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Abstract: 
During 2006 and 2007 we studied influence of growing nitrogen quantities in fertilization of sugar beet on root yield and quality. The experiment was set up in 5 different variants of fertilization: G0 – 54 kg N ha--1  (fertilization based on the soil analysis to obtain 70-80 t ha-1 root yield); G1 – 81 kg N ha-1; G2 – 108 kg N ha-1; G3 – 135 kg N ha-1; 162 kg N ha-1 (increase by 27 kg ha-1 for each further variant). In the terms of climate investigation years were significantly different. First year was level with multiyear average, and the second one was dry and hot. In the year that climatically do not vary from multiyear average, average root yield and  sugar yield were increasing significantly by the variant G2, with stagnation and decrease afterwards. Sugar content started decreasing significantly even from the variant G1. In dry and warm season root yield and sugar yield started decreasing from the variant G0, and sugar content after variant G2. Hybrids similarly reacted to nitrogen fertilization increase. 
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Introduction 

Importance of nitrogen in nutrition of sugar beet is found to be crucial.  Nitrogen is a yield carrier, and element that influence root quality. Sugar beet absorb nitrogen in considerable quantities, but optimum quantity is set within limited range.  In increased nitrogen supply sugar beet absorb nitrogen wastefully, with negative effect to production results. Due to the facts nitrogen fertilization should be accurate to compensate supplies in the soil. The highest nitrogen quantities (above 85%) sugar beet absorb in short time, which brings up an issue of type of fertilization (Westermann, 1980; Ungai and Győri, 2007), influence of weather conditions, and soil conditions too (Lauer, 1995; Houba et al., 1995; Birkás et al., 2006; Várallyay, 2007; Rutkoviene et al., 2007). Factor that question determination of nitrogen fertilization according to early Nmin analysis (before sowing) is impossibility to exactly anticipate mobility of nitrogen from organic matter in the soil due to extremely long period between optimum time for fertilization and time for sugar beet digging. Due to the nitrogen fertilization that is in practice often too extensive we intended to determine influence of increased fertilization to root yield and quality by new genotypes of sugar beet.  
Materials and methods 
Investigations were conducted by setting up trials in 2006 and 2007 on Eutric Cambisols. According to chemical analyses the soil contained 2,39% humus, pHKCl =5,22, with low phosphorus content (AL-P2O5=6.0 mg per 100 g soil), and high potassium content (AL-K2O=26.6 mg per 100 g soil). Required fertilization was calculated from 150 kg ha-1 P2O5 and K2O.  156 kg ha-1 of nutrients were added by fertilization. By taking up samples in spring from the layer of 0-30 and 30-60 cm in depth for sugar beet yield of  70-80 t ha-1 required nitrogen fertilization of 54 kg ha-1 (G0) was determined and presowingly added  by use of  200 kg ha-1 KAN (27% calcium amonium nitrate). In variants G1, G2, G3 i G4 the first top dressing was done by adding nitrogen in 2-4 true leaves phase (different KAN quantities). Second top dressing was done in 6-8 true leaves phase of sugar beet development, in variants G3 and G4 applying different KAN quantities. Variants of nitrogen fertilization according to nitrogen quantities and application time: G0 – 54 kg N ha-1 (presowingly); G1- 54 kg N ha-1 (presowingly) + 27 kg N ha-1 (first top dressing); G2 - 54 kg N ha-1 (presowingly) + 54 kg N ha-1 (first top dressing); G3 - 54 kg N ha-1 (presowingly) + 54 kg N ha-1 (first top dressing) + 27 kg N ha-1 (second top dressing); G4 - 54 kg N ha-1 (presowingly) + 54 kg N ha-1 (first top dressing) + 54 kg N ha-1 (second top dressing). 5 sugar beet hybrids were included in the trials. The trials were set up by completely randomised block design in 4 repetitions with basic plot while digging of 10 m2. After digging root yield was determined. In «Venema»  laboratory of  Kandit Premijer d.o.o. (Osijek, Croatia) sugar content, K, Na content and alpha amino N (AmN) were determined following standard methods. On the basis of these indicators pure sugar yield per hectare was calculated by Braunschweiger formula. Weather conditions in the years of investigation differed significantly. Precipitation values in 2006 were level with multiyear average which was favourable for sugar beet growth and development, whilst in 2007 drought with high temperatures prolonged to September.

Results and discussion 

Root yield, sugar yield and sugar content were influenced by nitrogen fertilization, genotype and weather conditions. Higher root yield (Table 1.) and sugar yield (Table 2.) were obtained in climatically more favourable 2006. 
Table 1. Sugar beet root yield (t ha-1) depending on nitrogen fertilization

	2006

	Hybrid
	Nitrogen fertilization
	Average

	
	G0 
	G1
	G2
	G3
	G4
	

	Belinda
	81.47
	96.85
	112.60
	109.00
	108.87
	101.68

	Amadea
	94.80
	99.80
	111.54
	110.45
	105.12
	104.34

	Buda
	78.83
	93.13
	101.49
	97.00
	96.49
	93.39

	Merak
	80.10
	92.37
	99.00
	100.51
	104.10
	95.22

	Libero
	82.00
	87.47
	94.76
	100.32
	100.70
	93.05

	Average
	83.44
	93.92
	103.82
	103.46
	103.06
	97.54

	        LSD0.05              Total            7.17                  Fertilizing       5.27                   Hybrid       6.02
        LSD0.01                                13.34                                          9.80                                   11.20

	2007

	Belinda
	77.60
	66.13
	60.00
	56.87
	51.82
	62.48

	Amadea
	85.60
	80.92
	76.93
	78.53
	71.80
	78.76

	Buda
	68.67
	66.53
	48.87
	49.47
	46.44
	56.00

	Merak
	79.13
	58.33
	52.60
	59.93
	60.93
	62.18

	Libero
	70.67
	75.86
	73.40
	70.13
	56.73
	69.36

	Average
	76.33
	69.55
	62.36
	62.99
	57.54
	65.76

	        LSD0.05               Total           6.77                   Fertilizing      4.86                   Hybrid        5.62
        LSD0.01                                  8.41                                          6.03                                      7.32 


Table 2. Sugar yield  (t ha-1)  depending on nitrogen fertilization

	2006

	Hybrid
	Nitrogen fertilization
	Average

	
	G0 
	G1
	G2
	G3
	G4
	

	Belinda
	11.26
	12.35
	13.53
	13.33
	12.54
	12.60

	Amadea
	13.12
	13.02
	14.07
	13.73
	12.66
	13.32

	Buda
	11.96
	13.44
	13.84
	13.86
	12.73
	13.17

	Merak
	12.42
	13.58
	13.86
	13.21
	12.83
	13.18

	Libero
	11.63
	11.85
	12.03
	11.85
	11.12
	11.70

	Average
	12.08
	12.85
	13.47
	13.20
	12.38
	12.79

	        LSD0.05                  Total       0.54                        Fertilizing     0.22                Hybrid      0.35   
        LSD0.01                                 1.00                                              0.41                                 0.65

	2007

	Belinda
	11.38
	9.34
	8.25
	7.79
	6.90
	8.73

	Amadea
	11.24
	10.62
	10.34
	10.19
	9.21
	10.32

	Buda
	10.31
	10.23
	7.16
	7.35
	6.63
	8.34

	Merak
	12.37
	8.85
	8.17
	8.84
	8.81
	9.41

	Libero
	10.09
	10.88
	10.44
	9.56
	7.53
	9.70

	Average
	11.08
	9.98
	8.87
	8.75
	7.82
	9.30

	        LSD0.05                  Total       0.44                       Fertilizing     0.13                 Hybrid      0.25
        LSD0.01                                 0.75                                             0.21                                  0.46


Table 3. Sugar content (%) depending on nitrogen fertilization

	2006

	Hybrid
	Nitrogen fertilization
	Average

	
	G0 
	G1
	G2
	G3
	G4
	

	Belinda
	16.00
	15.56
	15.02
	14.64
	14.26
	15.10

	Amadea
	16.01
	15.94
	15.56
	15.18
	14.79
	15.50

	Buda
	17.36
	17.32
	16.65
	16.03
	15.34
	16.54

	Merak
	17.70
	17.68
	17.07
	16.44
	15.81
	16.94

	Libero
	16.40
	16.34
	15.75
	15.10
	14.52
	15.62

	Average
	16.69
	16.57
	16.01
	15.48
	14.94
	15.94

	        LSD0.05                   Total       0.72                     Fertilizing      0.26                 Hybrid      0.45 
        LSD0.01                                  1.33                                            0.48                                  0.83

	2007

	Belinda
	16.60
	16.09
	15.78
	15.65
	15.43
	15.91

	Amadea
	15.17
	15.30
	15.63
	15.15
	15.09
	15.27

	Buda
	16.89
	17.28
	16.58
	16.88
	16.36
	16.80

	Merak
	17.43
	17.10
	17.53
	16.67
	16.53
	17.05

	Libero
	16.13
	16.27
	16.25
	15.73
	15.54
	15.98

	Average
	16.44
	16.41
	16.35
	16.02
	15.79
	16.20

	        LSD0.05                  Total       0.65                       Fertilizing     0.25                 Hybrid      0.44
        LSD0.01                                 1.21                                             0.45                                  0.80     


          G0 – 54 kg N ha-1;  G1 – 81 kg N ha-1;  G2 – 108 kg N ha-1; G3 – 135 kg N ha-1; G4 – 162 kg N ha-1
Weather conditions also influenced activity of added nitrogen quantities. In 2006 increase in fertilization significantly  increased average root yield by G2, then stagnated. In 2007, the highest root and sugar yield was obtained with G0 fertilization. Increase in fertilization caused yield decrease. Sugar content (Table 3.) in 2006 by increasing fertilization above G1 showed significant decrease. 2007, which was characterized by long-term drought with high temperatures, recorded decrease in sugar content above G2 fertilization. In both investigation years the highest sugar content was obtained with the variant G0. Similar results were reported by Lauer (1995) and Houba et al. (1995).

Conclusions
On the basis of the studies conducted we could reach conclusion that different levels of nitrogen fertilization influence sugar beet yield and quality. Similarly, weather conditions in the period of sugar beet vegetation showed significant influence. In the first year of investigation (climatic parameters were level with multiyear average) the highest root and sugar yield were obtained in G2 fertilization, and in the second one (drought, high temperatures) in variant G0. Further increase in fertilization caused stagnation (root yield in 2006) or yield decrease. Sugar content in both investigation years was obtained in variant G0, whilst fertilization increase caused decrease in sugar content, with the lowest sugar content value in the variant G4.
Acknowledgements 
We are grateful to the Ministry of Science, Education and Sports for their financial support for the project ”Sugar beet nutrition by nitrogen depending on the soil traits genotype" that have enabled scientific research, and the obtained results to be reported in this paper.
References
Birkás, M. – Dexter, A. R. – Kalmár, T. – Bottlik, L.: 2006. Soil quality – soil condition – production stability. Cereal Research Communications, 34: 1. 135-138.

Houba, V. J. G. – Huijbregts, A. W. M. – Wilting, P. – Novozamsky, I. – Gort, G.: 1995. Sugar yield, nitrogen uptake by sugar beet and optimal nitrogen fertilization in relation to nitrogen soil analyses and several additional factors. Biol. Fertil. Soils, 19: 1. 55-59.
Lauer, J. G.: 1995. Plant density and nitrogen rate effects on sugar beet yield and quality early in harvest. Agron. Journ. 87: 5. 586-591.
Rutkoviene, V. – Cesoniene, L. – Steponavicius, D.: 2007. Nitrogen losses from organic and mineral fertilizers in model soil system. Cereal Research Communications, 35: 2. 313-316.
Ungai, D. – Győri, Z.: 2007. Possibility of increasing sugar yield by foliar treatments for crop production sustainability. Cereal Research Communications, 35: 2. 1241-1244.

Várallyay, G.: 2007. Láng, I., Csete L. és Jolánkai M. (szerk): A globális klímaváltozás: hazai hatások és válaszok (A VAHAVA Jelentés). Agrokémia és Talajtan, 56: 1. 199-202.
Westermann, D. T.: 1980. Measuring soil nitrogen mineralization under field conditions. Agron. Journ.       72: 11. 1009-1012.
4
1

