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RESUMO

O O crescimento econbémico e o bem-estar do estado dependem em grande parte da eficiéncia do
complexo agroindustrial, incluindo o subcomplexo de agucar de beterraba. Na Russia, incluindo a regiao central
dos CIS-Urais, a beterraba sacarina é a principal cultura técnica que fornece matéria-prima para a industria
agucareira. Mais de 70% da area é semeada nos Distritos Federal Central e Sul. No territério do médio CIS-
Urais, a beterraba sacarina é atualmente cultivada em uma area de mais de 100.000 ha (Kornienko, 2014). O
objetivo da pesquisa foi identificar os padrées de produtividade e qualidade tecnoldgica de novos hibridos de
beterraba sacarina, a influéncia das caracteristicas varietais sobre o conteudo de substancias molassigénicas,
dosagem do fertilizante de nitrogénio, densidade da cultura e época de colheita para obter o maior rendimento
de raizes com altas qualidades tecnolégicas na regido central CIS-Urais da Russia. Quatro estudos de campo
foram realizados. O teor de agucares foi determinado por digestdo a frio com sacarimetro-polarimetro. Para
determinar o nitrogénio a-amino, foi utilizado o método de Stanek e Pavlas modificado por Wininger e
Kubadinov. Os resultados mostraram que, com o aumento da dose de fertilizante de nitrogénio, o teor de
acUcar das raizes diminuiu naturalmente. A medida que a densidade da cultura aumentou, o teor de agucar
também aumentou. O maior teor de agucar nas culturas de raizes foi revelado em uma densidade de cultivo de
95.000 e 110.000 plantas/ha. Os autores propuseram recomendacgdes para obter o maior rendimento bruto de
agucar purificado no cultivo de beterraba sacarina: para colheita precoce - cultivar um hibrido de beterraba
agucareira do tipo normal-agucarado (Christella), para colheita tardia - um hibrido do tipo produtivo (HM-1820);
aplicar fertilizante nitrogenado na dose de 160 kg de agente ativo/ha; cultivar beterraba sacarina com
densidade de 95.000 plantas por hectare; remova as safras de beterraba agucareira com colheitadeiras
modernas de beterraba em 10-25 de Outubro.

Palavras-chave: beterraba sacarina; densidade da cultura; sujidade; dano por geada; tempo de colheita;
hibridos.

ABSTRACT

The economic growth and welfare of the state largely dependent on the efficiency of the agro-industrial
complex, including the beet-sugar subcomplex. In Russia, including the middle CIS-Ural region, sugar beet is
the main technical crop that provides raw materials for the sugar industry. More than 70 % of the area is sown in
the Central and Southern Federal Districts. On the territory of the middle CIS-Ural region, sugar beet is currently
cultivated on an area of more than 100,000 ha (Kornienko, 2014) The purpose of the research was to identify
the productivity and technological quality patterns of new sugar beet hybrids, the influence of varietal
characteristics on the content of molassigenic sub-stances, nitrogen fertilizer dosage, crop density and harvest
time to obtain the highest yield of root crops with high technological qualities in the middle CIS-Ural region of
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Russia. Four field studies were conducted. The sugar content was determined by cold digestion with
saccharimeter-polarimeter. To determine the a-amino nitrogen, the method of Stanek and Pavlas modified by
Wininger and Kubadinov was used. The results showed that with an increased dose of nitrogen fertilizer, the
sugar content of the root crops naturally decreased. As the crop density increased, the sugar content also
increased. The highest sugar content in the root crops was revealed at a crop density of 95,000 and 110,000
plants/ha. The authors proposed recommendations to obtain the highest gross yield of purified sugar in sugar
beet cultivation: for early harvesting — cultivate a sugar beet hybrid of normal-sugary type (Christella), for late
harvesting — a hybrid of yielding type (HM-1820); apply nitrogen fertilizer at a dose of 160 kg of active agent/ha;
cultivate sugar beet with a density of 95,000 plants per hectare; remove sugar beetroot crops with modern beet
harvesters on October 10-25.

Keywords: sugar beet; crop density; dirtiness; frost-damage; harvest time; hybrids.
AHHOTALUUA

OKOoHOMMYEeCKMA pocT UK BnarococtodHMe rocydapcTBa B 3HAYMTENbHOW Mepe 3aBUCAT OT
apcbekTBHOCTM  PyHKUMOHMpoBaHUA AllK, B cocTaBe KOTOPOro BaXHOE MEeCTO  MPUHAgNEeXuT
cBeknocaxapHoMmy nogkomnnekcy. B Poccun, B Tom uucne B CpegHem [pepypanbe, caxapHas cBekna
ABMNSETCA OCHOBHOMN TEXHWYECKOW KynbTypow, KOoTopas obecrneynmBaeT CbipbeM CaxapHyt MPOMbILUNEHHOCTb.
Bonee 70 % nnowaan nocesa npuxoauTcs Ha LieHTpaneHbin 1 KOxHbIN heaepanbHble okpyra. Ha Tepputopun
CpegHero lNpeaypanbs B HacTosiLLee BpeMsA caxapHas CBekna BosaernbiBaeTcs Ha nnowaan 6onee 50 Thic. ra
(Kornienko, 2014). LUenb wnccrnegoBaHUi cocTosiia B BbISIBIEHWA  3aKOHOMeEpHOCTeEN OpMUPOBaHMS
NPOAYKTUBHOCTU N TEXHOMOIMYECKNX Ka4EeCTB HOBbIX TMOPUAOB CaxapHOW CBEKIbI, CTEMEHU BIIUAHMS COPTOBbIX
0COBEHHOCTEN Ha coAepxaHne menaccoobpasyrolmx BeLecTB, YCTAHOBIEHWM [03bl a30THOro yaobpeHus,
ryCTOTbl HaCaXXOeHUs1 pacTeHUn 1 cpoka ybopkn Anis nonyyYeHus HanbormblUen YpoXKamHOCTU KOPHENOA0B C
BbICOKMMW TEXHOJOTMYeCcKMMU kadectBamu B ycnosusax CpegHero lNpegypanbsa (Poccus). YeTbipe nonesbix
uccnegoBaHusa Obinv npoBefeHbl. CogepxaHwe caxapa oOnpedensanu nyTeM XOMOAHOro pacluensieHus
nonsipumeTpom-caxapumeTpom. [Ons onpegeneHusa a-ammHoasoTa 6Obin ucnonb3oBaH meTon CrtaHeka U
MaBnaca, moguduumpoBaHHbin BuHuHrepom n KybagmHoBbiM. PesynbTaTbl nokasanu, 4Yto C yBenuveHuem
003bl a30THbIX YAOOpeHui cogepXaHue caxapa B KOpHennogax ectecTBeHHbIM obpasom cHuxaeTtcs. Mo mepe
yBeNnuMYeHNsi MIOTHOCTM MOCEBOB COAEpXaHWe caxapa Takke yBenuuuBanocb. Haumbonbluee cogepxaHue
caxapa B KopHennogax BbisiBeHO npu nnotHoctn nocesa 95000 m 110000 pacteHuii/ra. ABTopammu
NpeanoXeHbl pekoMeHZauMn Mo MonyvYeHuto HambomnblUero BanoOBOro BbIXOA4A OYMLLEHHOrO caxapa npu
BO3EeNbIBAaHNM CaxapHOW CBEKMbl: AN paHHen yOopku BO3genbiBaTb rmbpua caxapHOW CBEKIbl HOPMarnbHO-
caxapucToro Tuna Kpucrtenna, ansg nosgHen ybopkn - rmbpug ypoxanHoro HanpaeneHms XM-1820; BHocuUTb
a3oTHoe ynobpenve B fo3e 160 kr 4.B. HA rektap; BO34eNbiBaTb CaxapHyH CBEKIY C MyCTOTOW HacaXOeHWs
95000 pacTeHun Ha rektap; ybupaTtb KOPHENOAbl CaxapHOW CBEKITbl COBPEMEHHBIMU CBEKIO0YOOPOYHbIMU
kombGanHamu ¢ 10 no 25 okTaAbps.

KnioueBble cnoBa: caxapHasi C8eKsa; 2ycmombl HacaXX0eHUsl; 3aeps3HEHHOCMb,; MOOMOPOXEHHOCMb; 8PEMS
cbopa ypoxasi; eubpuosbl.

1. INTRODUCTION:

Sugar beet is the only source of raw
materials for industrial sugar production in the
Russian Federation (Islamgulov et al.,, 2019). A
significant reserve for improving the productivity
of sugar beet cultivation and meeting the need for
sugar through its production is the use of highly
efficient hybrids and the development of sugar
beet root technical qualities, which ensure timely
delivery of raw materials and products while
minimizing financial and environmental losses.
Crop formation features and methods of
increasing sugar content as one of the leading
technical indicators of sugar beet quality have
been studied by national scientists (Islamgulov et
al., 2018). It is shown that along with the variety,
the main elements of sugar beet cultivation

technology affecting the yield and sugar content
in root crops include the use of nitrogen
fertilizers, crop density and harvest time (Bloch
and Hoffmann, 2003a; Hoffmann and Kenter,
2018; Ghorbanian et al., 2019).

Among all macronutrients, nitrogen has
the most significant impact on sugar beet root
yield and quality (Chatterjee, 2018). Insufficient
nitrogen nutrition at the beginning of the
vegetation reduces the root yield. Still, the use of
nitrogen fertilizers in large doses stimulates
growth processes and leads to a decrease in
sugar content and deterioration of juice purity
(Trimpler et al., 2017).

Russian studies have shown that one of
the most critical factors for obtaining a high yield

Periédico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°36)
Downloaded from www.periodico.tchequimica.com

73



of sugar beet with high technological qualities is
to create an optimal crop density with uniform
drilling distance (Jacobs et al., 2018).

Increased sugar production can be
achieved by reducing the beet and sugar loss
due to optimum harvest time. Early harvesting of
raw beet is one of the reasons for low sugar
content and decreased keeping quality of root
crops (Rother, 1998). Sugar beet harvested at a
relatively late date has a higher yield and
technological conditions, but also high dirtiness.
With a delay in harvesting the number of frozen
roots increases, technical qualities reduce and
weight loss of conditioned roots increases
(Méarlander, 1992; Bloch and Hoffmann, 2003b;
DeBruyn et al., 2017).

Significant progress has been made in the
selection of sugar beet. Currently, hybrids with
more advanced technological genotype have
been developed (Hoffmann et al., 2009). Along
with sugar content, the indicator of root crop
technical qualities determining the sugar yield per
planted area is the molassigenic substance
content, which reduces the sugar yield in the root
crops (Hoffmann, 2006; Schnepel and Hoffmann,
2016a; Varga et al.,, 2017). At the same time,
there is practically no scientific information on the
regularities of productivity formation and
technological qualities of new sugar beet hybrids
depending on nitrogen fertilizer dosage, crop
density, and harvest time in natural conditions of
the middle CIS-Ural region.

In this regard, studies aimed at increased
sugar production by increasing yields and
technological qualities, including the reduction of
the molassigenic substance content in root crops
by selecting highly productive hybrids and
optimizing the parameters of technical methods
of sugar beet -cultivation, solve the urgent
problem of the country's economy.

2. MATERIALS AND METHODS:
2.1. Field trials

Four field experiences were conducted (3
years each). The soil of the field experiment sites,
as well as the soil of beet-growing enterprises in
the middle CIS-Ural region, was represented by
leached chernozems. In terms of humus layer
thickness, leached chernozems are of medium
thickness, and their particle size distribution is
heavy loam.

In the first experiment, the influence of
varietal characteristics on the formation of sugar
beet technological qualites were studied

(Buchholz et al., 1995; Schnepel and Hoffmann,
2016b). Such factors as a cultivar were
experimentally investigated. The objects of the
research were a sugar beet hybrid of Russian
breeding — RMC-70 (control); two hybrids of
Syngenta breeding — Geracl, HM-1820; two
hybrids of KWS breeding — Christella, Dominica;
one hybrid of Strube-Dieckmann breeding -
Akhat.

The second experiment studied the effect
of nitrogen fertilizer dosage on sugar beet
technological qualities. The factor considered in
the ftrial was a dose of nitrogen fertilizer
application. The objects of the research were
Geracl sugar beet hybrid and a dose of nitrogen
fertilizer (Dosage Naio (control), Ngo; Ni20; Nieo;
N240 kg a.m./ha).

The third experiment was aimed at
studying the effect of crop density on sugar beet
technological qualities. The factor studied was
crop density. The objects of the research were

Geracl sugar beet hybrid and crop density
(50,000 plants/ha; 65,000 plants/ha; 80,000
plants/ha (control); 95,000 plants/ha; 110,000

plants/ha).

The fourth experiment was devoted to the
harvest time effect on sugar beet technological
qualities. The factor studied was the harvest time.
The objects of the research were RMC-120 sugar
beet hybrid of Russian breeding and harvest time
(8 harvest periods every ten days from 10.09 to
20.11.).

The variant replication at all points of
experimentation was 4-fold. Fertilizers were
introduced for the planned yield — 350 kg/ha.
Sowing was carried out with a precision seeder
(Mudarisov et al., 2017; Khamaletdinov et al.,
2018). The plant stand was 90 to 95 thousand
plants per ha (except for the experiments with
crop density). The predecessor was winter rye.
During field experiments, the weather conditions
reflected the climate patterns of the natural areas
of the Republic of Bashkortostan, where beet-
growing enterprises are located.

2.2. Sample treatment and analyses

Sugar content was determined by cold
digestion with saccharimeter-polarimeter (Figure
1), which is based on a direct method of
obtaining water extract from the pulp of sugar
beetroots.
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Figure 1. Saccharimeter-polarimeter

To determine the a-amino nitrogen, the
method of Stanek and Pavlas modified by
Wininger and Kubadinov was used, which is
based on the measurement of optical density
using a spectrophotometer (Figure 2).

Figure 2. Spectrophotometer

Potassium and sodium content were
determined by the Silin method on a flame
photometer (Figure 3).

Figure 3. Photometer

Standard sugar losses when molasses
was formed were calculated according to
Brunswick formula (Equation 1), introduced by
Buchholz et al. (1995) (Abyaneh et al., 2017,
Hoffmann, 2017; Marlander et al., 2018).

The purified sugar content was calculated
as the difference between sugar content and
standard sugar losses in molasses. The gross
sugar yield was defined as the product of yield
and sugar content, and the total yield of purified
sugar was calculated as the product of yield and

purified sugar content (Draycott, 2006; Koch et
al., 2016; Barzegari et al., 2017).

In the second stage, the analysis of the
experiment results was carried out in the form of
mathematical processing to obtain the statistical
estimate of the resulting indicators, identify the
empirical dependence, mathematical confirmation
of the scientific hypothesis validity and to prove
the scientific conclusions. The variance to
determine the significance of the results for each
factor is analyzed. The essence of variance
analysis is to divide the variance and the total
number of degrees of freedom into parts
corresponding to the structure of the experiment
and to assess the significance of the studied
factors' action and interaction. The use of these
methods allowed to prove the reliability of the
differences in the field experiment, the
relationship between the studied factors, and to
determine the model of the impact of one or more
variable field factors (Islamgulov et al., 2019).

This study was carried out following the
authors' affiliated institutions recommendations
from the IRB. The IRB approved the protocol of
affiliated institutions of authors. Under the
Helsinki Declaration, all subjects had given
written, informed consent.

3. RESULTS AND DISCUSSION:

3.1. Sugar beet varietal characteristics and
technological qualities

Crop yield is one of the main indicators of
sugar beet productivity. In this experiment, an
average of three years, HM-1820 hybrid formed
the highest yield (51.8 t/ha), and RMC-70 control
hybrid — the lowest (39.5 t/ha). The yield of other
hybrids varied from 43.7 to 49.2 t/ha. High
productivity of HM-1820 and Dominica hybrids is
due to their selection assignment (producing high
yield and standard yield). Akhat hybrid showed
the highest sugar content (18.10%), HM-1820
hybrid — the lowest (16.70%). The remaining
hybrids had a relatively similar sugar content
varying from 17.00 to 17.90%.

Potassium content in root crops varied
both by year and between hybrids. HM-1820
hybrid had the highest potassium content in the
root crops — 4.92 mmol, Akhat hybrid — the lowest
—4.11 mmol. RMC-70 and Dominica hybrids did
not differ significantly in this indicator and had
486 and 4.85 mmol, respectively. Thus,
potassium content in root crops showed the same
intervarietal variability. Hybrids of sugary and
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normal-sugary types were characterized by lower
potassium content in root crops than hybrids of
the productive type. Sodium, like potassium,
belongs to one of the main molasses makers,
which adversely affect the extraction of
crystallized sugar. The results showed that HM-
1820 hybrid had the highest sodium content in
root crops in all years of the research (0.90
mmol), Akhat hybrid — the lowest — 0.45 mmol.
Among the nitrogen compounds of sugar beet
roots a-amino nitrogen, or "harmful nitrogen",
plays the most negative role in sugar extraction.
On average, over three years of the research, the
RMC-70 control hybrid had the highest a-amino
nitrogen content (2.23 mmol), Akhat hybrid — the
lowest (1.55 mmol). HM-1820, Dominica, and
Geracl hybrids also had a high a-amino nitrogen
content of 1.91; 1.87 and 1.80 mmol,
respectively. Christell hybrid had a low value of
this indicator, as well as RMC-70 hybrid.

Sugar loss in molasses formation is
largely due to the technical qualities of sugar
beet. The results of three-year studies have
shown that the difference in sugar loss between
hybrids was significant. The values of standard
sugar losses in molasses formation ranged from
1.40 to 1.70%. The values of this indicator in
hybrids of yielding and normal-yielding types
were relatively higher than in sugary and normal-
sugary types of hybrids, which was due to the
high content of molasses-forming substances
(potassium, sodium, and alpha-aminoazota). The
studied hybrids differed in the content of purified
sugar: in hybrids producing high yield and normal
yield, it was less than in hybrids of sugary and
normal-sugary types.

On average, over three years, HM-1820
hybrid had the highest gross sugar yield (8.65
t/ha), RMC-70 hybrid — the lowest (6.91 t/ha). The
remaining hybrids had almost the same sugar
yield (from 7.91 to 8.36 t/ha). RMC-70 control
hybrid had less sugar yield than other hybrids
(1.0-1.74 t/ha). The gross sugar yield in yielding
hybrids was higher than that of the sugary.

On average, over three years, HM-1820
hybrid had the largest gross yield of purified
sugar (7.80 t/ha), RMC-70 control hybrid — the
lowest (6.24 t/ha). Dominica and Geracl hybrids
formed the same sugar yield 7.57 t/ha, Christella,
and Akhat hybrids - 7.62 and 7.30 t/ha,
respectively. Thus, hybrids differ in the gross
yield of purified sugar. Dominica hybrid exceeds
Geracl in gross sugar vyield, and Christella is
inferior to both of them.

Sugar beet hybrids can be estimated

more objectively by the gross yield of purified
sugar than by gross sugar yield (Figure 4). So,
Dominica hybrid exceeded Geracl in terms of
gross sugar yield, and Christella hybrid is inferior
to both of them. Hybrid evaluation of the gross
yield of purified sugar shows that Geracl is not
inferior in productivity to Dominica, and Christella
is superior to both hybrids.

All of the above points to the complex
genetic nature of the characteristics determine
the technological qualites of beetroots.
Differences in sugar content and ash elements in
hybrid root crops are probably primarily
determined by differences in their heredity,
determining the duration and nature of the
vegetative phase of sugar beet development in
the first year.

3.2. Technological qualities of sugar beet
depending on nitrogen fertilizer dosage

The increase in sugar beet vyield
depending on the year and variant was 2.45-8.6
t/ha. The highest sugar beet yield was formed in
N24o variant — 37.4 t/ha, the lowest — in N4o (30.4
t/ha). Correlation analysis of the experimental
data over three years showed that there is a
weak positive relationship between the dose of
nitrogen fertilizer and sugar beet yield (n=0.44).

On average, over three years, the
maximum sugar content in root crops was in the
N4o variant (17.48%), the lowest — in Naso
(16.20%). Other variants had relatively the same
sugar content — 16.98-17.06%. Correlation
analysis showed that there is a weak inverse
relationship between the dose of nitrogen
fertilizer and sugar content in sugar beetroots
(n=—0.41). Thus, with an increase in the dose of
nitrogen fertilizer, the sugar content of sugar beet
roots decreases.

The dose of nitrogen fertilizer had an
impact on potassium content in root crops. On
average, over three years, potassium content in
the experiment variants varied from 4.73 to 5.40
mmol per 100 g of wet weight. Correlation
analysis showed a moderate positive relationship
(n=0.53) with an increase in the dose of nitrogen
fertilizer, potassium content increases.

The dose of nitrogen fertilizer affected the
sodium content in sugar beetroots. The highest
sodium content was in the Nig variant (1.05
mmol), the lowest — in Ngo variant (0.8 mmol).
Nso, N120, N24g variants slightly differed (0.88-0.95
mmol). The difference in comparison with the
control was from 10 to 31.2% (Islamgulov et al.,
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2019). There is a moderate dependence in the
form of parabola between the dose of nitrogen
fertilizer, and sodium content in sugar beetroots,
(n) is 0.66. With an increase in the dose of
nitrogen fertilizer (N+60), sodium content in the wet

weight of root crops increases and then
decreases.
On average, in 2008-2010, a-amino

nitrogen content in the root crops was different
and depended on the dose of introduced nitrogen
fertilizer. The lowest content was noted in the
control variant, the highest — at the maximum
nitrogen dose. The content of a-amino nitrogen in
the Nqgo variant exceeded the control by 1.43
times in the Ny variant — by 2.23 times.
Correlation analysis showed that there is a strong
positive relationship between these indicators
(n=0.96). Increased doses of nitrogen fertilizer
caused increased growth of both root crops and
sugar beet tops. As a result, there was a sudden
accumulation of nitrogenous matter in the root
crops, especially of a-amino nitrogen.

The dose of nitrogen fertilizer significantly
affects the sugar loss in molasses. Increasing the
dose of nitrogen fertilizer increases the standard
loss of sugar in molasses. N4 variant was
characterized by the highest sugar losses,
exceeding the control by 0.40%. Sugar losses
were primarily associated with high a-amino
nitrogen and potassium content in the root crops.

The dose of nitrogen fertilizer significantly
influenced the purified sugar content in the root
crops. The highest content of purified sugar was
in N4o variant — 16.10%, the lowest sugar content
(14.42%) was in maximum nitrogen dose of Nao.
Ngo and N1z variants had the same sugar content
(15.54%). The difference between the variants
ranged from —0.56 to —1.68%. With an increased
nitrogen fertilizer dosage, standard sugar loss in
molasses also increased.

Studies have shown that, on average, in
2008-2010, the maximum gross sugar yield was
while using high doses of nitrogen fertilizers (N1e0
and N4 variants), exceeding the control by 14.4
and 14.6%. The increase in sugar yield ranged
from 0.36 to 0.77 t/ha. Gross sugar Yyield
increased with increasing dose of nitrogen
fertilizer.

On average, over 2008-2010, the Nieo
variant showed the maximum gross yield of
purified sugar (5.47 t/ha), Naocontrol variant — the
minimum (4.85 t/ha). Sugar yield of N120 and Nasg
variants was relatively the same — 5.35 and 5.38
t/ha.

The increase in the gross yield of purified
sugar ranged from 0.30 to 0.60 t/ha. The
maximum high dose of nitrogen fertilizer (N2ao)
did not give an increase in the gross vyield of
purified sugar since the sugar loss in the
molasses was high.

Studies have shown that the gross yield of
purified sugar increases with an increase in
nitrogen fertilizer dosage up to a certain limit.
Calculations have found that to assess the sugar
beet productivity, and it is more appropriate to
use the gross yield of purified sugar than the total
sugar yield (Figure 5). Thus, the highest gross
sugar yield was obtained in the N24o variant — 6.04
t/ha. At the same time, the yield of purified sugar,
including molasses losses, was higher in the Nieo
variant.

3.3. Crop density and sugar beet technological
qualities

On average, over three years of the
research, the maximum sugar beet yield was in
the variant with a crop density of 95,000
plants/ha. Thinned out (50,000 plants/ha) and
thick planting (110,000 plants/ha) formed a lower
yield of root crops. With an increase in crop
density, the yield of sugar beet increased to a
certain limit and varied from 33.4 to 36.0 t/ha. At
the same time, the maximum vyield was 95,000
plants/ha, and in the variant of 110,000 plants/ha,
it reduced due to root crop degrowth.

On average, in 2008-2010, the sugar
content of the root crops in the harvest period
ranged from 16.95 to 17.62%. With an increase in
crop density, sugar content in root crops
increased to 17.62% and then decreased. Crop
density of 95,000 plants/ha provided the highest
sugar content (17.62%).

Potassium content was dependent on the
region of plant alimentation. The highest
potassium content was found at a crop density of
50,000 plants/ha (5.57 mmol), a little less — at a
density of 65,000 plants/ha (5.17 mmol). Variants
with a density of 80,000 and 95,000 plantings/ha
had a relatively small difference (4.97 and 4.89
mmol). The minimum potassium content was in
thick planting at a density of 110,000 plants/ha. In
comparison with the control, the difference was
from —0.22 to 0.60 mmol. The correlation analysis
of the experimental data confirmed that there is
an average inverse relationship (n=-0.51)
between the sugar beet density and potassium
content.

The variant with a density of 50,000
plants/ha had the largest sodium content in root
crops. With an increase in crop density from
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65,000 to 95,000 plants/ha, the sodium content in
root crops decreased from 0.62 to 0.53 mmol per
100 g of wet weight. The lowest indicator value
was in the variant with a density of 110,000
plants’/ha — 0.51 mmol. The difference in the
variants concerning the control ranged from —
0.06 to 0.13 mmol. The correlation analysis of the
experimental data confirmed that there is a very
strong inverse relationship (n=—0.91) between the
sugar beet density and sodium content. As the
crop density increased, the sodium content
decreased.

On average, over three years, the
maximum a-amino nitrogen content was in the
variant of 50,000 plants/ha, the minimum — in the
variant of 110,000 plants/ha. With an increase in
crop density from 65,000 to 95,000 plants, o-
amino nitrogen content decreased from 1.47 to
1.29 mmol. The deviation from the control was
from —0.13 to 0.43 mmol per 100 g of wet weight.
The correlation analysis of the experimental data
over three years also showed that there is a
strong negative relationship between these
indicators (n=—0.89). With an increase in crop
density, a-amino nitrogen content in sugar beet
roots is reduced.

Research results showed different
standard sugar losses of 1.41 to 1.66 percent in
molasses formed under different crop densities.
The highest standard loss of sugar was at a
density of 50,000 plants/ha in the variant.
Standard sugar losses in the formation of
molasses decreased with crop density increased.

On average, in 2008-2010, the content of
refined sugar in root crops ranged from 15.29 to
16.18%. The lowest amount of purified sugar was
in the variant with the lowest crop density of
50,000 (15.29%), the highest — with a density of
95,000 plants/ha (16.18%).

On average, in 2008-2010, the gross
sugar yield varied from 5.66 to 6.34 t/ha.

The highest gross sugar vyield was
observed at a crop density of 95,000 plants/ha —
6.34 t/ha. The increase concerning the control
was 0.20 t/ha.

In general, in 2008-2010, the value of the
gross yield of purified sugar ranged from 5.11 to
5.82 t/ha. The density of 95,000 plants/ha
provided the highest gross yield of purified sugar
(5.82 t/ha) in comparison with other variants. It
was found that a further increase in crop density,
as well as its reduction, had a negative impact on
the gross yield of purified sugar.

Thus, the gross yield of purified sugar

increases with an increase in crop density to a
specific limit (95,000 plants/ha) (Figure 6). The
calculations confirmed the correctness of the use
of the gross yield of purified sugar to assess the
sugar beet productivity as a more objective
indicator.

3.4. Sugar beet technological qualities at different
harvest time

The studied variants of sugar beet harvest
time differed in root yield. On average, over three
years, this figure had an increase from the first to
the seventh harvest time. During the eighth
harvest period, there was a slight decrease. The
maximum increase was detected from the second
to the fourth harvest time in all years of the
research. The correlation analysis showed that
there is a strong relationship (n=0.85) between
the harvest time and the sugar beet yield.

Over three years of the research, the
sugar content of the root crops naturally
increased, and by November 10, it reached its
maximum value. During the eighth harvest time, a
decrease in sugar content was observed. The
reduction in sugar content is associated,
apparently, with a reduction of the intensity of
growth processes due to a decrease in air
temperature and increased sugar use for
breathing. On average, over three years, the
most intensive sugar formation was observed
during the third and fourth harvest periods. In
other variants, the accumulation of sugar
occurred without any surge. There is a very
strong positive relationship (n=0.94) between the
harvest time and sugar content in sugar
beetroots.

Potassium content in sugar beet roots
changed in different harvest periods. Thus, the
highest potassium content was in 2014 (4.01
mmol) in the seventh harvest period, the lowest —
in 2015 (3.18 mmol) in the first harvest period.
The correlation index (n) between the two
indicators was 0.48.

Unlike potassium, sodium content
naturally decreased from the first to the seventh
harvest period. On average, over three years, it
dropped from 0.93 to 0.77 mmol (by 17.2%) from
the first to the sixth harvest period. When
harvesting on November 10, there was an
increase in sodium content to 0.80 mmol,
followed by a decrease to 0.74 (November 20).

The most significant decrease in sodium
content was found during the fourth and fifth
harvest periods. The relationship between these
indicators is inverse (n=0.59).
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The changing factor in a-amino nitrogen
content was similar to the one in potassium
content. The increase in its content occurred until
November 10 (0.97-1.46 mmol). In contrast to
potassium content, a-amino nitrogen content
increased by 50.5%. On average, over three
years of the research, the smallest increase of a-
amino nitrogen was observed during the third and
fourth harvest periods. The correlation analysis
showed that there is a moderate, positive
relationship (n=0.62) between these parameters.

Sugar losses ranged from 1.20 to 1.46%.
The increase in standard molasses loss at later
harvest time was associated with an increase in
potassium and a-amino nitrogen content. On
average, in 2013-2015, the sugar loss between
the third and sixth harvest periods was minimal
concerning other harvest periods. The
relationship between these indicators is moderate
and positive (n=0.65).

The purified sugar content also depended
on the harvest period. On average, this indicator
increases over three years from the first to the
last harvest period. In 2013—-2015, an increase in
the purified sugar content fell on the fourth
harvest period. Later harvesting accounted for
the highest amount of refined sugar. The
relationship between these indicators is very
strong (n = 0.93).

On average over three years, the highest
value of the gross sugar harvest was at a later
date of harvesting — 9.14 t/ha (the seventh
harvest period), the intensity of the increase
between the terms was maximum at the third and
fourth harvest periods (0.77-0.88). There is a
strong correlation between these indicators
(n=0.90).

On average, over three years, the highest
gross yield of purified sugar was at a later harvest
time. From the average for three years, it is clear
that the high increase was obtained during the
fourth harvest time (October 10) — 0.83 t/ha.
There is a strong positive relationship between
the harvest time and the gross yield of purified
sugar. The correlation index (n) is 0.90.

The main causes of beetroot mass loss,
when accepted at a sugar factory, are the
dirtiness and frost-damage. High dirtiness of
sugar beet roots at a later harvest time was
primarily due to a large amount of precipitation
during that period, which affected the soil
moisture in the arable layer. On average, soil
moisture at a depth of arable layer ranged from
15.5 to 33.1%, from the first to the third harvest
period, this figure is below normal (25%). From

the fourth to the fifth harvest periods, the soail
moisture was within normal limits. In the sixth
term, the soil moisture in the arable layer is
slightly lower than the optimal value for sugar
beet. And during the seventh and eighth harvest
periods, it was much higher than in the previous
ones.

On average, in 2013-2015, the sugar beet
dirtiness amounted to 20.8%. Reduced dirtiness
fell on the third harvest period. High sugar beet
dirtiness at a later harvest time was primarily due
to the amount of precipitation during that period,
which affected the soil moisture in the arable
layer. Sugar beet frost-damage in 2013 was
recorded during the sixth harvest period— 2.4%,
and at further harvest periods, it ranged from 2.4
to 3.7%. In 2014 the frost-damage from the fifth
to the eighth harvest periods varied from 4.3 to
53.4%. The surge was recorded during the eighth
harvest period. In 2015 the frost-damage was
already observed during the fourth harvest period
— 3.1%, and by the sixth period, it increased to
67.8%. The percentage increase of frost-
damaged root crops was primarily due to air
temperature decrease.

Losses due to beetroot dirtiness and frost-
damage increased in November harvest time.
From the first to the fourth harvest periods, the
number of losses was not that great, unlike the
further ones. The maximum loss rate (89.9%)
was observed in the eighth harvest period in
2015. On average, over three years, the lowest
losses fell on the third harvest period.

On average, over three years of the
research, the maximum gross vyield of purified
sugar, including losses, was revealed at the fifth
harvest period (6.66 t’ha). The minimum value of
this indicator was at the seventh harvest period
(2.93 t/ha) as a result of significant losses due to
beetroot dirtiness and frost-damage (Figure 7).

The gross sugar harvest and the gross
refined sugar harvest increased from the first to
the seventh harvest period. In contrast to the
previous indicators, the gross yield of purified
sugar, including losses, increased from the first to
the fifth harvest periods. There is a slight
decrease during the sixth harvest period and a
sharp decline during the seventh and eighth
periods, which was due to high losses. Fig. 4
shows the possibility of choosing the most
optimal harvest time to obtain the maximum yield
with high technological qualities. To obtain the
highest gross yield of purified sugar, the optimal
harvest time is October 10-25.

The accumulation of sugar in the root
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crops of sugar hybrids (Akhat, Christella) is more
intense than in hybrids of yielding (HM-1820,
Dominica) and normal (Geracl) types. The sugar
content of the control hybrid (RMC-70) was
higher than that of other hybrids of the same
type. With an increased dose of nitrogen fertilizer,
the sugar content of the root crops naturally
decreased. As the crop density increased, the
sugar content also increased. By the end of the
growing season, a crop density of 95,000 and
110,000 plants/ha revealed the highest sugar
content in root crops. In the fourth experiment,
the sugar content of sugar beet roots increased
until November 10, although there was some
decrease in its intensity in early November.

The hybrids producing high yield (HM-
1820) and normal yield (Dominica) formed the
maximum crop productivity. With an increase in
the dose of nitrogen fertilizer, the sugar beet
yields also increased. The maximum yield was
found in the variant with a density of 95,000
plants/ha. Thinned out (50,000 plants/ha) and
thick planting (110,000 plants/ha) formed a lower
yield of root crops In the variant with a density of
110,000 plants / ha, the increase in plant number
per unit area did not compensate for the
decrease in an individual mass of plant. The yield
of sugar beet root crops increased (by 41.6%) to
the seventh harvesting period (10.11). In the
eighth term (20.11), there was some decrease.
The sugar beet yield within the period studied
largely depended on the harvest time.

The hybrid types differ significantly in the
content of molasses-forming substances in root
crops. There is a significant intercultivar variability
in potassium, sodium, and a-amino nitrogen
content. Hybrids of sugary (Akhat) and normal-
sugary (Christella) types contained less
molasses-forming substances than hybrids
producing high yield (HM-1820) and normal yield
(Dominica). Hybrid control RMS-70 had a high
content of alpha-aminatta. With an increase in the
dose of nitrogen fertilizer, the content of
molasses-forming substances in sugar beet roots
naturally increases. The increase in the area of
plant nutrition led to an increase in the content of
molasses-forming substances in the root crops of
sugar beet. A significant increase in a-amino
nitrogen content occurred in the roots from the
first (10.09) to the seventh (10.11) harvest time.
Potassium content in root crops also increased
from the first to the seventh harvest periods.
Sodium content, on the contrary, decreased from
the first to the eighth harvest periods (20.11).

Due to the high content of molasses-
forming substances, standard sugar losses in

molasses formation were higher in hybrids
producing high yield (HM-1820) and normal yield
(Dominica) than that of sugary (Akhat) and
normal-sugary (Christella) types. The purified
sugar content in the root crops of hybrids
producing high yield (HM-1820) and normal yield
(Dominica) was less than that of sugary (Akhat)
and normal-sugary (Christella) types. With an
increased dose of nitrogen fertilizer, the standard
sugar loss in molasses increased due to the
increase of molasses-forming substances such
as a-amino nitrogen and potassium. With an
increase in nitrogen fertilizer dosage, the purified
sugar content decreased. Standard losses of
sugar decreased with increasing density of
plantings. The highest content of refined sugar
was at a density of 95,000 plants/ha.

Further increase in crop density led to a
decrease in the purified sugar content in root
crops. At a later harvest time (10.11-20.11),
sugar losses increased sharply, and from the
third to the sixth harvest periods (01.10-30.10),
losses were minimal. There was an increase in
the purified sugar content from the first (10.09) to
the seventh (10.11) harvest periods, and by the
eighth period (20.11), there was some decrease
in the content of purified sugar.

In yielding hybrids (HM-1820, Dominica),
the gross sugar yield was higher than that of
sugary ones (Akhat, Christella). With an increase
in the dose of nitrogen fertilizer, the gross sugar
yield increased and reached the maximum value
when applying Nz40. Gross sugar yield depended
on the crop density. The maximum gross sugar
harvest provided sowing for the final density of
95,000 plants per 1 ha. The highest gross sugar
yield was detected at the late harvest time
(10.11).

The gross sugar yield of Dominica hybrid
was more than that of Geracl hybrid, and the
gross sugar yield of Christella hybrid was less
than that of Dominica and Geracl hybrids.
Evaluation of the productivity of the gross
collection of refined sugar showed that Geracl
hybrid is not inferior in productivity to the hybrid of
Dominic, and Christella is superior in sugar
collection both hybrids.

The most substantial gross sugar yield
was obtained in the variant with a dose of
nitrogen fertilizer of Nzs. At the same time, the
gross yield of purified sugar, including molasses
losses, was higher in the N+go variant. The crop
density of 95,000 plants/ha provided the highest
gross yield of purified sugar in comparison with
other variants. Further increase in crop density
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(up to 110,000 plants/ha) and reduction (up to
50,000 plants/ha) resulted in a decrease in the
gross yield of purified sugar. The natural increase
in the gross yield of purified sugar occurred from
the first (10.09) to the seventh (10.11) harvest
periods. During the eighth period (20.11), there
was a slight decrease.

The sugar beet dirtiness and frost-
damage are important indicators in determining
the optimal harvest time. Starting from the fifth
harvest period (20.10), due to the increase in soil
moisture, the sugar beet dirtiness increased and
amounted to 89.9% during the eighth harvest
period (20.11). Beetroot frost-damage occurred
from October 10. The maximum frost-damage
was during the eighth harvest period. Due to the
dirtiness and frost-damage, the beetroot losses
increased dramatically, starting from the sixth
harvest period (30.10). The highest beet root
yield and gross yield of purified sugar, including
losses, were revealed in the fifth harvest period
(20.10).

According to the suite of metrics, the
optimum sugar beet harvest time in the natural
conditions of the middle CIS-Ural region when
using modern beet harvesters is October 10-25.

4. CONCLUSIONS:

To obtain the highest gross yield of
purified sugar in sugar beet cultivation on the
leached chernozem of the middle CIS-Ural
region, it is recommended:

— for early harvesting — cultivate a sugar
beet hybrid of normal-sugary type (Christella), for
late harvesting — a hybrid of yielding type (HM-
1820);

— apply nitrogen fertilizer at a dose of 160
kg of active agent/ha;

— cultivate sugar beet with a density of
95,000 plants per hectare;

— remove sugar beetroots with modern
beet harvesters on October 10-25.
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