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An Eco toxicological assessment of the safety of biofertilizer was conducted – the influence of the product of the processing manure in biogas plant on the soil micro- and mesofauna and agricultural plants. Based on the results we have grounded the ecological safety rules of biofertilizers application in organic crop production. It was established that the use of studied biofertilizers affects positively the productivity of crops and if to subject to ecological safety standards of biofertilizers introduction there is no negative impact on agro-ecosystem. 
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Problem statement. According to the legislation of Ukraine it is prohibited to use the chemically synthesized substances for fertilizing crops at the organic farms. From the classical viewpoint such agricultural production involves the use of the closed cycles, particularly those that integrate crop and livestock sectors [3, 16]. As an example of this practice we can speak about the introduction of biogas plants, which can effectively use animal waste and receive biogas and biofertilizers. The latter can be successfully used in field of plant growing, nevertheless, they have to undergo environmental assessment to prevent possible adverse effects upon the agro-ecosystem and quality of products, like all other fertilizers of natural origin.

The analysis of major studies and publications which discuss the problem. In the EU countries the use of fertilizers in organic production is regulated Council Regulation (EEC) №2092/91 and (EU) №834/2007, in Ukraine - Law of Ukraine «On the production and circulation of organic agricultural products and raw materials» [3, 10, 11, 15, 17]. In the evaluation of biofertilizers the most important bio-indicators are the presence of dangerous (toxicologically significant) impurities and metabolites, and the impact on biological objects of different levels of organization of living matter [1, 5, 6, 9].
The Ecotoxicological studies involve the extensive use of bioassays in order to establish the environmentally safe application rate of new types of fertilizers [2, 4, 7, 8, 12, 13, 14]. The research has been carried out by using the above-mentioned international standards, methods and methodological approaches.
The purpose of the study has been to conduct the Eco toxicological assessment of biofertilizers obtained from the processing of animal waste with the use of biogas plant and to establish its suitability for use in organic crop production.

Research objectives are to conduct the Ecotoxicological safety assessment on the effect of bio-fertilizer on agricultural crops, soil micro- and mesofauna and to study the ecological safety standards of its use in organic crop production.
Research materials and methods. We have studied the bio-fertilizer obtained by the fermentation of manure from cattle. The biogas plant operated at mesophilic mode (35 оС), reactor volume – 3,5 m3, the full cycle of fermentation – 40 days (self-triggering period 15 days, period of gas evolution 25 days). Biogas plant was designed and installed in Separated Subdivision NULESU “Agronomic Research Station”. As a result of the mentioned biogas plant we have obtained the bio-fertilizerof the following composition: the total nitrogen – 3,7 ± 0,30 %; ammonium nitrogen – 3,5 ± 0,35 %; total phosphorus – 1,6 ± 0,10 %; total potassium – 20,7 ± 0,10 %; organic matter – 12,5 ± 0,80 %; moisture – 99,2 ± 0,30 %; dry residue – 0,8 ± 0,30 %; рН – 9,0 ± 0,30 standard units.

In order to study the biological effectiveness of the bio-fertilizer we have conducted the field studies of maize (hybrid Dolphin), sugar beet (hybrid Nastia), and oats (sort of Parliament). The bio-fertilizer has been applicated by basal dressing of corn and sugar beets, and by spraying of vegetation oats under the following scheme:

1 – control (without fertilizer);
2 – biofertilizer application rate 10 t / ha (corn, beets), 40 kg / ha (oats);
3 – biofertilizer application rate 20 t / ha (corn, beets), 80 kg / ha (oats);
4 – biofertilizer application rate t / ha (corn, beets), 120 kg / ha (oats).
Soil – typical black medium loamy soil. Soil samples are taken in accordance Ukrainian State Standards 4287:2004 Soil Qualities. The cultures surveillance has been performed accotding to the generally accepted techniques for this area.
Ecotoxicological investigation of the biofertilizer has been conducted using various test objects such as: determination of the python toxicity of typical black soil medium loamy using the Grodzinsky method; determination of the braking action bio-fertilizer on the growth of higher plants according to  Ukrainian State Standards ISO 11269-1:2004; the investigation of the total number of soil (pedotrophic) microorganisms and Micromycetes following the procedure D.G. Zvyagintsev; identifying the acute toxic effect of bio-fertilizer on the earthworms (test culture Eisenia fetida) using artificial substrate Ukrainian State Standards ISO 11268-1:2003; the investigation of the nitrification capacity of the soil by the Kravkov; the inhibitory effect on the soil mineralization according to Ukrainian State Standards ISO 14238:2003.
Research results. It is generally recognized that the first stage of research of the new types of fertilizers should be setting their effectiveness by their impact on the yield of agricultural crops. And only in case of the positive result one can conduct the further study of the fertilizers’ properties, including the investigation of the Eco toxicological characteristics.

The results of the biofertilizer influence on the yield of agricultural crops have shown that the maximum increase in yield was observed in the application of 40 kg/ha for oats and 10 t/ha for maize and sugar beet; the oat yielding capacity increased on 45,6 % relative to control  and showed  4,6 t/ha; sugar beet 24,3 %  and 51,6 t/ha; maize – 48,6 % і 15,8 t/ha accordingly. With the further increasing of the application rate of the bio-fertilizer the crop yield capacity tended to decrease. This phenomenon has forced a more profound investigation of the phenomenon by using the bioassay methods for establishing safe standards of fertilizer application.

The first step was to test the soil on the phytotoxicity. For that reason the samples of soil were taken for the field experiments after application bio-fertilizer and the laboratory studies were conducted on the germination of radish seeds (grade Red with white tip, which is considered very sensitive to adverse soil conditions). The results confirmed the assumption on the inhibition of growth and development of plants with increased application rate of the bio-fertilizer. According to the results the study of soil phytotoxicity it was determined that safe rate of the bio-fertilizer when applied on plant vegetation was 40 kg/ha, in basal making – 10 t/ha (table 1).
Table 1. The influence of biofertilizer on the germination of radish seeds (soil – typical black soil medium loamy)
	Culture
	Option experiment
	Germination of radish seeds, %
	Deviations from control, %
	НІР 0,5

	Oats (sort of Parliament)
	Control
	79,8
	0,0
	2,7

	
	40 kg/ha
	82,3
	3,2
	

	
	80 kg/ha
	69,0
	-13,5
	

	
	120 kg/ha
	66,9
	-16,2
	

	Sugar Beet (hybrid Nastia)
	Control
	89,4
	0,0
	4,0

	
	10 t/ha
	83,3
	-6,8
	

	
	20 t/ha
	73,6
	-17,6
	

	
	30 t/ha
	64,9
	-27,3
	

	Maize
(hybrid Dolphin)
	Control
	83,3
	0,0
	3,8

	
	10 t/ha
	75,7
	-9,2
	

	
	20 t/ha
	72,7
	-12,7
	

	
	30 t/ha
	64,4
	-22,8
	


Those results were confirmed by the investigation of the bio-fertilizer braking action on the growth of higher plants, conducted in accordance with Ukrainian State Standarts ISO 11269-1:2004. The standarts of the bio-fertilizer increased in geometric progression, which allowed to establish clear dependence: the increasing rate of the application was accompanied by a slowdown in the growth of stems and roots of barley. The environmentally safe rate was bio-fertilizer 10 t/ha (table 2).

Table 2. The influence of biofertilizer on the barley growth (Hordeum vulgare L.), grade Triumph
	Biofertilizer application standard
	Length of root, mm
	Deviations from control, %
	Length of stem, mm
	Deviations from control, %

	without fertilizer
	44
	0
	118
	0

	10 t/ha
	66
	+ 50,0
	158
	+ 33,9

	30 t/ha
	62
	+ 40,9
	146
	+ 23,7

	90 t/ha
	36
	– 18,2
	138
	+ 16,9

	270 t/ha
	34
	– 22,7
	123
	+ 4,2

	810 t/ha
	30
	– 31,8
	105
	–11,0

	НІР0,5
	4,6
	15,9


The second block Eco toxicological investigations dealt with on the impact of the biofertilizer on the processes occurring in soil. The most sensitive test organisms are considered those microorganisms and some of the functional groups, who participate in the transformation of nitrogen and carbon. The microbiological analysis of typical black soil after the application of the bio-fertilizer during the field investigation testifies the suppression of the microbiological activity. A significant decrease in the total number of soil microorganisms was observed due to the basal applification of the biofertilizer for maize and sugar beet: from 11,4-12,0 mln CFU / g of dry soil it decreased to the level of 1,4-4,2 mln CFU / g of dry soil (table 3).
Table 3. The influence of the biofertilizer on the total number of microorganisms in the typical black medium loamy soil (field research)
	Culture
	Option experiment
	The total number of soil microorganisms, mln CFU / g of dry soil

	Oats (sort of Parliament)
	Control (without fertilizer)
	3,0

	
	40 kg/ha
	2,4

	
	80 kg/ha
	1,8

	Sugar Beet (hybrid Nastia)
	Control (without fertilizer)
	12,0

	
	10 t/ha
	2,3

	
	20 t/ha
	4,2

	
	30 t/ha
	3,2

	Maize

(hybrid Dolphin)
	Control (without fertilizer)
	11,4

	
	10 t/ha
	1,3

	
	20 t/ha
	3,6

	
	30 t/ha
	3,1


Extremely important indicators of the soil biological activity is the on the transformation processes orientation of the nitrogen compounds, including nitrification, denitrification, ammonification, etc. They determine the level of soil fertility and of synthesis and mineralization activity of organic substances, which are the foundation of plant nutrients. One of the main indicators of biological activity of the soil is its nitrification ability.

The investigation of the bio-fertilizer influence on the soil nitrification ability showed that the application of 10 t/ha leads to its increase, however, with further increase of the application rate we saw the suppression of the microorganisms, which converts nitrogen to nitrate form (table 4).
At the same time there is increasing inhibitory action of the bio-fertilizer on the mineralization processes, as evidenced by the ratio ID: with increasing rates of the biofertilizer from 20 to 40 t/ha it increased to 0,5-8,4 units (at a rate of 10 t/ha we saw the stimulation up to 22,6 units).
Table  4. The influence of the biofertilizer on the nitrification activity of typical black medium loamy soil and the inhibitory effect on mineralization processes
	Test option
	Soil nitrification activity, mg/kg
	Inhibitory effect on mineralization (ID)

	Control (without fertilizers)
	130,8
	-

	10 t/ha
	153,5
	- 22,6

	20 t/ha
	130,4
	+ 0,5

	30 t/ha
	125,4
	+ 5,5

	40 t/ha
	122,4
	+8,4


НІР 0,5 = 7,14 

The analysis of toxic effects on the soil mesofauna by the reaction of the most sensitive test organisms – ground worms Eisenia fetida, showed no toxic effects. The increase of the application rate of the bio-fertilizer from 10 to 40 t/ha has not resulted in increased (lethality) mortality, has not caused changes in mobility or in reaction to light and mechanical stimuli. The changes in the biomass of worms ranged +3,3– +5,8 %, thus tended to increase with the application of the bio-fertilizers at level 10 – 20 t/ha, and decrease with increasing standards to 30 – 40 t/ha. However, the bio-fertilizer’s ability to suppression the worms, was not observed in general (table 5).
Table 5. The ecotoxicological assessment of biofertilizer by the reaction of ground worms (Eisenia fetida)
	Option 
	Mortality rate, %
	Change in biomass,% of initial weight
	Mobility
	Reaction to light and mechanical stimulation  

	Control (water)
	0
	+ 3,3
	mobile
	positive

	10 t/ha
	0
	+ 3,8
	mobile
	positive

	20 t/ha
	0
	+ 5,8
	mobile
	positive

	30 t/ha
	0
	+ 2,0
	mobile
	positive

	40 t/ha
	0
	+ 3,0
	mobile
	positive


The median lethal concentration LС50 for Eisenia fetida under the conditions of hungry test, in which the number of dead specimens reaches the level of 10 %, is created at a rate of bio-fertilizer of 540 t/ha and above. 

Conclusion
The Eco toxicological assessment of the bio-fertilizer, which was obtained from the processing of animal waste with the help of the biogas plant, allowed establishing the safe standards for the environment when using for the agricultural cultures.
In response to the phyto test the environmentally safe level is provided if the rate of bio-fertilizer application exceeds 10 t/ha in basal application and 40 kg/ha by spraying the plants vegetation.

In response to microbial soil the influential safe level of the bio-fertilizer can be provided, if the rate of fertilizer application will not exceed 10 t/ha.

It is proved that bio-fertilizer does not have the negative impact on soil mesofauna, as it was confirmed by the investigation with the ground worms Eisenia fetida: median lethal concentration LС50 is created at a rate of bio-fertilizer of 540 t/ha and above.
Under the recommended rates of bio-fertilizer application it is possible to use it in organic crop production.
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