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Sugar beet fertilization is a very complex agrotechnical measure for farmers. The main reason is that technological
quality is equally important as sugar beet yield, but the increment of the root yield does not follow the root quality.
Technological quality implies the concentration of sucrose in the root and the possibility of its extraction in the
production of white table sugar. The great variability of agroecological factors that directly affect root yield and
quality are possible good agrotechnics, primarily by minimizing fertilization. It should be considered that for sugar
beet, the status of a single plant available nutrient in the soil is more important than the total amounts of nutrients in
the soil. Soil analysis will show us the amount of free nutrients, the degree of soil acidity and the status of individual
elements in the soil so that farmers can make a compensation plan. An estimate of the mineralizing ability of the
soil, the N min, is very important in determining the amount of mineral nitrogen that the plant can absorb for high

root yield and good technological quality.

sugar beet root yield root quality amount of nitrogen vegetative growth soil analyses

| 1. Introduction

Sugar beet (Beta vulgaris L. subsp. vulgaris var. altissima D06ll.) and sugar cane (Saccharum officinarum L.) are the
plants that are mostly grown in the world as raw materials for processing into sugar. Sugar cane cultivation for
sugar production began in India in 2000 BC, while sugar beet is a relatively young plant and has been grown since
the late 18th century. Sugar beet is biologically adapted to the temperate climate zone and is grown in the area
from 30° to 60° north latitude and from 25° to 35° south latitude. Nowadays, sugar beet accounts for 20% of world
sugar production, while the remaining 80% of sugar is from sugar cane . The most suitable geographical
conditions for beet growing are found where the soil is deep, friable, well drained and contains a certain proportion
of lime. Sugar beet is usually cultivated as a rotation crop. Even though there is a need for agrotechnical
measures, it would be interesting to try the adoption of conservation tillage, which provides considerable
environmental benefits while improving soil fertility [2IBI4I5IE] - Sugar beet yields under reduced tillage are similar to

those of beets grown in plowed soil when the N application increases [,

The sugar content in sugar beet root is usually 13-20% B, The total biomass of the sugar beet plant is divided
into root and leaf dry matter. According to Hoffmann and Kenter 19, sugar beet root yield has increased in the past
decades by 1.5% per year, but the sugar content has increased at the expense of the plant canopy (or leaf dry

matter). More than 98% of total root sugar is sucrose, fructose and glucose in very small amounts 11,
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Sugar beet fertilization significantly impacts yield formation and sugar beet root quality. Nitrogen is probably the
most studied nutrient for sugar beet because N is the most limiting nutrient directly related to sugar beet yield and
guality. Many researchers reported that N fertilization greatly influences excessive N fertilization, resulting in more
lush development of the leaves and crowns, root maturity is slowed down, and the sugar content in the root is

lower. In addition, root quality may be reduced due to the increased content of melas-forming elements [2121[13]14][15]

As one of the main building blocks, nitrogen has a special significance in plants because it is an integral part of
proteins from which protoplasm, cells and plant tissues are formed 87 |n addition, N is the main yielding
element in plant production. The range of N concentration in the leaf blade of sugar beet is from 2.2 to 3.5% and in
the leaf stalk from 1.0 to 1.5% 18], Sugar beet needs a large amount of N as a nutrient. The amount of N applied to
the soil should be performed according to the chemical and microbiological properties of the soil. Furthermore,
weather conditions should be considered to avoid unused amounts of N by plants that will, due to extreme
instability of this nutrient, move into the deeper layers of the soil and bring about groundwater eutrophication 191201,
Moreover, excessive amounts of N fertilizers negatively affect the content of melas-forming substances and
primarily alpha-amino [211(221(23],

| 2. Nitrogen Fertilization Influence on Vegetative Growth

Malnou et al. 18] point out that it is desirable for sugar beet to reach 85% of the canopy, which covers the soil, as
soon as possible to maximize the use of solar radiation, while Jaradat and Rinke 24 point out that newer
genotypes can achieve up to 90% soil coverage. According to a two-year study in Germany (Géttingen), Hoffman
and Kluge-Severin [23 state that under temperate climatic conditions, sugar beet as a spring crop absorbed only

24% of the incoming radiation in May and up to 83% in June.

The most intense leaf formation in European production area is from the beginning of June, when sugar beet
leaves close the rows and last until mid-July (28] After that, the plant forms leaves of smaller dimensions, and the
leaves gradually die off by the end of the vegetation. The growth of sugar beet roots through vegetative stages has

a linear trend, and the largest root growth occurs from mid-July to mid-August.

The leaf rosette of sugar beet reaches its maximum at the end of July and the beginning of August, while toward
the end of the vegetation, it gradually decreases 8271, According to Kristek and Liovi¢ 28 and Jeli¢ et al. 29, in
agroecological conditions of southeast Europe, the largest daily increase in sugar beet leaves is from mid-June to

mid-July.

Manderscheid et al. B9 state that a higher amount of N (126 and 156 kg ha™ N) compared to a smaller one (63
and 78 kg ha™* N) resulted in an increase in fresh leaf mass and an increase in individual leaves through the
vegetation (11th, 16th, 26th and 31st leaf), while statistically significant differences were not found between
different N fertilizations and the number of sugar beet leaves. Liidecke B states that the development of sugar

beet in conditions of reduced N supply at the beginning of vegetation is the same because beets have enough N
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available. The author emphasizes that sugar beet matures earlier in conditions of lower N supply, and

phenotypically, the leaves are lighter in color, while the root lags behind in growth.

Newer genotypes have erect leaves that allow growth in a smaller vegetation area 2. Vukadinovi¢ et al. 3l point
out that hybrids with more upright leaves tolerate shading better, i.e., they can be grown in higher density. In
addition to the above, in terms of photosynthesis, Miller-Linow et al. B4 emphasize the importance of the vertical

distribution of leaves, i.e., the angle at which the leaves are located on the rosette of sugar beet.

In spring sowing, the dying of sugar beet leaves is more intense after July. Kenter et al. 33 point out that air
temperature and radiation have a very significant impact (p < 0.001) on the growth of sugar beet leaves in the first

65 days after sowing (early June) by growing sugar beet at 27 locations in Germany.

In the phase of intensive leaf growth (mid-June to the end of July), the total leaf area of one plant is 2000 to 6000
cm? [12127](36] \while the optimal leaf area index (LAI) of sugar beets in this period is from 3 to 4 m2 m~2 [12I37](38][39]
(491 with the optimal leaf area index of sugar beet (3 to 4 m?2 m=2), the outer leaves use almost all of the sun’s
energy. If the LAl is higher than optimal, the photosynthesis of the lower leaves is reduced, the crop is not drought
resistant and has a greater need for nutrients. Manderscheid et al. B9 emphasize the importance of N fertilization
and state that depending on N fertilization, a different number of dry sugar beet leaves was found in August and
September. Furthermore, the authors point out that sugar beet had an average of 1.58 dry leaves in late June and

early July, 5.58 in August and 9.55 dry leaves in the second half of September.

Sugar beet also absorbs the ammonium form of N (NH,*) well, which, due to physiological processes within the
root cells, can negatively affect the sugar content in the root, breaking it down or preventing the synthesis of
sucrose. Therefore, in the spring, before sowing and in the feeding of sugar beet, fertilizers that have an
ammonium form of N, such as urea (CO(NH,),, 46% N) and UAN (urea + NH4NO3 + water, 30% N), should be
avoided. This is confirmed by Brentrup et al. 41 who stated that the yield of sugar beet when applying 115 kg ha™®
N in the form of calcium ammonium nitrate (CAN) was 47.7 t ha 1, and the yield of sugar was 8.49 t ha %, while

with the same amount of N from urea, root yield was lower at 44.2 t ha™! and sugar yield at 7.31 t ha™2.

| 3. Sugar Beet N Fertilization Management

Draycott 42! points out that in many European countries, it is the practice to add all the N needed to achieve
maximum sugar beet yields in the spring in the amount of 30 to 40 kg ha™1, which should be added before sowing,

while the rest is added in top dressing in phase 2—4 leaves.

The greatest need of sugar beet for nutrients is in the phase of intensive leaf growth (from early June to mid-July).
Sugar vyield is linearly related to dry matter yield and total N uptake. However, Last et al. 43 point out that
increasing N above 200 kg ha™t of N does not increase sugar yield, and the maximum sugar yield over six years of

research was obtained by applying 125 kg ha™ N or less.
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Starke and Hoffmann 4! state that the differences in the share of root dry matter depending on N fertilization were
not very pronounced, and according to the results of their research, the average share of root dry matter was
22.5%, with fertilization of 150 kg ha™! N 23.6%, while at an even higher amount of N than 300 kg ha™, dry matter
was reduced to the level of the control treatment (22.5%). According to another study, Starke and Hoffmann 43
point out the positive effect of N on the dry matter yield of sugar beet leaves. Namely, the authors conclude that

with higher fertilization, with as much as 300 kg ha™! N, the yield of leaf dry m

| 4. Nitrogen Use Efficiency (NUE) in Sugar Beet Production

Increasing nitrogen use efficiency can be achieved by using the right combination of nutrients, fertilizing at the right
time and avoiding nutrient loss €. Nitrogen is a very mobile element and can be lost in several ways. Losses are
often in the air volatile but also as leaching in the deeper layers of the soil by rainfall and groundwater. Both cases
cause economic losses but also environmental problems. Nitrogen losses are affected by nitrogen form (nitrate,
ammonium or urea), as well as soil properties (pH, texture, temperature, moisture, cation exchange ability, organic

matter) and fertilizer management (time and dosage) [47[48],

Another important approach to sugar beet production is organic farming. Organic farming is one of the most
important agricultural practices focused on food safety and biodiversity. This means producing food from a healthy
environment of land, plants and animals. Organic fertilizers, genetically modified organisms, pesticides and other
synthetic chemicals are not used in organic production. Organic agricultural production reduces human impact on

the environment, improves soil quality in the long run and contributes to increasing biodiversity (421,

5. Influence of Soil Type and N Fertilization on Sugar Beet
Yield and Quality

The sugar beet production should always note that the land and weather conditions determine the framework and
implement agrotechnical measures for the production level. Sugar beet can use large quantities of N, and the
optimal amount moves within narrow limits. With an increased supply of N for the same root yield, beets can adopt
up to 70% more N from the required amounts, negatively impacting root quality. Due to these facts, N fertilization
should be done only to replenish stocks in the ground. As N in the soil occurs in the organic and mineral form,
determining the stock of plants’ available N represents a problem, and because of the great variability in the saill,
the problem is the time of soil sampling for analysis. Sugar beet depends on several factors, such as soil and
weather, plant distribution in the field and number per unit area, a form of added N B, as well as the fact that

beets absorb uneven N throughout different growth phases in vegetation.

Today, people apply N based on the established stocks of N min in the soil before tillage and pre-sowing
fertilization when fertilizing sugar beet. Early determination of N fertilization assumes the impossibility of accurately
predicting N’s mobilization (subsequent delivery) from organic matter soil, since the period elapsed between the

optimal fertilization period and harvest period is extremely long. This is important because the yield and quality of
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beets also depend on the availability of N during the second half of the vegetation. In practice, N fertilization is very
often the cause of bad production results. In this research, the aim was to determine the effect of early N addition
in the form of urea and increased fertilization through yield fertilization and root quality. Precipitation and air
temperature over the season significantly affect N fertilization and achieved production results. Kristek et al. 5
point out that soil type and especially N application time significantly affect yield elements and sugar beet root
quality. Sugar beet prefers the nitrate form of N(NO3™), so top dressing in production is usually performed in the

phase 3—4 of leaves with mineral fertilizer calcium ammonium nitrate (CAN), which contains 27% N.

| 6. Cercospora Leaf Spot and N Fertilizers

Fertilization generally and high amounts of N fertilizers favor the development of the disease of the crops, affecting

the plant's disease risk either directly or indirectly through changes in the community structure or nitrogen [221531(54]
s8],

The CLS is the most detrimental disease of sugar beet in temperate climates worldwide B8I7 which affects the
above-ground parts of plants, including seeds. Symptoms are observed on older leaves in the form of gray spots
inside and with a brown edge. The infected leaves become necrotic and eventually fall to the ground but remain
attached to the root head. According to Kristek et al. 32 the damage caused by Cercospora beticola Sacc.
reduces the photosynthesizing surface of the leaves. The yield of sugar beet root may be reduced up to 60% and
sucrose content by 3-7%. These decrements in sugar beet root quality ultimately lead to a 42% reduction in
technological sugar yield R8I5AEY yp to 509 B,

Ontario 82 suggests that the N application rate could reduce the need for fungicide applications to control
Alternaria leaf blight and Cercospora leaf spot diseases in the field-grown carrots because lower N treatments
resulted in fewer live leaves per plant at harvest. Makheti Mutebi and Atieno Ondede 3 found that for mulberry
(Morus alba L.), plant fertilization amount of 200 kg ha™! N is an effective approach for suppressing Cercospora

leaf spot of mulberry and can be recommended to the farmers.

| 7. Leaf N Content

The N concentration in the sugar beet plant depends on the amount of N in the soil. Draycott and Chirstenson 23]
state that in the phase of fully expanded leaves, the N concentration in a sugar beet plant can range from 1.0 to
3.5%, in the root from 0.5 to 0.8%, in the leaf blade from 2.2 to 3.5% and in the stalk from 1.0 to 1.5%, but that in
soils where beets are grown for a long time, there is N in the soil either in excessive or insufficient amounts and,

therefore, N concentrations may be outside the specified limits.

Draycott and Chirstenson 13 state that the dry matter of sugar beet leaves at harvest contains about 0.3%
phosphorus, 3% potassium, 2.5% sodium and 0.4% magnesium, while the dry matter of the root contains about 0.1
phosphorus, 0.8% potassium and 0.1% sodium. Furthermore, according to the experience in France and Great

Britain, the authors state that at the time of the largest leaf area (July and August), the above-ground mass of sugar
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beet has the highest amount of phosphorus, from 20 to 25 kg ha™* P,0s, while in the root, the amount of

phosphorus increases during vegetation and at the time of extraction can be up to 40 kg ha™ P,0s.

Leaf blades and petioles of healthy sugar beet plants contain a large amount of N in the nitrate form. The lowest
concentration of any nutrient can change a little with sugar beet variety, climate or soil conditions, moisture stress,
disease, etc. Bilir and Saltali 64 state that different N fertilization can greatly influence nitrate concentration in the

sugar beet leaves, which needs to be analyzed if the leaves are used as animal fed.

| 8. Sugar Beet Root Quality

Sugar beet fertilization is specific in relation to other field crops. As crop which have high yield, technological quality
is also expected to be high. Proper fertilization management includes several essential questions, such as which
fertilizer to apply, what amount of nutrients, in what ratio and when to apply them. With increasing rates of N, there
is an increased content of a-amino N and another non-sugar matter at the root, which is unfavorable, reflecting

sugar crystallization during processing.

Last et al. B9, during a six-year field study (1973-78), examined the impact of ammonium nitrate fertilization (0, 41,
82, 124, 166 and 207 kg N ha™1) and irrigation on the yield and quality of sugar beet. The authors stated that in the
arable soil layer, the optimal concentration of N min was about 40 mg kg™! N soil during May. Later in the growing
season, N greatly increased dry matter, and root yield was also reflected in sugar yield. Sugar beet root yield
linearly increase in relation to accumulation of dry matter. However, from the data of several experiments,
increasing in N resulted in higher root yield in most cases, but on the contrary, higher N rate even decreased

sucrose content in the root.
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