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Abstract 
In this study we compare some chemical and biological soil properties using the organic and conventional systems. In 2003 and 2004 the soil characteristics were observed on the precise field experiment plots in Borovce (near Piešťany, in the western part of the Slovak Republic) where organic management has taken place since 1995. The soil representative is loam and clay, loam degraded Chernozem on loess. The chemical and biological soil properties were determined within two farming systems: organic and conventional. The lower values of soil reaction and the higher contents of organic matter and inorganic nitrogen in the soil were measured under organic treatment. Organic management also positively affected a number of the cellulolytic and ammonification bacteria as well as microbial biomass content, ammonification and nitrification activity. The earthworm population was more developed at the organic variant. During the years 2003 and 2004, after eight years of organic management utilisation, the tendency of increased biological activity in the soil under organic management was observed.

Introduction 

Several studies show that organic farming leads to higher soil quality with higher microbiological activity than conventional farming, due to versatile crop rotations, reduced application of synthetic nutrients, and the absence of pesticides (Hansen et al., 2001 and Shannon et al., 2002). Drinkwater et al. (1995) reported higher pH, organic C and N, N mineralisation potential, and actinomycete abundance and diversity in organic fields than conventional ones. Different authors have indicated similar benefits in soil quality from organic management (Wander et al., 1994, Gunapala and Scow, 1998, Liebig and Doran, 1999 and Bulluck et al., 2002). Despite the recent interest in organic agriculture, little research has been carried out in this area in the Slovak Republic and only a small amount of data is available to assess the long-term effects of organic management. Since the management systems react differently in different soil - climatic regimes with respect to soil quality, the objective of this study was to evaluate the impact of organic production practices on soil quality in the western part of the Slovak Republic where organic farming management has been carried out since 1995. Several chemical and microbiological indicators of organically and conventionally managed soils were measured and the soil quality was compared within the precise field experimental plots on degraded Chernozem on loess. 
Materials and methods 

The experimental plots are situated in an area with a continental character of weather (average annual temperature of 9.2 0C and the mean annual precipitation of 593 mm). A large variability of temperature and unequal precipitation are a characteristic of this area. The soil representative is loam and clay loam degraded Chernozem on loess (pH 6.68 – 6.73, humus content 1.8 – 2.0 %, good available potassium store, medium phosphorus content and high magnesium content). The chemical and biological soil properties were determined within two farming systems:

Organic system: All operations were undertaken in compliance with Slovak Law SR 421/2004. Crop rotation: alfalfa, winter wheat + intercrop, pea, winter wheat + intercrop, potatoes, spring barley + alfalfa underseeding. Phacelia and mustard were used as an intercrop mix. This type of crop rotation represents a typical crop rotation for the regional practice in this region in Slovakia. Farm yard manure fertilisation took place three times during the crop rotation to potatoes (dose 30 t/ha) and winter wheat after pea and alfalfa (dose 15 t/ha). Vermisol preparation was used to pea and spring barley and winter wheat (dose 50 l/ha) mainly for the quality of production improvement. The P and K fertilisation couldn’t be undertaken as there was no permit available in the Slovak Republic. Within the system there was mechanical weed control but there was no chemical plant protection.
Conventional system: This system had the same crop rotation as the organic system. Farmyard manure fertilisation took place once during the crop rotation on the potatoes (dose 30 t/ha); Vermisol was applied to winter wheat after both forecops (dose 50 l/ha). The synthetic N fertilisers were used to pea, spring barley and to wheat and P and K mineral fertilisation was defined by the balance method. Chemical protection was used against pests and diseases. 

The same varieties and soil tillage practices were used in both farming systems and nitrogen inputs from organic fertilisers in organic system were equal as this in conventional system from synthetic fertilizers. The systems simulated farming systems without animal husbandry. Farm yard manure applied into organic and conventional system was bought from nearby organic farm. Farm yard manure composition represented 22 % of dry matter, 17 % of organic compounds, 0.48 % of N, 0.11 % of P and 0.51 % of K. The soil samples were taken four times during the vegetation period, from the depth of 0.02 – 0.2 m. The air dried soil samples were used for the chemical analysis (pH/KCl, Cox, Nt, Nin). The biological analyses were determined in the fresh soil samples. 
Used methods: pH/KCl measured by Ion Analyser (JENWAY, VB), Cox measured by analyser CNS-2000 (LECO, Corp. St. Joseph, MI, USA), Nt measured by analyser CNS-2000 (LECO, Corp. St. Joseph, MI, USA), inorganic nitrogen (N-NH4+ + N-NO3-) – (N-NH4+) measured by Spekol 11 (Carl Zeiss, Jena, SRN), (N-NO3-) izotachophoretic determination by analyser EA 100 (VILLA Labeco Spišská Nová Ves, SR). Ammonification activity = inorganic forms of nitrogen increase N-NH4+ + N-NO3- after 14 days of aerobical soil cultivation. Nitrification activity = N-NO3 increase after 14 days of aerobical soil cultivation. Microbial biomass Cmic defined by fumigation – extraction method. Cellulolytic bacteria number on mineral agar, ammonification bacteria number on agar No.2. The number of earthworms sorted by hand from the sonde, 0.25 x 0.25 x 0.3 m on a PVC sheet directly in the field, earthworms’ biomass and average weight of one earthworm in the laboratory conditions. 

The obtained results were statistically evaluated by non-parametric method by means of the Wilcoxon pair test.

Results and discussion
The two farming systems (organic and conventional) compared in Borovce, near Piešťany has emphasised interesting differences in soil quality after eight years of organic farming management utilisation. The soil pH was not statistically different between conventional and organic management (Table 1) although a higher soil reaction was discovered in the organic farming system. The organic management system and the use of organic residues and farmyard manure (FYM) have been shown to maintain soil organic matter at higher levels than inorganic fertilisation. This increase is particularly important in Slovakia, where the decline of organic matter content represents more than 59 % of the land area. Several studies have shown the similar results, that regular application of fertilizers for many years leads to an increase in soil organic C (Reeder et al., 1998 and Kundu et al., 2001). In general, the use of organic manures and compost enhances SOC more than application of the same amount of nutrients as inorganic fertilizers (Gregorich et al., 2001). Similar increases in SOC content due to addition of FYM were also observed by Swarup and Yaduvanshi (2000) and Yadav et al. (2000) in India. 

Microbial biomass was higher under the organic system with the application of farm yard manure than the conventional management system. Microbial biomass is among the most labile pools of organic matter and it serves as an important reservoir of plant nutrients, such as N and P (Marumoto et al., 1982). Microbial biomass, in response to environmental changes, can therefore have important implications for nutrient bioavailability. The same results were also obtained by Melero, Porras, Herencia, Madejon, 2006. The number of cellulolytic and ammonification bacteria was significantly higher in the organic system in comparison with the conventional system, based on statistics. More intensively the processes of ammonification and also nitrification run under organic management. The data shows a higher activity of ammonification microflora decomposing nitrogen organic compounds and also nitrification microflora which oxidise a part of ammoniacal nitrogen. Biomass, the abundance of earthworms and the average weight of one earthworm were higher in organic plots as compared with the conventional plots but the differences were not statistically significant. 
Tab. 1: Soil chemical and biological characteristics in organic and conventional system in the years 2003-2004

	Indicator
	Organic System
	Conventional System

	pH/KCl
	6.73
	6.68

	Cox (%)
	1.297
	1.225

	Nt (%)
	0.118
	0.113

	Nin (mg.kg-1 dry matter)
	15.3
	11.0

	Ammonification activity (mg.kg-1 dry matter)
	13.9
	12.1

	Nitrification activity (mg.kg-1 dry matter)
	13.9
	12.0

	Microbial biomass (Cmic.g-1 dry matter)
	700.6
	677.8

	Number of cellulolytic bacteria (n.103 CFU.g-1 dry matter)
	7.81
	6.25

	Number of ammonification bacteria (n.106 CFU.g-1 dry matter)
	23.69
	22.15

	Number of earthworms (ks.m-2)
	39
	34

	Earthworms biomass (g.m-2)
	19.4
	15.1

	Average weight of one earthworm (g)
	0.5
	0.3


Tab. 2: Wilcoxon pair test (significance of differences between organic and conventional system) 

	Indicator
	Number of no-zero differences
	Test value
	P-value

	pH/KCl
	12
	0.204124
	0.838252

	Cox 
	19
	3.49149
	0,00048043++

	Nt
	19
	3.49149
	0,00048043++

	Nin
	25
	0.144338
	0.885229

	Ammonification activity
	27
	1.19257
	0.233037

	Nitrification activity
	31
	2.04211
	0,0411404+

	Microbial biomass
	27
	0.721688
	0.470484

	Number of cellulolytic bacteria
	33
	2.62557
	0,00865046++

	Number of ammonification bacteria
	31
	2.04211
	0,0411404+

	Number of earthworms
	19
	0.338062
	0.735313

	Earthworms biomass
	27
	1.3568
	0.174844

	Average weight of one earthworm
	24
	0.452267
	0.651073


+ Significant for P<0.05, ++ Significant for P<0.01

Conclusions 
The results indicated that organic management with addition of farm yard manure positively affected soil properties, increased organic matter content and bacteria community. Organic residues added to the soil promoted ammonification and nitrification activity and the amount of microbial biomass.
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