainly
depends on the temperature regime of the environment,
and the water regime affects only the duration of certain
interphase periods. Namely, for the following periods:

sowing — germination and flowering — maturation.
The complex influence of factors on the development
of agricultural plants is indicated by O.V. Tryhub et al.
(2020), noting that the duration of each of the phases of
ontogenesis mainly depends on the level of accumula-
tion of organic compounds at apical growth points. The
data on the close correlation between the duration of
the soybean growing season, the intensity and spectral
composition of sunlight are quite convincing (Miladinov
et al., 2020).

According to the results of phenological obser-
vations, it was found that in all variants of the experi-
ment, the longest growing season of soybeans was in
the Melodiia variety (Table 2). The soybean fertiliser
system had differing effects on the formation of vege-
tative and generative organs and the maturation of the
crop in particular. The use of foliar top-dressing with
complex Vuksal Microplant microfertiliser affected the
lengthening of the growing season from 2 to 7 days, on
average, according to the experiment.

Scientific Horizons, 2022, Vol. 25, No. 4
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Table 2. Duration of the growing season of soybean plants, days (2019-2021)

Experiment N15P30K_40 + . N15P30K_4o + .

Item No. variants N.P.oKyo 1 top-dressing with 2 top-dressing with

Vuksal Microplant Vuksal Microplant
1 Krynytsia 110 114 116
2 ES Hladiator 109 112 115
3 Melodiia 110 113 117
4 Korona 108 110 116
5 Feieriia 105 107 108
6 Etiud 101 103 105
7 Sava 109 114 115
8 Orfei 106 108 109
9 Everest 102 105 106

Spraying of crops with Vuksal Microplant micro-
fertiliser twice during the growing season lengthened
the growing season by 3-8 days, compared to variants
where foliar top-dressing of plants was not carried out
at all.

The foliar top-dressing factor had an accumula-
tive effect, which provided a gradual increase in the dif-
ference between the indicators of vegetative develop-
ment of plants from juvenile to generative stages of
soybean organogenesis. The same conclusions were
obtained in the study by S.Y. Kots et al. (2022) but using
other solutions for foliar top-dressing.

A substantial difference between the control and
the experimental variants in terms of leaf surface area
was recorded starting from the “budding” phase. Such
a mechanism of variation in the indicators of vegetative

development of plants, according to the variants of the
experiment using microfertilisers for top-dressing, indi-
cates the physiological reaction of a certain variety,
which expands the agrotechnical possibilities of increas-
ing the photosynthetic apparatus of plants.

The development of the assimilation surface of
soybean plants, within the framework of the experiment,
was influenced by the weather conditions of the year,
the characteristics of the variety and the complex use
of macro- and microfertilisers with different effects on
the physiological and biochemical processes in soybean
plants (Table 3). According to the results of the experi-
ment, the maximum leaf surface area is 0.905 m?/ the
plant was formed in the Etiud variety with the fertiliser
system of culture N P, K, + 2 top-dressings with Vuksal
Microplant.

Table 3. Leaf surface area in the soybean seed filling phase, m*/ plant (2019-2021)

Experiment N“P”K,‘“’ * . N“P“’K_““ * i

Item No. variants N..P..K, 1 top-dressing with 2 top-dressing with

Vuksal Microplant Vuksal Microplant
1 Krynytsia 0.695 0.701 0.713
2 ES Hladiator 0.792 0.794 0.799
3 Melodiia 0.732 0.735 0.738
4 Korona 0.806 0.809 0.845
5 Feieriia 0.85 0.851 0.858
6 Etiud 0.898 0.903 0.905
7 Sava 0.733 0.739 0.751
8 Orfei 0.781 0.784 0.79
9 Everest 0.771 0.788 0.811

The results of phenological observations, meas-
urements and calculations during the field experiment
indicate a fairly high level of reaction of soybean plants
to the use of microfertilisers for foliar top-dressing dur-
ing the growing season of the crop. However, in agronomy,
the effectiveness of the elements of field crop cultivation
technology under study can be analysed only based on
the main indicator, namely the yield of the main products.
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The most favourable weather conditions for the
formation of soybean yields were in 2019. The yield of
varieties differed substantially (Table 4). The maximum
yield of soybean seeds of 3.11 t/ha was obtained from
crops of the Etiud variety on the variant of a combination
of mineral fertilisers application in the norm NP, K,
and two foliar top-dressings with the Vuksal Microplant
complex microfertiliser on a chelated basis.




Milenko et al.

Table 4. Soybean yield depending on the variety and fertiliser system, t/ha (2019-2021)

Experiment N15P3°K,4° * . N15P3°K,4° ¥ .
Item No. variants N..P..K, 1 top-dressing with 2 top-dressing with
Vuksal Microplant Vuksal Microplant
1 Krynytsia 2.19 2.22 2.31
2 ES Hladiator 2.47 2.48 2.58
3 Melodiia 2.45 2.49 2.53
4 Korona 2.69 2.73 2.8
5 Feieriia 2.78 281 2.87
6 Etiud 2.99 3.02 3.11
7 Sava 2.46 2.51 2.59
8 Orfei 2.6 2.62 2.67
9 Everest 2.62 2.64 2.69
Least significant difference . t/ha A ey —0.03;B e — 0.01

According to the results of the studies by Z. Mila-
dinov et al. (2020) it was also found that foliar spraying
with fertiliser solutions had a considerable impact on
soybean yields. And the year factor, namely the availa-
bility of moisture, affected the productivity of the crop
and the effectiveness of top-dressing solutions.

CONCLUSIONS

It is established that production conditions necessitate
the use of several varieties with differing biological
characteristics, ratio to environmental factors, protein
content, oil content, sensitivity to fertilisers, resistance
to diseases, and crop density. It should also be consid-
ered that even in agroclimatic zones, where varieties
can be grown with a longer vegetating season, it is nec-
essary to select genotypes described by different mat-
uration periods. This approach will reduce the impact
of possible adverse abiotic factors (rainy summers, low
air temperatures), simplifying the optimisation of sow-
ing and harvesting terms. Agrotechnical elements of
cultivation technology in modern conditions do not

sufficiently contribute to the realisation of the genetic
potential of modern soybean morphobiotypes in terms
of productivity indicators, which is associated with the
low compliance of agricultural measures with the eco-
logical and biological features of intensive varieties. Pro-
ceeding from this, there is a problem of improving the
elements of cultivation technology to adapt them to the
biological characteristics of soybeans, which contributes
to the maximum use of its yield potential. The most
effective measures to influence the productivity of soy-
bean varieties are the use of a balanced fertiliser system.
Therefore, for the central forest steppe zone of Ukraine,
the authors of this study recommend growing the Etiud
soybean variety using the fertiliser system N, P, K, +
2 top-dressings with Vuksal Microplant, with the norm
of 2 I/ha. The first top-dressing should be carried out in
the phase of 2 trifoliate leaves (BBCH 13-14), the second
in the phase of bean formation (BBCH 70-71).

Prospects for further research lie in the study of the
complex application of elements of technology for growing
soybean varieties of different ripeness groups.
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BnaivB No3aKopeHeBOoro NiAXUBIeHHS Ha BPOXXalHIiCTb COpTiB coi

Onbra MpuropisHa MineHko, Mukona flHaesuu LLlesHikoB, FOnia BonoanmupiHa ConomoH,
AHHa MuxaiiniBHa Pubanbuenko, Hatania CepriisHa Lokano

[MonTaBCbKUIM AepKaBHMI arpapHuUiA yHiBepcuTeT
36003, syn. CkoBopoaM, 1/3, M. MNonTaga, YkpaiHa

AHoTauif. 3acToCyBaHHS KOMMIEKCHMX MiKPOAOOPUMB HA XenaTHiM OCHOBI y arpOTEXHONOTiAX OCHOBHMUX KY/bTYp
obMexeHe Yepes BiACYTHICTb YiTKUX peKOMeHaLil LWoA0 HOPMMU, CNOCcobiB Ta CTPOKIB iX BUKOPUCTAHHS Y KOHKPETHMX
BUMPOBHUYMX YMOBAX i PiBHIB 04iKyBaHOT NpnbaBKkM Bpoxato. Buxoaaum i3 oocmtb cneum@iyHoro MexaHismy aii
npenapaTis, KOPUryBaHHS LMX PEKOMEHAALIN NPOBOAUTLCA LWASXOM BUBYEHHS PiBHSA peakLii pOC/IMH i NOCiBiB
Y LiZIOMY B KOHKPETHUX 30HaNIbHMX Ta NMOTOAHWX YMOBaxX. MeTo AoCnigkeHb Oyno BCTAaHOBUTU peakLiito COPTiB COi Ha
no3akopeHeBe MiJKMBMIEHHS KOMMIEKCHUM MikpofobpueoM Bykcan MikponnaHT. HaykoBi focnif)XeHHs NpoBOAUAM
nonfboBMM MeTooM yrpopoBx 2019-2021 pokis. 3a cxemoto gocnifsy BuBuanu coptu: Kpunuug, EC Tagiatop, Menogis,
KopoHa, ®eepis, ETion, CaBa, Opdeit, EBepecT, ski KnacudikytoTb IK paHHbOCTUII. YLO0OPEHHS KyNbTypy NPOBOAMAM 33
Takumu BapiaHTtamu: N, P, K, =N P, K, +1 nimkusnenHa Bykcan MikponnantTa N P, K, + 2 nimkueneHHs Bykcan
MikponnaHT. 3rigHo 3 3aBAAHHAMW EKCNEePUMEHTANbHUX AOCNIAXEHb OYN10 BU3HAYEHO MObOBY CXOXKICTb HACIHHS,
LUASXOM MiApaxyHKY ryCTOTM POC/IMH Y a3i MOBHMX CXOAIB MO BCiX MOBTOPEHHSX AOCNIAY; NPOBEAEHO (MEHONONiYHI
CNOCTEPEXXEHHS Y BapiaHTax 4OCNIAY 32 METOAMKO COPTOBMMNPOOYBAHHS CiIbCbKOroCnoAapCbKmMx KynbTyp; BU3HA4YEHO
NaOLLY NMMCTKOBOT NOBEPXHI METOAOM KBMCIYOK» Ta BCTAHOB/IEHO PiBEHb YPOXAMHOCTI BAaroBMM MeTo4O0M 32
[LOMOMOrOH NPSMOro KOMBAMHYBaHHSA KOXKHOI AinsHKU. CTaTUCTUUHY 0OpOOKY eKCrnepuMeHTaNbHUX AaHUX NPOBEAEHO 3
BMKOPUCTAHHAM MAKeTy NpuKnasHux nporpam Microsoft Excel i Statistica 10.0. YctaHOBNEeHO BapiaHT cUCTEMU Ya06PEHHS,
o 3abe3neyye iCTOTHUIA BNIMB HA BPOXAMHICTb COi Ta COPT, iKWt (opMyBaB CTabifibHy NPOAYKTUBHICTb MO POKax 3
MiHIMBUMM NOFOAHUMM YMOBAMMU. 33 pe3ynbTaTaMu AOCAIAKEHb PEKOMEHAOBAHO Y BUPOOHMUMX MOCiBaX BUPOLLYBATU
copr coi ETiop, i3 ynobpeHHAM KynbTypu 3a CUCTEMOIO BHECEHHA MakpoeneMeHTiB y HopMi N P, K, Ta npoBeneHHs ABOX
NiKMBNEHb KOMMIEKCHUM LOOPMBOM Ha XenaTHin ocHOBi Bykcan MikponnaHTty HopMi 2 n/ra. MNeplue o6npuckyBaHHS
noTpibHo NpoBoaMTH y dasi 2-x Tpinvactux nuctkis (BBCH 13-14), a npyre y dasi dopmyBaHHs 606i8 (BBCH 70-71)
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