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Abstract

Islamgulov, D., Alimgafarov, R., Ismagilov, R., Bakirova, A., Muhametshin, A., Enikiev, R., Ahiyarov, B., Ismagilov,
K., Kamilanov, A., & Nurligajnov, R. (2019). Productivity and technological features of sugar beet root crops when
applying of different doses of nitrogen fertilizer under the conditions of the middle Cis-Ural region. Bulgarian Journal
of Agricultural Science, 25 (Suppl. 2), 90-97

The aim of the research was to determine the optimal dose of nitrogen fertilizer to get maximum yields of root crops with
high technological features. For the first time under the conditions of the middle Cis-Ural region the yield and dynamics of
top and root mass of sugar beet hybrid Hercules with different doses of nitrogen fertilizer were determined. Technological
features of sugar beet roots such as content of potassium, sodium, alpha-amine nitrogen, sugar and purified sugar and also
sugar gross collection, standard sugar losses in molasses, purified sugar gross collection when applying of different doses of
nitrogen fertilizer were determined. The dependence of the content of molasses-forming substances on nitrogen fertilizer dose
was revealed. The indicator of purified sugar gross collection was used to determine the optimal dose of fertilizer. As a result
the high economic efficiency of sugar beet cultivation for the purified sugar gross collection with nitrogen fertilizer application
at a dose rate of 160 kg a.i. per hectare was established.

Keywords: sugar beet; nitrogen; fertilizer dose; productivity; technological features; sugar; purified sugar; gross
collection

Introduction

Sugar beet is cultivated worldwide under various grow-
ing conditions, generally on the more fertile soils (Hoffmann
et al., 2009). Sugar beet is the only source of raw materi-
als for industrial sugar production in Russia, including the
Republic of Bashkortostan. Every year in the Republic of
Bashkortostan sugar beet is cultivated on the area of 55-75
thousand ha and therefore sugar beet growing is important in
crop production (Gabitov et al., 2018; Ismagilov & Islamgu-
lov, 2016; Lubova et al., 2018). Proper application of mineral

fertilizers in accordance with the biological characteristics of
plants and soil and climatic conditions of beet growing zones
is precondition in sugar beet cultivation (Draycott, 2006;
Hoffmann, 2006; Islamgulov, 2014). Numerous experiments
carried out without application of nitrogen, phosphorus and
potassium at different stages of sugar beet development have
shown that in the absence or lack of one of these elements
the yield is significantly reduced (Islamgulov et al., 2014;
Chien et al., 2016; Chatterjee, 2018).

Of all macronutrients, nitrogen has the greatest impact
on the yield and quality of sugar beet roots (Ismagilov &
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Islamgulov, 2000; Hoffmann, 2010; De Bruyn et al., 2017;
Akhiyarov et al., 2018). Nitrogen nutrition has the greatest
value and it is the main factor affecting the quality of beets
(Islamgulov, 2014; Koch et al., 2016; Jacobs et al., 2018;
Kuznetsov et al., 2018). Insufficient nitrogen nutrition at the
beginning of vegetation reduces the yield of root crops (Is-
lamgulov & Bakirova, 2017; Barzegari et al., 2017; Marland-
er et al., 2018). This is especially noticeable when the growth
of the aboveground part is strongly oppressed for a long pe-
riod. If nitrogen is available to plants in large quantities it
stimulates a continuous increase in reducing sugar content
and deterioration in juice purity (Islamgulov, 2015; Schne-
pel & Hoffmann, 2016; Abyaneh et al., 2017). Subsequently
experiments showed that this was due to the increased use of
carbohydrates in the synthesis of protein substances (Varga
et al., 2017; Hoffmann & Kenter, 2018; Kristek et al., 2018;
Ismagilov et al., 2018).

Due to the fact that significant progress has been made
in the selection of sugar beet, the study of productivity for-
mation and technological features of sugar beet, the estab-
lishment of the optimal dose of nitrogen fertilizer taking
into account the content of molasses-forming substances is
a crucial task. Analysis of the results of studies conducted
over the past 30-40 years in Russia, including the middle
Cis-Ural region to determine the optimal dose of nitrogen
fertilizers showed that there were significant differences in
the recommendations. There are differences between dif-
ferent authors and the same authors in different years of
research. Only sugar content of root crops was considered
in calculating the technological qualities of sugar beet.
The content of major molasses-forming substances such as
potassium, sodium and alpha-amine nitrogen was hardly
taken into account (Islamgulov et al., 2018). Therefore the
aim of this research was to determine the optimal dose of
nitrogen fertilizer for production of root crops with high
technological features.

Material and Methods

Field trials

Field studies were carried out in the period 2015-2017 on
the farm “Orlyk” in the Karmaskalinsky district of the Re-
public of Bashkortostan. The objects of research were sugar
beet hybrid Hercules breeding company “Syngenta” (Swit-
zerland) and nitrogen fertilizer dose. Hercules is genetically
diploid hybrid of N-type (normal). The hybrid is highly re-
sistant to boltering and exhibits moderate resistance to the
root borer (aphanomyces). It is characterized by high tech-
nological features of the root and plasticity under contrasting
growing conditions.

The choice of this hybrid was justified by the fact that it
is included in The State Register of Selection Achievements
in the Ural region of the Russian Federation, and The State
Register in the Republic of Bashkortostan. In the field ex-
periment the factor-dose of nitrogen fertilizer was studied.
Ammonium nitrate (containing at least 34.4% of nitrogen)
was used as a nitrogen fertilizer. The field experiment was
carried out as follows: variant 1 — dose N, (control); vari-
ant 2 —dose N ; variant 3 —dose N, ; variant 4 —dose N ;
variant 5 —dose N_, .

Sample treatment and analyses

The sugar content of beets was determined by the method
of cold hydrogenation of saccharimeter — polarimeter. To de-
termine the alpha-amine nitrogen we used Staneck and Pav-
las’s method modified by Wininger and Kubadinov which
was based on the measurement of optical density using a
spectrophotometer. Potassium and sodium content was de-
termined by Silin method on a flame photometer. The stan-
dard sugar losses in the formation of molasses were calcu-
lated by the formula of Braunschweig derived by Buchholz
etal. (1995). The purified sugar content was calculated as the
difference between sugar content and standard sugar losses
in molasses. Sugar gross collection was defined as the prod-
uct of yield and sugar degree. Purified sugar gross collec-
tion was calculated as the product of yield and purified sugar
content.

Statistical evaluation

The analysis of field experiment results at the second
stage was carried out in the form of mathematical process-
ing of the ordered results of field experiment. The aim was
to obtain statistical estimates of the resulting indicators, to
identify the obtained empirical dependences, mathematical
confirmation of the validity of the scientific hypothesis and
substantiation of scientific conclusions. Organized repetition
allows to neutralize the impact of variability of the experi-
mental site on the results of the experiment and to provide
the possibility of reducing the error of experiment in the
process of variance analysis of experimental data separat-
ing the variation in yield variants from random variation. We
conducted variance analysis to determine the significance of
the results for each factor. The essence of the variance analy-
sis is the division of variance (sum of squared deviations)
and the total number of degrees of freedom into parts corre-
sponding to the structure of the experiment and evaluation of
the action significance and interaction of the studied factors.
The use of these methods allowed to prove the validity of
the variant differences in the field experiments, the connec-
tion between the studied factors and to determine the impact
model of one or more variable factors.
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Results and Discussion

Research results of the dynamics of top mass at differ-
ent doses of nitrogen on average for 2015-2017 showed that
nitrogen amount in the composition of mineral fertilizer was
essential in the intensity of the growth of sugar beet above-
ground mass. The top mass increased with increasing doses
of nitrogen. This consistent pattern is distinctly seen by the
end of growing season (Figure 1).
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Fig. 1. Dynamics of top mass during the growing season
(2015-2017)

The highest growth rate was observed from the first de-
cade of July to the second decade of August. Then the inten-
sity of top growth began to decline but the top mass contin-
ued to increase. The maximum top mass reached in the third
decade of August and was in the variants from 522 to 690 g.
The largest top mass was in the variant N, and the smallest
one was in N, . Since the beginning of September the top
mass began to decline due to leaf dying-off and air tempera-
ture decrease. Also at this time the reverse transition of nutri-
ents from leaves to roots (reutilization) began. The intensity
of sugar beet root growth depended on the period of devel-
opment and the growth continued throughout the growing
season until the harvest. Until mid-July the growth was rela-
tively slow. After that there was an intensive accumulation
of root crop mass and it continued until the first decade of
September. Decrease in the rate of accumulation of root crop
mass occurred only at the end of the growing season (Figure
2). The study of the dynamics of root crop mass showed its
direct dependence on the dose of nitrogen fertilizer.

The smallest root crop mass at the time of harvesting was
in variant N, and the largest one in variant N, . Root crop
mass increased with increasing nitrogen doses.

Sugar accumulation was gradual and the most intensive
period was from early August to early September. In dry
years sugar degree of root crops increases (Figure 3).

The rate of sugar accumulation was relatively lower at
the beginning and end of the growing season. Sugar degree
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Fig. 2. Dynamics of root crop mass during the growing
season (2015-2017)
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Fig. 3. Dynamics of sugar content in sugar beet roots
(2015-2017)

of root crops at the time of harvesting varied depending on
the dose of nitrogen fertilizer from 16.20% (N, ) to 17.48%
(N,,)- In sugar degree there was an inverse correlation from
the dose of nitrogen fertilizer in contrast to the top and root
mass. Sugar degree decreased with increasing doses of nitro-
gen. The yield increase of sugar beet crops depending on the
year and the variant was 2.45-8.6 t/ha (Figure 4). The highest
yield of sugar beet roots was formed in variant N, (37.4 t/
ha) and the lowest one was in variant N, (30.4 t /ha). Corre-
lation analysis of experimental data for 3 years also showed
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Fig. 4. Root crop yields (2015-2017)
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that there was a positive relationship between nitrogen fer-
tilizer dose and the yield of sugar beet roots in the studied
range. This relationship is relatively weak (n = 0.44) which
is due to the strong influence of agrometeorological condi-
tions on the yield.

Sugar content in root crops

On average for three years the maximum sugar content in
root crops was in the variant N, (17.48%) and the lowest one
was in N,  (16.20%). In other variants there was a relatively

similar sugar content (16.98-17.06%) (Figure 5).
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Fig. 5. Sugar degree of root crops (2015-2017)

Correlation analysis of experimental data for 3 years showed
that there was an inverse (negative) relationship between nitro-
gen fertilizer dose and sugar content in sugar beet roots in the
studied range. Although this relationship was weak (n =-0.41).
Thus the higher nitrogen fertilizer doses, the less sugar degree
in sugar beet roots. Nitrogen fertilizer dose influenced the potas-
sium content in root crops (Figure 6). On average for three years
the potassium content in experiment variants varied from 4.73
mmol to 5.40 mmol per 100 g of crude mass.

Correlation analysis showed that there was a positive
relationship between nitrogen fertilizer dose and potassium
content in sugar beet roots. The relationship between these
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Fig. 6. Potassium content in root crops,
mmol/100 g of crude mass (2015-2017)

indicators was moderate (1 = 0.53). The more nitrogen fertil-
izer doses, the more potassium content in crude mass of root
crops. The difference between the variants of the experiment
was 0.13-0.67 mmol.

Nitrogen fertilizer dose affected the sodium content in
sugar beet roots (Figure 7). The highest sodium content was
in variant N, (1.05 mmol) and the lowest one was in vari-
ant N, (0.8 mmol). Variants N, N ., N, differed slightly
(0.88-0.95 mmol). The difference in comparison with the
control was from 10 to 31.2%.
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Fig. 7. Sodium content in root crops during harvesting,
mmol/100 g of crude mass (2015-2017)

Between nitrogen fertilizer dose and sodium content in
sugar beet roots in the studied range there is dependence in
the form of parabola. The relationship between these indi-
cators is moderate and the correlation index (1) is 0.66. As
nitrogen fertilizer dose (N, ) increases, the sodium content
in the crude mass of root crops increases and then decreases.

On average for 2015-2017 alpha-amino nitrogen content
in roots was different and depended on the number of applied
nitrogen fertilizer (Figure 8). Its lowest content was noted in
the control variant and the highest one was at the maximum
nitrogen dose. The content of alpha-amino nitrogen in vari-
ant N, exceeded the control by 1.43 times and in variant

N,,, exceeded by 2.23 times.
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Fig. 8. Alpha-amino nitrogen content in root crops
at harvest time, mmol/100 g of crude mass (2015-2017)
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Correlation analysis showed that there was a strong posi-
tive relationship between nitrogen fertilizer dose and alpha-
amino nitrogen content in sugar beet roots (n = 0.96).

The increase in alpha-amino nitrogen content apparently
is due to the fact that the ability of sugar beet tissues to syn-
thesize protein is in correlation with the change in the con-
tent of total and protein nitrogen and heavily dependent on
mineral nutrition. Increased nitrogen fertilizer doses caused
intense growth of both root and sugar beet tops. As a result
beet roots accumulated a lot of nitrogenous substances espe-
cially alpha-amino nitrogen.

Nitrogen fertilizer dose significantly influenced sugar
loss in molasses (Figure 9).
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Fig. 9. Standard sugar losses in the formation
of molasses (2015-2017)

Increasing nitrogen fertilizer dose increased the standard
sugar loss in molasses. Variant N, was characterized by the
highest sugar loss exceeding the control at 0.40%. Sugar loss
was primarily associated with high content of alpha-amino
nitrogen and potassium in the roots.

Nitrogen fertilizer dose significantly influenced the con-
tent of purified sugar in root crops (Figure 10).

The highest content of purified sugar was in variant N,
(16.10%) and the lowest sugar content (14.42%) was in the
maximum nitrogen dose in variant N, . Variants N, and
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Fig. 10. Purified sugar content in root crops (2015-2017)

N ,, had the same sugar degree (15.54%). The difference be-
tween the variants ranged from -0.56 to -1.68%. Standard
sugar losses in molasses increased with increasing nitrogen
fertilizer doses.

Studies have shown that on average for 2015-2017 the
maximum sugar gross collection occurred when using high
doses of nitrogen fertilizers (variants N, and N,, ) exceed-

ing the control by 14.4 and 14.6% (Figure 11).

6,2

Sugar gross collection, t/ha

Nitrogen fertilizer dose, kg/ha

ON40 (control) SN80 mN120 BN160 EN240

Fig. 11. Sugar gross collection (2015-2017)

Extra sugar yield ranged from 0.36 t/ha to 0.77 t/ha. Sug-
ar gross collection increased with increasing nitrogen fertil-
izer doses. On average for 2015-2017 variant N showed
the maximum gross collection of refined sugar (5.47 t/ha)
and control variant N, showed the minimum gross collec-
tion (4.85 t/ha). Sugar collection in variants N, and N,/

was relatively the same (5.35 t/ha and 5.38 t/ha) (Figure 12).
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Fig. 12. Purified sugar gross collection (2015-2017)

The increase in purified sugar gross collection varied
from 0.30 t/ha to 0.60 t/ha. The highest dose of nitrogen fer-
tilizer (variant N, ) did not give an increase in purified sugar
gross collection since sugar loss in the molasses was high.

Studies have shown that purified sugar gross collection
increases with increasing doses of nitrogen fertilizer to a cer-
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tain limit. Calculations found that it is more correct to use
refined sugar gross collection than sugar gross collection to
evaluate sugar beet productivity (Figure 13). Thus the high-
est sugar gross collection was obtained in variant N, (6.04
t/ha). At the same time purified sugar gross collection with
losses in molasses was higher in variant N, .
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Fig. 13. Sugar collection when applying of nitrogen
fertilizer in different doses (2015-2017)

A comparative analysis of the correlation coefficients
of nitrogen fertilizer dose with productivity indicators and
technological qualities of sugar beet roots showed positive
and negative, weak, moderate and very strong degrees of
relationship. In the studied limits nitrogen fertilizer dose is
positively correlated with the yield, content of potassium,
sodium, alpha-amino nitrogen, standard sugar losses in mo-
lasses, sugar gross collection and purified sugar gross col-
lection. There was a negative correlation with sugar degree
and purified sugar content. There was a negative correlation

with the sugar content and purified sugar. Moreover the ef-
fect of the nitrogen fertilizer dose on the content of alpha-
amino nitrogen and standard sugar losses in molasses was
very strong; the effect on the content of potassium, sodium
and refined sugar was moderate (average); the effect on pro-
ductivity, sugar content, sugar gross collection and purified
sugar gross collection was weak.

Cost-effectiveness analysis of nitrogen fertilizer applica-
tion on two different productivity indicators (sugar gross col-
lection and purified sugar gross collection) also showed that
to evaluate the productivity of sugar beet it is better to use
purified sugar gross collection than sugar gross collection
(Table 1). A higher cost-effectiveness (242%) was in variant
N,,,» When calculating sugar gross collection. At the same
time the calculation of the efficiency of purified sugar gross
collection showed that the cost-effectiveness of variant N,
(214%) was higher than variant N, (212%). Accordingly
the application of nitrogen fertilizer at a dose of 160 kg a.i.
per 1 ha was the most cost-effective cultivation of sugar beet.

We studied the mass of sugar beet tops. The indicator in-
creased with increasing nitrogen fertilizer doses. The maxi-
mum top mass was in variant N, , the minimum one was in
variant N, . The growth intensity of root crop mass increased
with increasing nitrogen fertilizer doses, the largest mass of
root crops at harvesting time was in variant N,, . The more
nitrogen fertilizer doses, the less sugar degree in root crops
(n = 0.41). Similar results were obtained in the studies of
Rother (1998) and Hoffmann (2017).

The yield of sugar beet crops increased with increasing
the nitrogen fertilizer dose although the correlation analy-
sis showed a relatively small closeness of relationship (n =
0.44) which is due to the influence of a more effective agro-
meteorological factor on the yield. The content of molasses-
forming substances in sugar beet roots naturally increases
with increasing nitrogen fertilizer dose. The closeness of re-
lationship between the content of alpha-amino nitrogen and

Table 1. Economic efficiency of sugar beet cultivation with different nitrogen fertilizer doses (Buzovyazovo, on average

for 2015-2017)

Indicator Experiment variants

N40 NSO N 120 | N 160 N240
Sugar gross collection
Sugar gross collection per 1 ha, t 5.27 5.63 5.87 6.03 6.04
Production value per | ha, RUB 94860 101340 105660 108540 108720
Cost effectiveness, % 225 237 242 241 224
Purified sugar gross collection
Purified sugar gross collection per 1 ha, t 4.85 5.15 5.35 5.47 5.38
Production value per 1 ha, RUB 87300 92700 96300 98460 96840
Cost effectiveness, % 199 209 212 214 189
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nitrogen fertilizer dose is very high (1 = 0.96), potassium
and sodium are average (n = 0.53 and n = 0.66 respectively).
The analysis of scientific works of Schnepel and Hoffmann
(2016) also confirms the effect of nitrogen fertilizer on the
sugar beet yield.

Standard sugar loss in molasses increased (1 = 0.95) with
increasing nitrogen fertilizer doses. It was due to the increase
in alpha-amino nitrogen and potassium content. Purified sug-
ar content decreased (n = 0.53) with increasing nitrogen fer-
tilizer doses. Interpretation of results according to standard
sugar losses agreed with the studies of Trimpler et al. (2017).
Sugar gross collection increased (1 = 0.39) with increasing
nitrogen fertilizer doses and it reached a maximum value in
variant N, . The largest sugar gross collection was obtained
in variant with nitrogen fertilizer dose N, . At the same time
purified sugar gross collection taking into account losses
in molasses is higher in variant N, . Correlation analysis
showed that sugar gross collection increased with increasing
nitrogen fertilizer doses to a certain limit (n = 0.30). A simi-
lar interpretation of the studies is also given in the works of
Hoffmann and Marlander (2005). To evaluate the productiv-
ity of sugar beet it is better to use purified sugar gross collec-
tion than sugar gross collection. A higher cost-effectiveness
was in variant N, , when calculating sugar gross collection
in comparison with application at a dose in variant N . At
the same time the calculation of the efficiency of purified
sugar gross collection showed that the cost-effectiveness of
variant N, .- was higher than variant N . It is recommended
to apply nitrogen fertilizer at a dose of 160 kg a.i. per 1 ha to
obtain the largest purified sugar gross collection in the cul-
tivation of sugar beet on leached chernozems of the middle
Cis-Urals.

Conclusion

It is recommended to apply nitrogen fertilizer at a dose of
160 kg a.i. per 1 ha to obtain the largest purified sugar gross
collection in the cultivation of sugar beet on leached cherno-
zems of the middle Cis-Urals. This dose of nitrogen fertilizer
used in the experiments made it possible to harvest maxi-
mum yields (37.4 t/ha) of sugar beet roots with high techno-
logical qualities (content of sugar, potassium, sodium, alpha
amino nitrogen) at the highest economic efficiency (214%).

References

Abyaneh, H. Z., Jovzi, M., & Albaji, M. (2017). Effect of regu-
lated deficit irrigation, partial root drying and N-fertilizer levels
on sugar beet crop (Beta vulgaris L.). Agricultural Water Man-
agement, 194, 13-23.

Akhiyarov, B. G., Ismagilov, R. R., Islamgulov, D. R., Kuznetsov,
I. Y., Ahiyarova, L. M., Abdulvaleev, R. R., Alimgafarov, R.
R., Pavlov, A. V., Valitov, A. V., & Sergeev, V. S. (2018). Yield
and quality of table beet depending on cultivation technology
elements. Journal of Engineering and Applied Sciences, 13,
8752-8759.

Barzegari, M., Sepaskhah, A. R., & Ahmadi, S. H. (2017). Irri-
gation and nitrogen managements affect nitrogen leaching and
root yield of sugar beet. Nutrient Cycling in Agroecosystems,
108(2), 211-230.

Buchholz, K., Mirlinder, B., Puke, H., Glattkowski, H., &
Thielecke, K. (1995). Neubewertung des technicshen Wertes
von Zuckerriiben. Zuckerindustrie, 2, 113-121.

Chatterjee, A. (2018). Additions of ammonium sulfate and ure-
ase inhibitor with urea to improve spring wheat and sugar beet
yield. Archives of Agronomy and Soil Science, 64(10), 1459-
1464.

Chien, S. H., Teixeira, L. A., Cantarella, H., Rehm, G. W.,
Grant, C. A., & Gearhart, M. M. (2016). Agronomic effec-
tiveness of granular nitrogen/phosphorus fertilizers containing
elemental sulfur with and without ammonium sulfate: a review.
Agronomy Journal, 108(3), 1203-1213.

De Bruyn, A. H., O’Halloran, 1. P., Lauzon, J. D., & Van Eerd,
L. L. (2017). Effect of sugar beet density and harvest date on
most profitable nitrogen rate. Agronomy Journal, 109(5), 2343-
2357.

Draycott, A. P. (2006). Sugar beet. Blackwell Publishing Ltd. Ox-
ford.

Gabitov, 1., Mudarisov, S., Gafurov, 1., Ableeva, A., Negovora,
A., Davletshin, M., Rakhimov, Z., Khamaletdinov, R., Mar-
tynov, V., Yukhin, G. (2018). Evaluation of the Efficiency of
Mechanized Technological Processes of Agricultural Produc-
tion. Journal of Engineering and Applied Sciences, 13(10),
8338-8345.

Hoffmann, C. M. (2006). Zuckerriiben als Rohstoff. Die tech-
nische Qualitdt als Voraussetzung fiir eine effiziente Verarbei-
tung. Weender Druckerei GmbH und B Co. KG., Géttingen.

Hoffmann, C. M. (2010). Root quality of sugar beet. Sugar Tech,
12(3-4), 276-287.

Hoffmann, C. M. (2017). Changes in root morphology with yield
level of sugar beet. Sugar Industry-Zuckerindustrie, 142(7),
420-425.

Hoffmann, C. M., & Kenter, C. (2018). Yield potential of sugar
beet — have we hit the ceiling? Frontiers in Plant Science, 9.

Hoffmann, C. M., & Marlander, B. (2005). Composition of
harmful nitrogen in sugar beet (Beta vulgaris L.) — amino acids,
betaine, nitrate — as affected by genotype and environment. Eu-
ropean Journal of Agronomy, 22(3), 255-265.

Hoffmann, C. M., & Schnepel, K. (2016). Susceptibility to root
tip breakage increases storage losses of sugar beet genotypes.
Sugar Industry-Zuckerindustrie, 141(10), 625-632.

Hoffmann, C. M., Huijbregtsvan, T., Swaaij, N., & Jansen, R.
(2009). Impact of different environments in Europe on yield
and quality of sugar beet genotypes. European Journal of
Agronomy, 30(1), 17-26.

Islamgulov, D. R. (2014). Performance and technological features
of sugar beet root crops at various plant density. Bulletin of



Productivity and technological features of sugar beet root crops when applying of different doses... 97

Orenburg State University, 6(167), 26-29.

Islamgulov, D. R. (2014). Productivity and technological qualities
of sugar beet hybrids under the conditions of Bashkortostan Re-
public. Bulletin of Orenburg State Agrarian University, 5(49),
44-47.

Islamgulov, D. R. (2015). The effect of sugar beet plant density on
technological quality of roots. Sugar, 2, 26-28.

Islamgulov, D. R., & Bakirova, A. U. (2017). Productivity and
technological quality of sugar beet roots at different harvest
time in Bashkortostan Republic. Sugar Beet, 6, 14-17.

Islamgulov, D. R., Ismagilov, R. R., & Bikmetov, I. R. (2014).
Effect of different nitrogen fertilizer rates on the technological
quality of sugar beet roots. Agrochemistry, 11, 42-45.

Islamgulov, D. R., Ismagilov, R. R., Bakirova, A. U., Alimga-
farov, R. R., Mukhametshin, A. M., Enikiev, R. 1., AKkhi-
yarov, B. G., Ismagilov, K. R., Kamilanov, A. A., & Yaga-
farov, R. G. (2018). Productivity and technological qualities
of sugar beet at different times of harvesting depending on con-
tamination and freezing of root crops. Journal of Engineering
and Applied Sciences, 13(8), 6533-6540.

Ismagilov, K. R., & Islamgulov, D. R. (2016). State and economic
efficiency of sugar beet production in the Republic of Bashkor-
tostan. Fundamental Study, 5-2, 329-333.

Ismagilov, R. R., & Islamgulov, D. R. (2000). Produktivitit von
Zuckerriibensorten in der Republik Baschkortostan. Archives of
Agronomy and Soil Science, 45(1), 81-84.

Ismagilov, R. R., Gaysina, L. F., Ahiyarova, L. M., Ayupov, D.
S., Nurlygayanov, R. B., Ahiyarov, B. G., Abdulvaleev, R.
R., Malyutina, K. V., Ismagilov, K. R., & Abdulloev, V. K.
(2018). Crop yields and baking qualities of F1 winter rye hy-
brids grain in the forest-steppe of the Republic of Bashkorto-
stan. Journal of Engineering and Applied Sciences, 13, 6487-
6493.

Jacobs, A., Koch, H. J., & Marlander, B. (2018). Preceding
crops influence agronomic efficiency in sugar beet cultivation.
Agronomy for Sustainable Development, 38(1).

Koch, H. J., Laufer, D., Nielsen, O., & Wilting, P. (2016). Nitro-
gen requirement of fodder and sugar beet (Beta vulgaris L.) cul-

tivars under high-yielding conditions of northwestern Europe.
Archives of agronomy and soil science, 62(9), 1222-1235.

Kristek, S., Resic, 1., Jovic, J., Zmajic, K., Lenart, L., Kraljicak,
Z., Beslo, D., & Rasic, S. (2018). Effect of various rates of
boron on yield and quality of high-grade sugar beet varieties.
Listy Cukrovarnicke a Reparske, 134(4), 146-150.

Kuznetsov, Y. L., Akhiyarov, B. G., Asylbaev, 1. G., Davletov,
F. A., Sergeev, V. S., Abdulvaleyev, R. R., Valitov, A. V.,
Mukhametshin, A. M., Ayupov, D. S., & Yagafarov, R. G.
(2018). The effect of Sudan grass on the mixed sowing chemi-
cal composition of annual forage crops. Journal of Engineering
and Applied Sciences, 13, 6558-6564,

Lubova, T. N., Islamgulov, D. R., Ismagilov, K. R., Ismagilov,
R. R., Mukhametshin, A. M., Alimgafarov, R. R., Enikiev,
R. L., Bakirova, A. U., Kamilanov, A. A., & Lebedeva, O.
Y. (2018). Economic efficiency of sugar beet production.
Journal of Engineering and Applied Sciences, 13(8), 6565-
6569.

Marlander, B., Hoffmann, C., Koch, H. J., Ladewig, E., Nie-
mann, M., Stockfisch, N., Varrelmann, M., & Mabhlein, A.
K. (2018). Sustainable intensification a quarter century of re-
search towards higher efficiency in sugar beet cultivation. Sug-
ar Industry — Zuckerindustrie, 143(4), 200-217.

Rother, B. (1998). Die technische Qualitdt der Zuckerriibe unter
dem Einfluss verschiedener Anbaufaktoren. Dissertation, 8,
1-135.

Schnepel, K., & Hoffmann, C. M. (2016a). Effect of extending
the growing period on yield formation of sugar beet. Journal of
Agronomy and Crop Science, 202(6), 530-541.

Schnepel, K., & Hoffmann, C. M. (2016a). Genotypic differences
in storage losses of sugar beet — causes and indirect criteria for
selection. Plant Breeding, 135(1), 130-137.

Trimpler, K., Stockfisch, N., & Marlander, B. (2017). Efficiency
in sugar beet cultivation related to field history. European Jour-
nal of Agronomy, 91(1-9).

Varga, I., Antunovic, M., & Iljkic, D. (2017). Sugar beet root de-
velopment with different nitrogen fertilization rate. Listy Cuk-
rovarnicke a Reparske, 133(4), 138-141.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


