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The effect of the fermented organic fertilizer and the microbiological preparation on the yield capacity level of carrot and the quality of the obtained product was investigated. It was found that significant crop yield increases (on 26,0–38,4 %) when the fermented fertilizer is applied (11 t/ha) or in cases of its integrated usage (5,5 t/ha) together with the microbiological preparation, as well as soil treatment using the preparation with previously applied mineral fertilizers (N30). When the fertilization systems under consideration are used, quality indicators of the root crop are significantly improved – there is an increase of carotene content and nitrate level does not exceed the maximum allowable concentrations.
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Problem statement. Carrot is one of the most valuable vegetable crops as its root contains various vitamins and other biologically active substances and its top provides essential oils and flavonoids. A high carotenoid content is what makes this crop particularly valuable. In order to have a high quality yield of this crop the optimal provision of all life factors (light, heat, moisture, air, nutrients, etc.) is essential. One of the key conditions for increasing carrot biological productivity, especially on poor sod-podzolic soils, is the sufficient amount of nutrients available to plants which can be achieved by applying fertilizers. 

The current interest in safe food products, including vegetable production, demonstrated by the world and national community requires that agricultural production develop scientifically based systems of crops (and garden carrot, among others) fertilization, with full or partial refusal from synthetic fertilizers, pesticides, growth regulators, harmful additives etc. Such fertilization systems should be environment-friendly and enhance crop yield while improving quality indicators. Organic fertilizers and microbiological agents play a significant role in the above tasks realization.

Analysis of recent sources and publications. The issue of increasing carrot biological productivity by applying organic fertilizers and microbiological preparation was given much attention in publications. For instance, the papers by A.V. Bykin (2000), T.V. Streltsova (2000) and V.A. Havryliuk (2010) show the root crops productivity growth by 21,9 t/ha, 31,2 t/ha and 8,2 t/ha with 9 t/ha of vermicompost applied on dark gray podzolic soil, 40 t/ha of biocompost applied on typical chernozem and 15 t/ha of fermented organic fertilizer applied on sod-podzolic soil, respectively [1, 6, 4]. Having garden carrot seeds treated with Baikal EM biological agent allows to increase its yield by 2,5 t/ha [3]. Bortnik A.M. emphasizes that highly efficient is the combination of biological products (Agat-25) and fermented organic fertilizer (the application rate of 10 t/ha), which provides the productivity growth of 78,5-77,9 % as compared with the control group [2]. It is noted in publications that the use of organic fertilizers and microbiological agents enhances synthesis of biologically valuable substances (sugars and carotene) and contributes to the increased content of dry matter in roots [5]. 

However, the issue of efficiency of microbiological preparations use in combination with organic and mineral fertilizers has not been properly elucidated despite the fact that their integrated application when growing garden carrot could significantly reduce the mineral fertilizers application rate. It is of particular importance in the current situation due to insufficient production of traditional fertilizers and significant economic costs of organic fertilizers alternative types production, as well as with constantly rising prices for solid mineral fertilizers. In addition, the use of such agricultural technology helps to improve plant nutrition as soil inoculation provides more active uptake of biogenic elements and their involvement in constructive metabolism, resulting in the increased content of complex organic matter in the product received. In view of the above, when growing garden carrot it is beneficial  to use such fertilization systems which presuppose the use of microbiological preparations in combination with organic or mineral fertilizers. 

The aim and objectives of the research. The aim of the research is to define the effect of fertilization systems with the fermented organic fertilizer and Azoter microbiological preparation on carrot biological productivity indicators. 
The main objective of the research was to determine the crop yield and main indicators of the biochemical composition of its roots formed under the influence of fertilization.

Materials and methods of research. The impact of fermented fertilizer (FF) and microbiological preparation on yield and quality indicators of carrot was studied at the Polissya Experimental Station of the National Research Center “O. Sokolovsky Institute of Soil Science and Agrochemistry”. Field experiments were conducted in Western Polissya on the lands of Velymche village council, Ratne Raion, Volyn Region according to the following scheme: 1. Fertilizer free; 2. N50P30K60. 3. Manure– 18 t/ha; 4. Fermented fertilizer – 5,5 t/ha; 5. Fermented fertilizer – 5,5 t/ha + Azoter; 6. Fermented fertilizer – 5,5 t/ha + Azoter + N50; 7. Fermented fertilizer – 11 t/ha; 8. Azoter + N50; 9. Azoter + N50P30K60. The experiment plots have sod-podzolic loamy soils. 

The carrot of Giganta variety was grown. The area of the seeding plot was 21,0 m2. The agricultural technology was traditional for the Ukrainian Western Polissya territory. The biochemical analysis of carrot roots was carried out after harvesting: the dry matter content according to GOST 13586.5, nitrates content according to DSTU (State Standards of Ukraine) 4948, carotene content according to GOST 13496.17. 

Statistical analysis of the results was carried out by means of analysis-of-variance method as detailed by B. Dospekhov using standard software packages. 

Results of researches. The results of the studies conducted to determine the effect of the fermented fertilizer and the microbiological preparation on carrot productivity prove their effectiveness. A valid increase in the crops productivity on all plots was recorded during three years of observation. The application of FF full rate (equivalent to the nitrogen fertilizer recommended rates in terms of its nitrogen content) results in the increased root crops productivity by 38,4 percent. When half of FF rate (5,5 t/ha)  was combined with Azoter microbiological preparation, productivity was increased by 35,0 % and with the additional application of ammonium nitrate – by 36,3 percent (table 1). 

Table 1. The effect of the fermented fertilizer and the microbiological preparation on carrot yield (average for 2012-2014)

	Treatment
	Yield, t/ha
	Average,

t/ha
	Increase

	
	2012 year
	2013 year
	2014 year
	
	t/ha
	%

	Fertilizer free (control)
	30.1
	26.5
	23.1
	26.6
	-
	-

	N100P60K120
	42.0
	37.6
	33.4
	37.7
	11.1
	41.9

	Manure – 18 t/ha
	41.4
	37.2
	32.9
	37.2
	10.6
	39.9

	FF – 5.5 t/ha
	36.1
	31.8
	27.8
	31.9
	5.3
	19.9

	FF – 5.5 t/ha + Azoter
	39.9
	35.8
	32.0
	35.9
	9.3
	35.0

	FF – 5.5 t/ha + Azoter + N50
	40.2
	36.2
	32.2
	36.2
	9.6
	36.3

	FF – 11 т/га
	41.1
	36.7
	32.7
	36.8
	10.2
	38.4

	Azoter + N50
	37.5
	33.2
	29.9
	33.5
	6.9
	26.0

	Azoter + N50P30K60
	41.3
	36.5
	33.1
	37.0
	10.4
	39.1

	LSD05, t/ha
	2.2
	2.0
	1.6
	1.6-2.2
	
	


The use of the preparation together with mineral fertilizers (N50P30K60) on average guaranteed the yield at the level of 37,0 t/ha which exceeded the control value by 39,1 percent. It should be noted that these agricultural practices, as for their effect on the yield of carrot, do not differ from traditional organic (manure 18 t/ha) and mineral (N100P60K120) fertilization systems where the increase rates were 39,9 percent and 41,9 percent, respectively. With the preparation applied together with N50, the crop productivity was slightly lower as compared to the above variants but significantly (6,9 t/ha, with LSD05 1,6-2,2) higher than the values obtained for on the fertilizer free plot. 

It was also found that the investigated fertilization system has certain effects on the biochemical characteristics of the product received. The highest carotene content was obtained when applying FF and manure and it was 1,1 mg/% higher than in the fertilizer free variant (table 2). Azoter microbiological preparation used together with N50P30K60 provides the product containing carotene at the level of 15,0 mg/%. The combined use of the preparation and FF at the rate of 5,5 t/ha also stimulated the synthesis of carotene and led to a valid increase by 0,6-0,7 mg/% as compared to the control values, depending on the variant. Soil treatment with Azoter together with ammonium nitrate did not result in a significant increase in the studied parameter. 

Table 2. The effect of the fermented fertilizer and the microbiological preparation on carrot biochemical characteristics (average for 2012-2014)

	Treatment
	Carotene, mg/%
	Dry matter, %
	Nitrates, mg/kg

	Fertilizer free (control)
	14.0
	10.7
	43.9

	N100P60K120
	14.8
	11.2
	80.2

	Manure – 18 t/ha
	15.1
	11.3
	67.7

	FF – 5.5 t/ha
	14.3
	10.9
	55.1

	FF – 5.5 t/ha + Azoter
	14.7
	11.1
	61.8

	FF – 5.5 t/ha + Azoter + N50
	14.6
	10.6
	71.9

	FF – 11 т/га
	15.1
	11.3
	65.5

	Azoter + N50
	14.2
	10.7
	68.6

	Azoter + N50P30K60
	15.0
	11.2
	66.0

	LSD05
	0.3-0.5
	0.3-0.4
	3.2-4.0


Note. Nitrates maximum limit allowed in garden carrot is 400 mg/kg. 

An important criterion for assessing the quality of carrot roots is the dry matter content. Special literature offers different opinions on fertilization impact on this characteristic: some researchers report that when carrot is fertilized, the dry matter accumulation is significantly increased, while others note its decreased content when the rate of fertilizers, especially nitrogen-based, is increased. 

According to the results of our study, the increased content of dry matter in carrot roots (by 0.5-0.6%) is characteristic of the variants where FF and manure were applied, as well as where there was a combined use of the preparation and chemical fertilizers. With the integrated application of Azoter and 5.5 t/ha of FF, there was no substantial increase in the dry matter content recorded, while in case of ammonium nitrate additional application there was a tendency to its reduction. The preparation application together with ammonium nitrate had no effect on the dry matter content. 

The quality of carrot largely depends on the nitrate content in the roots. The fertilization systems under study ensured the yield of products with the nitrate content lower than the maximum permissible level of 400 mg/kg. Nitrates maximum accumulation was recorded when using the mineral fertilizer system with the nitrates content of 80.2 mg/kg. 

Conclusion. The fertilization systems using fermented fertilizers and Azoter microbiological preparation are effective farming techniques when growing carrot, and their effect on yield and quality of the resulting product matches that of traditional organic and mineral systems. The application of fermented fertilizer alone, its combined use together with Azoter preparation, as well as Azoter use in combination with mineral fertilizers (at the rate twice as small as compared to the recommended one) allows one to increase crop yields by 35.0-39.1% and stimulates generation of biologically valuable substances in roots.
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