SCIENTIFIC HORIZONS [es

SCIENTIFIC

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 26(4), 97-107

UDC631.816.11
DOI: 10.48077/scihor4.2023.97

The effect of the application of liquid complex fertilizers and mixtures based on
them on the productivity of corn in the conditions of the Western Polissia

Sergiy Veremeenko
Doctor of Agricultural Sciences, Professor
National University of Water and Environmental Engineering
33027,11 Soborna Str., Rivne, Ukraine
https://orcid.org/0000-0003-4513-0733
Oleg Furmanets’

Candidate of Agricultural Sciences, Associate Professor
National University of Water and Environmental Engineering
33027,11 Soborna Str., Rivne, Ukraine
https://orcid.org/0000-0003-0082-7895
Nataliia Vozniuk
Candidate of Agricultural Sciences, Associate Professor
National University of Water and Environmental Engineering
33027,11 Soborna Str., Rivne, Ukraine
https://orcid.org/0000-0001-9947-4027
Oksana Oliinyk
Candidate of Agricultural Sciences, Associate Professor
National University of Water and Environmental Engineering
33027,11 Soborna Str., Rivne, Ukraine
https://orcid.org/0000-0002-0796-6022

Article’s History: Abstract. The issues of optimising the phosphorous nutrition of corn are
Received: 1.02.2023 becoming increasingly relevant due to trends in the increasing cost of
Revised: 21.03.2023 mineral fertilisers and meteorological risks in the post-sowing period. The
Accepted: 7.04.2023 purpose of the study is to determine the economic efficiency of liquid complex

fertilisers applied during corn sowing as the main source of phosphorus and
Suggested Citation: as an additional element in the nutrition system. A field experiment was

Veremeenko, S., Furmanets, O., performed, which included options for applying LCF, separate application of
Vozniuk, N., & Oliinyk, O. (2023).  granular mineral fertiliser, joint use of LCF and granular fertiliser, and tank
The effect of the application of  mixtures of LCF with zinc and a bacterial product based on Pseudomonas
liquid complex fertilizers and  fluorenses to implement the set tasks. It was identified that the use of LCF in
mixtures based on them on  sowing contributes to a better supply of young plants with phosphorus, and,
the productivity of corn in the  asaresult,to the development of a more productive cob. Therewith, the use
conditions of the Western Polissia. ~ of LCF exclusively as a food source in doses up to 50-60 L/ha does not allow
Scientific Horizons, 26(4), 97-107. for realising the inherent potential and leads to a lack of grains from the cob
compared with the option with full nutrition. The highest yield was obtained
in the version using granular fertiliser and 60 litres of liquid complex fertiliser
mixed with a bacterial preparation, while the yield increase relative to the
version without granular fertiliser was 32% (2.8 t/ha). Separate application

Copyright © The Author(s). This is an open access article distributed under the terms of the
~ Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

*Corresponding author



The effect of the application of liquid complex fertilizers and mixtures...

of liquid complex fertiliser under no circumstances provided a result comparable to the application of granular
fertiliser, but the addition of 25 L/ha of LCF to the main application of granular fertiliser allowed obtaining a yield
increase of 1.3 t/ha. The results obtained prove the high efficiency of the liquid form of starter fertiliser when
applied on light granulometric soils and should be considered when planning resource-saving technology for
growing corn in an area with a high degree of meteorological risks

Keywords: grain quality indicators; local application; resource-saving technologies; efficiency of phosphorous

fertilisers; bacterial preparations

INTRODUCTION

Rational management of crop production in modern
conditions involves not only meeting the conditions
of environmental safety and soil conservation but also
considering dynamically changing economic conditions.
An important component of ensuring the economic
efficiency of corn cultivation is the construction of a
proper nutrition system, which should be based on the
calculation of the removal of nutrients by the planned
crop, the distribution of the total need for mineral ele-
ments for individual stages of vegetation, and consider
the specific features of soil, climatic conditions, and the
level of technological equipment of the manufacturer.

The need for applied studies in the area of opti-
mising mineral nutrition is due, in particular, to in-
creasing climate changes, which are more contrasting
in the Western Polesia zone than the national average
(Veremeenko et al., 2021), which is a prerequisite for re-
thinking agronomic risks and forming a holistic strategy
for production adaptation (Baliuk et al., 2018, Volkogon
et al., 2019; Trofymenko et al., 2019).

According to previous studies (Kalenska et al., 2018),
reduced doses of mineral fertilisers do not ensure the
formation of the maximum yield, and the use of high
ones leads to a decrease in their profitability. There-
with, in years with unfavourable meteorological condi-
tions, it is even possible to reduce the yield and worsen
its biological quality due to an increase in the total salt
concentration in the soil solution (Kohan et al., 2019).

It is the phosphate regimen of the soil and the plan-
ning of the most efficient phosphorus nutrition that is
the subject under study by leading researchers around
the world (Nosko, 2017; Kratz et al, 2019; Brod et al.,
2022). ). Zhu states that phosphorus is one of the ma-
cronutrients that limit crop productivity the most and
phosphorus deficiency is common in agricultural soils
around the world (Zhu & Min, 2018). Despite the long-
term use of phosphorous fertilisers to increase yields,
the availability of phosphorus is often low due to the
high affinity of phosphate for the solid phase of the soil,
which notonlyreduces the effectiveness of fertilisers but
also leads to a number of environmental problems (Tian
etal,2017;Koch etal, 2018; Hospodarenko et al., 2022).

Sod-podzolic soils, having a typically acidic reac-
tion of the soil solution and sandy-loamy granulometric
composition, are simultaneously exposed to the risks of
washing (Li et al., 2022; Raguet et al., 2023) and blocking
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phosphorus in an unfavourable pH environment (Barrow,
2017). Therewith, the studies by researchers from North
Carolina (Gatiboni et al, 2020) show that the use of
starter phosphorous fertilisers on poor soils has a good
economic effect. Substantially higher (in comparison
with conventional mineral forms) is the efficiency of or-
ganic forms of phosphorous fertilisers (Gronberg et al.,
2017; Lietal, 2020;Jin et al.,, 2023), however, the volume
of such raw materials in the modern realities of the eco-
nomic complex of Ukraine is extremely insufficient.

Plants absorb the maximum amount of phosphorus
during grain formation, but the critical period of phospho-
rus nutrition for grain crops begins two weeks after sow-
ing in the 3-4-leaf phase. Lack of phosphorus during this
period affects the development of the root system, wors-
ens the formation of reproductive organs (Liu et al,, 2022).

The efficiency and practical feasibility of using lig-
uid forms of mineral (in particular, phosphorous) fertil-
isers are justified by numerous studies (Harahap et al,,
2019; Drazic et al., 2020).

According to M. Battisti et al. (2022), the use of start-
ing phosphorous fertiliser contributes to a faster passage
of phenological phases of development, substantially
increasing the yield of corn and the quality of its grain.

The efficiency of applying phosphorous fertilisers for
corn, as a rule, is lower than nitrogen fertilisers and sub-
stantially depends on the level of mobile phosphates in
the soil. Therewith, the synergistic effect of the level of
nitrogen supply on the absorption of phosphorus by corn
plants (Battisti et al.,, 2022). Similar results were obtained
in studies by DJ. Quinn et al. (2020), according to which,
the full formation of the productive corn crop is impos-
sible either under the condition of a separate high phos-
phorous background or nitrogen, but only in the case of
joint provision of availability levels of both.

The studies by Q. Zeng et al. (2022) prove that un-
der the conditions of systematic application of phos-
phorous fertilisers, the activity of soil phosphorus-mo-
bilising biota is suppressed, which increases the risk
of accumulation of hard-to-reach phosphates even in
poor soils. This creates prerequisites for the effective
use of bacterial strains for the targeted mobilisation of
blocked forms of phosphorus in the soil.

B-G.Yu et al. (2022) concluded that the use of even
a small amount of phosphorous fertilisers (25 kg of
P,0,) can substantially increase the yield and quality




of corn grain, while a further increase in phosphorus
nutrition does not lead to positive changes. The author
noted that the use of phosphorous fertilisers increases
zinc deficiency, especially in soils with its low supply.
Based on this, on the sod-podzolic soils of Polesia,
there is a high probability of a positive reaction of corn
to its application, in particular, as part of liquid complex
fertilisers during sowing.

Therewith, the comparative effectiveness of a unit
of the active substance of phosphorus when it is ap-
plied in various forms (granular, liquid), in particular, on
light soils with a granulometric composition, which are
characterised by a low content of available nutrients,
remains unexplored.

The purpose of the study consisted in the assess-
ment of the effectiveness of the application of liquid
complex fertiliser as the main source of phosphorous
nutrition and an additional component in the corn nu-
trition system during sowing. The tasks included con-
ducting a comparative analysis of the economic effi-
ciency of various doses of liquid Complex Fertiliser of
the 5-20-5 composition in comparison with a separate
application of granular complex fertiliser and deter-
mining the combined efficiency of applying granular
and liquid forms of fertilisers.

MATERIALS AND METHODS

The study programme was conducted on the territory
of the Rivne region (Western Polesia of Ukraine) within
the production branch of the Department of Agrochem-
istry, Soil Science, and Agriculture of the National Uni-
versity of Water and Environment Engineering during
2020-2022. Plot location: 50.998433, 26.563218. Be-
fore laying the experimental site, three soil sections
and a number of digs were created to establish the
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general genetic characteristics of the soil and its local
differences. According to the results of the examina-
tion, it was established that the existing type of soil
is sod-podzolic sandy-loamy, zonal for the Western
Polesia of Ukraine. The humus content is 1.0-1.1%, the
thickness of the humus-eluvial horizon is up to 20 cm.
The reaction of the soil solution at the time of laying is
neutral, previously liming was conducted with the full
norm of limestone ameliorant (2018). The initial supply
of phosphorus and potassium is low. All field observa-
tions at the site were conducted in accordance with the
current standards and methods of phenological and soil
observations, determination of phosphorus and potassi-
um by the method of Kirsanov (DSTU 4405:2005, 2005).

Sunflower predecessor crop, tillage - deep loos-
ening to a depth of 30 cm after harvesting the prede-
cessor, working unit = Case Quadtrac 500 + Case Ecolo
Tiger 730c. In the spring, the soil was re-treated with a
disk unit to a depth of 6-8 cm. For sowing, the exper-
iment used a hybrid of intensive corn type LG 30273,
FAO 270. Seeding rate - 78,000 seeds/ha, wide-row
sowing method, row spacing - 70 cm, Vaderstad Tempo
8 seed drill, sowing depth - 4 cm. The sowing period is
when stable temperatures above 12 degrees occur at a
depth of 10 cm, which corresponded to May 1-5.

As nitrogen nutrition, anhydrous ammonia was ap-
plied at a dose of 140 kg/ha of physical weight, the
application period was two weeks before the planned
sowing, and the application depth was 18-20 cm. Phos-
phorus-potassium nutrition was provided by applying
granular complex fertiliser to the row. NPK Polifoska 8,
produced by GrypaAzoty, with an 8-24-24 composition,
was used as fertiliser. As a liquid fertiliser, the product
Diaphan-Action, produced by Quantum, was used. De-
tailed fertiliser characteristics are shown in Table 1.

Table 1. Characteristics of fertilisers used in the experiment

Material Diafan 5-20-5 Polifoska 8-24-24
Form liquid granulated

Total nitrogen, % 5 (64 g/L) 8
Ammonium nitrogen, % 5 (64 g/L) 8
Total phosphorus, % 20 (254 g/L) 24
Phosphorus is soluble in water, % 20 (254 g/L) 21
Total potassium, % 5 (64 g/L) 24
Potassium is water-soluble, % 5 (64 g/L) 24
Available sulfur, % 9
Density, g/cm? 1.28 -

Source: compiled by the authors

Other sources of phosphorus and potassium were not
used at the sites. The experiment includes the zinc-con-
taining preparation Zintrac. The preparation was used in
a tank mixture with liquid fertiliser, the estimated applica-
tion dose is 1 L/ha. The purpose of using the preparation

is to provide a sufficient amount of available zinc in the
period up to BBCH 13, to avoid potential crop losses
from zinc deficiency, which is characteristic of light gran-
ulometric soils. A bacterial preparation based on a strain
of live bacteria Pseudomonas fluorenses (Rhizophos) was
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also included in the experiment, applied to test the pos-
sibility of increasing the availability of phosphorus in
conditions of its deficiency due to microbiological activ-
ities. The preparation was used in a tank mixture with
liquid fertiliser, the application dose is 0.2 L/ha.
Schemes for laying experimental plots are shown
in Table 2. The repetition rate of vegetation records and

crop structure is fivefold, and the yield is threefold. Har-
vesting was conducted by direct combining with three-
fold yield calculation for each site. Sampling to assess
the quality indicators of the crop was conducted from a
batch of grain after complete threshing of the account-
ing area. Selection of cobs for structure assessment -
before threshing in fivefold repetition from each site.

Table 2. Experiment scheme

No. Option

1 Diafan Action 30 L/ha

2 Diafan Action 40 L/ha

3 Diafan Action 50 L/ha

4 Diafan action 60 L/ha

5 Diafan action 70 L/ha

6 Diafan Action 80 L/ha

7 Diafan action 90 L/ha

8 Polifoska 8 150 kg/ha

9 Polifoska 8 150 kg/ha + Diaphan Action 25 L/ha
10 Polifoska 8 150 kg/ha + Diafan Action 25 L/ha + Zn
11 Diafan action 60 L/ha + Zn

12 Diafan action 60 L/ha + Rhizofos

13 Polifoska 8 150 kg/ha + Diaphan Action 60 L/ha + Rhizofos

Source: compiled by the authors

Statistical processing of data obtained from the re-
sults of field and laboratory observations was conducted

using generally accepted methods using Microsoft Excel,

Statgraphics Centurion, and Statistica software tools.

RESULTS AND DISCUSSION

Corn hybrid LG 30273 of the French selection by Lim-
agrain under favourable growing conditions forms a six-

teen-row cob with 40-42 full-fledged grains in each row,
which corresponds to a total of 640-650 grains per cob.
Therewith, the beginning should be evenly pollinated,
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without constrictions and shifts of rows. Therewith, in
conditions of insufficient nutrition, or the manifestation
of additional stresses during the development of gen-
erative organs, hybrid 30273 is able to reduce the row
amount in cobs to fourteen or even twelve rows. If the
impact of unfavourable conditions occurs at a later date,
the plant is able to partially reduce grains, reducing their
number within rows to 3032 or less, which proportion-
ally leads to a decrease in the factual yield. In some var-
iants of the experiment, the predicted variability of the
cob structure was observed (Fig. 1).
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Figure 1. Structure of a corn cob depending on fertiliser

Source: compiled by the authors
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Thus, the use of reduced norms of phosphorus nu-
trition contributed to the formation of an ear of four-
teen rows of grains instead of sixteen. Analysing the
options using only Diafan 5-20-5 fertiliser in doses
from 30 to 90 litres, the number of grains in the row
increased from 26 to 40 in proportion to the increase in
the fertiliser dose. Therewith, only variants using doses
of 80 and 90 litres had a cob with sixteen rows. Thus,
the number of grains from one cob gradually increased
from 364 to 640, that is,by 76% compared to the option
using a minimum dose of fertiliser.

A separate application of complex granular fertil-
iser 8:24:24 with a dose of 150 kg/ha ensured the for-
mation of a cob with fourteen rows and 39 grains in a
row, which may be a consequence of the slower solu-
bility of granular fertiliser compared to the liquid form,
and, accordingly, the existing phosphorus deficiency in
the root zone during the development of rows. There-
with, the additional application of a minimum amount
of liquid complex fertiliser (LCF) allowed forming a cob
with sixteen rows and 38-39 grains in a row. Analysing
the effectiveness of introducing additional components
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into the mixture to the LCF, an increase in the num-
ber of grains in a row from 35 to 39 is notable when
adding a zinc-containing preparation to 60 L/ha of the
LCF without using granular fertiliser. An increase in the
row of the cob from fourteen to sixteen rows when in-
troducing a bacterial preparation of phosphorus-mobi-
lising action (Rhizofos) into the mixture, while the op-
tions with the introduction of only 60 litres of LCF and
60 litres of LCF together with the full norm of granular
fertiliser did not differ from each other in terms of the
structure of the cob (Fig. 1).

The use of liquid forms of complex fertilisers con-
tributes to a better supply of young plants with phos-
phorus, and, as a result, to the development of a more
productive cob. Therewith, the use of only LCD in doses
of 50-60 L/ha in the nutrition system does not allow
the further realisation of the inherent potential and
leads to a lack of grains from the cob relative to the
option with full nutrition using granular forms of fer-
tilisers. A more clarifying indicator, in this case, should
be considered the mass of grains obtained on average
from one cob (Fig. 2).
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Figure 2. Average weight of grain per cob, depending on fertiliser

Source: compiled by the authors

The weight of grains from one cob varied within
the variants of the experiment from 88.5 to 227.3 g. In
the plot of separate application of LCF, the values of the
indicator increased in proportion to the increase in the
dose of application of LCF from 88.5 to 227.3 g, while
increasing the dose from 30 to 40 litres per hectare had
a slight positive effect, then a further increase in the
dose from 40 to 80 litres contributed to an increase in
the mass of grains in the cob by 36.4; 29.0; 26.6; 31.2 g
for every subsequent 10 litres of fertiliser, which is cer-
tainly a substantial trend. For comparison, a separate
application of exclusively granular fertiliser provided
the formation of 197 g of grain from one cob, which,
approximately, corresponds to the option using 70 Lli-
tres of LCF. From the standpoint of nutrition, 18 kg of
active phosphorus in a completely water-soluble form
was added in the LCF variant, while 36 kg of P,O, was
added together with granular fertiliser, of which 31.5 kg
was water-soluble. It is substantial that the addition of
25 litres of Diafan against the background of the intro-
duction of granular fertiliser did not give any positive

effect, but the introduction of an additional zinc-con-
taining product into the tank mixture contributed to an
increase in the grain mass in the cob to 219 g (+14.7%
relative to a similar option without zinc).

Analysing the effect of additional components in
combination with LCF, the positive effect of zinc, the
introduction of which provided an increase in the mass
of cob grains from 161.8 to 185.7 g when using only 60
litres of Diaphan can also be noted. The use of phos-
phorus-mobilising bacterial preparation increased the
indicator from 161.8 to 201.4 g, or by 24.5%, while the
implementation of the same tank mixture against the
background of additional application of 150 kg of NPK
8:24:24 provided the formation of 227.2 g of grain on
average per cob, which is 12.8% more compared to the
option without granular NPK or 15.3% more compared
to the option of applying only granular fertiliser.

In general, the weight of grain from one cob closely
correlates with the structure of the cob described above,
the highest, statistically identical values are obtained in
variants using 90 L/ha of LCF, the introduction of 150 kg/ha
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of granular complex fertiliser with the addition of 25 L of
LCF and the introduction of granular fertiliser with the ad-
dition of 60 L of LCF mixed with a phosphorus-mobilising

B 1000 grain weight, g
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preparation. Important indicators that characterise the
realisation of potential yield are also the thousand grain
weight and the grain unit, which are shown in Figure 3.
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Figure 3. Quality indicators of corn grain depending on fertiliser

Source: compiled by the authors

The LG 30273 hybrid is characterised by a high
thousand grain weight (more than 320 g) under nor-
mal conditions. The conditions of the growing season,
in particular, during the period of grain filling, have a
substantial impact on the indicator. Thus, insufficient
moisture supply in the period after flowering, a sharp
decrease in air temperature or its extensive amplitude
during the ripening period can cause insufficient accu-
mulation of substances in grains, and the formation of
empty grains, which leads to a decrease in yield even
with a sufficient number of grains per unit of sowing area.

According to the experimental variants, the thou-
sand grain weight ranged from 259 to 379 g.An increase
in the dose of LCF application from 30 to 80 litres con-
tributed to a proportional increase in the thousand grain
weight from 259 to 354 g. The option of a separate ap-
plication of granular fertiliser had a result of 349 g, the
addition of 25 litres per hectare of liquid fertiliser did
not statistically change the value of the thousand grain
weight, as in the case of the mass of grain from the cob,
while the additional application of zinc contributed to an
increase in the thousand grain weight to 379 g (+9.5%
compared with the option without zinc). Therewith, the
additional introduction of zinc against the background
of only 60 litres of LCF did not affect the thousand grain
weight index. The use of the phosphorus-mobilising
preparation against the background of 60 litres of LCF

B Yield at a moisture of 14%, t/ha
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allowed obtaining an increase in the thousand grain
weight by 43 g, or 13.9% (from 309 to 352 g),and a sim-
ilar option against the background of granular fertiliser
provided the thousand grain weight value - 361 g, which
is only 2.5% more than in the option without the intro-
duction of granular fertiliser.

Regarding the grain unit indicator, it is impossible
to note such evident trends, however, the maximum val-
ues of the indicator (648, 654, 642 g/L) were recorded
in variants using granular fertiliser. The increase in the
indicator of nature in the variant using granular fertil-
iser + LCF + Rhizophos relative to the similar variant
without the use of granular fertiliser from 614 to 648 g/L
(+5.5%) is substantial. Reduced grain unit when adding a
zinc-containing product is notable. Thus, the addition of
zinc to the NPK + variant of 25 L LCF to the tank mixture
caused a decrease in the grain unit from 654 to 612 g/L,
and the additional introduction of zinc to 60 L LCF caused
a decrease in the indicator from 635 to 613 g/L.

There was no direct correlation between the thou-
sand grain weight and the nature of the grain. A normal
unit at a low thousand grain weight describes the case
of the formation of a small but well-filled grain, and low
grain unit at a high thousand grain weight is an indicator
of the development of a large grain that was not fully
filled. An integral indicator that characterises the effi-
ciency of the nutrition system is the obtained yield (Fig.4).
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Figure 4. Yield and harvesting moisture of corn depending on fertiliser

Source: compiled by the authors
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Under the condition of the same seeding structures
(seeding rate, row spacing width, and row direction),
the main factors of yield formation will be the analysed
above number of rows of grains, the number of grains
in a row, and the thousand grain weight, but the influ-
ence of additional factors that are not considered when
assessing the indicators of the crop structure is also
likely - the percentage of plants without a cob, the for-
mation of individual additional cobs on the plant.

Analysing the indicators of factual yield, a substan-
tial advantage of options with the introduction of gran-
ular complex fertiliser is noted. All cases of fertiliser
application at 8:24:24 showed a result of more than
10 t/ha, while the additional application of 25 litres of
LCF contributed to an increase in yield from 10.02 to
11.31 t/ha (+12.9%), and the additional introduction of
zinc did not affect the result in any way. The highest
yield (11.51 tonnes) was obtained using granular fer-
tiliser and 60 litres of liquid complex fertiliser mixed
with a phosphorus-mobilising preparation, while the
yield increase relative to the option without granular
fertiliser was 32% (2.8 t/ha).

Separate application of liquid complex fertiliser un-
der no circumstances provided a result comparable to
the application of granular fertiliser. Thus, an increase
in the dose of LCF application from 30 to 90 litres per
hectare increased the yield from 4.12 to 8.14 t/ha,
while an additional application of every 10 litres of LCF
(2.6 kg P,O; in an accessible form) formed an average
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of an additional 670 kg of the yield. However, even the
introduction of high doses of LCF (90 L, which corre-
sponded to 115 kg) did not bring the factual yield (8.14)
closer to the level of at least net application of 150 kg
of granular complex fertiliser (corresponding yield of
10.02 t/ha).

The results of using the preparation Rizofos are in-
teresting. Its additional application to 60 litres of LCF
contributed to an increase in yield from 6.53 to 8.72 t/ha
(+33.5% of the indicator), and the option of joint applica-
tion of LCF + Rhizophos against the background of gran-
ular fertiliser provided absolutely the best yield result.
Thus, the use of the Rizofos preparation in conditions
of general phosphorus deficiency has had an unambig-
uously positive effect on providing crops with available
phosphorus, and, indirectly, on its productivity.

Comparison of NPK+25 L of LCF and NPK+60 L of
LCF+Rhizophos variants shows no substantial differ-
ence inyields (11.37 and 11.51 t/ha), that is,an increase
in the dose of LCF more than twice and additional in-
troduction of the phosphorus-mobilising preparation
into the tank mixture did not have a statistically pos-
itive effect on yield. This phenomenon may be associ-
ated with the release of phosphorus from the zone of
the limiting factor, respectively, further increased avail-
ability of it did not lead to an increase in productivity.
This can be confirmed in the results of monitoring the
residual amounts of phosphorus and potassium in soil
samples taken after harvesting (Fig. 5).
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Figure 5. Residual phosphorus and potassium content in the soil after corn harvesting

Source: compiled by the authors

Analysing the residual amounts of phosphorus in
the soil, its overall low content in most variants of the
experiment is noted. As part of the variants with appli-
cation doses from 40 to 90 litres, the residues in the
soil were low and very low, statistically indistinguisha-
ble (range of changes from 1.6 to 4.5 mg/kg of the soil).
The high residual content of P,O, in the variant with
the minimum dose of LCF (11.7 mg/kg) indicates incom-
plete removal of phosphorus or its untimely availability
in conditions of severe deficiency (the yield was also
the lowest - 4.12 t/ha). In turn, statistically substantially

higher phosphorus residues were observed in all vari-
ants where granular fertiliser was applied, so the op-
tion of separate application of Polifoska 150 was char-
acterised by a residual amount of 17.5 mg/kg of P,0..
An increase in the residual phosphorus content in the
version where the preparation Rizofos was introduced
is notable - 15.7 mg/kg against 4.5 mg/kg in the same
version without the preparation.

An increase in corn yield was observed when us-
ing liquid complex fertiliser, which correlates with the
results of M. Blandino et al. (2022) for 2014-2017 in
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Northwest Italy. Blandino recorded an increase in yields
from 7% to 15%, while the increase in this study was
12.9%.D.Quinn et al. (2020) in their meta-analysis show
that the practical response to initial fertiliser is present
in a wide window of conditions, and increases with the
decrease in the overall supply of nutrients to the soil
of the site, which explains the high efficiency of the
application of such an agricultural practice. However,
according to M. Blandino et al. (2022), in Italy, there was
a simultaneous decrease in the harvesting moisture
content of grain by 2.2% relative to the control, while
the results of this study show the opposite trend. The
discrepancy may be due to the variability of climatic
conditions and the genetic characteristics of the corn
hybrids used. M. Battisti et al. (2022) in their paper also
prove the advantage of using a starter NP fertiliser in
comparison with a granular analogue. In the conditions
of Ukraine, the prospects for the introduction of liquid
fertilisers are justified by Gamayunova et. al. (2020),
noting that in conditions of unstable moisture, which
in modern agroclimatic conditions is characteristic of
the entire territory of the country, the efficiency of the
liquid form is higher, compared to solid granular ana-
logues. Thus, in the case of sod-podzolic soils that lose
moisture very quickly, the use of liquid complex fertil-
isers is a way to reduce agronomic risks and make more
efficient use of the active substance of the fertiliser.
The effectiveness of additional use of the bacterial
preparation and the associated increase in the amount
of available phosphorus coincides with the data ob-
tained by Q. Zeng et al. (2022) since the site that was
used for the experiment during previous periods of use
was in intensive crop production using full standards
of phosphorous fertilisers. Phares et al. (2022) prove a
substantial positive effect of a bacterial product based
on the Bacillus strain when growing corn for grain, in
particular, demonstrating that when the bacterium is
introduced into the fertiliser system, the efficiency of
assimilation of nutrients from solid granular fertilisers
and, ultimately, the yield of the crop increase. Sofyan
et al. (2023) obtained results according to which the
use of bacterial preparations can increase the yield of
corn by mobilising NPK from the soil while reducing
the norms of fertilisers used is advisable. Since the ac-
cumulation of bound phosphates occurs even in soils of
light granulometric composition and under conditions of
podzolic soil formation (Tian et al., 2017; Hospodarenko
et al.,, 2022), the method of improving nutrition by mo-
bilising soil reserves by microbial cultures is extremely
promising, in particular, in the Polesia zone of Ukraine.
Similarly, Yu et al. (2022) show the high efficiency of
zinc application in corn cultivation, in particular, with in-
tensive use of phosphorous fertilisers, which correspond
to the results obtained. Zhang et al. (2020) also noted a
positive effect of the soil use of zinc-containing prepa-
rations on the development and productivity of corn, ar-
guing that the resulting increase in yield is achieved by
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increasing the concentration of chlorophyll in the leaves
and more efficient use of soil moisture. Similar results
are also presented in the paper of Azam et al. (2022).

Thus, the convergence of the obtained agronomic re-
actions for the use of starting liquid fertilisers, bacterial
preparation, and zinc with the results of world practices
can be stated. Therewith, in the specific soil and climatic
conditions of Polesia of Ukraine, which were analysed,
the trends of better cob grain number, higher thousand
grain weight and, as a result, corn yield were more con-
trasting, which is due to the properties of sod-podzolic
soil (low content of nutrients, low capacity of cationic
exchange, and buffering), which make it a convenient ob-
ject for tracking the reaction of plants to fertiliser

CONCLUSIONS

The use of the liquid form of starting phosphorous fer-
tiliser has a number of technological advantages (opti-
mal uniformity of application, fast availability, reduced
risks of phytotoxic effects on the crop) and shows a
higher economic efficiency of the unit of the active sub-
stance relative to the granular form. The rapid action
of the liquid form of fertiliser contributes to the better
development of young plants and the development of
cobs with a large number of grains. Thus, the use of
liquid fertiliser P,O, at a rate equivalent to 20 kg/ha
of active substance contributed to the formation of a
better cob grain number compared to the application of
granular fertiliser P,O, at a rate of 36 kg/ha. Therewith,
the use of only a liquid form of fertiliser, even in high
doses (90-100 kg/ha), is not enough to ensure full nu-
trition of corn during the entire growing season, so the
option with the introduction of only a granular form of
fertiliser had a yield advantage.

Additional application of the minimum dose of lig-
uid fertiliser (25 L/ha) against the background of the main
nutrition with granular fertiliser ensures optimal develop-
ment of the crop throughout the growing season and al-
lows obtaining an additional 1.3 t/ha (12.9%) of the yield.

The use of zinc as an additional component of
the tank mixture contributes to the formation of more
grains in a row and a higher mass of grain from one cob.
An important component of the phosphorous nutri-
tion strategy may also be using bacterial preparations
based on strains of phosphorus-mobilising bacteria, in
particular, Pseudomonas fluorenses, which increases the
overall supply of plants with available phosphorus and
gives a substantial increase in yield in conditions of
phosphorus deficiency.

Further refinement and disclosure requires the is-
sue of the effectiveness of the use of bacterial prepara-
tions to improve the phosphorus nutrition of field crops
in the conditions of Western Polesia. The research on
the effectiveness of liquid complex fertilisers of the
composition 5-20-5 in the cultivation of sunflower
is promising as well. This crop in the conditions of
the specified soil-climatic zone is new, technological




approaches to its cultivation on light soils are not suf-
ficiently justified, and substantial variability of the root
system can favourably affect the effectiveness of apply-
ing starter fertilisers.

ACKNOWLEDGEMENTS

The team of authors expresses gratitude to the man-
agement of Zahid Agroprom LLC for the assistance and

Veremeenko et al.

material and technical support of the functioning of the
production branch of the Department of Agrochemistry,
Soil Science, and Agriculture of the National University
of Water and Environment Engineering, the results of
which are presented in this paper.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

REFERENCES

[1] Azam, M., Nawaz, B., Khan, A., Zafar, L., & Igbal, M. (2022). Zinc oxide nano-fertilizer application (foliar and
soil) effect on the growth, photosynthetic pigments and antioxidant system of maize cultivar. Biocatalysis and
Agricultural Biotechnology, 42, article number 102343, doi: 10.1016/j.bcab.2022.102343.

[2] Baliuk, S.A., Medvedey, V.V., & Nosko, B.S. (2018). Adaptation of agrotechnologies to climate change: Soil and
agrochemical aspects. Kharkiv: Stylna Typografia.

[3] Barrow,N..(2017).The effects of pH on phosphate uptake from the soil. Plant Soil,410,401-410.doi: 10.1007/
s11104-016-3008-9.

[4] Battisti, M., Zavattaro, L., Capo, L., & Blandino M. (2022). Maize response to localized mineral or organic NP
starter fertilization under different soil tillage methods. European Journal of Agronomy, 138, article number
126534.doi: 10.1016/j.eja.2022.126534.

[5] Blandino, M., Battisti, M., Vanara, F., & Reyneri A. (2022). The synergistic effect of nitrogen and phosphorus
starter fertilization sub-surface banded at sowing on the early vigor, grain yield and quality of maize. European
Journal of Agronomy, 137, article number 126509. doi: 10.1016/j.eja.2022.126509.

[6] Brod,E., @gaard, A.F., Miiller-Stover, D.S., & Rubak, G.H. (2022). Considering inorganic P binding in bio-based
products improves prediction of their P fertiliser value. Science of the Total Environment, 836(2022), article
number 155590. doi: 10.1016/j.scitotenv.2022.155590.

[71 Drazic, M., Gligorevic, K., Pajic, M., Zlatanovic, I., Spalevic, V., Sestras, P., Skataric, G., & Dudic, B. (2020). The
influence of the application technique and amount of liquid starter fertilizer on corn yield. Agriculture, 10(8),
article number 347. doi: 10.3390/agriculture10080347.

[8] DSTU 4405:2005.(2005). Soils. Determination of Mobile Phosphorus and Potassium Compounds by the Kirsanoov’s
Method. Retrieved from http://online.budstandart.com/ua/catalog/doc-page.html?id_doc=60252.

[9] Gamayunova,V.,Khonenko, L., Baklanova, T., Kovalenko, O., & Pilipenko, T. (2020). Modern approaches to use of
the mineral fertilizers preservation soil fertility in the conditions of climate change. Scientific Horizons, 2(87),
89-101.doi: 10.33249/2663-2144-2020-87-02-89-101.

[10] Gatiboni, L., Osmond, D., Hardy, D., & Kulesza, S. (2020). Starter phosphorus fertilizer and additives in North
Carolina soils: use, placement, and plant response. Retrieved from https://content.ces.ncsu.edu/starter-
phosphorus-fertilizer-and-additives-in-nc-soils-use-placement-and-plant-response.

[11] Gronberg,J.M., & Arnold, T. (2017). County-level estimates of nitrogen and phosphorus from animal manure for the
conterminous United States, 2007 and 2012.Virginia: U.S. Geological Survey. doi: 10.3133/0fr20171021.

[12] Harahap, F.S.H., Walida, H., Harahap, D.A., Oesman, R., & Fadhillah, W. (2019). Response of growth and
production of corn (Zea Mays L) with liquid fertilizer in Labuhan Batu regency. Journal Pertanian Tropik, 6(3),
363-370.doi: 10.32734/jpt.v6i3.3166.

[13] Hospodarenko, H., Cherno, O., Ryabovol, L., Leonova, K., & Liubchenko, A. (2022). Fractional composition of
mineral phosphates of podzolic chernozem after long-term application of fertilizers in field crop rotation.
Scientific Horizons, 25(2), 28-35. doi: 10.48077/scihor.25(2).2022.28-35.

[14] Jin,).,Fang,Y.,He,S,, Liu, Y., Liu,C.,Li,F.,Khan,S.,Eltohamy,K.M., Liu, B., & Liang, X.(2023). Improved phosphorus
availability and reduced degree of phosphorus saturation by biochar-blended organic fertilizer addition to
agricultural field soils. Chemosphere, 317, article number 137809. doi: 10.1016/j.chemosphere.2023.137809.

[15] Kalenska, S.M., Taran, V.G., & Danyliv, P.O. (2018). Features of yield formation in corn hybrids depending on
fertilization, plant density and weather conditions. Tavrian Scientific Bulletin, 101, 42-48.

[16] Koch,M.,KruseJ.,Eichler-Lobermann, B.,Zimmer, D., Willbold, S., Leinweber, P., & Siebers,N.(2018). Phosphorus
stocks and speciationinsoil profiles of a long-term fertilizer experiment: Evidence from sequential fractionation,
P K-edge XANES, and 31P NMR spectroscopy. Geoderma, 316, 115-126.doi: 10.1016/j.geoderma.2017.12.003.

[17] Kratz, S., Vogel, C., & Adam C. (2019). Agronomic performance of P recycling fertilizers and methods to predict
it: a review. Nutrient Cycling in Agroecosystems, 115(1), 1-39. doi: 10.1007/s10705-019-10010-7.

[18] Li, Y., Jones, D.L., Chen, Q., Ge, T., & Chadwick, D.R. (2020). Acidification and anaerobic digestion change the
phosphorus forms and distribution in particle fractions of cattle slurry and phosphorus dynamics in soil after
application. Biosystems Engineering, 200, 101-111. doi: 10.1016/j.biosystemseng.2020.09.005.

Scientific Horizons, 2023, Vol. 26, No. 4

105


https://www.sciencedirect.com/science/article/abs/pii/S1878818122000706?via%3Dihub
https://www.issar.com.ua/uk/vydannya/adaptaciya-agrotehnologiy-do-zmin-klimatu-gruntovo-agrohimichni-aspekty-kolektyvna
https://www.issar.com.ua/uk/vydannya/adaptaciya-agrotehnologiy-do-zmin-klimatu-gruntovo-agrohimichni-aspekty-kolektyvna
https://link.springer.com/article/10.1007/s11104-016-3008-9
https://link.springer.com/article/10.1007/s11104-016-3008-9
https://www.sciencedirect.com/science/article/abs/pii/S116103012200082X
https://www.sciencedirect.com/science/article/abs/pii/S1161030122000570
https://www.sciencedirect.com/science/article/pii/S0048969722026869
https://www.mdpi.com/2077-0472/10/8/347
http://online.budstandart.com/ru/catalog/doc-page?id_doc=58863
http://online.budstandart.com/ua/catalog/doc-page.html?id_doc=60252
https://sciencehorizon.com.ua/web/uploads/pdf/%E2%84%962(87))_89-101.pdf
https://content.ces.ncsu.edu/starter-phosphorus-fertilizer-and-additives-in-nc-soils-use-placement-a
https://content.ces.ncsu.edu/starter-phosphorus-fertilizer-and-additives-in-nc-soils-use-placement-a
https://pubs.er.usgs.gov/publication/ofr20171021
https://talenta.usu.ac.id/jpt/article/view/3166
https://sciencehorizon.com.ua/en/journals/tom-25-2-2022/fraktsiyny-sklad-mineralnikh-fosfativ-chornozemu-opidzolenogo-pislya-trivalogo-zastosuvannya-dobriv-u-poloviy-sivozmini
https://pubmed.ncbi.nlm.nih.gov/36638925/
https://journals.indexcopernicus.com/search/article?articleId=2164880
https://journals.indexcopernicus.com/search/article?articleId=2164880
https://www.sciencedirect.com/science/article/abs/pii/S0016706116310382
https://link.springer.com/article/10.1007/s10705-019-10010-7
https://www.sciencedirect.com/science/article/abs/pii/S1537511020302464

106

The effect of the application of liquid complex fertilizers and mixtures...

[19] Li, Y., Livi, KJ.T., Arenberg, M.R., Xu, S., & Arai, Y. (2022). Depth sequence distribution of water extractable
colloidal phosphorus and its phosphorus speciation in intensively managed agricultural soils. Chemosphere,
286(1), article number 131665. doi: 10.1016/j.chemosphere.2021.131665.

[20] Liu, P, Yan, H., Xu, S., Lin, X., Wang, W., & Wang, D. (2022). Moderately deep banding of phosphorus enhanced
winter wheat yield by improving phosphorus availability, root spatial distribution, and growth. Soil and Tillage
Research, 220, article number 105388. doi: 10.1016/j.still.2022.105388.

[21] Nosko, B. (2017). Modern problems of phosphorus in farming agriculture and ways of their solution. Bulletin of
Agricultural Science, 6,5-12.

[22] Phares, C., Amoakwah, E., Danquah, A., Afrifa, A., Richlove Beyaw, L., & Agyei Frimpong, K. (2022). Biochar
and NPK fertilizer co-applied with plant growth promoting bacteria (PGPB) enhanced maize grain yield and
nutrient use efficiency of inorganic fertilizer. Journal of Agriculture and Food Research, 10, article number
100434. doi: 10.1016/j.jafr.2022.100434.

[23] Quinn,DJ., Lee, C.D., & Poffenbarger, H.J. (2020). Corn yield response to sub-surface banded starter fertilizer in
the U.S.: A meta-analysis. Field Crops Research, 254, article number 107834. doi: 10.1016/].fcr.2020.107834.

[24] Raguet, P, Cade-Menun, B., Mollier, A., Abdi, D., Ziadi, N., Karam, A., & Morel, C. (2023). Mineralization and
speciation of organic phosphorus in a sandy soil continuously cropped and phosphorus-fertilized for 28 years.
Soil Biology and Biochemistry, 178, article number 108938. doi: 10.1016/j.50ilbi0.2022.108938.

[25] Sofyan, E.,Mulyani, O., & Rusyana, S. Effect of the combination of Biofertilizer and N, P,K Fertilizer on C-Organic
content, total bscteria, humic acid and sweet corn results in Jatinangor Inceptisols. Journal of Agriculture and
Ecology Research International, 24(3), 7-19. doi: 10.9734/jaeri/2023/v24i3527.

[26] Tian, J., Boitt, G., Black, A., Wakelin, S., Condron, L.M., & Chen, L. (2017). Accumulation and distribution of
phosphorus in the soil profile under fertilized grazed pasture. Agriculture, Ecosystems & Environment, 239, 228-
235.doi: 10.1016/j.agee.2017.01.022.

[27] Trofymenko, P.I., Veremeenko, S.I., & Furmanets, O.A. (2019). The usage of remote field monitoring data while
yields prediction and resource management in winter crops growth. European Association of Geoscientists &
Engineers, 2019, 1-6. doi: 10.3997/2214-4609.201903266.

[28] Veremeenko, S.I., Furmanets, O., Semenko, L., Bykina, N., & Bobkov, V. (2021). Influence of climate changes on
hydrothermal regime of dark gray podzolized soil of Western Forest Steppe. Scientific Horizons, 24(12), 46-54.
doi: 10.48077/scihor.24(12).2021.46-54.

[29] Volkogon, V.V., Berdnikov, O.M., & Lopushniak, V.I. (2019). Ecological aspects of fertilizer system of agricultural
crops. Kyiv: Ahrarna Nauka.

[30] Yu, B-G., Chen, X-X., Zhou, C-X., Ding, T-B., Wang, Z-H., & Zou, C-Q. (2022). Nutritional composition of maize
grain associated with phosphorus and zinc fertilization, Journal of Food Composition and Analysis, 114, article
number 104775.doi: 10.1016/.jfca.2022.104775.

[31] Zeng, Q., Mei, T., Delgado-Baquerizo, M., Wang, M., & Tan, W. (2022). Suppressed phosphorus-mineralizing
bacteria after three decades of fertilization. Agriculture, Ecosystems & Environment, 323, article number 107679.
doi: 10.1016/j.agee.2021.107679.

[32] Zhang, L., Yan, M., Li, H., Ren, Y., Siddique, K., Chen, Y., & Zhang, S. (2020). Effects of zinc fertilizer on maize
yield and water-use efficiency under different soil water conditions. Field Crops Research, 248, article number
107718.doi: 10.1016/j.fcr.2020.107718.

[33] Zhu,J., & Li,M.(2018). Phosphorus activators contribute to legacy phosphorus availability in agricultural soils:
A review. Science of The Total Environmental, 612,522-537.doi: 10.1016/j.scitotenv.2017.08.095.

Scientific Horizons, 2023, Vol. 26, No. 4



https://www.sciencedirect.com/science/article/abs/pii/S0045653521021378
https://www.sciencedirect.com/science/article/pii/S0167198722000745
https://agrovisnyk.com/pdf/en_2017_06_01.pdf
https://www.sciencedirect.com/science/article/pii/S2666154322001673?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0378429020301489
https://www.sciencedirect.com/science/article/abs/pii/S0038071722003959
http://articlearchives.org/id/eprint/826/
https://www.sciencedirect.com/science/article/abs/pii/S0167880917300324
https://www.earthdoc.org/content/papers/10.3997/2214-4609.201903266
https://sciencehorizon.com.ua/en/journals/tom-24-12-2021/vpliv-klimatichnikh-zmin-na-gidrotermichny-rezhim-temno-sirogo-opidzolenogo-gruntu-zakhidnogo-lisostepu
https://agrovisnyk.com/pdf/ua_2021_11_04.pdf
https://agrovisnyk.com/pdf/ua_2021_11_04.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0889157522003933
https://www.sciencedirect.com/science/article/abs/pii/S0167880921003832
https://www.sciencedirect.com/science/article/abs/pii/S0167880921003832
https://www.sciencedirect.com/science/article/abs/pii/S0378429019316326?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0048969717320934

Veremeenko et al.

BnaiMB 3acCTOCyBaHHS PiAKUX KOMMNIEKCHUX AO06PUB Ta cyMillen Ha iX OCHOBI
Ha NPOAYKTUBHICTb KyKypyA3u B yMoBaXx 3axigHoro Moniccsa

Cepriii IBaHOBMY BepeMeeHKoO

[loKTOp CiNbCbKOrocnoAapcbkux Hayk, npodecop
HauioHanbHWii yHiBEPCUTET BOLHOIO rocnoAapcTBa Ta NPUPOAOKOPUCTYBAHHS
33027, Byn. CobopHa, 11, M. PiBHe, YkpaiHa
https://orcid.org/0000-0003-4513-0733
Oner AHartoniiioBuu PypmaHeup

KaHamaaT CcinbCbKOrocnoaapcbkMx Hayk, AOLEHT
HauioHanbHMI YHiBEpCMTET BOAHOIO rOCNoAapCTBa Ta NPUPOAOKOPUCTYBAHHS
33027, Byn. CobopHa, 11, M. PiHe, YkpaiHa
https://orcid.org/0000-0003-0082-7895
HaTtania MukonaiBHa Bo3HioK

KaHaunaaT CinbCbKOrocnoaapCbKnx Hayk, AOLEHT
HauioHanbHWi YHiBEPCUTET BOLHOIO rocnoAapcTea Ta NPUPOAOKOPUCTYBAHHS
33027, Byn. CobopHa, 11, M. PiHe, YkpaiHa
https://orcid.org/0000-0001-9947-4027
OkcaHa OnekciiBHa OniiHUK

KaHamaaT cinbCbkorocnoaapcbknx Hayk, LOLEHT
HauioHanbHMIA yHiBEpCMTET BOLHOIO rOCNoAapCTBa Ta NPUPOLOKOPUCTYBAHHS
33027, Byn. CobopHa, 11, M. PiBHe, YkpaiHa
https://orcid.org/0000-0002-0796-6022

AHoTauis. [uTaHHa onTuMisauii dochOopHOro XMBNEHHS KYKYPYA3W CTaloTb BCe Oinblu akTyanbHUMKU 3 Ornsagy Ha
TeHAEHLii NiABULLEHHS BapTOCTi MiHepaNbHUX LOOGPMB Ta 3pOCTaroyi METEOPOOTiYHI PU3MKKU B Mepiog nicns nociey.
MeTol npencTaBneHMX MaTepianiB € JOCNIOAXKEHHS rocnofapcbKoi ePekTUBHOCTI PifKUX KOMMNEKCHUX [06pwmB,
O BHECEHI NpW NOCIBI KYKYPYA3W, B SKOCTI OCHOBHOro mkepena ¢ochopy Ta 9K AOAATKOBOrO eneMeHTa B CKaagi
cUCTeMM XUBNeHHs. [na peanisauii noctaBneHux 3aaay 6yB BUKOHaHWI NOMbOBUIA JOCAIA, CXEMA SKOTO BKIKOYana
BapiaHTM okpeMoro BHeceHHs PKJ[l, oKpeMOro BHECEHHSI TPaHy/NbOBaHOr0 MiHepanbHOro 406pMBa, CYMiCHOrO
3actocyBaHHs PK[ Ta rpaHynboBaHOro A06pMBa, a Takox GakoBux cymiwer PK[, i3 UMHKOM Ta GakTepiafbHUM
NPOAYKTOM Ha ocHoBi Pseudomonas fluorenses. BctaHoBneHo, Wo 3actocyBaHHs PK npu nocisi cnpuse kpawomy
3abe3neyeHH0 MOOAMX POCIUH (OCHOPOM, Ta, IK pe3y/bTaT, — 3aknagui 6inbl NpoayKTMBHOIO KavaHa. MNpu upomMy
BMKOPUCTAHHS B AKOCTI Axepena xuBneHHa BukaoyHo PKM y gosax po 50-60 n/ra, He pae 3Moru peanisyBatu
3aKNageHUi noTeHuian Ta NpM3BOAWTL [0 HELOOTPMMAHHS 3€peH i3 KavyaHa BifHOCHO BapiaHTy 3 MOBHOLHHUM
XMBAEHHAM. HalBuLLY BPOXaMHICTb BYN0 OTPMMAHO Y BapiaHTi i3 3aCTOCYBaHHAM rpaHynboBaHoro nobpuea ta 60 n
pifLKOro KOMMAEKCHOro 4o6puBa B CyMilli 3 GakTepiafbHUM NpenapaToMm, Mpu LibOMY NPUPICT BPOXAMHOCTI BIAHOCHO
BapiaHTy 6e3 rpaHynboBaHoro nobpuea ctaHoBMB 32 % (2,8 T1/ra). OkpeMe 3aCTOCYBaHHS piAKOro KOMMIEKCHOro
[obpuBa 3a XOAHMX YMOB He 3abe3neuymno pesynbTaTy CriBCTAaBHOMO i3 BHECEHHSM rpaHy/bOBAaHOrO L0OpuMBa,
oflHaK fopdaBaHHs 25 n/ra PKI Ao OCHOBHOIO BHECEHHS rpaHy/nboBaHOro fobpuBa A03BOMMAO OTPMMATH NPUPpICT
Bpoxkato B 1,3 1/ra. OTpuMaHi pe3ynbrati AOBOASATb BUCOKY eDeKTUBHICTb Pifkoi popMu CTapToBOro Lo6pmBa npu
MOro BHECEHHI Ha NIerkux 3a rpaHyNOMETPUYHUM CKJIALOM IPYHTaxX Ta MakoTb OYTM BpaxoBaHi MpW MAaHyBaHHI
pecypcooLLaaHOi TEXHONMOTIT BUPOLLYBAHHSA KYKYPYA3W B 30HI i3 BUCOKMM CTyNEHEM METEOPONOriYHMUX pU3MKIB

KniouoBi cnoBa: sKiCHi MOKa3HMKM 3epHa; NOoKasbHE BHeCEHHS; pecypco3bepiratodi TexHonorii; edekTUBHICTb
dochopHux 0ob6puB; bakTepianbHi Nnpenapatu
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