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demonstrated that the most pronounced positive effect on the increase in biomass
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and sugar content of beets is caused by the combined application of mineral macro fertilizers with the drug
Quantum. In the case of the combined application option, the increase in the biomass of the root crop compared
to the control was 120.8+8.5%-143.0£14.3%,; the increase in the content of soluble sugars - in the range from
4.23*0.6% to 5.3%0.45%. An increase was also observed in comparison with the variants of separate applications
of fertilizers. There was no significant difference between the two applied fertilizer concentrations, as well as
when individual fertilizers and their combinations were re-applied. The content of proteins in terms of dry weight
increased depending on the concentration and frequency of application of complex fertilizers. The obtained data
on the increase in biomass of sugar content indicate the expediency of increasing these indicators is the use of a
combination of mineral fertilizers containing macro-and microelements, so it is advisable to recommend a similar
mode of fertilization. The data can become the basis for the development of recommendations for implementation
in the industrial cultivation of sugar beet. Such techniques are economically feasible, as they allow for a reduction

in the number of treatments and the consumption of fertilizer to obtain a harvest with high indicators

Keywords: trace elements; macronutrients; growth stimulant; agrotechnical characteristics; sowing treatment

INTRODUCTION

Sugar beet is one of the crops of strategic industrial and
national importance. In recent years, Ukraine has seen
a significant and progressive reduction in sugar beet
acreage: from 318,000 hectares in 2017 to 220,000 hec-
tares in 2023. Irrational use of soils, lack of proper crop
rotation planning, reduction of areas under perennial
grasses and legumes, as well as climatic factors, lead
to a decrease in the fertility of black soil (Gamajunova
et al., 2021). Another unpredictable factor in soil ero-
sion is the full-scale Russian invasion of Ukraine, which
caused a reduction in the area available for agricultural
cultivation, with some soil areas experiencing erosion
and loss of fertility due to explosions and demining
(Drobitko et al., 2023). Under the current circumstances,
it is particularly important to make the most efficient
use of the available areas to obtain the highest possible
yield. Although beet cultivation technologies have been
known and used for a long time, there is a need to im-
prove them due to the peculiarities of changing climatic
conditions, soil composition, and peculiarities of chang-
ing plant varieties (Hospodarenko & Martyniuk, 2020).
Among the known ways to increase yields are the ap-
plication of organic and mineral fertilisers, as well as
the use of growth stimulants. For most macro- and mi-
croelements, the concentrations required to obtain a
certain yield weight are set, so their application is the
key to obtaining the predicted weight of the beet crop
(Tyrus, 2018). The dependence of yield and sugar con-
tent is shown in many modern studies, while the selec-
tion of the amount of fertiliser, conditions and method
of application should be selected considering the spe-
cific conditions of cultivation: soil characteristics and
climatic conditions in the area of cultivation.

The experience of international authors can be use-
ful in developing beet cultivation schemes, but soil and
climatic conditions require adaptation, so it is impor-
tant to consider the experience of Ukrainian scientists.
M. Tyrus (2018) studied the influence of tillage methods
and different regimes of nitrogen, potassium and phos-
phate fertilisation and demonstrated that, regardless of

the tillage method, the application of higher fertiliser
concentrations led to an increase in root crop weight.
O.V. Pismennyi (2012) demonstrated the importance
of using micro fertilisers containing phytohormones
and trace elements to increase the yield of table beet.
S.Shahini et al. (2023) in their study of the quality of ag-
ricultural soils indicate that there is a reverse problem
with the use of mineral fertilisers: the accumulation of
some elements and products of their transformation in
the soil, and increased eutrophication. M.O. Lukyaniuk
et al. (2021) describe the problem of the negative ef-
fects of excess nitrogen in the soil, especially when it
is accompanied by a lack of potassium and phosphorus.
The authors draw attention to the need to select fertil-
iser doses since despite the importance of nitrogen for
increasing sugar content, high doses (over 120 kg/ha)
have the opposite effect: a decrease in yield and sugar
yield. In this regard, the use of fertilisers should be as
rational as possible, ensuring maximum absorption by
plants, so it is important to monitor soil agrochemical
parameters and study the needs of individual crops.
The main industrially valuable component of sug-
ar beet raw materials is soluble sugars, namely sucrose.
However, production wastes, in particular sugar pulp, can
be a valuable source of other nutrients for feed produc-
tion (Turk & Arslanoglu, 2023). Therefore, it is also im-
portant to determine the protein value of the resulting
crop. The research aims to determine the influence of
fertilisation regime on the increase of root biomass and
soluble sugars and protein content in sugar beet crops.

MATERIALS AND METHODS

The field study was conducted in April-September
2023. Pre-sowing cultivation was carried out by deep
ploughing up to 30 cm deep. The soil belongs to the
type of ordinary low-humus dusty light clay soil. Before
sowing the seeds, the agrochemical characterisation of
the soil of the experimental area was carried out, us-
ing the following methods: humus content - according
to Tyurin; alkaline hydrolysable nitrogen - according
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to the Kornfield method; mobile forms of phosphorus
and potassium - determination by Chirikov (Ovcharuk
et al., 2019). pH was determined ionometrically.

The study of the effect of mineral fertilisers on
beet yields was conducted using the yield-sugar beet
hybrid Alexandria, which has been included in the State
Register of Varieties and Hybrids since 1997. The plant-
ing density was 100 thousand/ha. The following con-
centrations were used as the baseline level of mineral
fertilisers in terms of the main elements: N, P.. K, .,
with higher concentrations used as a second option:
N, oP,0oK,0r The Quantum growth stimulator, which
is @ mixture of amino acids and trace elements, was

also used separately. According to the manufacturer’s

instructions: N - 9.5% (95 g/l); Ca0 - 2.0% (20 g/V);
MgO - 1.5% (15 g/l); Fe - 1.2% (12 g/l); Zn - 1.2%
(12 g/l); Cu - 0.7% (7 g/l); SO3 - 1.8% (18 g/l); Mn -
0.7% (7 g/l); B-0.5% (5 g/1); Mo - 0.01% (0.1 g/1); ami-
no acids - 5% (50 g/l). The stimulant was applied at a
concentration of 1.5 litres/ha. Each of the mineral fer-
tilisers was applied separately once: during pre-sowing
cultivation, or twice: the second fertilisation was ap-
plied 30 days after sowing. In variants with combined
micro fertiliser application, they were applied simulta-
neously with mineral fertilisers, 30 days after sowing.
In case of repeated application, micro fertilisers were
applied 30 days after the first application. All fertiliser
application options are presented in Table 1.

Table 1. Fertiliser options and combinations

Control

No treatment

NP K

180" 150" 200

N, P, K

250" 200" "280

One-time treatment

Quantum

NP, K

180" 150 200+ QUantUm

N, oP,00K, o FQuantum

N, P, K

180" 150 200

N, P, K

250" 200 "280

Two-time
treatment

Quantum

N goP150K ;00 FQUantum

U P NP UV IWIN |

N, P, K

250" 200 280+Quantum

The size of each plot was 35 m,, and each trial was
replicated three times. Thus, a total of 31 experimen-
tal plots were laid out. The crop was harvested and
weighed separately from each plot, and only the weight
of the roots was considered, after separating the green
mass of the tops. The weight was recalculated per 1 ha
of sown area.

Sugar content was determined individually for each
plot and averaged for each experimental variant. The
sugar content was determined in the laboratory by the
acid inversion method, and the soluble carbohydrate
content was measured spectrophotometrically. Protein
content was determined by the Lowry method with pho-
tocolourimetric measurement of optical density. To make
the data on protein and carbohydrate content compara-
ble and to compare their relative increase in total bio-
mass, the resulting amounts of sugars and proteins were
converted into percentages of dehydrated biomass. The

measurement results were compared using a one-way
ANOVA analysis of variance. The statistical significance
of the data was assessed using the F-criterion.

The experimental studies of plants (both cultivat-
ed and wild), including the collection of plant material,
were in accordance with institutional, national or inter-
national guidelines. The authors adhered to the stand-
ards of the Convention on Biological Diversity (1992)
and the Convention on International Trade in Endan-
gered Species of Wild Fauna and Flora (1979).

RESULTS

Analysing the agrochemical parameters, the following
characteristics were obtained, as shown in Table 2. The
methods used to determine the agrochemical charac-
teristics are also shown in Table 2. These indicators are
quite typical for typical chernozem soils and are favour-
able for sugar beet cultivation.

Table 2. Agrochemical parameters of the soil of the experimental area

Humus content

Characteristic (by Tyurin)

Alkali-hydrated nitrogen,
mg/kg (by Grandval-Lajoux)

Mobile phosphorus forms,
mg/kg (by Chirikov)

Mobile potassium forms,

ma/kg (by Chirikov) PH

Indicator 4+0.3% 97+£7.5

115%8.7 160+12 6%0.2

The results of the study indicate that the applica-
tion of mineral fertilisers contributes to a significant in-
crease in the biomass of sugar beet roots. The average
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biomass of root crops harvested in the control variant
without fertilisation was 23.50+1.32 t/ha. In the ex-
periment where fertilisers were applied once, during




sowing, a significant increase in weight was observed.
In the variant with the use of average doses of mineral
fertilizers N, P, K, the harvested biomass of the root
crop was 40%£3 t/ha,which is an increase of 70.9+10.54%
compared to the control without treatment. In the var-
iant where the pre-sowing treatment with N, P, K. -
was applied, the yield weight was 45%2.5 t/ha, which
is 91.66%5.04% more than in the control. In the sow-

ing treatment with Quantum micro fertiliser, the

Drobitko et al.

weight of harvested roots was 34.50+1.50 t/ha, which
is 41.94%£5.55% higher than without treatment. Thus,
these data indicate a significant impact of mineral fer-
tilisers on the increase of sugar beet biomass, which is
also well-known from previous experience. At the same
time, the combination of microelements is more effec-
tive for biomass growth compared to micro fertilisers.
The generalised data on biomass growth in all variants
of the experiment are presented graphically in Figure 1.

70.00

60.00

50.00

40.00
30.00 A
20.00 A
10.00 A

0.00 -

Yield, t/ha

Control
NPK 1
NPK 2

Quantum

NPK 1*2

NPK 1*2

Quantum

NPK 1+Quantum
NPK 2+Quantum
NPK 1+Quantum®2
NPK 2+Quantum®2

Type and combination of fertilizers

Figure 1. Yield of sugar beet harvested from plots with different fertilisation regimes, t/ha

Note: NPK1 - N..P,_K

180" 150" " 200°

NPK2 - N250P zooKzso

The biomass growth compared to the control vari-
ant without treatment is shown in Table 3. The second
fertilisation, which was carried out 30 days after sow-
ing, coincided with the phase of 4-6 leaf formation.
The harvested yield was as follows: with the second
application of N, P, . K, —~— 45%4 t/ha (92.35+12.4%
higher than in the control). With the application of
mineral fertilisers in increased concentrations of
N,ooP,ooKyse = 47%2.65 t/ha (100.2%11% higher than
in the control). Re-application of micro fertilisers al-
lowed for a harvest of 36.5%4 t/ha, which is 55.43%
higher compared to the untreated control. As you can

see, repeated fertilisation did not significantly affect
biomass growth compared to a single application,
there was some tendency to increase biomass, but it
was not significant (Table 3). The data obtained cast
doubt on the need for repeated application of min-
eral fertilisers, it can be assumed that pre-sowing
treatment with the applied combinations sufficiently
saturates the soil with the necessary elements for the
full growth of root crops when sowing beetroot at
this density. However, these data may not be relevant
for other agrochemical parameters of the soil or an
increase in sowing density.

Table 3. Relative weight gain of sugar beet under different fertilisation schemes

Fertiliser application rate Fertiliser type Mass increase in comparison to control
N 5oP150Ks00 70.9%10.54
One-time treatment N,soP200Kss0 91.7%5.0
Quantum 46.9£5.5
N, 50P150K 00 92.3%12.4
Two-time treatment N,:oP200K 60 100.2+11.3*
Quantum 55.4%£3
N, P, K+ Quantum 120.8+8.5*
One-time treatment 180 150 00" <UANTH Ao
N, soP 200K 50 FQuUaNtum 137%£14.8
N, ..P,. K+ Quantum 131.8+16.5%
Two-time treatment 180150200 = "
N, oP,00K, 5o *Quantum 143.0+14.3

Note: * - significant compared to the control (p<0.05)
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At the next stage of the study, the effectiveness
of the use of a combination of mineral fertilisers con-
taining trace elements with micro fertilisers was an-
alysed. In the case of pre-sowing one-time treatment
with fertilizer containing N ,P,. K,  in combination
with Quantum, the harvested weight of root crops was
51.83%1.05 t/ha, which is 120.88%+8.48% higher than
in the untreated control and more than in each of the
variants of individual fertilizer application. The com-
bination of N,. P, K., with Quantum allowed to har-
vest of a root crop weighing 55.67%1.05 t/ha, which is
137.37+14.84% more than in the untreated control and
higher than in each of the variants of individual fertilis-
ation. It should be noted that the difference between the
two concentrations of mineral fertilisers — standard and
increased, in this treatment variant, was 16.49% on av-
erage, which is not a statistically significant difference.
The second treatment with the fertiliser combination
also did not lead to a significant increase in yield com-
pared to the single treatment, similar to the separate
application of fertilisers. Repeated treatment with the
combination N, P, . K, - Quantum allowed to harvest
a yield of 54.33+1.53 t/ha (131.77% more compared to
the untreated control). Double fertilisation with a higher
concentration of macro-mineral fertiliser N, P, K, -
with Quantum increased the yield to 57#2 t/ha
(142.2+14.32% more than the untreated control). As you
can see, the double application of an increased dose of
complex mineral fertiliser in combination with micro
fertiliser allowed us to collect the highest yield, but the

difference between a single pre-sowing treatment and
a double treatment was on average 22.11%. As can be
seen from the data in Table 3, the best effect on the
growth of sugar beet biomass is provided by the use of a
combination of complex fertilisers and micro fertilisers,
which proves the feasibility of using such a combination.

Biomass growth is an important indicator of fer-
tiliser efficiency. However, the crop must not lose its
industrial characteristics, the main of which for sug-
ar beet is the sugar content. Therefore, in the second
stage of the study, the soluble sugar content of the
roots harvested from all plots was compared. The sugar
content was converted to a percentage of dry biomass.
The content of soluble sugars in the control variant of
the experiment was 14.03+0.25%, which is the average
for this variety, the maximum sugar content for which
is 18-20% (Fig. 2). The sugar content in beetroot har-
vested from the plot fertilised with NP, K, was
15.83%£0.58%, which is 1.8+0.66% higher than in the
control variant. With the application of increased doses
of mineral fertiliser N, P, K,..,the sugar content in the
root crop increased to 3.60%0.26%, an increase over the
control of 2.23%+0.25%. When applying the micro fer-
tiliser Quantum, the sugar content in the biomass was
16.97£0.64%, which is 2.93%0.45% higher compared to
the control. This increase in sugar content compared
to the control is quite significant and correlates with
the effect of macro-mineral fertilisers, which indicates
various possible mechanisms for increasing the content
of simple carbohydrates in sugar beet.

20.00

Sugar content, %

Control
NPK 1
NPK 2

Quantum

Quantum

NPK 1+Quantum
NPK 2+Quantum
NPK 1+Quantum®2
NPK 2+Quantum™2

Type and combination of fertilizers

Figure 2. Sugar content in beetroot harvested from plots with different fertilisation regimes, % of dry weight

Note: NPK1 - NP, _K

180" 150" "200°

NPKZ2 - N, P, K

250" 200" " 280

Repeated fertilisation affected sugar content as fol-
lows. In the variant with the introduction of an average

Scientific Horizons, 2023, Vol. 26, No. 11

dose of mineral fertiliser NP, K, this indicator

was 16.93+0.4% (2.9+0.66% higher than in the control




variant). With the repeated application of a higher
concentration of fertiliser N, P, K., the sugar con-
tent was 17.27+0.87% (3.23%0.95% higher than in the
control). In the variant with the introduction of micro
fertiliser, the sugar content was 17.80£1.08%, which
is 3.77+1.25% higher than in the control. Thus, it can

be seen that there is some tendency to increase sugar

Drobitko et al.

content after the second treatment with individual
complex fertilisers, but this difference is not significant
compared to a single application of these types of fer-
tilisers. All the data on sugar content in the dry weight
of sugar beet in different variants of the experiment are
shown graphically in Figure 2, and the increase in the
indicator relative to the control is given in Table 4.

Table 4. Sugar increase relative to the control in sugar beet harvested from plots with different fertilisation regimes, %

Fertiliser application rate Fertiliser type Increase in sugar content relative to control
N,50P150K00 1.840.65
One-time treatment N, soP200Kss0 2.23%0.25
Quantum 2.93+0.45
N1g6P150K 500 2.9%0.66
Two-time treatment N, 5oP200K o0 3.23%0.95
Quantum 3.8%1.1
N,..P,. K+ Quantum 4.7%0.64*
One-time treatment 180 150 200 =
N,5oP200K, g0 FQuUantum 4.23%0.6
N...P,. K+ Quantum 5.0£0.2*
Two-time treatment 180 150 200 =
N,. P, K, +Quantum 5.3+0.45"

250" 200" "280

Note: * - significant compared to the control (p<0.05)

A comparison of the results of the combined use of
fertilizers indicated the presence of a cumulative effect
on sugar content. In the variant with sowing treatment
with a combination of fertilizers in the usual concen-
tration of N, P.. K, and Quantum, the sugar content
in root crops was 18.77%£0.87% (an increase over the
control of 4.7+0.64%). When applying an increased
concentration of complex fertiliser N, P, K,,, with
Quantum, the studied indicator was 18.27+0.87% (an
increase compared to the control of 4.23£0.6%). The
increase in sugar content was even more pronounced
when the fertiliser combination was applied again.The
treatment with N ,.P,. K., and Quantum led to an in-
crease in the sugar content in root crops to 19.9£0.36%
(an increase over the control of 5+0.2%). At the same
time, the increased concentration of mineral fertilizers
N,..P,00K,g0 N cOmbination with Quantum increased
the sugar content to 19.83+0.45%, which is 5.8+0.4%
more than in the control. As can be seen from the above
data, the combination of mineral fertilisers containing
macronutrients with micronutrient fertilisers leads to
a pronounced cumulative effect of application that ex-
ceeds the effect of each fertiliser separately. Thus, the
use of the combination is advisable, especially given
that the combination of fertilisers leads to a more pro-
nounced increase in biomass and sugar content than
the repeated application of mineral fertilisers based on
nitrogen, potassium, and phosphorus.

The protein content can be an important indicator
in terms of the nutritional value of the pulp, which can
be used as animal feed - both directly and for the pro-

duction of mixed fodder. The determination of protein

content in the control variant showed its content at
the level of 9.40%0.36%, which is a standard aver-
age for sugar beet. The application of mineral fertil-
isers on pine needles increased the protein content to
10.60£0.37% and 11.50%0.5% - when applying stand-
ard and increased concentrations, respectively. The ap-
plication of micro fertiliser did not significantly affect
this indicator - 9.73%0.25%.

Two-time treatment with complex fertiliser re-
sulted in a slight increase in protein content both in
comparison with the control and in comparison, with
a single treatment: 12.3+0.36% and 12.40+0.56% and
at medium and high doses, respectively. In the variant
with repeated application of micro fertilisers, no signif-
icant differences were observed: 9.67£0.29%.The result
of combined fertilisation was equivalent to the results
of macro fertilisation: 11.73+0.21% and 11.43%0.29
when combining medium and high doses with Quan-
tum. Repeated application of the fertiliser combination
slightly increased the protein content: 12.53+0.45% and
12.74%0.15%, respectively. The data on protein content
are shown graphically in Figure 3. As can be seen, the
greatest impact on the protein content of sugar beet is
made by the application of fertilisers containing nitro-
gen, potassium, and phosphorus, with a certain effect of
repeated application. The combination with micro fer-
tilisers in the experimental conditions did not have a
significant effect on the protein content of sugar beet. It
can be assumed that the increase in biomass observed
in the experiment was mainly due to the accumulation
of carbohydrates in plants, rather than an increase in
the protein part.
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Figure 3. Protein content in beetroot harvested from plots with different fertilisation regimes, % of dry weight
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In general, the aggregate data on biomass growth
and sugar content indicate that under the existing grow-
ing conditions, the most appropriate way to increase
yields is to use a combination of mineral fertilisers con-
taining macro- and microelements. The relative effect
of other technological methods, such as increasing the
concentration of the main elements per unit area and
repeated fertilisation, does not have such a pronounced
positive effect. Therefore, it is advisable to recommend
such a fertilisation regime, which can reduce the cost of
growing and harvesting sugar beet. The results of the
study may be useful for the development of large-scale
fertilisation technologies for sugar beet cultivation on
an industrial scale, but the economic component of the
process should be considered.

DISCUSSION

The study shows that the nature of the increase in bio-
mass and soluble sugar content in sugar beet largely de-
pends on the presence of macro- and microelements in
the soil. The data are confirmed in numerous studies by
colleagues. M. Abbas et al. (2018) studied the effect of ni-
trogen fertiliser deficiency on the sugar content of sugar
beet when grown under drought conditions on sandy
soils, showing that nitrogen fertiliser deficiency signif-
icantly reduces yields, but maintains and increases the
sugar content. Y.E. El-Ghobashi and A.E.M. Eata (2020) in
their studies emphasise the leading role of nitrogen fer-
tilisers in increasing sugar beet yields when grown on
depleted soils. H.A. Aslanov et al. (2023) investigated the
effect of phosphate and potassium fertilisers in combi-
nation with different planting regimes, concluding that
additional fertilisation and sparse planting (increased
access to nutrients) increased yield quality. J. Chen et al.
(2023) point out the importance of mineral fertilisation
for satisfactory yields even when using organic fertilisers.

Scientific Horizons, 2023, Vol. 26, No. 11

A combination of macro fertilisers, including ni-
trogen, phosphate, and potash, is essential for sugar
beet growth. Usually, half of the fertiliser is applied in
autumn and the other half during ploughing. In this
study, the soil was not fertilised beforehand, so the
background average recommended dose of fertiliser
was applied during sowing.As a result, yields increased
significantly compared to the control, and sugar con-
tent approached the maximum values for this variety.
The most important mineral element that stimulates
biomass growth is nitrogen. It is a component of build-
ing proteins, enzymes, vitamins, and chlorophyll, which
together are essential for plant growth. K. Steinke &
C.A.Bauer (2017) emphasise the leading role of nitrogen
in increasing beet biomass and the problems that arise
in the natural denitrification of soils. M. Tyrus (2018)
cites data according to which about 4-5 kg of nitrogen,
1.5-2 kg of phosphorus, and 5-6 kg of potassium are
removed from the soil to produce one tonne of sugar
beet, so the introduction of these mineral fertilisers is
the key to ensuring proper soil productivity. M. Tyrus
demonstrated a dose-dependent increase in root crop
weight with increasing fertiliser doses, the author uses
3 fertiliser concentrations: N, P ..K, . N, P.. K. ., and
N,ooP,,5K;50-AS @ result, it is possible to achieve biomass
growth rates of 200 to 300% compared to the unfer-
tilised variant. However, similarly to the results of this
study, the amount of growth increases only slightly with
increasing fertiliser concentration. Thus, it is necessary
to calculate the amount of fertiliser based on the ex-
pected yield and the economic feasibility of increasing
fertiliser concentrations. X. Xie et al. (2022) studied the
combination of different fertiliser concentrations under
different irrigation regimes. Among the fertilisers, the
best growth and sugar content indicators were provid-

ed by the fertiliser concentration of N, .P,. K, . . kg/ha.




Both lower and higher concentrations of fertilisers
showed worse growth-stimulating performance. At the
same time, it was the potassium content that was rec-
ognised as a factor limiting the growth of biomass and
sugar content. The study also demonstrated that irriga-
tion is important and has a cumulative effect on yields
along with fertilisation, which confirms the importance
of considering the water regime of a particular growing
area to determine optimal fertiliser concentrations.

AM. Ali et al. (2023) demonstrate the limiting role
of nitrogen fertiliser deficiency in increasing sugar beet
fertility on depleted soils, with the best results obtained
when using the maximum nitrogen fertiliser concentra-
tion of 215 kg/ha. M. Abbas et al. (2018) studied the
effect of reducing the dose of nitrogen fertilizers from
288 to 216 kg/ha against the background of water
deficit. It was shown that a decrease in soil nitrogen
led to a decrease in yield and sugar content, but the
relative sucrose content was higher, however, this did
not increase the sugar level to control values. Thus, the
availability of this element is a basic condition for the
realisation of the growth potential of the crop, which
is confirmed by the significantly lower yield of the con-
trol, unfertilised variant in this study. A. Salarian and
A. Salari (2021) in his experiment compares the effect
of fertilisation with nitrogen, potassium and phospho-
rus on such indicators as dry weight, sugars, proteins,
and carbohydrates. The variants with background con-
centrations (P,, K ) and Ny, are compared with the un-
fertilised control. It is demonstrated that each of the
application options leads to an increase in all these
indicators. Reducing the planting density, i.e., greater
availability of substances, leads to a similar effect of
increasing the nutrient content of the crop.

The study by A. Panfilova and V. Gamayunova (2019)
demonstrated that the second fertilisation did not have
a significant effect on the growth of biomass and sugar
content compared to the single fertilisation. This can be
explained by the low absorption of substances, includ-
ing microelements, from the soil in the initial phase of
growth — up to 40-45 days of growth, before the first 10
leaves appear. However, as L. Kolaric et al. (2015) points
out, the crop is very sensitive to soil nutrient deficien-
cies during this period, especially in the period of 4-6
pairs of leaves, during the period of secondary cambium
establishment, so fertilisation is mandatory. Since most
of the nutrients were not absorbed from the soil, the
addition of the second portion of fertiliser did not sig-
nificantly affect the yield and sugar content. As shown
in the study, the weight of beetroot was significantly
lower in the control variant, so the lack of mineral fer-
tilisation may have played a limiting role in increasing
biomass. K. Biircky et al. (2018) present the results of
long-term studies of the extraction of nutrients from
the soil by sugar beet, which were conducted over 19
years. These studies demonstrate that the extraction of
trace elements such as nitrogen, potassium,and sulphur
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is gradually decreasing. The authors attribute this phe-
nomenon to the development of more optimised va-
rieties with high productivity and lower absorption of
trace elements from the soil. These studies emphasise
the importance of reviewing soil cultivation methods
and selecting fertilisation methods that are optimal for
a given natural zone and period.

One of the most important results of this study
is the identification of the cumulative effect of the
combination of complex fertiliser and micro fertiliser.
Many researchers have reached similar results when
cultivating sugar beet in different climatic conditions.
A. Salarian and A. Salari (2021) in their study demon-
strated that the use of micro fertilisers together with
fertilisers containing trace elements significantly in-
creases the sugar content in sugar beet roots, especially
when it is accompanied by a decrease in nitrogen in
fertilisers. They managed to achieve a sugar content of
19.16-20.01% when combined with micro fertilisers.
The main elements that influenced the sugar content
were iron, zinc, manganese, and magnesium. These el-
ements are also present in the Quantum preparation
used in this study. M.Z. Aghdam and R. Valilue (2023)
studied the effect of the interaction of micro fertilisers
containing iron, zinc, and boron on the technological
parameters of sugar syrup obtained from beetroot. The
maximum growth of root crops and the purity of raw
syrup were obtained with the combined use of Zn, B, ..
O.V. Pismennyi (2012) studied the effect of micro fer-
tilisers in different concentrations on yield and sugar
content and demonstrated an increase in yield by 17 -
94% when applying different types and concentra-
tions of micro fertilisers. It should be noted that in this
study, even higher yields were achieved by applying a
combination of fertilisers at medium doses of macro
fertilisers and the lowest doses of micronutrients rec-
ommended by the manufacturer. Thus, numerous stud-
ies by Ukrainian and international colleagues point to
the need to use mineral fertilisers, with due regard to
climatic conditions and soil agrochemical parameters.
With a competent and planned approach to cultivation
and the use of reasonable combinations of different
types of mineral fertilisers, it is possible to achieve a
crop with high technological indicators and reduce eco-
nomic costs. Further research should be aimed at stud-
ying the effect of the proposed fertiliser combinations
on other technological indicators of sugar beet, such
as juice purity, sugar extraction, and concentration of
reducing substances. It is also advisable to analyse the
effect of different concentrations and combinations of
micro fertilisers to increase yield and sugar content.

CONCLUSIONS

The influence of different fertilisation regimes on the
yield, and accumulation of sugars and proteins in the
roots of sugar beet of the Alexandria hybrid was stud-
ied. The data obtained confirm the need for mineral
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fertilisers in the cultivation of beet to realise the growth
potential of the variety. The most effective for increas-
ing biomass growth was the application of a combina-
tion of complex mineral fertiliser containing nitrogen,
sodium, and phosphorus in combination with micro
fertiliser Quantum: the biomass growth compared to
the untreated control was 120.8+8.5-143.0£14.3%, de-
pending on the amount and frequency of fertilisation.
The difference between the concentrations of fertilisers
N,,oPsoK, g0 @and N, P, K., was more pronounced at a
single application (about 20%), with repeated applica-
tion it was reduced to 10%, so the concentration in the
soil reached a certain saturation, and further increase
in fertilisers did not affect the biomass growth.

The combined fertiliser application also had the best
effect on the sugar content of beetroot, the increase in
soluble sugars ranged from 4.23#0.6 to 5.3#0.45% under
different combined fertiliser application schemes and
reached the maximum values for this hybrid, about 20%.
Increasing the concentration of fertilisers when used

combined fertilisers containing nitrogen, potassium,
and phosphorus. The addition of mineral micronutrient
fertilisers did not make a significant contribution to the
increase in this indicator. Probably, these macronutri-
ents are the main limiting components for protein syn-
thesis. Thus, the increase in biomass observed in the
experiment was mainly due to the accumulation of car-
bohydrates in plants.

Based on the study, it can be concluded that it is
advisable to use a combination of fertilisers containing
macro- and microelements. From the point of view of
improving the commercially valuable qualities of sugar
beet, this is more appropriate than repeated process-
ing. Implementation of the proposed measures can re-
duce fertiliser costs and allow for achieving high yields
and sugar content. Further research should be aimed
at deepening the influence of micro fertilisers on the
yield, sugar content, and other technological parame-
ters of sugar beet.

separately, as well as the frequency of their application, ACKNOWLEDGEMENTS
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AHortauis. LlykpoBuit 6ypsik € OAHI€I 3 CiNbCbKOrOCNOAAPCHKUX KYNbTYP 3 BUCOKOK MPOMMUCIOBOK 3HAYYLLICTHO,
CKOPOYEHHS NAowW, MOro nocieiB B YKpaiHi OCTaHHIMM pPOKaMM aKTyaNi3ye pO3BUTOK TEXHOMOTiA NiABULLEHHS
BPOXAMHOCTI Ta TEXHOMOFIYHMX MOKA3HMKIB KynbTypu. MeTo poboTu 6yno [OCHiAXKEHHS Pi3HUX peXUMIB
BHECEHHSI MiHepanbHWUX A0OPUB Ha YPOXaWMHICTb, BMICT PO3YMHHMX LYKpiB Ta 6inkiB y LyKpoBoMmy OypsKy.
MonboBe fOCNigXKeHHS NpoBeaeHe B nepiof KBiTHsA-BepecHsa 2023 poky. [MepeanociBHa 06pobka npoBoamnach
3 BUKOPUCTAHHAM ribpuay ypoXKaiHO-LYyKpUCTOro HanpsMKy OnekcaHAapia WASXoM rnMBOoKoi opaHKK rnBUHOL
no 30 cm, winbHicTb BUciBy cTaHoBuna 100 tuc/ra. Cxema ypobpeHHs nepepnbavana BHeCeHHs KOMOiHauii
KOMM/IEKCHWUX J06pWB Y OAHIM 3 ABOX KOHueHTpauin: N, P, . K, —~a6o N, P, K . Ta ctumynaropy pocty Ha
OCHOBI aMiHOKMCIOT Ta MikpoeneMeHTiB KBaHTyM. BHeceHHs BinbyBanocb okpeMo abo B koMbiHaLii, KpaTHICTb
yA0OpEHHS — OHO- UM BOKPATHA. [1pOAEMOHCTPOBAHO, L0 HaMbiNbL BUPAKEHUI NO3UTUBHUIA edDeKT Ha NpUpicT
6ioMacK Ta LyKpUCTOCTi Bypsika YMHUTb KOMBIHOBAHE 33aCTOCYBaHHS MiHepaNbHMX KOMBIHOBaHMM Makpopobpus
3 npenapatoM KeaHTyM. lpn KOMBIHOBAHOMY BapiaHTi BHECEHHS MpupicT HioMacu KopeHennody CTOCOBHO
KoHTponto cknaB 120.8+8.5 %-143.0+14.3 %; npupicT BMICTY PO3YMHHMUX LYKPiB — B Mexax Big 4.23*0.6 % no
5.3£0.45 %. Takox cnocTepiraBcs NPUpPICT B NOPIBHAHHI 3 BapiaHTaMM pO34iIbHOr0 BHECEHHS A0OPUB. 3HauyLLOi
Pi3HMLI MiX 4BOMA 3aCTOCOBAaHMMM KOHLEHTPaLisiMM 806 PUB, @ TAKOX NPU MOBTOPHOMY BHECEHHI OKpeMUX A06pUB
Ta iXHbOT KOMBiHaLiN, BUSBNEHO He 6yno. BMicT 6inkiB y nepepaxyHKy Ha cyxy Macy 36inbllyBaBCs B 3a/1€XKHOCTI
B, KOHLEHTpaLii Ta KpaTHOCTi BHECEHHS KOMMAEKCHUX A06puB. OTpUMaHi AaHi Wwopo npupocTy biomacu BMIcTy
LYKpPY, BKa3ytTb Ha AOLINbHICTb NiABULLEHHS 3a3HAYEHUX MOKA3HMKIB € 3aCTOCYBAHHS KOMBiHaLii MiHEepanbHUX
[Oo6pUB, WO MICTATb MAaKpPO- Ta MIKPOENEMEHTH, TOX LOLINbHO peKOMEHAYBATU NOAIOHMIA pexuM yaobpeHHs.
[laHi MOXyTb CTaTW OCHOBO AN pO3pOOKM pekoMeHaaL i AN BNPOBaAXXEHHS B MPOMMUC/IOBOMY BUPOLLYBAHHI
LyKpoBoro 6ypsky. MofibHi npuitoMM MatoTb EKOHOMIYHY LOLINIbHICTb, OCKiIbKM A,03BOSATL CKOPOTUTU KiNlbKiCTb
06pob0ok Ta po3xig Lo6pMBa AN OTPUMAHHS YPOXKato 3 BUCOKUMM MOKA3ZHUKAMM

KniouoBi cnoBa: MikpoeneMeHTU; MakpoeneMeHTH; CTUMYASTOP POCTY; arpOTEXHIYHI XapaKTepUCTUKK; NPUMOCiBHA
0bpobka
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