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The paper elucidates the main aspects of soil productivity increase through the use of organic and organo-mineral fertilizers of different composition. The results of field studies as well as of laboratory and agrochemical analyses below suggest that the application of organic fermented fertilizer (OFF) in the crop rotation link potato - oat - yellow lupine enhances the nutritive regime of sod-podzolic soil. We found that when applying 15 t/ha of OFF, which is equivalent to 30 t/ha of manure in terms of its nitrogen content, even during the second year of aftereffect there are no degradation processes. Thus, such fertilizer rate can be recommended for production considering the agrochemical cal perspective.
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Problem statement. Production at the lowest cost and with minimal risks to the environment is the major requirement for the modern agriculture. Therefore, the highly topical issue is the introduction of technologies that can provide not only increased crop yields and quality products, but will also comprise environmentally-friendly, soil-protective and energy-saving systems of fertilization in crop rotation to promote an improved fertility recovery. 

In this aspect a considerable importance is attached to the use of organic fertilizers, which is of a particular importance for the agricultural use of sod- podzolic soils of the Ukrainian Western Polissya which are characterized by low natural fertility.
Analysis of recent sources and publications. Since the scope of manure and other organic fertilizers application is far from the required one, there is an ongoing development and implementation of their production technologies based on all available raw materials alongside with research on the feasibility of their introduction considering agrochemical advantages. For instance, R. Ilchuk et al. (2013) studied the efficacy of Ekobiom organo-mineral fertilizer (OMF) application on gray forest soil, the fertilizer being made from recycled crop production. The results allow the authors to argue that biogenic elements content in soil under the influence of OMF, during the whole potato growing season, was not inferior to the level recorded when both manure and mineral fertilizers were applied, thus producing a significant positive effect on fertility [6].
Other studies were conducted with fermented organic fertilizers based on peat, chicken manure and production waste when growing garden carrots on gray forest soil. It was found that, depending on the application rate, humus content was increased by 0.02-0.04 % and soil solution acidity was reduced by 0.3-0.6 units [2].
Other studies proved the agrochemical effectiveness of Bioproferm fermented fertilizer application on turf deeply podzolic and heavy loam soils when growing winter wheat. Thus, regardless of the initial composition of the mixture, when the rate is increased from 3 t/ha to 10 t/ha there is a simultaneous increase in nutrient content in the soil, namely nitrate nitrogen content is increased to 98.1-101.7 mg/kg and the soil solution reaction is shifted towards a neutral indicator. As for mobile phosphorus and exchangeable potassium, the highest content was obtained at the rate of 10 t/ha, i.e. 113.4-116.1 mg/kg and 112.6-121.7 mg/kg in a 0-30 cm layer of soil respectively [4].
V. Havryliuk, when studying (2009) the change of carbon content under the influence of Proferm fermented organic fertilizer, recorded that such content increased. The researcher considers the obtained result to be humification of organic compounds and their fixation in soil. To be more exact, fertilizer humic compounds are transformed into soil humus compounds similar to the process when 1/5 of manure carbon is fixed by soil complex as humic substances [3].
Based on the above examples, one may argue that regardless of the raw materials used in the production of organic and organo-mineral fertilizers, more or less improved soil fertility is observed when such fertilizers are applied. Despite this, the study of agrochemical soil conditions when applying fertilizers which are new in terms of their composition structure is still relevant. However, the number of research papers focused on the effect of fermented organic or organo-mineral fertilizers on soil bioproductivity in a crop rotation link is relatively small [1,5] since scholars are primarily interested in increased crop yields and positive agrochemical characteristics only during the first year of use. Therefore, we believe that it is important both from a scientific and practical perspective to investigate the efficiency of the prolonged action of organic fermented fertilizers produced from local raw materials.
The aim of the research was to determine scientifically valid rates of organic fermented fertilizers (OFF) which would provide soil fertility recovery in the Ukrainian Western Polissya. To achieve the above aim we had to accomplish the following task: to study the changes in agrochemical parameters of sod low-podzolic soil caused by the direct effect and aftereffect of fertilizers made from local raw materials.
Research materials and methods. The organic fermented fertilizers effect on the dynamics food compounds composition in sod low-podzolic soil was studies at the Polissya Experimental Station of the National Research Center "O. Sokolovsky Institute of Soil Science and Agrochemistry”. The research involved field studies, laboratory tests and statistical analysis of experimental data.
Field studies were conducted in 2011-2013 in Kolky Higher Trade School (Volyn Oblast, Manevychi District) with systematic establishment of the following plots: 1. Fertilizer free (control); 2. Manure 30 t/ha; 3. OFF – 7.5 t/ha; 4. OFF – 15 t/ha; 5. OFF – 22.5 t/ha; 6. Manure 15 t/ha + N90R60K120 (economic control); 7.OFF – 7.5 t/ha + N90R60K120.
The studies involved the crop rotation link with the subsequent introduction of the following crops: Sante table potato (Solanum tuberosum L.) mid-season variety which was planted according to the scheme 70 cm x 25 cm, Raiduzhny oats (Avena sativa L.) variety and Svityaz yellow lupine (Lupinus Luteus L.) variety.  The cultivated area was 21 cm2.
OFF is produced by fermentation of chicken manure and ponds silt and during the years of research it was characterized by the following average parameters (on dry basis ): 2.27% and 1.90% nitrogen, 1.16% and 1.29% phosphorus, 2.68 % and 0.98 % potassium respectively. Organic and mineral fertilizers (ammonium nitrate, granular superphosphate and potassium magnesia) that were used in the study were applied in the process of potato main tillage.

Soil sampling was made prior to field studies establishment and in the post harvest period from the layers of 0-20 cm and 21-40 cm, according to Ukrainian State Standard ISO 11464 with the following parameters determined: humus content – by means of I. Tyurin’s method (ISO 4289:2004); pHKCl reaction of soil solution (Ukrainian State Standard ISO 10390-2001); ammonium and nitrate nitrogen content (Ukrainian State Standard 4729:2007); phosphorus and mobile potassium compounds by means of Kirsanov’s methd as modified by the National Research Center "O. Sokolovsky Institute of Soil Science and Agrochemistry” (Ukrainian State Standard 4405:2005).
Statistical analysis of experimental data was carried out by means of analysis-of-variance method as detailed by B. Dospehov using PC and special software packages such as Microsoft Excel’10 and Statgraphics Plus 3.0.
The results of the study. In order to establish and ensure an efficient functioning of agroecosystems on sod -podzolic soils the soil solution acidity requires correction in the first place as compared to other controlled soil parameters. It was established that during three years of studies the soil solution reaction, effected by fertilizers, shifted towards its neutralization (Table 1). For instance, when manure was applied at the rate of 30 t/ha pH increased by 0.6 units in a 0-20 cm soil layer and by 0.2 units in a 21-40 cm layer as compared to control data.
The best neutralizing ability was found when OFF was applied at the rate of 22.5 t/ha: pH was 6.3 (0-20 cm soil layer) and 5.7 (21-40 cm soil layer) points. OFF reduced rate produced smaller effect on pH value but application of 15.0 t/ha OFF yielded the results which were only slightly worse than those of the above test or of manure application.
Organo-mineral fertilization systems based on manure and fermented fertilizers application did not differ much as to their effect on the soil solution reaction but exceeded control values by 0.1-0.2 and 0.1 points in 0-20 cm and 21 - 40 cm soil layers respectively.
One of the ways to reduce humus losses and stabilize it in soil is to apply organic fertilizers [7]. In our study the use of OFF has secured humus content in a 0-20 cm soil layer at the level of 1.70-1.85 %, which is significantly higher than the same parameter (1.60 %) in the check. If 30 t/ha manure were applied, humus content was higher by 0.34 percent in comparison with the check. As one can see, OFF demonstrates lower performance than manure in terms of this indicator which can be attributed to a greater physical weight of the organic matter of the latter.
Arable lands fertility recovery requires a certain balance between mineral and organic soil components, which in practice is mainly achieved through a fertilization system which should include both mineral and organic fertilizers. As shown by our study, such combination of fertilizers increased, within the least significant difference, humus content in soil by 0.5-0.9 % (0-20 cm layer) and 0.8-0.9 % (21-40 cm layer) as compared to the variant without their application.
1. The influence of fertilization on agrochemical indices of sod low-podzolic consolidated sandy soil
	Treatment
	Soil layer, cm
	рН
	Humus,

 %
	Content of nutrient elements, mg/kg

	
	
	
	
	N-NО3
	N-NH4
	P2O5
	K2O

	Fertilizer free (control)
	0-20
	5.5
	1.60
	33.3
	14.5
	111.0
	68.6

	
	21-40
	5.4
	1.52
	28.6
	14.3
	103.0
	63.3

	Manure 30 t/ha
	0-20
	6.1
	1.94
	36.0
	18.4
	122.7
	74.8

	
	21-40
	5.8
	1.70
	30.7
	17.4
	107.4
	68.2

	OFF – 7.5 t/ha
	0-20
	5.7
	1.70
	33.8
	15.9
	123.0
	71.7

	
	21-40
	5.6
	1.58
	29.8
	14.8
	107.0
	67.2

	OFF – 15 t/ha
	0-20
	6.0
	1.75
	35.4
	18.1
	132.5
	73.8

	
	21-40
	5.6
	1.63
	30.6
	15.9
	112.3
	68.3

	OFF – 22.5 t/ha
	0-20
	6.3
	1.85
	36.5
	19.0
	133.6
	75.0

	
	21-40
	5.7
	1.65
	31.2
	17.5
	112.9
	69.1

	Manure 15 t/ha + N90R60K120
	0-20
	5.7
	1.69
	36.8
	20.2
	134.0
	85.3

	
	21-40
	5.5
	1.60
	31.8
	17.8
	116.1
	72.2

	OFF – 7.5 t/ha + N90R60K120
	0-20
	5.6
	1.65
	37.1
	19.7
	135.2
	84.0

	
	21-40
	5.5
	1.61
	31.9
	18.2
	115.1
	71.2

	LSD05
	0-20
	0.11-0.15
	0.04-0.07
	1.0-1.4
	1.01-1.2
	1.3-1.5
	1.2-1.4

	
	21-40
	0.06-0.08
	0.03-0.05
	0.7-0.9
	0.7-0.9
	1.1-1.2
	1.1-1.3


Our research revealed that OFF use increases the content of nitrogen mineral forms, especially the nitrate one, due to enhanced nitrification processes, according to increase in their rates. For instance, the application of 7.5 t/ha OFF provides 33.8 mg/kg N- NO3 and 15.9 mg/kg N-NH4; 15.0 t/ha OFFF – 35.4 mg/kg and 18.1 mg/kg; 22.5 t/ha OFF – 36.5 mg/kg and 19.0 mg/kg. It should be noted that OFF rate comparable to 30 t/ha manure as for its nitrogen content produces virtually the same effect on the soil nitrogen status as the latter and when applying 22.5 t/ha the effect is even more pronounced, though it still has to be proved.

The study of phosphate chemical activity control demonstrated (Table 1) that combined application of mineral and organic fertilizers increases mobile phosphorus content by 23.0-24.2 mg/kg as compared to the check and higher performance was observed in the variant with organic fermented fertilizer. When the latter is applied individually in the amount of 7.5 t/ha, such content was 123.0 mg/kg (0-20 cm soil layer), with the rate increased up to 15.0 t/ha there was a verified increase in the amount of mobile phosphorus to 132.5 mg/kg soil. However, further rate growth, though increasing phosphorus content to 133.6 mg/kg, is not of any significance as compared with the variant where 15.0 t/ha OFF are applied. This result can be explained by mobile phosphates active passing into soil solution.
The results of the study indicate that the use of OFF at the rate adjusted to nitrogen content in humus was of slightly lower performance in terms of its effect on potassium regime of sod low-podzolic soil. However , when OFF rate was 1.5 times bigger than N content in traditional organic fertilizer, potassium content was increased, though insignificantly. For instance, when applying manure and OFF (depending on the rate) K2O content was 74.8 mg/kg and 71.7-75.0 mg/kg in a 0-20 cm soil layer.
Exchange potassium content in organo-mineral fertilization systems is explained by its higher content in mineral fertilizers and their physiologically acidic reaction to soil, contributing to non-exchange combined potassium forms being transformed into water-soluble ones.
Nutrients return is essential for soil fertility preservation. In this respect attention should be paid to organic fertilizers the aftereffect of which lasts over the next years. Therefore, we conducted a study of the effectiveness of the 1st and 2nd year aftereffect produced by various OFF rates and compared it with the traditional fertilization system. The results are shown in Tables 2 and 3.
2. The influence of fertilization aftereffect 1st year on agrochemical indices of sod low-podzolic consolidated sandy soil
	Treatment
	Soil layer, cm
	рН
	Humus, 

%
	Content of nutrient elements, mg/kg

	
	
	
	
	N-NО3
	N-NH4
	P2O5
	K2O

	Fertilizer free (control)
	0-20
	5.5
	1.59
	29.3
	11.3
	108.0
	65.2

	
	21-40
	5.4
	1.53
	26.6
	13.0
	101.8
	61.8

	Manure 30 t/ha
	0-20
	6.4
	2.02
	33.9
	16.9
	121.4
	72.8

	
	21-40
	5.9
	1.68
	29.5
	16.8
	107.2
	67.7

	OFF – 7.5 t/ha
	0-20
	5.8
	1.72
	32.3
	15.0
	121.5
	70.2

	
	21-40
	5.6
	1.55
	28.9
	14.6
	107.0
	67.4

	OFF – 15 t/ha
	0-20
	6.3
	1.78
	33.7
	17.0
	131.0
	72.0

	
	21-40
	5.8
	1.60
	29.5
	15.6
	112.4
	68.1

	OFF – 22.5 t/ha
	0-20
	6.7
	1.91
	34.5
	17.6
	131.3
	72.9

	
	21-40
	5.9
	1.62
	29.9
	16.8
	112.3
	68.7

	Manure 15 t/ha + N90R60K120
	0-20
	5.9
	1.66
	35.0
	19.0
	132.1
	83.0

	
	21-40
	5.6
	1.58
	30.7
	17.5
	115.8
	71.5

	OFF – 7.5 t/ha + N90R60K120
	0-20
	5.8
	1.64
	35.5
	18.6
	133.3
	82.2

	
	21-40
	5.5
	1.59
	30.9
	17.9
	114.8
	70.5

	LSD05
	0-20
	0.3-0.5
	0.06-0.08
	0.8-1.0
	1.3-1.5
	2.2-3.0
	1.3-1.4

	
	21-40
	0.1-0.2
	0.04-0.06
	0.6-0.8
	0.9-1.1
	2.0-2.1
	1.2-1.3


3. The influence of fertilization aftereffect 2nd year on agrochemical indices of sod low-podzolic consolidated sandy soil

	Treatment
	Soil layer, cm
	рН
	Humus, %
	Content of nutrient elements, mg/kg

	
	
	
	
	N-NО3
	N-NH4
	P2O5
	K2O

	Fertilizer free (control)
	0-20
	5.3
	1.54
	25.3
	8.3
	99.9
	54.4

	
	21-40
	5.2
	1.49
	22.4
	9.7
	93.3
	52.3

	Manure 30 t/ha
	0-20
	6.6
	2.13
	30.0
	13.9
	112.7
	63.2

	
	21-40
	5.8
	1.53
	25.8
	14.4
	99.0
	59.0

	OFF – 7.5 t/ha
	0-20
	5.9
	1.72
	28.6
	12.2
	113.3
	60.2

	
	21-40
	5.5
	1.40
	25.6
	12.1
	98.8
	59.1

	OFF – 15 t/ha
	0-20
	6.6
	1.78
	30.3
	14.1
	123.6
	62.4

	
	21-40
	5.7
	1.42
	26.1
	13.6
	105.1
	59.2

	OFF – 22.5 t/ha
	0-20
	7.0
	1.96
	31.1
	14.6
	121.4
	63.2

	
	21-40
	5.9
	1.43
	26.2
	14.3
	102.9
	60.2

	Manure 15 t/ha + N90R60K120
	0-20
	5.8
	1.52
	31.5
	16.1
	122.7
	72.7

	
	21-40
	5.5
	1.43
	26.7
	15.1
	107.1
	62.6

	OFF – 7.5 t/ha + N90R60K120
	0-20
	5.8
	1.51
	32.1
	15.7
	123.8
	72.1

	
	21-40
	5.4
	1.47
	26.9
	15.8
	106.5
	61.7

	LSD05
	0-20
	0.5
	0.11
	0.8
	1.2
	2.4
	1.5

	
	21-40
	0.2
	0.05
	0.6
	1.3
	2.2
	0.9


The conducted research helped to trace the agrochemical parameters changes caused by fertilization as compared with original values. Thus, organic fertilizers use led to changes in the acid-base balance of the investigated soil. For instance, OFF individual application, depending on the rate, increased pH value due to direct effect and aftereffect by 0.1-0.7 and 0.1-1.1 units respectively as compared to the original value, indicating the long-term neutralizing potential of these fertilizers. This is especially important when one needs to prevent organic compounds decomposition products from being leached and promote their fixation in the root-containing layer by stimulating humic substances formation in the form of insoluble humates. The organo-mineral fertilization system left pH at the same level, largely due to manure and OFF and without any considerable impact on the soil solution reaction.

Based on the obtained results it was also established that organic matter accumulation in a crop rotation link is largely dependent on the level of fertilization. Research detected a positive influence of manure and OFF on soil humus content depending on fertilization rates. Organic fertilizers contributed to humus content preservation (variant 7.5 t/ha OFF) and its tendency to accumulate (variants 30 t/ha manure and 22.5 t/ha OFF) – humus total content grew by 0.03-0.42 % as compared with the original value which was 1.71 percent. One can assume that this is due to the fact that metabolic bases of Ca+2 and Mg+2, contained in fertilizers, get into soil solution and absorbing complex. These bases improve soil absorbing capacity, which helps to fix mobile organic substances due to the increased complexity of the structure of humic acids bound with calcium.
In the control variant the analysis of changes in humus state in a crop rotation link showed that plants yield formation is accompanied by increased mineralization processes of young and most active humus which is involved in structure development, nutrient content replenishing and other processes. This conclusion is based on the observation that organic matter tends to gradually decrease in a crop rotation link. 

We defined changes in the nutritive regime of sod low-podzolic soil in a crop rotation link. For instance, nitrogen mineral forms content decreased as a result of their gradual consumption by potatoes and oats but, thanks to the symbiotic fixation during the second year of fertilization aftereffect, N-NO3 and N-NH4 content in the plow layer remained practically unchanged as compared to previous years. However, when fertilizers were applied, our study revealed the increased ratio between N-NO3 and N-NH4 due to more active nitrification processes which led to the increased nitrogen nitrate form content.

A similar dynamics of soil nitrogen status was observed when determining mobile phosphorus compounds: under the direct effect and aftereffect there was recorded their reduced content in comparison with the initial value because of both yield consumption and phosphates retrogradation. During the third year of studies, despite a significant removal of P2O5 by lupine, due to physiological characteristics of crops grown its content in the soil was characterized as average. Since it is known that phosphorus contained in fertilizers is fully used and its significant amount (about 40-50%) is accumulated in the plow and subsurface soil layers in the form of residual phosphates which have a higher mobility compared to natural phosphorus compounds; P2O5 content in the crop rotation link potato – oat – lupine yellow decreases. Thus, we can assume that phosphate stock in sod low-podzolic soil, due to its low buffering, cannot maintain a certain level of mobile phosphorus content.
As for potassium status change during years of research, the amount of K2O was gradually declining on all variants (without any exceptions) in a crop rotation link, which may subsequently lead to a negative balance of this element. To ensure a positive balance one needs to apply increased rates of potassium fertilizers for rotation crops.
Conclusions. The paper suggests a practical solution to the issue of ponds silts and chicken manure use by means of introducing organic fermented fertilizers as components. Based on the results of field studies and laboratory agrochemical tests enhanced performance of the latter is validated in comparison with traditional organic fertilizers. It was found that OFF application (7.5-22.5 t/ha) for potatoes produced a positive impact on the nutritive regime and acid-base properties of sod low-podzolic consolidated sandy soil in a crop rotation link, as well as helped to preserve humus (variant of 7.5 t/ ha OFF) and its tendency to accumulate (22.5 t/ha OFF).
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