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Abstract: 













During two-year studies on two different soil types (Mollic Gleysols, Calcaric Fluvisols) in 4 repetitions and 4 different variants, as follows: 1. untreated seed; 2. Dithane S- fungicide treated seed (60% Mancozeb, 800 g 100 kg-1 seed); 3. seed treated with fungicide Dithane S (60% Mancozeb, 400 g 100 kg-1 seed) + inoculated with Bacillus megaterium (0.6 x 1010 bacteria ha-1); 4. seed inoculated with Bacillus megaterium (1.2 x 1010 bacteria ha-1) we investigated influence of different seed treatments to infection with pathogenic fungi Pythium ultimum and Pythium debarianum, as well as, elements of sugar beet yield (root yield, sugar content). The best results were obtained by inoculation of sugar beet seed with the bacterium B. megaterium. 
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Introduction 
Agronomists are faced with a growing problem of evolving resistance of soil pathogens to chemical fungicides. Also, there is an increasing sensitivity to the importance of health food production and rising awareness for environmental protection. Namely, all pesticides which are not biodegraded in the soil are being washed out in deeper layers causing eutrophication of underground waters. Therefore, natural resources and processes in the soil are widely used as an alternative to chemical fungicides. 
Sugar beet is a crop which is from the phases of emergence and germination  to the first 2 - 4 true leaves phase (most sensitive phase) attacked by numerous pathogenic fungi that cause root decay of young sugar beet plants. Seed inoculation by the bacteria showing antagonistic activity against pathogenic fungi such as Rhizoctonia solani, P. ultimum, P. debarianum, Phoma betae and Aphanomyces cochlioides account for an alternative to chemical fungicides and an option of solving problem of disease control, not only in sugar beet, but in other, mainly vegetable crops. Many authors (Asaka and Shoda, 1996; Walker et al., 1998; Hýsek  and Vach, 2006; Kristek et al., 2007; Baličević et al., 2007) studied control of these pathogens by benefit bacteria Bacillus megaterium and Pseudomonas fluorescens, as well as, benefit fungi Trichoderma harzianum which showed pronounced antagonistic activity against the aforesaid fungi.

Since the benefit bacteria do not express sensitivity to the low fungicide doses (Pedersen et al., 2002), on the soils infected with the fungi – the root decay agents on sugar beet, positive effect was accomplished by combining seed inoculation with the benefit bacteria and the seed treatment with low doses of fungicides. Pathogenic fungi P. ultimum and P. debarianum are found to be the most serious issue, so the influence of the bacterium B. megaterium to the pathogenic fungi has been investigated.
Materials and methods 
The experiment was set up on two soil types – Mollic Gleysols and Calcaric Fluvisols, with the presence of pathogenic fungi P. ultimum and P. debarianum detected from 2001 – 2005. In 2005 and 2006 the experiment was set up by completely randomised block design in 4 repetitions and 4 various seed treating variants: 1. untreated seed;       2. Dithane S - fungicide treated seed (60% Mancozeb, 800 g 100 kg-1 seed); 3. seed treated with fungicide Dithane S (60% Mancozeb, 400 g 100 kg-1 seed) + inoculated with Bacillus megaterium (0.6 x 1010 bacteria ha-1); 4. seed inoculated with Bacillus megaterium (1.2 x 1010 bacteria ha-1). 
Soil analyses (Table 1.) were carried out by standard methods: organic matter content was determined by bichromate method, pH in H2O and KCl, phosphorus and potassium content by ammonium-lactate method according to Egner-Riehm-Domingo (Page, 1982).
Table 1: Soil  properties
	Investigated 

field properties
	Type of soil

	
	Mollic Gleysols
	Calcaric Fluvisols

	pH (H2O)
	7.19
	7.04

	pH (KCl)
	6.49
	6.27

	Humus (%)
	3.38
	2.31

	P (mg per 100 g soil)
	23.00
	20.72

	K (mg per 100 g soil)
	25.88
	19.95


Bacteriological culture (B. megaterium) applied in the experiment are from German Collection of Microorganisms and Cell Cultures (DSMZ). B. megaterium No 2894 was transferred from lyophilised into vegetative form, and multiplied on nutrient agar of the following composition: peptone 5.0 g, meat extract 3.0 g, agar 15.0 g, MnSO4 x H2O 10.0 mg, distilled water 1000.0 ml.
Hybrid of Georgina (KWS) sugar beet was used in the sowing. In both investigation years sowing was conducted in the second decade of March. The row spacing was 50 cm, with  20 cm within row.

Percent of the plants infected with pathogenic fungi  P. ultimum and P. debarianum were stipulated in 2-4 true leaves phase. Sugar beet digging conducted in the mid October was followed by determination of root yield (t ha-1) and sugar content (%).
Results and discussion 
The least number of infected and decayed plants in the 2 – 4 true leaves phase, on both soil types and in two years of investigation (Table 2.) was obtained with the variant 4. The remaining variants obtained statistically very significantly (p<0.01) higher number of infected and decayed plants by pathogenic fungi P. ultimum and P. debarianum. The results obtained are in agreement with those of Whipps (2001) who reported that the plants inoculated with the benefit bacteria were characterized with rapid initial growth that enabled fast undergoing through the most vulnerable phase when the damage of the pathogen affecting was the most pronounced. Due to the pronounced antagonism of the bacterium to  the  root  decay agent of sugar beet – fungi  P. ultimum and P. debarianum 
high survival percentage of inoculated plants was obtained in comparison to the       non-inoculated ones and decrease in the damage of infected plants, which consequently, influenced  sugar beet root yield.
Root yield (Table 3.) showed highly significant positive correlation with sugar content values (r = 0.947). On both soil types and in both investigation years the highest average root yield values were obtained with the variant 4, while all remaining variants (except variant 3 in the second year of investigation on Calcaric Fluvisols soil type) recorded statistically very significantly (p<0.01) lower yield values.
Table 2. Percentage of the infected and decayed plants as a consequence of P. ultimum and P. debarianum infection in the 2 - 4 true leaves stage
	Investigated

parameter
	Variant
	Mollic Gleysols
	Calcaric Fluvisols

	
	
	Year
	Average
	Year
	Average

	
	
	2005
	2006
	
	2005
	2006
	

	Infected

plants

(%)
	1
	56.28
	48.89
	52.59
	58.63
	51.03
	54.83

	
	2
	25.44
	22.05
	23.75
	27.12
	22.78
	24.95

	
	3
	11.49
	10.27
	10.88
	12.09
	10.60
	11.35

	
	4
	11.02
	9.55
	10.29
	11.35
	9.98
	10.67

	Decayed 

plants

(%)
	1
	49.21
	41.50
	45.36
	50.90
	43.10
	47.00

	
	2
	18.31
	16.38
	17.35
	19.31
	16.85
	18.08

	
	3
	8.60
	6.95
	7.78
	8.90
	7.33
	8.12

	
	4
	7.95
	5.38
	6.67
	8.12
	6.05
	7.09

	     LSD0.05                                 0.26             0.34             0.31              0.38             0.32            0.35
     LSD0.01                                 0.44             0.67             0.55              0.71             0.59            0.64


Table 3. Investigated parameters by soil  types and years of investigation
	Investigated parameter
	Variant
	Soil type
	Average

	
	
	Mollic Gleysols
	Calcaric Fluvisols
	

	
	
	Year
	

	
	
	2005
	2006
	2005
	2006
	

	Root
yield

(t ha-1)
	1
	55.38
	59.26
	54.15
	57.50
	56.57

	
	2
	74.65
	77.53
	74.09
	76.19
	75.62

	
	3
	85.10
	88.27
	83.49
	87.10
	85.99

	
	4
	87.80
	92.90
	84.88
	90.55
	89.03

	     LSD0.05                                      1.08                 1.56                1.22                 1.61                  1.38
     LSD0.01                                      1.96                 2.87                2.46                 3.01                  2.64

	Sugar
content

(%)
	1
	12.46
	13.08
	12.20
	13.01
	12.69

	
	2
	14.31
	14.57
	14.15
	14.49
	14.38

	
	3
	14.66
	14.90
	14.61
	14.83
	14.75

	
	4
	14.98
	15.26
	14.80
	15.17
	15.05

	     LSD0.05                                              0.17                 0.19                 0.23                 0.21                0.21
     LSD0.01                                      0.33                 0.37                 0.41                 0.36                0.35


    Variants:   1 – untreated seed;     2 – seed treated with fungicide Dithane S  (60% Mancozeb, 800 g 100 kg-1 seed);    3 – seed treated with fungicide Dithane S (60% Mancozeb, 400 g 100 kg-1 seed) + inoculated   with Bacillus megaterium (0.6 x 1010 bacteria ha-1);   4 – seed inoculated with Bacillus megaterium (1.2 x 1010 bacteria ha-1)
The highest sugar content value in both investigation years and on both locations in this parameter was, also, obtained in the variant 4. However, no significant difference (p<0.01) was obtained with the variant 3. Variants 1  and  2  obtained statistically  very significantly (p<0.01) lower values in this parameter. Similar results were reported in the studies of Pedersen et al. (2002) and Kristek et al. (2006, 2007).
Conclusions 
Inoculation of sugar beet seed with the bacterium B. megaterium affected root decay agent treated with pathogenic fungi P. ultimum and P. debarianum  and showed highly significant influence to all the elements of sugar beet yield and quality.
The best results in all parameters tested were obtained by inoculation of sugar beet seed with the bacterium B. megaterium. However, no significant differences (p<0.01) were found between this variant and the variant of combined seed treatment with bacteria B. megaterium and chemical fungicide Dithane S in root yield (first year of investigation, Calcaric Fluvisols) and sugar content values (on both soil types in both years of investigation).
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