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Abstract. The application of lime fertilizer “defecation” on acidic and slightly acidic soils has a multifaceted
positive effect, eliminating excessive acidity, and creating optimal environmental conditions for agricultural
plants and soil microorganisms, increases the water resistance of structural soil aggregates, which determines
favourable water and air modes, increases the accumulation of phosphorus, potassium. The goal is to investigate
the influence of sugar mud and organic fertilizers on the productivity of sugar beets in the conditions of Podillia.In
the presented study was carried out using such methods as field, measuring and weighing, laboratory, statistical.
According to the results of the experiment, it was determined that the productivity of sugar beets increased
depending on the doses of applied fertilizers. Thus, with the application of 2.0 Hr of sugar mud, the yield
increase amounted to 15.27 t/ha. The combination of organic fertilizer and sugar mud 2.0 Hr had the strongest
effect on productivity - 29.41 t/ha. The collection of sugar increased according to the experimental variants
mainly due to the increase in yield. The increase in digestion was insignificant: from 0.08 to 0.56% according to
the experiment variants. The segment of crop production will be profitable due to the drivers of the volume of
the harvested crop. The side economic effect of the application of this measure will be to obtain a larger sugar
harvest per hectare, which will allow to obtain a larger profit from the processing of sugar beets into sugar. The
practical value of the research lies in the formation of recommendations for farms and agricultural enterprises
growing sugar beet on acidic and slightly acidic soils in order to increase its productivity
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INTRODUCTION
As a result of the significant anthropogenic impact on
the agricultural landscapes of Ukraine and the intensi-
fication of agricultural production, the state of soil acid-
ification is characterized as catastrophic. The highest
level of arable land acidification is characteristic of the
Podillia zone, and this especially applies to the soils of
the Vinnytsia region, where acidic soils make up more
than 80% of the total arable land area (Voitova, 2020).

There are not many comprehensive studies on the
impact of manure application and organic fertilizers on
sugar beet productivity in the scientific environment.
The general physiology of sugar beet and the factors
affecting it are studied in the work of C. Hoffmann et
al.(2021). Physico-chemical indicators and yield of sug-
ar beets were considered in detail by |. Khan et al. (2018).
M. Rasovsky & V.Pacuta (2016) studied quite deeply and
thoroughly the influence of certain agrotechnical meas-
ures and climatic conditions on the yield of root crops
and the digestion of sugar beets. An interesting study is
the assessment of the stability and adaptation models
of the yield of white sugar from sugar beet varieties
in a temperate climate, carried out by M. Studnicki et
al. (2019). Agrotechnical measures in the management
of soil fertility were studied by C. Kabala et al. (2016).
Certain aspects of adaptive technology in the part of
growing sugar beets on acidic soils are studied in the
work of O. Balahura et al. (2018). The team of authors
A. Zaryshniak et al. (2019), who examined the produc-
tivity of sugar beets under biologicization of their cul-
tivation on weakly acidic soils, continues the develop-
ment of this scientific direction. The general principles
of sugar beet productivity, depending on the system
of fertilization and tillage, were studied in the work of
such scientists as O. Chernelivska et al. (2019).

Despite significant progress in the study of meas-
ures to increase the yield of sugar beets, there is a lack
of comprehensive systematic work on the effect of ap-
plying manure and organic fertilizers on the produc-
tivity of sugar beets. One of the effective methods of
increasing the fertility of acidic soils and ensuring the
productivity of agricultural crops is liming and apply-
ing organic fertilizers. However, in the conditions of the
existing price disparity for agricultural products and
plant protection products, there is a need to find such
methods of processing agricultural crops, which, at the
lowest costs, ensured not only an increase in yield, but
also the restoration of soil fertility. To solve this scien-
tific and practical task, it was proposed to investigate
the use of sugar production waste - sugar mud - which
is especially relevant for enterprises that provide a
full cycle of sugar production: from the provision of
raw materials (growing sugar beets) and the actual
production of sugar. Compared to traditional liming,
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sugar mud has advantages in cost, lower costs for
transportation to the fields, in particular, its applica-
tion allows for more efficient use of organic fertilizers.

MATERIALS AND METHODS

The study of the effect of sugar mud and organic ferti-
lizers on the productivity of sugar beets was carried out
in the Podillia area. The experiment was conducted at
the limited liability agricultural company named after
Bohdan Khmelnytskyi, as well as in the raw materials
and factory laboratories of the sugar factory in the vil-
lage of Horodkivka. The study was conducted on a pi-
lot basis in 2022. The study adheres to the publication
ethics established by Convention on Biological Diver-
sity (1992), as any experiment involving plant research
(both cultivated and wild). The experimental area is
represented by grey podzolized soils mainly on loess
rocks. The soil survey showed that the humus content
is low, and the decline down the profile is gradual. The
soil is slightly acidic, the content of mobile phosphorus
is average, exchangeable potassium is high. The den-
sity of the arable horizon is 1.09 g/cm, an increase is
observed down the soil profile.

The object of research within the scope of the con-
ducted experiment was the process of formation, de-
velopment, growth and ensuring the productivity of
sugar beet depending on the application of sugar mud
with organic fertilizers. Taking into account the pH of
the soil at the level of 5.1-5.5, the degree of saturation
with bases of 88.6%, the high hydrolytic acidity of 3.5-
3.8 mg/eq., as well as the fact that a stable positive
effect of liming is observed at the level of soil pH be-
low the level of 5.5 and hydrolytic acidity of more than
2.0 mg/eq.,there is a need for liming of this experimen-
tal plot. The total area of experimental plots was 45
hectares — 5 hectares for each of the formed schemes.

The predecessor of sugar beets was winter wheat.
After harvesting, 2 weeks later, sugar mud was intro-
duced, followed by planting in the soil. The weight
rate of the introduced sugar mud was 25% of the full
rate, depending on the indicator of hydrolytic acidity of
the soil. Chemical composition of sugar mud: CaCO, -
44.3%, organic matter - 14%, N - 0.45%, P,O, - 0.57%,
K,O - 0.75%, moisture - 14-23%. Compost with a dose
of 12 t/ha was applied as an organic fertilizer. In par-
ticular, to prevent direct contact of sugar mud and am-
phos when applied to the soil, mineral fertilizers were
applied during plowing. Plowing in the experiment
was carried out at a depth of 28-30 cm (Humentyk et
al.,2018). In accordance with the purpose of the exper-
iment to study the influence of sugar mud and organic
fertilizers on the productivity of sugar beets, the follow-
ing scheme was formed (Fig. 1).
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Scheme of the experiment J
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Figure 1. Scheme of conducting an experiment to study the influence of sugar mud
and organic fertilizers on the productivity of sugar beets

Source: authors’ own development

In the spring, when the physical maturity of the soil
was reached, harrowing was carried out. 5 days after
harrowing, when the soil was warmed at a depth of
10 cm to +5°C - +6°C, pre-sowing cultivation was car-
ried out to a depth of 4-5 cm (Korovko, 2017). The Con-
certina KWS hybrid was used as seed material. Sowing
rate - 1.2 s.u.on 1 ha. Sowing was carried out in a wide-
row method with a Tempo Vaderstad precision seed drill
with 45 cm between rows, to a depth of 4-5 cm. At the
beginning of the appearance of the second pair of true
leaves, inter-row cultivation was carried out and the
formation of optimal density by means of thinning. The
yield of sugar beet was determined using the weighing
complex of the beet point, and its technological qual-

ities (digestion, content of dry substances, non-sugars,
etc.) were determined in the raw material laboratory.

RESULTS

The main indicator of the effectiveness of the applica-
tion of organic fertilizers is an increase in the yield of
agricultural crops. Thus, the actual yield of sugar beets
according to the schemes of the conducted experiment
on the assessment of the impact of application of sug-
ar mud and organic fertilizers deviated from the con-
trol value from 1.42 to 19.67 t/ha from 3 to 42% . The
results of recording the yield indicators of sugar beet
grown on the experimental plots according to different
schemes are shown in the Figure 2.
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Figure 2. The yield of sugar beets depending on the doses of application
of sugar mud in combination with organic fertilizers in 2022

Source: authors’ own development
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Application of only sugar mud provided an increase
in the yield of sugar beets from 1.42 to 7.56 t/ha (from
3to 16%). In turn, the application of sugar mud against
the background of organic fertilizers (compost) ensured
an increase in the yield of sugar beets from 13.02 to
19.67 t/ha (from 28 to 42%). Therefore, the application
of organic fertilizer (compost) at a dose of 12 t/ha and
sugar mud at a dose of 3.2 t/ha had the greatest positive
effect on the productivity of sugar beets. This is due to
the fact that applied organic fertilizers and sugar mud
improve the water-air properties of soils, they become
looser. Thanks to this, aeration, water permeability in-
creases and the moisture reserve in the soil increases.
What contributes to the powerful development of the

< 18.00%
17.90%
17.80%
17.70%
17.60%
17.50%
17.40%
17.30%
17.20%
17.10%
17.00%

Sugar beet digestion, %(left scal

012 013 014
Application of sugar mud

Scheme of the experiment

root system of sugar beets, capable of more fully using
soil moisture, developing sufficient vegetative mass.

The distribution of sugar in root crops is uneven.
In the tail part and especially in the root head, the
sugar content is lower than in the central part. The
maximum amount of sugar accumulates slightly be-
low the widest part of the root between the periphery
and the central zone. Root crops belong to the group
of crops that require a large amount of nutrients, so
the application of fertilizers strongly affects the size
of the harvest and its quality. The results of recording
the digestion (sugar) indicators of sugar beet grown on
the experimental plots according to different schemes
are shown in the Figure 3.

3.50%
3.00%
2.50%
2.00%
1.50%
1.00%

Deviation from control, in %
(right scale)

0.50%

021 022 023 024 0.00%

Application of compost and sugar mud

Figure 3. Digestion of sugar beets depending on the doses
of sugar mud application in combination with organic fertilizers in 2022

Source: authors’ own development

The application of only sugar mud provided an
increase in the digestion of sugar beets from 0.08%
to 0.22% (from 0.46 percentage points to 1.27 per-
centage points). In turn, the application of sugar mud
against the background of organic fertilizers (compost)
provided an increase in the digestion of sugar beets
from 0.38% to 0.56% (from 2.19 percent to 3.23 per-
cent). Therefore, the application of organic fertilizer

(compost) at a dose of 12 t/ha and sugar mud at a
dose of 3.2 t/ha had the greatest positive effect on
the productivity of sugar beets. Based on the obtained
results of yield and digestion of sugar beets, let’s con-
sider the resulting indicator - harvesting of sugar per
hectare - and conduct a factor analysis of the contri-
bution of individual indicators (yield and digestion) to
its formation (Fig. 4-5).
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Figure 4. Harvesting of sugar per hectare

depending on the doses of application

of sugar mud in combination with organic fertilizers in 2022

Source: authors’ own development
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Figure 5. Factor analysis of deviations of harvesting of sugar per hectare depending
on the doses of application of sugar mud in combination with organic fertilizers in 2022

Source: authors’ own development

The application of only sugar mud provided an
increase in the yield of sugar from 1 ha from 0.29 to
1.43 t/ha. In turn, the application of sugar mud against
the background of organic fertilizers (compost) ensured
an increase in the yield of sugar from 1 ha from 2.49
to 3.79 t/ha. Therefore, the greatest positive impact
on sugar collection from 1 ha of sugar beet crops was
made by the application of organic fertilizer (compost)
at a dose of 12 t/ha and sugar mud at a dose of 3.2 t/ha.
At the same time, it can be testified that the factor con-
tribution of productivity in the formation of the indi-
cator of sugar collection from 1 ha is at the level of an

27.20%
27.15%
27.10%
27,05%
27.00%
26.95%
26.90%
26.85%
26.80%

The dry matter content, %

00 011 012 013

Application of sugar mud

average of 94% against the factor contribution of sugar
beet digestion at the level of 6%.

However, it should be noted that if organic fertiliz-
ers increase digestion, they simultaneously reduce the
content of dry substances in the composition, which
accounts for the share of sucrose, increasing the num-
ber of non-sugar soluble forms. These sugars, passing
into beet juice, sharply deteriorate its quality. Accord-
ing to the results of the experiment, it was determined
that with an increase in the doses of applied fertilizers,
the content of dry substances and the total amount of
non-sugars decreases (Fig. 6-8).

Scheme of the experiment

021 022 023
Application of compost and sugar mud

014

Figure 6. Indicator of the quality of sugar beet “The dry matter content” depending
on the doses of application of sugar mud in combination with organic fertilizers in 2022

Source: authors’ own development
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Figure 7. Indicator of the quality of sugar beet “Non-sugar content” depending
on the doses of application of sugar mud in combination with organic fertilizers in 2022

Source: authors’ own development
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Scheme of the experiment
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Figure 8. Indicator of the quality of sugar beet “Purity of beet juice” depending
on the doses of application of sugar mud in combination with organic fertilizers in 2022

Source: authors’ own development

According to the option of compost 12 t/ha + sugar
mud 3.2 t/ha, the content of dry matter was 26.93% and
non-sugar 8.42%, while in the control it was 27.10%
and 9.20%, respectively. Despite the decrease in the
content of dry matter in root crops due to the applica-
tion of organic fertilizers, at the same time, the content
of harmful soluble non-sugars increases, thereby wors-
ening the quality of beet raw materials. The application
of sugar mud reduces the content of soluble non-sug-
ars. In the case of application of sugar mud with organic
fertilizers, the purity of the juice deteriorates.

DISCUSSION
Studies show that the influence of the environment
on plants depends on biological features and external
factors. Laboratory studies have proven that increasing
the concentration of calcium in the nutrient medium
weakens the negative effect of hydrogen ions. This
is explained by the antagonistic action of calcium in
relation to hydrogen. In the presence of high calcium
content, hydrogen ions are in the nutrient medium, but
their entry into the plant is delayed (Shyrokostup, 2014).
Acidic soils are characterized by unfavourable biologi-
cal, physical and chemical properties. The colloidal part
is poor in calcium and other bases. Hydrogen ions dis-
place calcium from humus, increase its dispersion and
mobility, and hydrogen saturation of mineral colloidal
particles leads to their gradual destruction. This ex-
plains the low content of the colloidal fraction in acidic
soils, which is why they have poor physical properties,
low absorption capacity, and weak buffering capacity.
In acidic soils, the activity of nitrifying, nitrogen-fixing
and other beneficial bacteria and microorganisms is in-
hibited (Zaryshniak et al., 2019). The negative effect of
increased acidity is largely related to the mobility of
aluminium and manganese in the soil. The main mass
of aluminium is in the soil in a sedentary state and does

not affect plants, but in acidic, for example, grey, dark-
grey podzolic soils, the content of mobile aluminium
often ranges from 3 to 20 mg/100 g of soil (Kliachenko
& Kolomiiets, 2013), per sowing unit 1 ha is 60-400 kg
of movable aluminium, which is 120-800 times higher
than its content in plants. With increased soil acidity,
there is poor growth and strong liquefaction of clover,
alfalfa, sugar beets, winter wheat and other crops. Some
weeds - horsetail, sedge, sedge, creeping buttercup,
sedge, heather grow well on acidic soils and are indica-
tor plants. For each type of plant,there is a certain, most
favourable for growth and development reaction inter-
val of the medium (pH 6.5-7.5).Alfalfa, sugar beet, hemp,
cabbage do not tolerate acidic soils at all (pH 7.0-7.5).

The process of soil impoverishment with calcium
is observed almost everywhere, but it has a different
quantitative expression and therefore does not have
the same effect on fertility, as evidenced by the data on
agrochemical soil survey (Kurylo et al., 2014). Various
meliorants can be used to improve soil fertility: lime,
gypsum, dolomite flour, etc., as well as sugar mud, the
effectiveness of which was not inferior to chalk and do-
lomite flour. Thus, when applying equal doses of chalk,
dolomite flour and sugar mud under sugar beets, the
yield was: background (control): 445 t/ha; background +
chalk: 477 c/ha; background + dolomite flour: 483 c/ha;
background + defect: 490 c/ha. That’s why V. Butov &
V. Porudieiev (2014) also consider fragmentary applica-
tion of organic fertilizers under sugar beet.

According to research data, defecate is not inferior
to gypsum in terms of its remedial effect (Chernelivs-
ka, 2012). Fecal doses of 4, 8, 20, 40, 60 t/ha were stud-
ied, which were applied respectively in the spring for
cultivation and in the fall for plowing. Observation of
growth and development showed that the application
of sugar mud (4 and 8 t/ha) did not have a significant
effect on the initial growth and development of plants,
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but their application under cultivation significantly
reduced the volumetric weight of the soil, which was
1.13 g/cm against 1.26 g/cm when applying meliorant
under plowing (Roik et al., 2014). The volume weight is
reduced to 1.12 g/cm, as well as the use of 20 t/ha of
manure for cultivation. The use of sugar mud of 4-8 t/ha
for cultivation reduces the number of soil particles of
1.0-0.25 mm and increases the number of particles of
5-10 mm (Sinchenko et al., 2014) In this version, the in-
dicators of soil fertility also improved. Thus, the content
of mobile phosphorus and exchangeable potassium in-
creased by 17 and 21%, respectively.

In the conditions of the Cherkasy region, the influ-
ence of defecation on soil fertility and crop yields was
studied (Shevchenko, 2015). The efficiency is shown for
single and double doses of sugar mud of 10 t/ha and
20 t/ha. The number of absorbed bases and the degree
of saturation with bases increased significantly, the hy-
drolytic acidity significantly decreased from 6.82 in the
controlto 2.10 when 1.0 Hr was applied,and 2.27 mg/eq
per 100 g of soil when 2.0 Hr was applied. The pH value
reached 6.52-6.60 in the arable layer.

Other studies have shown that liming with sugar
mud improves the agrochemical properties of the soil
(Balahura et al., 2018). On the calcareous areas, the pH
changed from 6 to 6.3 mg/eq. (salt extract), hydrolytic
acidity from 4.4 to 1.7 mg/eq., phosphorus and potas-
sium reserves increased. The application of sugar mud
in a complex with manure contributed to an increase in
the humus content compared to the initial indicator by
0.53%,; a significant increase in the potassium content
in the soil was noted in cases where ameliorants were
used in combination with manure up to 138 mg/kg.;
on control 78 mg/kg.The use of calcium-containing ame-
liorants (sugar mud and calcium carbonate) both on the
background of manure and in combination with mineral
fertilizers contributed to the deacidification of leached
soils (Kokovikhinetal.,2012).The pH increased from 5.0-
5.3t0 5.9-6.0,the hydrolytic acidity decreased from 6.0-
7.0 to 2.6-4.1 mg/eq. per 100 g of soil,and the degree of
saturation with bases increased from 79-82 to 88-92%.

Thus, as evidenced by the conducted research, the
application of lime fertilizer “defecation” on acidic and
slightly acidic soils has a multifaceted positive effect,
eliminating excessive acidity, and creating optimal en-
vironmental conditions for agricultural plants and soil
microorganisms, increases the water resistance of struc-
tural soil aggregates,which determines a favourable wa-
ter and air modes, increases the accumulation of phos-
phorus, potassium.As a result of this influence, the yield
and quality of agricultural crops increase significantly.

Ukrainian Black Sea Region Agrarian Science, 27(4), 90-98

CONCLUSIONS

Thus, sugar mud is a valuable ameliorant that has a posi-
tive effect on the condition of the soil. The application of
sugar mud reduces the exchangeable acidity of the soil
from 5.50 to 6.75 pH. The application of sugar mud on
acidic and slightly acidic soils has a multifaceted positive
effect, eliminating excessive acidity,and creating optimal
environmental conditions for agricultural plants and soil
microorganisms, increases the water resistance of the
structural aggregates of the soil, which determines fa-
vourable water and air regimes, increases the accumula-
tion of phosphorus and potassium.As a result of this influ-
ence, the yield and quality of agricultural crops increase
significantly. Sugar beet productivity increased depend-
ing on the applied fertilizer doses. Thus, with the appli-
cation of 2.0 Hr of manure, the yield increase amounted
to 7.56 t/ha. The combination of organic fertilizer and
manure 2.0 Hr had the strongest effect on productivity -
19.67 t/ha. The collection of sugar increased according
to the experimental variants mainly due to the increase
inyield. The increase in digestion was insignificant: from
0.08% to 0.56% according to the experiment variants.

According to the results of the conducted research
and experiments, the farm is recommended to apply
compost at a dose of 12 t/ha and sugar slurry at a dose
of 3.2 t/ha. The specified agronomic measure will allow
to increase the productivity of sugar beet - to ensure a
high yield of this crop, an increase in digestion and, ac-
cordingly, sugar collection per hectare. It should be not-
ed that this measure is economically feasible for both
the crop production segment and the sugar production
segment. Further directions for deepening the research
may be the exclusion of factors of meteorological in-
fluence, which are usually carried out in order to deter-
mine a reliable assessment of the effectiveness of cer-
tain agrotechnical techniques in agricultural practice.
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AHoTauis. BHeceHHs BanHsHoOro gobpuea «aedekaty» Ha KUCAUX | CNabOKMCAUX FpyHTax Mae HaratorpaHHui
NO3UTUBHUIM edeKT, YCYyBalUM HAAMIPHY KMCOTHICTb | CTBOPKKOYM ONTMMANbHI  €KONIOTiYHI  YMOBKM [AON4
CiNbCbKOroCNoAapCbKMX POCAMH | FPYHTOBMX MiKPOOPraHi3MiB, NiABULLYE BOAOCTIMKICTb CTPYKTYPHMX arperatiB
IPYHTY, LLLO BU3HAYAE CNPUSTIMBUI BOSHMI | NOBITPSHUI pexumu, 36inbluye HakonuueHHs docdopy, kanito. MeTa -
[OCNiAUTU BNJIMB LLYKPOBOMO PO3YMHY Ta OPraHiyHMxX LOOPMB Ha MPOAYKTUBHICTb LyKPOBWMX OypsikiB B yMOBax
Mogminng. Y npeacrtaBneHnX O0CNIAKEHHSX BUKOPWUCTOBYBAAUCHL Taki METOAM: MONbOBWIA, BUMIipIOBAIbHO-BAaroBuMm,
nabopaTopHUi, CTaTUCTUYHMIA. 3@ pe3ynbTaTaMu LOCAILY BCTAHOBMEHO, WO MPOAYKTUBHICTL BYpsKiB LyKpOBMX
3pocTana 3alexHo Bif 403 BHeceHMX f06puB. Tak, npu BHeceHHi 2,0 4.p. LyKpOBOro po3umHy npubaBka BpOXako
cknana 15,27 t1/ra. NoeaHaHHa opraHiyHoro gobpmea Ta LyKpoBOro posumHy 2,0 rpa. Mano HakCUAbHILIMI BMNAUB
Ha BpoXarHicTb — 29,41 1/ra. 36ip LyKpy 36iN1bWIMBCA NO BapiaHTaxX AOCNiAY B OCHOBHOMY 33 paxyHOK 30i/bLUEeHHS
BPOXaMHOCTI. 3pocTaHHs aurecTii 6yno He3HauHuMm: Big 0,08 no 0,56 % BiaNOBIZHO [0 BapiaHTIB eKCNEpPUMEHTY.
CerMeHT pocnuHHMUTBA Oyne npubYTKOBMM 33 paxyHOK JApaliBepiB obcary 3ibpaHoro Bpoxato. [Mo6iyHuM
€KOHOMiYHMM edeKTOM Bif 3aCTOCYBaHHS LbOro 3axopy byae oTpuMaHHs binblworo 360py Uykpy 3 rektapa, Wo
[03BOAUTL OTPMMATK BinbLuni NpmubYTOK Bif Nepepobkum LyKpoBMX BypsiKiB Ha LyKop. [TpakTMYHA WiHHICTb AOCNIAXEHD
nonsira€e y GopMyBaHHi pekoMeHaauUin ans depmMepCbKMX rocnofapcTs Ta CilbCbKOroCnoaapCcbkux NianpUEMCTB, SKi
BMPOLLYHOTb LLYyKPOBi BYpSKM Ha KUCIUX | CNaBOKMCIMX FPYHTaX, 3 METOK MNiABULLEHHS iX MPOAYKTUBHOCTI

Kniouosi cnosa: POCNUHHULUTBO, arpOTEXHiKa; BanHyBaHHA; y,El,O6p6HH9I; KMCNOTHICTb I'PpYHTY
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