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Efficiency of microfertilizer oracle 2021 according to the effect of microfertilizer Oracle multicomplex (1.5 I/ha)
multicomplex in corn cultivation applied foliarly during the development phases of plants of the mid-early hybrid
technology. Scientific Horizons, Orzhitsa 237 MB (VVSN 13-15,VVSN 16-18,VVSN 59) against the background
24(12),25-31. of mineral nutrition - N, P, K, . It has been established that on gray forest
surface-gley soils of the Western Forest-Steppe zone, a high grain yield of the
mid-early corn hybrid (FAO 200-299) of the Orzhitsa 237 MV ripeness group
was provided both by favorable weather conditions and by the influence of
the Oracle multicomplex. Foliar application of the Oracle multicomplex
microfertilizer in the phase BBCH 13-15 (3-5 leaves) increased the yield increase
versus control (without micronutrient fertilization) by 0.82 t/ha, by meeting
the needs of plants of this period in available forms of phosphorus, nitrogen,
zinc, when panicle axes were laid on the tops of the shoots, and lateral apical
meristems (future cobs) formed in the leaf axils. The highest yield by 1.19 t/ha
was obtained with foliar application of micronutrient fertilizer in the phase
of 6-8 leaves (VVSN 16-18). In this phase, panicle flowers, pollen grains in
the stamens, the number of ears and grains in a row were laid, therefore, the
content of S, Ca, Mg, Mn, Zn in the fertilizer positively influenced the formation
of the reproductive organs of maize plants.Under the influence of micronutrient
fertility introduced into the phase of full panic appearance (VVSN 59),blooming
and pollution of maize effectively taken place, which ensured an increase in
grainyield - 1.27 t/ha. The difference in this indicator between the VVSN 16-18
and VVSN 59 phases was unreliable (0.09 t/ha). Balanced nutrition of plants
with macroelements (N, P, K., with a gradual introduction of nitrogen) and
micro — Mn, Cu, Zn, Fe, Co, S, Mo contributed to the formation of a 55-59 g
higher weight of 1000 grains. The total yield of the coarse and medium grain
fractions was 91.5-92.1%, the fine one decreased by 30.6%
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INTRODUCTION

The modern strategy for the development of the agro-in-
dustrial complex of Ukraine is characterised by high
knowledge intensity, in which the stabilisation of grain
production, while improving the agrotechnological process
of cultivation, is of great importance [1; 2]. Intensive
cultivation technologies are based on the widespread
use of mineral fertilizers and pesticides, but their un-
controlled use is economically unjustified and environ-
mentally dangerous. Therefore, the search for alterna-
tive means of influencing the development of yield and
product quality has been gaining more and more attention
of researchers in recent years. Promising in this direction
may be the introduction of microfertilizers into production,
which in low doses can increase the potential of biological
productivity of plants within the normal range of the
genotype response, enhance their adaptive ability to
environmental stress factors [3; 4].

Conditioned upon dynamic changes in environmen-
tal and technological situations and to reduce the pres-
sure of environmental stressors on plant agrocenoses,
including with great opportunities to use the achieve-
ments of domestic breeding, the need for systematic
changes in cultivated hybrids in the direction of their
greater adaptation to local conditions, ensuring a higher
level of yield (10-15 t/ha) and stability over the years,
preserving material resources, reducing the use of plant
protection products and their impact on the environment
and increasing the share of use of natural sources, in
particular weather factors and soil nutrients [5-7].

Weather conditions in the Western forest-steppe
zone have changed in the direction of warming in recent
years. A higher sum of effective temperatures and sufficient
moisture supply contribute to the cultivation of niche crops,
in particular hybrids of early-maturing corn (FAO 150-199)
and medium-early (FAO 200-299) ripeness groups, but low
natural soil fertility does not always allow you to get a
programmed crop. It is important to observe effective
agricultural measures in the cultivation technology, of which
the plant nutrition system accounts for up to 50% [8-10].

The basis of such technologies is optimisation of
the level of nitrogen nutrition due to differential applica-
tion by stages of organogenesis against the background
of sufficient supply of phosphorus and potassium in com-
bination with microfertilizers, growth stimulants, and re-
tardant protection. Of particular importance is the use of
microfertilizers in cases where the cultivation technolo-
gy does not correspond to the genetic capabilities of the
hybrid to ensure a sufficient degree of reliability and pro-
tection of the genotype from the adverse effects of biotic
and abiotic environmental factors, which does not allow
us to fully realise the potential capabilities of plants.
The role of microfertilizers is to activate physiological
processes in the plant, which is positively manifested in
ensuring the maximum biological yield [11; 12].

Effect of trace elements on growth the develop-
ment, quantitative and qualitative productivity of crops
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depends on the presence in the soil, which in turn is ex-
plained by factors of soil formation and determine the
processes of solubility and precipitation of substances,
migration, accumulation and redistribution in the soil
profile. The most important are six trace elements-B,
Mn, Cu, Zn, Co, Mo, which make up 0.01-0.001% per dry
substance. However, plants absorb a small amount of
them from the soil and only those that are in a mobile,
easily accessible form, and inaccessible gross reserves
can only be available after undergoing complex micro-
biological processes involving humic acids and root secre-
tions. Therefore, the gross content of soil trace elements
does not reflect the real picture of plant availability, and
in the form of inorganic salts, they are available in very
small quantities and mainly on acidic soils, only Molybde-
num is absorbed by plants on slightly alkaline soils [13-15].

Today, production is offered a number of microfer-
tilizers that stimulate seed germination, regulate growth
processes, increase resistance to diseases, reduce crop
losses, but the effectiveness of their action is different
and this requires scientific justification and practical
recommendations [16-18]. The natural soil fertility of
the Western forest — steppe is estimated at 38 points,
while the average for Ukraine is 55, that is, low, which
provides 1.5-1.8 t/ha of grain products. Therefore, op-
timisation of corn plant nutrition elements at the ex-
pense of basic and additional nutrition is an extremely
urgent issue that requires appropriate justification for
the conditions of the region.

Research purpose it consisted in establishing the
effectiveness of the use of microfertilizer Oracle multi-
complex, introduced foliar in different phases of devel-
opment on the productivity of corn in the soil and cli-
matic conditions of the Western forest-steppe of Ukraine.

MATERIALS AND METHODS

The experiments were laid down in the crop rotation of
the Department of seed production and seed studies of
the Institute of Agriculture of the Carpathian region of
the National Academy of Sciences. The object of research
was a medium - early hybrid of corn - Orzhitsa 237 MV
(originator-state institution Institute of grain crops of
the National Academy of Sciences, Dnipro) and complex
universal microfertilizer - Oracle multicomplex (manu-
facturer - “Dolyna”). The application rate is 1.5 l/ha. The
composition of microfertilizers includes the main ele-
ments of nutrition (NPK) and trace elements: Mn, Cu, Zn,
Fe, Co, S, Mo, B, which are in chelated form. As a chelat-
ing agent, ethidronic acid (HEDP) is used, which is able
to form highly resistant chelates with metals, and when
it decomposes, compounds that are easily digestible by
plants are formed. The total area of the sown area is 60 m2,
accounting - 50 m2 The repetition is threefold, and the
placement of options is systematic.

Agrotechnics of growing corn included its prede-
cessor — winter rapeseed, the sowing period is optimal




(I decade of May), the seeding rate is 70 thousand similar
to s./ha. Mineral nutrition background - N, P, K . Fun-
gicidal mordant-Avicenna (0.5 l/t, d.r. - tebuconazole,
50 g/l + prochlorase, 250 g/l + cresoxime-methyl, 50 g/l).
Herbicide-Adengo (0.5 I/ha, d.r. - isokzaflutol, 225 g/l +
thiencarbazone-methyl, 90 g/l + ciprosulfamide, 150 g/l).
Insecticide: salvo (1.2 l/ha, d.r. - chlorpyrifos, 500 g/l +
cypermethrin, 50 g/l).

With the help of biometric and morphological
diagnostics and phenological observations, changes in
plant growth and development associated with the for-
mation of organs - leaves, stems, cob (method of State
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Variety testing of agricultural crops, 2001) were estab-
lished [19]. Crop accounting was carried out by direct
combining of experimental sites, followed by weighing
and recalculating the obtained data for standard grain
humidity. Statistical data processing - by the method
of variance analysis (Excel, Statistica 6.0) according to
B.O. Dospekhov [20].

RESULTS AND DISCUSSION

Complex universal microfertilizer, when applied foliar,
had a positive effect on the growth and development of
corn, as can be seen from Figure 1.

Figure 1. General view of corn sowing for the introduction of microfertilizers Oracle multicomplex

Sources: photo provided by the authors of the article

Investigating the level of directed regulation of
physiological processes in the plant body under the in-
fluence of the proposed nutrition system, which included
microfertilizer Oracle multicomplex at a rate of 1.5 I/ha

and the level of mineral nutrition N . P, K, with the
gradual introduction of nitrogen in the phases of VVSN
13-15; 16-18; 59, the authors established reliable increases

inthe grainyield of the orzhitsa hybrid of 237 MV (Fig.2).
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Figure 2. Corn grain yield depending on foliar application of microfertilizer Oracle multicomplex (2019-2021), t/ha

Note: 1 - without micronutrient fertilization (control), 2 -

BBCH 13-15 (3-5 leaves), 3 - BBCH 16-18 (6-8 leaves),

4 - BBCH 59 (full appearance of the panicle). Hybrid corn - Orzhitsa 237 MV, mineral nutrition background - N__ P, K

It was found that the level of grain yield of the hybrid
significantly varied over the years of research. The highest
grain yield was obtained in favorable weather condi-
tions in 2019. In the control (without microfertilizers),

150" 90" "90

this indicator was 7.66 t/ha and increased to 9.06 t/ha
during the VVSN 59 application phase (complete panicle
appearance). The lowest yield was recorded in 2020 -
7.24-8.43 t/ha. The average yield in the control (without
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microfertilizers) was 7.44 t/ha when applied to the
VVSN 13-15 phase (3-5 leaves) significantly increased
by 0.82 t/ha (Nir,,.=0.17-0.30). It was in this phase
that the formation of vegetative parts of the stem was
completed, panicle axes were laid at the top of the
shoot, and lateral apical meristems (future heads) were
formed in the leaf axils. Microfertilizer, providing the
need for available forms of phosphorus, nitrogen, and
zinc during this period, had a positive effect on plant
productivity.

Large increases in control were obtained with
foliar application of Oracle multicomplex in the phase
of VVSN 16-18 (6-8 leaves) - 1.19 t/ha. This phase co-
incides with differentiation of panicle flowers, the for-
mation of pollen grains in stamens, cobs and grains in a
row, so providing an optimal level of mineral nutrition
and trace elements: S, Ca, Mg, Mn, Zn was extremely
effective. Later, foliar application of microfertilizers in
the VVSN 59 phase (complete appearance of panicles),
when the growth of staminate filaments in the panicle,
ovary columns of the ear, the formation of germ sacs

took place, weather factors and microelements were
greatly influenced, which affected photosynthetic pro-
ductivity (Mg, Mn), water consumption (Zn), fertility (B).
Under their influence, corn was effectively blooming and
pollinated, so the increase in grain yield was 1.27 t/ha. The
difference in this indicator between the VVSN 16-18 and
VVSN 59 phases was unreliable (0.09 t/ha).

A balanced level of nutrition of corn plants with
macro- and microelements contributed to the formation
of a high mass of 1000 grains (Fig. 3). This indicator is
genetically determined, but it can change under the influence
of weather conditions, research years and microfertilizer
application phases.In the experiments conducted by the
authors, the mass of 1000 grains in 2019 was in the range
of 356 g (control - without microfertilizers) - 421 g for
introduction into the VVSN 59 phase (complete ap-
pearance of panicles). Compared to the control variant,
significant gains were: 39-65 g (2019), 35-55 g (2020)
and 41-58 g (2021) for NIR ,=16, 10, 11 g. The average
mass index ranged from 346 to 405 g, with a difference
between 39-59 g.
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Figure 3. Weight of 1000 corn grains depending on foliar application
of microfertilizer Oracle multicomplex (2019-2021), g
Note: 1 - without micronutrient fertilization (control), 2 - BBCH 13-15 (3-5 leaves), 3 - BBCH 16-18 (6-8 leaves),

4 - BBCH 59 (full appearance of the panicle). Hybrid corn - Orzhitsa 237 MV, mineral nutrition background

When determining the yield of grain fractions:
large (9-10 mm), medium (7-8 mm), and small (5-6 mm),
it was found that in the control, the average for years of

-N, P, K
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research, the yield of small fractions was 38.5%, medium -
44.1%, large - 17.4% (Table 1).

Table 1. Fractional composition of corn grain depending on foliar application
of microfertilizer Oracle multicomplex (2019-2021), mm

Year
Average
2019 2020 2021

s ) — s ) — s ) — s ) _
Microfertilizer application phases 8. = 0 3. = N 3| = 0 3. = 0
L) o < ) o < ) o < 3 o <
o -4 = o 2 = o 2 = o 2 =
S § £ 2 § £ ©2 § £ ©2 § &
a Z v a Z v 4 Z v 3 Z w
Without microfertilizer (control) 181 36.6 453 171 425 404 162 454 384 174 441 385
VVSN 13-15 (3-5 sheets) 315 482 203 298 447 255 263 501 236 292 477 231
VVSN 16-18 (6-8 sheets) 390 561 49 343 555 10.2 320 593 8.7 351 570 7.9
VVSN 59 (full appearance of panicles) 36.8 554 7.8 335 574 91 318 596 86 340 575 8.5

Note: hybrid corn - Orzhitsa 237 MV, mineral nutrition background - N, P, K.,
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Foliar application of Oracle multicomplex micro-
fertilizer in the VVSN 13-15 phase (3-5 maize leaves)
affected the redistribution of these fractions in the di-
rection of increasing large (29.2%) and medium (47.7%)
and decreasing small (23.1%). The highest total yield
of large and medium grain fractions (92.1%) and the
smallest small (7.9%) was obtained from the introduction
of microfertilizers in the VVSN 16-18 phase (6-8 leaves),
for the introduction of VVSN 59 phase (complete ap-
pearance of panicles), respectively - 91.5 and 8.5%.

The data obtained by US confirm the scientific
publications of a number of scientists around the world
that depending on the need of corn plants for certain
elements of nutrition that are insufficient in soil types,
with different systems of basic mineral nutrition and
the direction of corn use, the increase in grain yield and
quality is significant [21; 22]. Thus, Polish researchers
have determined that when higher potassium standards
areappliedto corn,the content of zinc (Zn) in the soil,and
especially nickel (Ni), increases, and when nitrogen is
applied, the content of manganese (Mn), chromium (Cr),
nickel (Ni) and cadmium (Cd) increases, and lead (Pb)
decreases [23]. In the soil and climatic conditions of
Belarus, the best fertilizer system for growing corn for
silage is organomineral with foliar use of zinc-containing
microfertilizers [24]. According to studies conducted in
the southern agricultural zone of the Amur region in the
experimental field of the Far Eastern State agrarian uni-
versity, it was found that foliar application of microfer-
tilizers has a more effective effect on the accumulation
of dry matter in corn than seed treatment. The greatest
effect was shown by the variant with the use of cobalt
in seed treatment and spraying of plants [25]. In southern
Bulgaria, foliar application of Microfertilizer Amalgerol
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in the 4-6-leaf phase against the background of mineral
nutrition of plants (200 kg/ha DW) contributed to an
increase in corn grain yield by 31% [26].

Our research on the high efficiency of foliar feeding
with micronutrients in easily accessible form, in particular
with the balanced microfertilizer Oracle multicomplex,
confirms the scientific developments of the Ternopil State
Agricultural Experimental Station of Institute of Feed
Research and Agriculture of Podillya [27].

CONCLUSIONS

Based on the obtained three-year data, it can be stated
that in the conditions of the Western forest-steppe, on
Gray forest surface-ogled soils, for a combination of the
main mineral nutrition of plants in the norm of N, P, K.,
with the gradual introduction of nitrogen and additional
foliar top dressing of plants with microfertilizer Oracle
multicomplex at a rate of 1.5 l/ha in the phase of VVSN
16-18 and VVSN 59, the realization of the genetic po-
tential of the medium - early hybrid Orzhitsa 237 MV was
the highest - 8.63-8.72 t/ha.

The highest grain yield was obtained in favorable
weather conditions in 2019 - 7.66-9.06 t/ha, and the
lowest in 2020 - 7.24-8.43 t/ha.The average yield in the
control (excluding microfertilizers) was 7.44 and was
significantly higher by 0.82-1.28 t/ha when applying
microfertilizers. Providing the need of plants for available
forms of nutrients by development phases, microfertilizer
had a positive effect on the formation of generative organs.

When microfertilizers were applied in the VVSN 16-
18 and VVSN 59 phases, the mass of 1000 grains increased
by 55-59 G, the total yield of large and medium grain
fractions was 91.5-92.1%, and small ones decreased by
30.6%.
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EdeKTUBHICTb Mikpoao6puBa opaKy/ MylIbTUKOMIMNEKC
B TeXHOJIOrii BUPOLLYyBaHHS KYKYpPyA3u

Mupocnae OnekcaHaposuu lNMawak, OnekcaHapa MNetpisHa Bonowyk,
Irop CrenaHoBuy Bonolyk, BanentuHa BiktopiBHa [uBa

IHCTUTYT cinbcbkoro rocnogapcrea Kapnartcokoro periony HAAH
81115, Byn. [pywescbkoro, 5, c. O6powunHe, JlbBiBCbKa 061., YKpaiHa

AHoTaujifl. 33 OCTaHHi pOKM 06CArM 3aCTOCYBAHHSA BCiX BUAIB AOOPMB Pi3KO 3MEHLIMAMCA, LLO HEFAaTUBHO NMO3HAYMIOCA
Ha CTaHi arpoekocucTeMu Ti CTIMKOCTI | CTaNOCTi, TOMY Ha[i3BMYANHO BAXIMBUM € NOMOBHEHHS €IEMEHTIB XMBIEHHS,
30KpeMa MikpoeneMeHTiB Ans 36epexeHHs cTabinbHOCTi ypoxaiB. Bce Binbluoi yBarn HaykoBLiB i BUPOOHWYHMKIB
3aCNYroBYE MUTAHHS 3aCTOCYBaHHS MIKPOAOOPMB Y CUCTEMI XMBJIEHHS POCAMH, SIK BaXK/IMBUI €NeMEHT TeXHONOrii
BMPOLLYBaHHS KynbTyp. OcoB11BO BaXK/IMBUM € BUBYEHHS Pi3HUX (DOPM, BUAIB | CTPOKIB iX BHECEHHS.Y CTaTTi HaBeAEeHO
pe3ynbTatv gocnigxkerb 3a 2019-2021 pp. 3 BnMBY Mikponobprea opakyn mynstrukomnnekc (1,5 n/ra), BHeceHoro
no3akopeHeBo Yy Ga3n po3BUTKY POCIUH CepefHbopaHHboro ribpuay Opxumus 237 MB (BBCH 13-15, BBCH 16-18,
BBCH 59) Ha doHi MiHepanbHoro sxuenenHs — N, Po K, BCTaHOBNEHO, WO Ha CipuX ICOBMX MOBEPXHEBO-OMEEHNUX
rpyHTax 30HM 3axigHoro Jlicocteny, BUCOKMI ypoXKal 3epHOBOI NPOAYKTUBHOCTI Fibpuay KyKypya3u cepelHbOpaHHbOI
(PAO 200-299) rpynu cturnocti Opxuus 237 MB, 6yB 3abe3neyeHnii gk CNpUSTAMBUMU NOTOAHMMM YMOBaMU B
pPOKM [0CNigKeHb, TaK | ePeKTUBHICTIO NUCTKOBOI 06pobKM MOCiBiB MiKpOLOOPUMBOM OpaKyl My/bTUKOMMAEKC.
Mo3akopeHeBe BHeceHHs Mikpopobpuea Opakyn Mynbtukomnnekc y dpasy BBCH 13-15 (3-5 nuctkm) 36inbluyBano
NPpUPICT ypoXKanHOCTI [0 KOHTposto (6e3 Mikponobpuea) 0,82 1/ra, 3a paxyHok 3abe3neyeHHs NoTpebu pocanH Lboro
nepiogy B AoCTynHux Gopmax docdhopy, a3oTy, UMHKY, KOAM HA BepXiBKax NaroHiB 3aknafanucs oci BOMOTI, a B
nasyxax JIMCTKiB YTBOPOBaNUCh GiYHi anikanbHi MepuctemMu (ManbyTHI KavaHw). Buiy ypoxkaiiHictb Ha 1,19 1/ra 6yno
OTPMMAHO 32 NO33aKOPEHEBOI0 BHECEHHS MikpoaobpwmBa B a3y 6-8 nuctkis (BBCH 16-18).Y uin dasi 3aknaganucs
KBITKM BOMOTI, MUIKOBI 3epHa B TUMMHKAX, KiNIbKiCTb Ka4aHIB i 3epeH B paay, TOMy BMicT y 8obpumsi S, Ca, Mg, Mn, Zn
MO3WTUBHO BMNAMBaB Ha GOPMYBAHHS PenpoAyKTUBHWUX OPraHiB pociauH Kykypya3su. ig BNAvMBoM MikpoaobpuBsa,
BHeceHoro y ¢asy noBHoi nossu BonoTi (BBCH 59), edpekTnBHO Npoxoamno UBITIHHA Ta 3anuMAeHHs KYKYpYA3u, Wo
3abe3neymnno npupict ypoxanHocTi 3epHa - 1,27 1/ra. HegoctosipHoto (0,09 1/ra) 6yna pisHuUS 33 AaHUM MOKA3HUKOM
Mix ¢paszamm BBCH 16-18 i BBCH 59. 36anaHcoBaHe xuBneHHa pocimH Makpoenementamu (N, P, Ko 3 noetanHum
BHECEHHAM a30Ty) i Mikpo- — Mn, Cu, Zn, Fe, Co, S, Mo cnpuano dopmyBaHH0 BUWOi Ha 55-59 r macu 1000 3epeH.
CyMapHuii BUXif KpYMHOI | cepeaHboi dpakuiit 3epHa cknagae 91,5-92,1 %, npibHoi 3mMeHwyBaBcs Ha 30,6 %

Kntouosi cnoga: riopua, ®AO, rpyna cTurnocTi, ypoxarHictb, Maca 1000 3epeH, ppakuiiHui cknag,
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