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Abstract: Sugar beet fertilization is more 
specific than other field crops, which is 
reflected in the fact that to achieve high sugar 
yield per unit area, with a high root yield is 
very important and its technological quality. 
Researches of impact of fertilization on these 
sugar beet traits in the period of three years are 
conducted in the stationary field experiment at 
the Institute of Field and Vegetable Crops in 
Novi Sad, Serbia, at Rimski Šančevi 
experimental station. The experiment was 
carried out on ten fertilization variants with 

increasing doses of N, P2O5 and K2O, and the object of 
investigation was a local variety Sara. Root yield was 
the highest on the fertilization variants with the highest 
amounts of nitrogen fertilizer, but in any case, the 
difference in yield was not statistically significant in 
comparison with variants in which it was applied 100 
kg N ha-1. The sugar content significantly decreased, 
while the content of harmful nitrogen and sodium 
significantly increased with increasing doses of N. 
Refined sugar yield was the highest at the fertilization 
variant N100P50K50. 
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INTRODUCTION 
Sugar beet synthesize a large amount of organic matter, which requires high amounts 

of nutrients. Fertilization of sugar beet is more specific comparing to other field crops. To 
obtain high sugar yield per unit area, beside achieving high yield of sugar beet root, very 
important property is its technological quality. The average yield of sugar beet in Serbia is low, 
with significant varying by years and with sugar content (digestion) lower from optimal. For 
this reasons, obtained sugar yield is only 5-6 t ha-1. Except natural factors, which certainly have 
a significant impact on yield, mistakes and omissions in technology of growing are also 
significant (MARINKOVIC et al. 2007). According to many authors, here in the first place come 
omissions made during fertilization, whether low or high amounts of nutrients applied. For the 
agroecological conditions of Germany, FÜRSTENFELD and HORN (2003) stated that the 
reduction of amount of nitrogen fertilizers in the growing of sugar beet, from 200 kg ha-1 in 
1980., to less than 100 kg ha-1 on average today, resulted in better quality and increased yield 
of sugar. The authors also emphasize the economic and ecological significance of these 
findings. MARINKOVIC and CRNOBARAC (2000) examined the effects of 20 different treatments 
of fertilizing on several varieties of sugar beet, and found equally negative effects of excess 
amounts or lack of three basic elements of mineral nutrition. The amounts and ratio of applied 
nitrogen, phosphorus and potassium, mainly depends of soil fertility, plant characteristics and 
the desired yield and quality (SARIC, 1977). According to the author, the use of higher amounts 
of fertilizer than needed is not only economic unjustified from the standpoint of direct 
investment, but a higher doses of nutrients can be harmfull to a great number of plant species 
and varieties. 

Of all the elements of mineral nutrition, nitrogen has the greatest impact on yield and 
qualitative traits of sugar beet. Monitoring of its dynamics and the quantity in the soil reduces 
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the possibility of over fertilization, which can have a negative impact on the yield of sugar 
(MARINKOVIC et al. 2003; JAĆIMOVIĆ et al. 2008). 

Technological quality of roots is determined by digestion and content of non-sugar 
matter. Higher content non-sugar matter (organic nitrogen compounds in particular α-amino 
nitrogen, betaine and other organic bases, as well as minerals: K, Na, Ca, Mg, etc.) in the root 
causes increas of sugar content in molasses, which influence lower efficiency in the processing 
of sugar beet, and a lower yield of refined sugar. Determining the technological quality of 
sugar beet has a multiple use in the production of sugar beet (determining the expected amount 
of sugar per hectare, the selection of varieties, methods of fertilization and protection of, 
determining the time of sowing) and in the processing of sugar beet (payment to producers, 
feature evaluation campaign, preparing for the quality of sugar beet factory who expect), 
etc. (KARADZIC et al., 1990). 

For these reasons the task of this research is to assess the impact of different doses of 
nitrogen, phosphorous and potassium fertilizers, on the technological properties of sugar beet 
roots, and also to determine the optimum ratio of these elements and the optimal amount of 
fertilizer for achieving high yields of sugar per unit area. 

 
MATERIAL AND METHODS 
Three years period research (2001-2003) have been carried out at stationary field trial 

in the Institute of Field and Vegetable Crops (φ 45 ° 20 N, λ 19 ° 51 E), Novi Sad, Serbia. The 
experiment was set up according to two-factorial (Split plot) block design in four replications, 
with the basic plot size of 150 m2, and 10 different treatment combinations of doses of N, P2O5 
and K2O: Ø - Control (unfertilized treatment), N1P1K1, N1P2K1, N1P2K2, N2P1K1, N2P2K1, 
N2P2K2, N3P1K1, N3P2K1, N3P2K2 (where: 1 =50, 2 =100, 3 =150 kg of pure nutrients per ha.) 

The trial was set up on calcareous chernozem, with good physical and chemical 
properties. The soil plough (upper) layer, was in all tested treatments very well supplied with 
potassium (high level; 19.9-32.2 mg100g-1 of soil), while the content of phosphorus ranged 
from 7.3-25.4 mg100g-1 of soil, depending on the fertilization treatments. 

In both years of the trial a standard technology of growing was applied. The entire 
amount of P2O5 and K2O and half of N fertilizer were applied in autumn, before autumn 
ploughing, and the other half of N was applied in the spring, before sowing. Local variety of 
sugar beet "Sara" have been used for this trial. 

After extraction of sugar beet, the average root samples from all fertilizer treatments 
were taken in order to determine the technological quality of sugar beet and the following 
parameters were determined: percentage of sugar in the root (digestion) - as the most important 
criterion for determining the quality of the root, the content of "harmful nitrogen" (α amino-N) 
and the contents of "harmful K and Na". Based on upper data, the percentage of utilization of 
sugar and refined sugar yield were determined. Determination of the elements of the 
technological quality of roots was performed by standard methods in automated laboratory for 
sugar beet "WENEMA" in the Institute of Field and Vegetable Crops, Novi Sad, according to 
the regulations valid in Serbia, which are listed in the "Methods for laboratory control of the 
sugar factory" (Milic et al. 1992). 

  
RESULTS AND DISCUSSIONS 
On all fertilized treatments, obtained yield was statistically higher compared to 

unfertilized treatment (Table 1). In the treatment fertilized with 50 kg ha-1 of nitrogen, 
phosphorus and potassium (N1P1K1) obtained yield was 52.84 t ha-1, or 17.24 t ha-1 higher 
comparing to control. Further increase of N by 50 kg ha-1 (treatment N2P1K1) increased the 
yield by highly significant 8.69 t ha-1, while the highest dose of nitrogen at the same levels of 
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P2O5 and K2O (N3P1K1) reduced the yields for 1,69 t ha-1 compared to the previous tretment. 
On the treatments fertilized with 100 kg P2O5 ha-1 and 50 kg K2O ha-1 (P2K1), increasing 
amounts of N from 50 to 100 and further to 150 kg ha-1 contributed to the increase of root yield 
to around 2.9 t ha- 1. On the tretment with P2K2, increasing amounts of N from 50 to 100 kg ha-1 
increased the yield by 3.46 t ha-1, while the following higher dose of N resulted in its reduction 
by approximately 1 t ha-1. 

The highest yield of roots (62.47 t ha-1) was obtained in the treatment N3P2K1, 
however, yield difference was not statistically significant in comparison with all the treatments 
in which the nitrogen was applied in dose of 150 or 100 kg ha-1. Fertilization with 100 kg N ha-

1 in relation to the dose of 50 kg N increased the yield by about 5 t ha-1, on average, or about 
9%, while a further increase of N dose at 150 kg did not affect the yield of roots. The effect of 
increasing doses of N on yield of roots was accompanied by a form of quadratic regression 
curve (Fig. 1). Based on this regression equation, the theoretical maximum yield of 62 t ha-1 is 
achieved by fertilizing with about 116 kg of nitrogen. 

Fetilization with higher amounts of N influenced a significant reduction of sugar 
content in root. In relation to this, the largest sugar content (15.51%) was obtained in the 
control tretment, and the lowest in treatments N3P1K1 and N3P2K2. An increase of N dose from 
50 to 100 kg ha-1, and a further increase to 150 kg N, reduced the sugar content in root to about 
0.6% on average, in both cases. 

 
Table. 1 

The effect of different amounts of mineral fertilizers on yield, technological quality properties of roots 
and yield of refined sugar 
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Ø 35,60 15,51 2,20 2,98 0,48 14,10 5,08 
N1P1K1 52,84 15,47 2,19 3,08 0,59 13,98 7,42 
N2P1K1 61,53 14,87 3,23 3,16 0,66 13,25 8,25 
N3P1K1 59,84 14,22 4,55 2,91 0,67 12,56 7,64 
Nx P1K1 58,07 14,85 3,32 3,05 0,64 13,26 7,77 
N1P2K1 56,63 15,46 2,18 2,90 0,56 14,05 7,99 
N2P2K1 59,53 14,94 3,25 3,15 0,56 13,36 8,05 
N3P2K1 62,47 14,47 4,24 2,91 0,74 12,82 8,06 
Nx P2K1 59,54 14,96 3,22 2,99 0,62 13,41 8,03 
N1P2K2 55,81 15,52 2,19 3,23 0,58 13,99 7,85 
N2P2K2 59,27 14,92 3,22 3,30 0,65 13,26 7,96 
N3P2K2 58,19 14,28 4,63 3,14 0,65 12,54 7,35 
Nx P2K2 57,76 14,91 3,34 3,22 0,62 13,26 7,72 

Average for N1 treatments 55,09 15,48 2,19 3,07 0,58 14,01 7,76 
Average for N2 treatments 60,11 14,91 3,23 3,20 0,62 13,29 8,09 
Average for N3 treatments 60,17 14,32 4,47 2,99 0,68 12,64 7,68 

LSD0,05 5,08 0,54 0,77 0,20 0,16 0,59 0,70 
LSD0,01 8,19 0,74 1,06 0,28 0,21 0,81 1,14 
 
Increasing doses of N at the same amounts of P and K have resulted in a significant, 

almost linear increase of harmful N and Na in the root. Harmful nitrogen is undesirable 
ingredient in beet, as one part of it prevents the crystallization of 25-40 parts of sugar and 
increases sugar losses in sugar beet processing. It is known that, of all agricultural practices, 
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use of nitrogen fertilizers has the greatest influence on the content of α-amino nitrogen in the 
root. According to our research, the content of harmful N was the lowest in the control 
treatment and in all tretments with the lower dose of N (50 kg ha-1). Similar data for Croatian 
conditions, according to POSPIŠIL (2004), indicate that if the dose of nitrogen fertilizer 
substantially exceeds the optimal dose, a decrease in sugar content and a drastic increase in 
alpha-amino N occurs, so that a large part of the sugar goes straight into the molasses. 

For the maximum utilization of sugar from the beet, very important property is the 
content of "harmful K and Na." Potassium and sodium compounds, along with chlorine 
compounds in the refinement process turns to the solution and like the "harmful nitrogen" 
reduce the crystallization of the sugar and increase sugar losses in molasses. This set of 
minerals in the technology of processing sugar beet is known as "soluble ash." The most 
significant influence on the content of harmful potassium in the root of sugar beet had the 
potassium fertilization, whereas the effect of increased dose of N was not significant. 
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Sugar content:
Ymax=15,54; Xmax=1,07

Root yield:
y = -0,0019x2 + 0,449x + 36,076
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Rafined sugar yield:
y = -0,00031x2 + 0,063x + 5,161
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Fig. 1: Dependence of root and sugar yield of the applied amount of nitrogen 
 
As a result of these complex impacts of elements of the technological quality of roots, 

the highest yield of refined sugar (8.25 t ha-1) was obtained in the treatment N2P1K1, and was 
approximately 62% higher in comparation with the control treatment. On average, increasing 
dose of N fertilizer from 50 to 100 kg ha-1 increased the sugar yield by 330 kg ha-1 (4.25%), 
while a further increase of N dose at 150 kg reduced the yield by 410 kg ha-1; or about 5%. 
Dependence of the yield of refined sugar from the applied amount of nitrogen had a form of 
quadratic regression curve (Fig. 1), where the theoretical maximum yield (8.33 t ha-1) is 
realized when fertilizing with 100 kg N ha-1. Similar to our results, ŠOLTYSOVA (2003) 
revealed that the highest amount of nitrogen fertilizer reduced the digestion and yield of refined 
sugar significantly, by 0.33% and 0.38%, respectively. The negative effects of nitrogen on the 
technological properties of sugar beet is supported by studies of many foreign authors, 
REINIEFELD and BAUMGARTEN (1975), CAMPBELL (2002), HANAČKOVA (2003), etc. Smaller 
dose of nitrogen, however, increase the digestion or it remains on the level of unfertilized 
treatment (DRAYCOTT et al. 1974), which increase the sugar yield significantly by increasing 
the yield of roots. Many local authors point out that amounts of NPK over 100 kg ha-1 almost 
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regularly lead to the reduction of sugar content in root and its efficiency, and rarely increase 
the yield of sugar beet root (STANAĆEV et al. 1983, NENADIC et al. 2003, MARINKOVIC and alL. 
2004 and 2008). 

 
CONCLUSIONS 
The highest yield was obtained in the treatment N150P100K50, however, yield difference 

was not statistically significant compared with all the fertilizing treatments in which the 
nitrogen was applied in dose of 150 or 100 kg ha-1. Fertilization with 100 kg N ha-1 in relation 
to the dose of 50 kg N increased the yield approximately by 9%, while a further increase of N 
dose on 150 kg did not affect the yield of roots. 

On average, an increase of N dose from 50 to 100 kg ha-1, and a further increase to 
150 kg N, reduced the sugar content in root for about 0.6% in both cases. Increasing N doses at 
the same levels of P and K have resulted in an almost linear increase of harmful N and Na in 
the root. 

Increasing amounts of N-fertilizer from 50 to 100 kg ha-1 increased the yield of sugar 
to 4.25%, on average, while a further increase of N to 150 kg reduced the yield by 5%, 
approximately. Dependence of the yield of refined sugar from the applied amount of nitrogen 
had a form of quadratic regression curve, where the theoretical maximum yield achieved when 
fertilizing with 100 kg N ha-1. 
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