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ABSTRACT

This study aimed to evaluate the effects of boron and zinc fertilizers, applied individually and in
combination, on the productivity of newly developed domestic sugar beet hybrids in
southeastern Kazakhstan. Two hybrids, Bolashak and Abulkhair, were treated with foliar
applications of boron (YaraVita Bortrac150), zinc (YaraVita Zintrac700), and their combinations
at various concentrations, alongside a basal dose of N3ooP150K300. Treatments were applied at
four key growth stages: 4-8 leaf stage, 10-12 leaf stage, leaf closure within rows, and between
rows. The highest boron (47.0mg.kg™) and zinc (37.0mg.kg™) concentrations were found in
Bolashak hybrid at row closure with Bortrac150 (1.5L ha™) and Zintrac700 (0.5L ha™"). Boron
uptake was generally higher than zinc, particularly by the Bolashak hybrid roots compared to
the Abulkhair hybrid, especially when treated with "Background + B + Zn10" at 647.5g ha™'. The
highest zinc uptake was recorded in the Abulkhair hybrid leaves with the application of YaraVita
Bortrac150 (1.5L ha™") and YaraVita Zintrac700 (0.5L ha™"), amounting to 384.3g ha™'. To produce
one ton of biomass, Bolashak required 1256.3g ha™ boron and 727g ha™ zinc, while Abulkhair
needed 1153.9 and 751.2g ha™, respectively. The highest root yield (82.0t ha™), sugar content
(18.1%), and sugar yield (14.8t ha™) were recorded in Bolashak. Abulkhair reached a maximum
root yield of 80.9t ha™, sugar content of 17.9%, and sugar yield of 14.4t ha™ with combined B
and Zn in "N3ooP150K300 + B + Zn10" treatment. These findings suggest optimal B and Zn foliar
applications can significantly improve sugar beet productivity and quality under local agro-
climatic conditions.
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INTRODUCTION droughts pose significant challenges. Irrigation plays a vital

role in stabilizing crop yields and enhancing productivity,

Sugar beet (Beta vulgaris) is a commercially cultivated particularly in the Almaty region, where soil and climatic

hybrid crop that is commonly known for its root-based high
sugar contents. Additionally, the entire beet, including
rosette of leaves, molasses, and pulp residue, can be utilized
as animal feed or as a feedstock for alcohol production
(Duraisam et al,, 2017). Although only 25% of the sugar
produced worldwide comes from sugar beets (Gonzalez,
2022), it is an extremely valuable and profitable crop in the
Republic of Kazakhstan and serves as the primary source of
sugar production in the country (Abekova et al., 2022). In
this context, food security remains a pressing issue,
especially in arid regions like Kazakhstan, where frequent
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conditions can be difficult for agriculture (Bastaubayeva,
2023; Bhatti et al, 2023). Inorganic fertilizers primarily
contain the essential macronutrients nitrogen, phosphorus,
and potassium, which play a crucial role in supporting both
the vegetative and reproductive stages of plant
development (Lamlom, 2023). In addition to these
macronutrients, micronutrients such as boron (B), and zinc
(Zn) are equally important, as they significantly contribute
to improving the productivity and quality of agricultural
crops (Sharafi et al., 2021). Boron contributes to maintaining
the integrity and firmness of the plant cell wall, playing a key
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role in preserving cell structure, enhancing plant strength,
and supporting overall growth and development (Gonzalez-
Fontes, 2020). Similarly, zinc is an essential element required
for the regulation of sugar and several enzymatic activities
related to plant development, chlorophyll production,
carbonic anhydrase activity, nitrogen uptake and protein
quality (Suganya et al., 2020; Ayoubi et al., 2023; Lilay, 2024).

Microelements, in particular, contribute to the synthesis
of a full spectrum of enzymes in plants, which allow for more
efficient use of energy, water, and macroelements. They
enhance plant immunity, resistance to diseases, and prevent
physiological depression caused by natural-climatic stresses
and pesticide exposure. Additionally, they influence various
enzymatic processes as activators or inhibitors, improve
metabolism and positively impact the yield and quality of
plant products (Cozzolino et al., 2021; Shahzad et al.,, 2021;
Salvage et al., 2024).

Microelements serve as cofactors for various enzymes
and are involved in redox reactions, including water
photolysis during photosynthesis. For instance, the specific
role of boron in pollen formation, flower and fruit
development, as well as its significance for plant growth and
reproduction, is well-documented (Fang et al, 2019;
Michailidis et al., 2023). Numerous studies have shown that
foliar application of microelements to sugar beet factory
fields positively influences all biochemical and physiological
processes in plants. This enhances their resistance to the
stressful effects of pesticides and abiotic environmental
factors (Ahmadpoor Dehkordi et al, 2019; Zewail et al.,
2020; Abd EI-Mageed et al.,, 2021; Hagshenas et al., 2023).
Microelements are required by plants in minimal amounts,
constituting thousandths or ten-thousandths of a percent
of the plant mass. However, each microelement performs
strictly defined functions in metabolism and plant nutrition,
and cannot be replaced by another element (Ahmad et al.,
2017; Nieder et al., 2018; Nardi et al., 2021).

To ensure proper nutrition for sugar beet, it is essential
to maintain optimal soil content and plant uptake of both
key macroelements (nitrogen, phosphorus, and potassium)
and microelements such as boron, copper, zinc, manganese,
cobalt, iron, molybdenum, and others (Ishfaq et al.,, 2022).
Most of the nutritional needs of sugar beet can be met
through the application of base fertilizers in the fall-season
(Varga et al, 2022). However, the deficiencies of nitrogen
and microelements are better addressed during the crop's
growing season. Foliar feeding ensures up to 90%
absorption of microelements, compared to 20% via root
feeding (Bana et al, 2022). Boron and zinc are more
significant for sugar beet than other microelements. Sugar
beet is highly sensitive to boron deficiency, which can result
in core rot, reduced sugar content, and lower yields
(Aghdam et al., 2023). Boron deficiency particularly affects
young, growing organs, leading to disease and necrosis of
growth points. In addition to boron, sugar beet has an
increased demand for zinc (approximately 600gha’™),
manganese (about 1000gha!), and molybdenum (around
30gha™). The role of zinc in plant growth is closely related
to its involvement in nitrogen metabolism. Zinc improves
the synthesis of sugars and starch, increases the overall
content of carbohydrates, proteins, ascorbic acid, and
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chlorophyll, and enhances drought, heat, and cold tolerance
in plants. Zinc deficiency in plants leads to the accumulation
of reducing sugars, a decrease in sucrose and starch
content, an increase in organic acid accumulation, reduced
auxin levels, disrupted protein synthesis, and the
accumulation of non-protein nitrogen compounds such as
amides and amino acids (Zhao et al., 2023).

It has been established that boron fertilizers increase
sugar content: by 0.7-1.4% with base application, by 0.3-
0.9% with foliar feeding, and by 0.5-0.8% with seed
treatment (Zhao et al.,, 2023). Research on the effectiveness
of micronutrient fertilizers, especially Zn and B, as top
dressings of mineral fertilizers on sugar beet crops has been
limited in the Almaty and Zhetysu regions. In this context,
effective methods and techniques for applying boron and
zinc fertilizers to the crops of new sugar beet hybrids,
Bolashak and Abulkhair, have been developed for the first
time under the conditions of light chestnut irrigated soils in
the southeastern region of Kazakhstan. Therefore, the
objective of this study was to evaluate the individual and
combined effects of boron and zinc foliar fertilization on the
yield, quality indicators, and nutrient composition of the
new sugar beet hybrids Bolashak and Abulkhair under
irrigated conditions.

MATERIALS & METHODS

Location of the Study

The current study was conducted through field
experiments on the irrigated experimental plot of the
"Kazakh Research Institute of Agriculture and Plant
Growing", in the Karasai district of the Almaty region,
located in the foothill zone (43°13'N, 76°41'E, 740 m asl) (Fig.
1). The soil of the stationary field is light chestnut with a
medium-thick humus horizon, low in humus, and of
medium loam composition, containing 35-43% physical clay
and 57-65% physical sand. The total humus content in the
arable layer ranges from 1.60 to 1.90%, total nitrogen is
0.15%, total phosphorus is 0.21%, and total potassium is
1.67%. Soil levels of mineral nitrogen are very low, mobile
phosphorus is low, and exchangeable potassium is
moderate. The carbon-to-nitrogen ratio (C: N) is 9.8, and the
CO; content (carbonates) is 3.1%. Among absorbed cations,
calcium (Ca) predominates at 12.0mg-eq per 100g, followed
by magnesium (Mg) at 2.5mg-eq per 100g, amounting to a
total of 14.5mg-eq per 100g. The soil solution reaction is
slightly alkaline (pH = 7.8), with no soil salinity, and a solid
residue in the 1.5-meter layer does not exceed 0.1%.

The density of the arable soil layer is slightly compacted
at 1.21gcm. The porosity of the arable layer is satisfactory
at 53.4%. The silt fraction (< 0.007mm) in the 0-20cm layer
constitutes 11-15%, and fine dust (0.005-0.001mm) 13-20%.
In the 20-40cm layer, the silt fraction increases to 16-22%,
and fine dust to 17-22%. Based on the content of
agronomically valuable aggregates, this soil is rated as good
to excellent within 54-78%. However, its resistance to water
erosion is unsatisfactory at 10-20%. The sum of water-stable
aggregates is unsatisfactory to moderately satisfactory at
10-30%. The soil's water permeability is good, at 76 mm per
hour. Groundwater depth exceeds 5m and does not
influence soil formation.



1399

45000 65000 35000

Kazakhstan

50.000

45000 65.000 85000

Fig. 1: Location map of studied area.

Experimental Design and Description

In the field experiment, two new domestic sugar beet
hybrids, Bolashak and Abulkhair, were sown when the soil
temperature warmed up to 8°C. Sowing was conducted
using a Plancer 2.8 seeder at a depth of 2-3cm, with a
seeding rate of 1.2-1.3 sowing units per hectare, or
approximately six plants per linear meter. For base
fertilization in spring, ammonium nitrate was applied at
300kg of active ingredient, while ammonium phosphate
(150kg) and potassium chloride (300kg) were applied in
the fall.

For foliar feeding of sugar beet hybrids, boron fertilizer
YaraVita Bortrac150 and zinc fertilizer YaraVita Zintrac700
were applied during the 4-8 leaf phase, the 10-12 leaf phase,
leaf closure within rows, and leaf closure between rows. The
application rates for variant Bs were 1.5Lha’ (0.75%
solution), for By - 3Lha™ (1.5% solution), for Zns - 0.5Lha™’
(0.25% solution), and for Zno - 1Lha™ (0.5% solution). For
the combined B+Zns variant, 0.75Lha™' of Bortrac150 +
0.25Lha™" of Zintrac700 (0.5% solution) was used, while for
B+Zn1o, 1.5Lha™" of Bortrac150 + 0.5Lha™ of Zintrac700 (1%
solution) was applied, with a water consumption rate of
200Lha™". YaraVita Bortrac150 contains 150gL™" of boron
and 65gL™" of nitrogen, while YaraVita Zintrac700 contains
700gL™" of zinc and 18gL™" of nitrogen. A trailer sprayer
OPG-2000 was used for fertilizer application alongside
herbicides to protect the sugar beet field from weeds.

The experiment was conducted in Randomized
Complete Block Design (RCBD) with three replications. The
plot arrangement was systematic, while the treatments within
replications were randomized. The sowing area of each plot
was kept 30m2 The preceding crop for sugar beet was
winter wheat. The experimental treatments were as follows:
. Control-CK
. N300P150K300
. N300P150K300 +Bs
. N300P150K300+B10o
. N300P150K300 +Zns
. N300P150K300+2ZN10
. N300P150K300+B+Zns
. N300P150K300+B+Zn1o.

O NOUT A WN =

Basic Characteristics of the Soil Used

Random soil samples were taken throughout the field
prior to the plowing and planting procedures in order to
properly assess the experimental location. Using an augur,
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soil samples were taken in the field from 0 to 30cm below
the surface of various treatments. Following the removal of
debris, samples were passed through a <2mm sieve. Prior
to the experiment, the main nutrients in the soil were
identified using the applicable state requirements.

The analysis of key soil fertility indicators and product
quality, including the content of essential nutrients nitrogen
by Kjeldahl method (Bremner, 1960), while phosphorus and
potassium were determined by Michigan method in
modification of the Central Research Institute of
Agrochemical Services for Agriculture State Standard
26205-91. Exchangeable potassium was calculated on a
flame photometer following State Standard 26205-91
(Batyrbek et al., 2022).

Boron and zinc content in the leaves, beet tops, and
roots of the sugar beet hybrids were determined using the
atomic absorption method (Adarve et al., 1998). Harvesting
and yield accounting of the two sugar beet hybrids were
conducted during the technical maturity stage, when the
roots had maximum mass and sugar content. Yield was
determined by weighing cleaned roots from the accounting
plots using platform scales.

Sugar content in the roots was analyzed using a
modern polarimetric flow-through saccharimeter (Babeker,
2022). Sodium content in the sugar beet roots was
measured by flame photometry (Skrbi¢ et al,, 2010). The a-
amino nitrogen and ash content were analyzed using a
spectrophotometer (Tillman, 2019). Statistical processing of
the obtained research results was carried out using analysis
of variance by SPSS.

Sugar Beet Yield and Sugar Content

To determine sugar beet productivity, both root yield
and sugar yield were calculated. Sugar beet roots were
harvested from a designated plot area of 10m? in each
replicate. The total fresh weight of the roots was measured
immediately after harvesting using a precision digital scale.
The root yield was then expressed in tonnes per hectare
(tha™") using the following formula:

Total root weight (kg) x 10

Root Yield (t/ha) =
Harvested plot area (m?)

Sugar content (%) in the beet roots was determined
using a polarimetric method in accordance with ICUMSA
guidelines. Cleaned and homogenized root samples were
extracted and the clarified juice was analyzed using a
standard polarimeter.

Sugar yield (tha™™) was calculated by multiplying root
yield by sugar content, according to the following formula:

Root Yield (t/ha) x Sugar Content (%)

Sugar Yield (t/ha) = 100

RESULTS

Dynamics of Microelements (B, Zn) Content in the
Plants and uptake with the Yield of Sugar Beet Hybrids

Microfertilizers applied as top-dressing on the mineral
fertilizers (N300P150K300) had varying effects on the boron and
zinc content in the root crops during the vegetative period
of the sugar beet hybrids Bolashak and Abulkhair. The
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application of microfertilizers increased the boron content
in the root crops of the Bolashak and Abulkhair hybrids
during the leaf closure phase within rows by 2.4-6.2mgkg’
and 2.2-7.2mgkg’, respectively, and during the leaf closure
phase between rows by 3.5-11.7mgkg’ and 10.0-
15.5mgkg" compared to the control.

The zinc content in the Bolashak hybrid root crops
showed a decrease of 0.8mgkg™ during the leaf closure
phase within rows in the variant with N3goP150K300 + Bs, but
increased by 4.2mgkg™ during the leaf closure phase
between rows compared to the control. For other
microfertilizer treatments, an increase in zinc content was
observed in Bolashak root crops during the leaf closure
phase within rows by 0.7-5.0mgkg™" and during the leaf
closure phase between rows by 1.7-7.0mgkg~' compared to
the control.

In the Abulkhair hybrid, an increase in zinc content in
the root crops was observed across all micro fertilizer
treatments during the leaf closure phase within rows and
between rows by 1.7-9.0mgkg? and 3.7-9.0mgkg™,
respectively, compared to the control. Mineral fertilizers at
a rate of NszgoP150K300 also increased the content of
microelements, but only slightly, across all studied hybrids,
plant growth phases, and microelements, by 1.0-4.0mgkg™".
The exception was observed in the Bolashak hybrid during
the leaf closure phase within rows and between rows, where
there was a decrease in zinc content by 0.8mgkgin both
phases compared to the control.

In the leaves and tops of the Bolashak and Abulkhair
hybrids during the studied plant development phases, an
increase in boron and zinc content by 0.4-18.0mgkg™" was
observed compared to the control. The highest boron
content in the tops of the Bolashak hybrid was recorded
during the leaf closure phase between rows, with the
combined application of the boron fertilizer YaraVita
Bortrac 150 at a dose of 1.5Lha”' and the zinc fertilizer
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YaraVita Zintrac 700 at a dose of 0.5Lha™" with mineral
fertilizers (N30oP150K300), reaching 47mgkg™". Meanwhile, the
highest zinc content in the tops of the Abulkhair hybrid was
recorded during the same phase, reaching 41.0mgkg"in the
N300P150K300+B+Zn1o variant.

The lowest boron and zinc levels were observed in the
leaves of the Bolashak hybrid during the 10-12 leaf phase
(7.0mgkg™") and in the tops of the Abulkhair hybrid during
the leaf closure phase between rows (32.0mgkg™).
Microfertilizers contributed to higher accumulation of
boron and zinc in the leaves, beet tops, and roots of both
hybrids during all development phases. The increase relative
to the mineral fertilizer variant was 4.0-11.7mgkg™" for
boron and 6.0-15.0mgkg™ for zinc, while the increase
compared to the control ranged from 1.0-17.0mgkg™" for
boron and 0.7-18.0mgkg™" for zinc (Table 1 and 2).

The studies indicate that the uptake of boron by the
root crops of the Bolashak and Abulkhair hybrids, against
the mineral fertilizers NsooP150K300, increased with the
application of boron fertilizer Bs at a dose of 1.5Lha™" by
355.0gha™ and 251.6gha™ relative to the control. When
boron fertilizer B1o was applied at a dose of 3Lha™, the
uptake increased by 360.1gha’ and 259.1gha™. Zinc
fertilizer Zns, at a dose of 0.5Lha™", increased boron uptake
by 258.7gha" and 296.5gha™". When zinc fertilizer Zno was
applied at a dose of 1Lha™, the uptake increased by
249.8gha and 313.0gha™'. Joint application of boron
fertilizer B at a dose of 0.75Lha™" and zinc fertilizer at a dose
of 0.25Lha™' resulted in an increase of 387.1gha™ and
360.0gha™". Finally, the application of boron fertilizer B at a
dose of 1.5Lha"'and zinc fertilizer Zno at a dose of 0.5Lha™"
led to an increase of 420.7gha™! and 385gha", respectively.

The boron uptake by the root of the Bolashak and
Abulkhair hybrids increased by 302.4gha™' and 203.0gha™’,
respectively, with the application of mineral fertilizers at the
rate of N3goP150K300 compared to the control.

Table 1: Dynamics of Microelement Content in Bolashak Sugar Beet Hybrid Plants as Affected by Microfertilizer Application (mgkg™ of Dry Matter)

Treatments Phases of sugar beet development

4-8 leaves 10-12 leaves Leaf canopy closure within the rows Leaf canopy closure between rows

leaves leaves foliage root foliage root
B Zn B Zn B Zn B Zn B Zn B Zn

CcK 11.0 84 90 7.0 20.0 25.0 15.0 8.0 30.0 14.0 18.0 11.0
N300P150K300 120 9.0 11.5 10.0 22.0 30.0 16.0 7.2 42.0 15.0 19.0 10.2
N300P150K300 +Bs 15.0 101  18.0 10.5 25.0 31.0 18.0 7.2 44.0 15.5 25.0 15.2
N300P150K300+ B0 200 107 213 10.7 23.0 31.0 212 8.7 44.0 17.8 27.1 12.7
N300P150K300+Zns 13.0 204 145 22.0 24.0 32.0 17.4 10.0 37.0 20.2 222 13.0
N300P150K300+ZN10 140 237 138 25.0 26.0 34.0 16.0 10.7 36.0 25.0 215 15.7
N300P150K300+B+Zns 180 210 204 234 22.0 304 19.2 11.0 45.0 23.0 254 17.0
N300P150K300+B +Zn1g 235 190 225 25.0 26.0 37.0 20.0 13.0 47.0 26.0 29.7 18.0

Table 2: Dynamics of Microelement Content in Abulkhair Sugar Beet Hybrid Plants Depending on Micronutrient Fertilizer Application (mgkg™ of Dry Matter)

Treatments Phases of sugar beet development
4-8 leaves 10-12 leaves Leaf canopy closure within the Row Leaf canopy closure between rows
leaves leaves foliage Root foliage root
B Zn B Zn B Zn B Zn B Zn B Zn
CK 8.0 71 8.0 8.0 15.0 15.0 14.0 9.0 25.0 12.0 140 10.0
N300P150K300 10.0 8.0 9.5 9.0 12.0 20.0 16.7 10.2 320 14.0 180 112
NPK+Bs 1.0 95 11.0 9.5 15.4 21.0 18.0 11.2 34.0 16.5 240 142
NPK+B1o 120 87 11.0 9.7 14.0 21.0 21.2 10.7 34.0 18.8 256 137
NPK+Zns 13.0 114 120 12.2 14.8 22.0 17.4 14.0 37.0 242 242 138
NPK+Zn1o 11.0 157 108 15.0 16.7 24.6 16.0 17.7 38.0 26.0 268 147
NPK+B+Zns 170 142 147 13.4 12.0 204 19.2 17.0 40.0 27.0 274 180
NPK + B +Znyo 200 150 155 15.0 16.0 27.0 20.0 18.0 41.0 27.0 29.5 19.0
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The boron uptake by the foliage of the Bolashak and
Abulkhair hybrids also increased with the application of
fertilizers, though to a lesser extent than by the root. With
the use of mineral fertilizers alone, boron uptake by the
foliage of the Bolashak hybrid increased by 153.8gha! and
by the Abulkhair hybrid by 170.6gha”’ compared to the
control. In variants with micronutrients applied on a
fertilized NPK, boron uptake by the foliage of the Bolashak
and Abulkhair hybrids increased to 221.1-406.4gha" and
301.7-453.1gha”, respectively, compared to the control
(Table 3).

The zinc uptake by the root and foliage of the Bolashak
and Abulkhair hybrids was lower compared to boron
uptake. Zinc uptake by the root of the Bolashak and
Abulkhair hybrids, when foliar treatments were applied on
the mineral fertilizers, increased by 99.1-2452gha™ and
123.0-284.3g.ha”, respectively, and with the application of
mineral fertilizers at the rate of N3goP150K300, it increased by
83.2gha" and 81.5gha". Zinc uptake by the foliage of the
Bolashak and Abulkhair hybrids in treatments with foliar
feeding on a fertilized NPK was higher than with the
application of only mineral fertilizers. In treatments with
root feeding on a mineral fertilizer NPK, the uptake of this
micronutrient ranged from 156.1gha™" to 281.8g ha™!, while
in the mineral fertilizer variant, it amounted to 92.9gha".

The applied fertilizers increased the overall
micronutrient uptake by the sugar beet hybrids, with the
highest values for boron compared to zinc in terms of the
formation of 1 ton of root crops. The total boron uptake by
the Bolashak hybrid, depending on the application of
micronutrients on a mineral fertilizer NPK, ranged from
900.1-1256.3gha"", with the use of N300P150K300 at 885.5gha-
' and the lowest was in the variant without their
application, at 429.3gha™". Abulkhair hybrid, depending on
the micronutrient variants on a mineral fertilizer NPK, the
mineral fertilizer variant, and the control variant, took up
less boron compared to the Bolashak hybrid, with values of
869.0-1153.9gha", 689.3gha™", and 315.7gha,
respectively. The differences in total zinc uptake between
the Bolashak and Abulkhair hybrids were not significant,
with values for micronutrient foliar treatments on a mineral
fertilizer NPK being 489.5-727.2gha™" for Bolashak and
469.1-751.2gha" for Abulkhair. For the mineral fertilizer
variants, the values were 380.3gha™ and 359.6gha”,
respectively, and for the control, they were 229.6gha" and
185.2gha™". Therefore, to produce 1 ton of root crops for
the Bolashak hybrid, including foliage, with micronutrient
foliar treatments on a mineral fertilizer NPK, 900.1-1256.3g
of boron and 489.5-727.2g of zinc was taken up from the

Table 3: Micronutrient uptake with the yield of sugar beet hybrids (gha™")
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soil. With the application of mineral fertilizers N3ooP150K300,
this amount is 885.5g of boron and 380.3g of zinc, and
without the use of fertilizers, it is 429.3g of boron. For the
Abulkhair hybrid, to produce 1 ton of root crops with
foliage, with foliar micronutrient treatments on a mineral
fertilizer NPK, 869.0-1153.9g of boron and 469.1-751.2g of
zinc is consumed. With the application of mineral fertilizers,
the amounts are 689.3g of boron and 359.6g of zinc, and in
the control, they are 315.7g of boron and 185.2g of zinc,
respectively (Table 3).

Effect of Micronutrients on the Productivity of Sugar
Beet Hybrids

The yield of the Bolashak hybrid was higher than that
of the Abulkhair hybrid by 4.0tha™ in the variant without
fertilizer application, 5.2tha™" in the N30oP150K300 variant, and
1.1-4.5tha™" in the micronutrient treatments on a mineral
fertilizer NPK. The use of high doses of mineral fertilizers
N30oP150K300 increased the yield of the Bolashak and
Abulkhair sugar beet hybrids to 75.0tha™ and 69.8tha”,
respectively, with increases exceeding the control by
30.0tha? and 28.8tha’', respectively. The use of foliar
micronutrient treatments on a nitrogen-phosphorus-
potassium NPK during the growing season further increased
the yield of the Bolashak and Abulkhair hybrids to 78.1-
82.0tha' and 74.2-79.2tha™", with increases relative to the
control of 33.1-37.0tha™' and 33.2-39.9tha”", respectively.
Increasing the dose of boron fertilizer from 1.5Lha™ to 3Lha"
" increased the yield of the Bolashak and Abulkhair hybrids
by 0.7tha™" and 1.3tha™, respectively. The zinc fertilizer dose
increases from 0.5Lha"" to 1.0Lha™ led to a yield increase of
0.7tha™" and 0.6tha'. When combining these fertilizers at
doses of 0.75Lha™" of YaraVita Bortrac150 and 0.25Lha™! of
YaraVita Zintrac700 to 1.5Lha™! of YaraVita Bortrac150 and
0.5Lha™’ of YaraVita Zintrac700, the yield increased by
0.8tha™ and 1.7tha”’, respectively. The highest yield of
Bolashak sugar beet root crops was obtained with the
combined application of 1.5Lha™" of YaraVita Bortrac150 and
0.5Lha™" of YaraVita Zintrac700, reaching 82.0tha™' (Table 4).

Boron fertilizers, like zinc fertilizers, used as foliar
treatments on a fertilized NPK during the growing season
of the Bolashak and Abulkhair hybrids, provided the highest
sugar content in the root crops, ranging from 17.7% to
18.1% for Bolashak and from 17.5% to 17.9% for Abulkhair.
The increase in sugar content was identical, at 0.5-0.9%.
When only mineral fertilizers at the rate of N3goP150K300 were
used, the sugar content in the root crops of the Bolashak
and Abulkhair hybrids increased less, reaching 17.5% and
17.3%, respectively, which was 0.3% higher than the

Treatments

Nutrient uptake by main (1) and (2)

Bolashak Abulkhair
B Zn B Zn

Main by-products Main by-products Main by-products Main by-products
CK 226.8+9.1f 202.5+7.69 105.8+15.6f 123.8+11.1f 172.2+10.5f 143.5+16.4g  82.7+9.5g 102.5+6.5f
N300P150K300 529.2+9.0d 356.3+11.0f 189.0+15.7e 1913+103e  375.2+11.7e  314.1+8.0f 164.2+8.9f 195.4+13.2e
N300P150K300 +Bs 581.8+11.0c  491.9+9.9d 204.9£12.0e  299.1+9.5¢c 423.8+8.9d 4452+109e  205.7+8.5e 263.4+11.4cd
N300P150K300+B1o 586.9+10.1c  536.0£123b  237.4+143d  252.1+8.7d 431.3+9.5d 483.2+12.7d  238.5+6.5d 258.6+10.5d
N300P150K300+ZNs 485.5+11.2e  429.6+8.1e 265.0£9.8¢ 253.8£13.0d  468.7+9.8¢c 456.2+124e  306.5+11.1c  260.1+9.4d
N300P150K300+ZN10 476.6+12.8e  423.6+11.0e  331.0+9.5b 309.3+7.1c 485.2+9.7c 509.2+8.7c 332.0+£7.5b 279.3£10.1c
N300P150K300 +B+Zns 613.9£9.9b 515.6+9.4c 313.8+7.9b 345.1£9.1b 532.2+8.6b 542.5+10.1b  360.5+10.1a  356.4+8.0b
N300P150K300+B+Zn1g 647.5+£9.3a 608.9+9.8a 358.2+9.8a 369.0+£10.6a 557.2+8.8a 596.6+10.3a 367.0+9.7a 384.3+6.3a

Data are shown as the mean=SD. Different letters indicate significant differences within rows at P<0.05, as determined by the LSD test.
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control in both cases. The maximum sugar accumulation
was observed in the Bolashak root crops when boron
fertilizer YaraVita Bortrac150 at a dose of 1.5Lha™! and zinc
fertilizer YaraVita Zintrac700 at a dose of 0.5Lha™' were
applied together, reaching 18.1%. For the Abulkhair hybrid,
the highest sugar content in the root crops was observed in
the variants with N300P150K300+B+Zns and
N300P150K300+B+ZI’]10, reaching 17.9%.

The sugar yield was lowest in the treatment without
fertilizer application for both hybrids, ranging from 6.9 to
7.7tha™". The application of high doses of mineral fertilizers,
N300P150K300, significantly increased sugar yield, reaching
13.1tha”" for the Bolashak hybrid and 12.0tha”' for the
Abulkhair hybrid. With the application of boron and zinc
fertilizers and increasing their doses on a mineral fertilizer
NPK, the sugar yield increased to 13.8-14.8tha™’ for the
Bolashak hybrid and to 13.0-14.4tha™ for the Abulkhair
hybrid. The maximum sugar yield was achieved with the
cultivation of the Bolashak hybrid, using 1.5Lha" of YaraVita
Bortrac150 and 0.5Lha™! of YaraVita Zintrac700, reaching
14.8tha™! (Table 4).

In addition to sugar content as the main quality
indicator of sugar beet root crops it is important to consider
the main no sugary substances, as their increase leads to
sugar loss in molasses. Research showed that the lowest
content of potassium, sodium, and alpha-amino nitrogen in
the root of the Bolashak hybrid was observed in the variants
without fertilizer application, with values of 5.50mmol/100g
of fresh weight, 0.60mmol/10g of fresh weight, and
1.25mmol/100g of fresh weight, respectively. The application
of high doses of mineral fertilizers N3ooP150K300 increased the
potassium content by 0.37mmol/100g of fresh weight,
sodium by 0.16mmol/100g of fresh weight, and alpha-amino
nitrogen by 0.13mmol/100g of fresh weight compared to the
control. When boron and zinc fertilizers were used separately
or together on a mineral fertilizer NPK, the potassium
content increased by 0.26-0.31Tmmol/100g of fresh weight,
sodium by 0.12-0.20mmol/100g of fresh weight, and alpha-
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amino nitrogen by 0.07-0.14mmol/100g of fresh weight
relative to the control.

A similar pattern in potassium, sodium, and alpha-
amino nitrogen content was observed in the Abulkhair
hybrid, but with generally lower values. The application of
mineral fertilizers and micronutrient foliar treatments in this
hybrid on a fertilized NPK resulted in increases in potassium
content in the root crops by 0.70-0.90mmol/100g of fresh
weight, sodium by 0.04-0.09mmol/100g of fresh weight,
and alpha-amino nitrogen by 0.10-0.18mmol/100g of fresh
weight compared to the control. The lowest amounts of
potassium, sodium, and alpha-amino nitrogen in the root
crops of the Abulkhair hybrid were observed in the control
variant, with values of 4.90mmol/100g of fresh weight,
0.54mmol/100g of fresh weight, and 1.20mmol/100g of
fresh weight, respectively. The ash content in the root of the
Bolashak hybrid, depending on the fertilizer variants, was
0.1% higher than the control, while in the root crops of the
Abulkhair hybrid, the ash content was the same across all
variants of the experiment, at 0.7% (Table 5).

DISCUSSION

Effect of Microfertilzer Application on Zn and B
Accumulation Sugar Beet Vegetative Tissues

It is very important to optimize the required micro- and
macro-elements level of a crop to yield satisfactorily and
produce product of best quality, for instance sugar yield and
sugar contents in sugar beet. Besides, optimizing the
methods of application of micronutrients at specific growth
stage of sugar beet are equally important, whether it has to
be applied in granular form, foliar spray or in combination.
Here, we applied micro-fertilizers as top-dressing along
with standard NPK dose to evaluate the Zn and B-content
in the root and leaves of sugar beet hybrids. The application
of micro-fertilizers as foliar top-dressing on a background
of mineral fertilizers (N300P150K300) significantly influenced
the boron and zinc content in the root crops, leaves,

Table 4: The Impact of micronutrient application on the productivity of sugar beet hybrids

Treatments Bolashak Hybrid, t ha™ Abulkhair hybrid, t ha™
Yield Increase Sugar Deviation Sugar Deviation Yield Increase Sugar Deviation  Sugar Deviation
Relative to Content, fromthe Yield, from the Relative to Content, from the Yield, t/ha from the
the Control % Control  t/ha Control the Control % Control Control
CK 450 - 17.2 - 7.7 - 41.0 - 17.0 - 6.9 -
N300P150K300 - NPK  75.0  30.0 17.5 03 13.1 5.4 69.8 28.8 173 03 12.0 5.1
NPK +B 5 787 337 17.8 0.6 14.0 6.3 74.2 332 17.6 0.6 13.0 6.1
NPK +B 10 794 344 17.9 0.7 14.2 6.5 75.5 345 17.7 0.7 133 6.4
NPK +Zn 5 781 331 17.7 0.5 13.8 6.1 754 344 17.5 0.5 13.1 6.2
NPK +Zn 10 788 338 17.8 0.6 14.0 6.3 76.0 35.0 17.6 0.6 133 6.4
NPK +B+Zn 5 812 362 18.0 0.8 14.6 6.9 79.2 38.2 17.9 0.9 14.1 7.2
NPK+B+Zn10 820 37.0 18.1 0.9 14.8 7.1 80.9 399 17.9 0.9 14.4 7.5
LSDos 5.5 6.9
Table 5: The impact of micronutrient application on the technological quality indicators of sugar beet hybrids
Treatments Bolashak hybrid, mmol/100g of fresh weight ash, % Abulkhair hybrid, mmol/100g of fresh weight ash, %
potassium sodium o-amino nitrogen potassium sodium o-amino nitrogen
CK 5.50 0.60 1.25 0.6 4.90 0.54 1.20 0.7
N300P150K300 5.87 0.76 1.38 0.7 5.60 0.58 1.30 0.7
NPK+Bs 5.85 0.78 1.35 0.7 5.70 0.61 135 0.7
NPK+B1o 5.76 0.78 1.32 0.7 5.74 0.63 1.30 0.7
NPK+Zns 5.80 0.72 1.36 0.7 5.70 0.60 138 0.7
NPK+Zn1o 5.77 0.75 1.38 0.7 5.76 0.61 135 0.7
NPK+Bs+Zns 5.79 0.72 1.39 0.7 5.78 0.62 1.36 0.7
NPK+B1o+Zn1o 5.81 0.80 1.36 0.7 5.80 0.62 132 0.7
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and tops of sugar beet hybrids Bolashak and Abulkhair.
These findings are in line with previous studies that have
reported the beneficial effects of micronutrient foliar
application on improving the nutritional status and
productivity of sugar beet under different soil and climatic
conditions (Mekdad and Shaaban, 2020). The foliar feeding
method proved to be effective, particularly when applied
during key phenological stages such as leaf closure. The
elevated boron content observed at this stage suggests an
increased translocation efficiency likely driven by larger leaf
surface area and intensified metabolic activity.

The micronutrients accumulation in crops have been
investigated in different crops and found significantly
influenced by growth phase at which micro-fertilizers were
applied. The response of crop to in-vitro micro-fertilizers
application were influenced by the genetic background of
genotype of that crop (Jatav et al, 2020). The increase in
boron content during the vegetative phases, particularly
during the leaf closure stages, demonstrates the high
responsiveness of both hybrids to foliar boron application.
The highest increase was observed during the leaf closure
between rows, suggesting greater uptake efficiency at this
growth stage, possibly due to enhanced translocation
mechanisms and leaf surface area (Tohma and Esitken,
2011). This aligns with studies showing that boron is crucial
during active vegetative growth phases when cell division
and sugar transport are at their peak (Day and Aasim, 2020).
Similarly, zinc content dynamics varied between hybrids and
fertilizer treatments. In the Bolashak hybrid, zinc levels
decreased in some treatments, particularly with the
application of boron alone (NPK+Bs), indicating possible
antagonism between zinc and boron uptake pathways
(Hossain et al., 2020). Conversely, in the Abulkhair hybrid,
zinc content consistently increased across all treatments,
highlighting potential varietal differences in micronutrient
absorption and transport capacities (Grewal et al., 2020).
These hybrid-specific behaviors underline the importance of
tailoring fertilizer strategies based on genetic background.
The combined application of boron and zinc showed
synergistic effects, especially in improving micronutrient
accumulation in the beet tops and foliage. The highest
boron and zinc content in the tops was observed with the
application of YaraVita Bortrac 150 (1.5Lha™") and YaraVita
Zintrac 700 (0.5Lha™"), suggesting the benefits of balanced
micronutrient  application  for optimizing  nutrient
assimilation (Bhardwaj et al., 2021). Likewise, boron and zinc
uptake by roots and foliage also showed significant
increases with micronutrient applications. Uptake was
generally higher for boron than zinc, which may be
attributed to differences in solubility, mobility in plant
tissues, and plant demand (Safdar et al., 2023). The uptake
efficiency was highest with combined foliar treatments,
especially in the Bs+Znio variants, indicating the
effectiveness of multi-nutrient approaches in micronutrient-
deficient soils (Pimentel et al., 2023).

It is noteworthy that the application of only mineral
fertilizers also resulted in slight increases in micronutrient
uptake, suggesting improved root development and soil
nutrient availability. However, the increases were
significantly lower than those observed with foliar
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micronutrient treatments, confirming the essential role of
targeted foliar nutrition in addressing micronutrient
deficiencies during critical growth stages (Stewart et al,
2021). These data demonstrate that foliar application of
boron and zinc, particularly in combination, enhances
nutrient accumulation and uptake efficiency in sugar beet
hybrids. These findings support previous research
emphasizing the importance of micronutrients in improving
sugar beet quality and yield potential under intensive
fertilization systems (Hao et al., 2021). The varietal response
differences observed between Bolashak and Abulkhair
further suggest the need for genotype-specific fertilizer
strategies to optimize micronutrient management. Overall,
the results strongly support the strategic use of foliar boron
and zinc as part of an integrated nutrition management plan
for sugar beet. The significant increases in nutrient
accumulation in both roots and vegetative parts suggest
improved metabolic functioning and potentially greater
sugar transport and storage efficiency. Future research
should further investigate the mechanisms behind nutrient
interaction at the physiological and molecular level, as well
as assess long-term impacts on soil nutrient balance and
plant health.

Effect Micro-fertilizers on Yield, Quality and Sugar
Contents of Sugar Beet Hybrids

Foliar application of micronutrients, particularly boron
and zinc, had a significant effect on the yield and quality of
sugar beet hybrids. These findings are consistent with earlier
studies, which demonstrated the positive effects of boron
on sugar accumulation and root yield (Artyszak and
Gozdowski, 2021). In the current study, both Bolashak and
Abulkhair hybrids responded positively to boron, but
Bolashak exhibited a higher increase in root yield and sugar
content, indicating a potentially greater sensitivity or
efficiency in boron uptake and utilization. Zinc also played a
crucial role in improving plant health and yield. This aligns
with Hamzah Saleem et al. (2022), who reported that foliar
spraying of micronutrients including zinc improved sugar
beet quality under field conditions. Moreover, Kaya and
Ashraf (2024) found that foliar-applied micronutrients
mitigated the adverse effects of salinity stress, leading to
improved root weight and sugar concentration. These
results support the idea that targeted foliar applications can
enhance nutrient availability and physiological performance
in stress-prone or nutrient-deficient soils.

Our study further supports the notion that hybrid-
specific responses to micronutrient treatments should be
considered in sugar beet cultivation strategies. Bhadra et al.
(2023) emphasized the importance of both boron and zinc
in enhancing sugar beet growth and sugar vyield,
highlighting the need for balanced micronutrient
management tailored to hybrid characteristics and
environmental conditions. Finally, it is noteworthy that
potassium levels, although not a direct focus in this study,
remained consistent across treatments and did not appear
to interfere with the observed micronutrient effects. This is
in line with Xie et al. (2022), who noted that potassium
fertilization supports sugar beet quality but does not
overshadow the effects of micronutrients like boron and
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zinc when foliar applied. From a practical perspective, our
findings offer clear implications for farmers and
agronomists in semi-arid regions. Foliar application of
boron and zinc, especially in combined form, is a viable
strategy to increase both the yield and the commercial
quality of sugar beet crops. Given that sugar beet is a
nutrient-demanding crop, regular foliar micronutrient
applications may be necessary to sustain high productivity,
particularly in nutrient-deficient soils.

Conclusion

The boron content in the tops of the sugar beet hybrid
Bolashak during the leaf closing phase in the inter-rows was
higher than in the root crops by 0.3-29.0mgkg™" across all
experimental variants. The highest accumulation of boron
was mainly observed in the tops of the hybrid Abulkhair
during the same phase, with a range of 25.0-41.0mgkg™’,
and lower levels in the root crops — 14.0-29.5mgkg™". Zinc
was generally present in smaller amounts compared to
boron in the hybrids Bolashak and Abulkhair during their
vegetation, in the leaves, tops, and root crops, with
variations in the experimental variants ranging from
7.0mgkg"to 37.0mgkg™". The maximum amount of zinc was
observed in the tops of the hybrid Bolashak during the leaf
closing phase in the rows when boron fertilizer YaraVita
Bortak150 at a dose of 1.5Lha™" and zinc fertilizer YaraVita
Zintrak700 at a dose of 0.5 Lha™' were applied together
37.0mgkg™". The application of micronutrients as foliar
fertilizers against the NPK of high rates of mineral fertilizers
N300P150K300 resulted in a higher removal of boron and zinc
from the soil by the main and side products of the hybrids
Bolashak and Abulkhair, exceeding the control by 470.8—
827.0gha™" and 259.9-497.6gha™", and 553.3-838.2gha™" and
283.9-566.0gha"", respectively. The use of mineral fertilizers
at the rate of N3goP150K300 contributed to a smaller overall
removal of boron and zinc from the soil by the hybrids
Bolashak and Abulkhair compared to the control — by
456.2gha™" and 150.7gha’", and 373.6gha™' and 174.4gha’",
respectively. Foliar applications of boron and zinc fertilizers
against the NPK of mineral fertilizers increased the root
yield of the hybrids Bolashak and Abulkhair to 78.1-82.0tha"
T and 74.2-80.9tha’, sugar content 17.7-18.1% and 17.5—-
17.9%, and sugar yield 13.8-14.8tha™! and 13.0-14.4tha™".
The increase in root yield for the hybrids Bolashak and
Abulkhair was 33.1-37.0tha™’ and 33.2-39.9tha', sugar
content 0.5-0.9% and 0.5-0.9%, and sugar yield 6.1-7.1tha
T and 6.1-7.5tha™" relative to the control.
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