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Abstract: Rhizomania is the most prevalent and the most harmful sugar beet disease, but nowadays does not account for serious threat to production owing to the advancement in plant breeding. Investigations were carried out to determine genetic potential of fertility of tolerant hybrids on both, health soil, and soil infected with BNYVV virus. The trials were set up on Eutric Cambisols, on the plot with no BNYVV viruse detected, and on the plot infected with the virus. We used 10 tolerant and 2 sensitive hybrids during three year-investigations. On the basis of the triennial results all investigated parameters of sugar beet yield and quality on infected soil were found to be significantly higher (p<0.01) in hybrids tolerant to rhizomania  relative to the sensitive hybrids. The differences between the hybrids obtained on health soil were exclusively result of genetic diversity between the hybrids.   
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Introduction 
Rhizomania is the most important disease of sugar beet worldwide, caused by beet necrotic yellow vein virus (BNYVV), as described by Tamada and Baba (1973).  This furovirus is transmitted by zoospores of the soil-borne fungus Polymyxa betae (Keskin, 1964). Severe rhizomania infections lead to reductions in root yield of 50% or more, whilst the sugar content and processing quality can be badly affected also (Paul et al., 1992;  Heijbroek et al., 1999). Investigation results of many authors (Bürcky and  Büttner, 1991; Paul et al., 1993; Koenig et al., 1994) showed that sensitive hybrids on infected soil had 40-65% lesser leaf mass, 65-67% lower chlorophyll content in leaves, and about 6% lower sugar content. Rhizomania infection depends on presence of Polymyxa betae in the soil. Adequate chemical, physical and microbiological soil properties influence required fertility, high share of high-quality agricultural products (Birkas et al., 2006; Várallay, 2006), and also presence of pathogenic microorganisms in soil (Tuitert, 1990; Blunt et al., 1991; Peng et al., 1997).  
Materials and methods 
Investigations were conducted by setting up trials in 2004, 2005 and 2006 on Eutric Cambisols. According to chemical analyses the soil contained 2,68 % humus,         pHKCl = 6.03, with high phosphorus content (AL-P2O5=23.04 mg per 100 g soil), and high potassium content (AL-K2O=24.20 mg per 100 g soil). 12 sugar beet hybrids were included in the trials.  10 sugar beet hybrids were tolerant, and 2 were sensitive to the virus of rhizomania. The trials were set up by completely randomised block design in 4 repetitions with basic plot while digging of 20 m2. One trial-plot was not infected by the virus, while the other, only 500 m far, showed virus infection. In all three investigation years sowing was conducted in the second decade of March. The row spacing was 50 cm, with  20 cm within row.

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. 

Results and discussion
Mean sugar beet root yield in tolerant hybrids in all three years of investigations, did not show significant differences  referring to the health or infected soil (Table 1.). 
Differences between the hybrids were result of genetic diversity. No significant differences were found in  sugar beet root yield between sensitive and tolerant hybrids on health soil. Mean sugar beet root yield in sensitive hybrids on infected soil in all three years of investigations, was significantly lower (p<0.01) relative to the yield of  tolerant hybrids.
On both, health and infected soil differences in mean sugar yield values (Table 2.) in tolerant hybrids were result of genetic diversity between the hybrids, and not in different tolerance degree to BNYVV virus. On infected soil tolerant hybrids obtained, averagely, 9.44 t ha -1 or  402 % higher sugar yield than sensitive hybrids. 
Mean sugar content in sensitive hybrids (Table 3.) on infected soil was lower 6.63 % (rel. 42 %) relative to the tolerant hybrids. Paul et al. (1993) and  Koenig et al. (1994) reported similar results.  
Table 1. Yield of sugar beet hybrids (t ha-1) depending on the presence of BNYVV virus in the soil
	Hybrid
	Health soil
	Infected soil

	
	2004
	2005
	2006
	Average
	2004
	2005
	2006
	Average

	Laetitia
	71.78
	90.95
	97.53
	86.75
	94.75
	93.04
	74.20
	87.33

	Belinda
	83.70
	68.31
	104.67
	85.56
	78.45
	69.35
	79.07
	75.62

	Georgina
	90.10
	68.72
	86.40
	81.74
	92.30
	65.57
	90.60
	82.82

	Sofarizo
	91.95
	84.48
	93.07
	89.83
	92.40
	85.74
	82.13
	86.76

	Apollo
	91.45
	61.67
	94.07
	82.40
	70.14
	69.11
	84.40
	74.55

	Buda
	93.70
	81.07
	87.13
	87.30
	95.60
	84.38
	83.07
	87.68

	Remos
	94.13
	88.65
	88.00
	90.26
	81.08
	89.20
	92.60
	87.63

	Esprit
	70.96
	84.05
	99.67
	84.89
	89.83
	84.75
	106.20
	93.59

	Solea
	93.76
	81.15
	105.93
	93.61
	93.94
	91.54
	94.40
	93.29

	Europa
	93.55
	83.50
	106.73
	94.59
	92.45
	85.77
	94.67
	90.96

	Average
	87.51
	79.26
	96.32
	87.69
	88.09
	81.85
	88.13
	86.02

	Terezija*
	83.98
	77.40
	87.33
	82.90
	29.68
	25.58
	34.33
	29.86

	Marika*
	70.69
	75.82
	100.13
	82.21
	47.95
	29.03
	35.67
	37.55

	Average
	77.34
	76.61
	93.73
	82.56
	38.81
	27.31
	35.00
	33.71

	LSD0.05
LSD0.01
	4.65
6.23
	3.98
5.33
	4.89
6.55
	4.45
5.96
	5.03
6.70
	4.97
6.68
	4.99
6.64
	4.78
6.50


      *hybrids sensitive to BNYVV virus
Table 2. Sugar yield (t ha-1) of hybrids depending on the presence of BNYVV virus in the soil
	Hybrid
	Health soil
	Infected soil

	
	2004
	2005
	2006
	Average
	2004
	2005
	2006
	Average

	Laetitia
	9.78
	9.95
	13.13
	10.95
	11.25
	9.71
	9.85
	10.27

	Belinda
	11.95
	7.98
	15.84
	11.92
	11.47
	8.12
	11.54
	10.38

	Georgina
	11.78
	7.37
	12.65
	10.60
	12.82
	7.28
	12.36
	10.82

	Sofarizo
	13.10
	9.35
	14.08
	12.18
	13.09
	9.88
	12.03
	11.67

	Apollo
	13.15
	7.53
	15.53
	12.07
	9.39
	8.46
	12.50
	10.12

	Buda
	13.67
	9.61
	14.52
	12.60
	13.35
	9.96
	13.66
	12.32

	Remos
	13.56
	10.65
	14.63
	12.95
	11.93
	11.18
	14.12
	12.41

	Esprit
	10.61
	10.22
	15.17
	12.00
	13.81
	10.40
	16.05
	13.42

	Solea
	13.34
	9.80
	16.12
	13.09
	13.14
	11.34
	14.51
	13.00

	Europa
	14.44
	10.36
	17.18
	13.99
	14.80
	10.65
	14.93
	13.46

	Average
	12.54
	9.28
	14.89
	12.24
	12.51
	9.70
	13.16
	11.79

	Terezija*
	11.59
	9.51
	13.07
	11.39
	2.43
	1.07
	2.71
	2.07

	Marika*
	8.80
	9.55
	14.32
	10.89
	3.49
	1.50
	2.96
	2.65

	Average
	10.20
	9.53
	13.70
	11.14
	2.96
	1.27
	2.83
	2.35

	LSD0.05
LSD0.01
	0.63
0.84
	0.55
0.73
	0.67
0.89
	0.61
0.81
	0.69
0.92
	0.66
0.87
	0.68
0.90
	0.67
0.89


Table 3. Sugar content (%) of hybrids depending on the presence of BNYVV virus in the soil
	Hybrid
	Health soil
	Infected soil

	
	2004
	2005
	2006
	Average
	2004
	2005
	2006
	Average

	Laetitia
	15.52
	13.10
	15.86
	14.83
	14.50
	12.70
	15.64
	14.28

	Belinda
	16.11
	13.68
	17.19
	15.66
	16.79
	13.62
	16.56
	15.66

	Georgina
	15.18
	13.04
	16.88
	15.03
	16.14
	13.18
	15.82
	15.05

	Sofarizo
	16.17
	13.42
	17.21
	15.60
	16.54
	13.61
	16.82
	15.66

	Apollo
	16.25
	14.06
	18.27
	16.19
	15.60
	14.18
	16.96
	15.58

	Buda
	16.40
	13.81
	18.49
	16.23
	16.07
	13.78
	18.32
	16.06

	Remos
	16.30
	14.09
	18.46
	16.28
	16.69
	14.50
	17.27
	16.15

	Esprit
	16.80
	14.18
	17.12
	16.03
	17.58
	14.19
	17.15
	16.31

	Solea
	16.07
	13.94
	17.26
	15.76
	16.47
	14.22
	17.30
	16.00

	Europa
	17.31
	14.41
	18.06
	16.59
	17.98
	14.34
	17.72
	16.68

	Average
	16.21
	13.77
	17.48
	15.82
	16.44
	13.83
	16.96
	15.74

	Terezija*
	15.69
	14.43
	17.06
	15.73
	10.31
	6.34
	10.85
	9.17

	Marika*
	14.36
	14.84
	16.63
	15.28
	9.13
	7.31
	10.71
	9.05

	Average
	15.03
	14.64
	16.85
	15.51
	9.72
	6.83
	10.78
	9.11

	LSD0.05
LSD0.01
	0.42
0.62
	0.39
0.57
	0.50
0.73
	0.46
0.68
	0.51
0.75
	0.48
0.71
	0.55
0.81
	0.50
0.74


      * hybrids sensitive to BNYVV virus
Conclusions
In terms of three-year investigations on both, health soil and soil infected by BNYVV virus, with use of 10 tolerant and 2 sensitive sugar beet hybrids to rhizomania disease all tested parameters of sugar beet yield and quality on infected soil were significantly higher (p<0.01) in tolerant hybrids. On health soil obtained differences in all hybrids were exclusively result of genetic diversity between the hybrids. Differences in soil infection in tolerate hybrids did not effect sugar beet yield and quality. 
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