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It was established on the basis of longstanding field surveys that the usage of mineral and organic fertilizers containing the increased pus portion during crop rotation in the arid submontane – steppe zone leads to the rising of the labile phosphorus contents in the soil. Method of tillage, turnover and mixing factor influence in part the phosphate rate because the allocation of plant rests and fertilizers in the soil depends on them. When using longstanding nonmoldboard tillage the growth rate of phosphorus contents in the soil in the upper layer is less than the rate of drawdown of this element in the lower layer.
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Statement of the problem. To the problem of agriculture refers phosphorus deficiency, which is associated with small stocks available of its forms in nature. Besides, phosphorus is absorbed by the plants from fertilizers. The main task in providing the plants with phosphorus is to mobilize the soil stock of this element and to enhance the effective use of phosphoric fertilizers. In the last decades nonmoldboard and shallow cultivation has been used instead of the traditional moldboard one. However many questions about their efficacy remain uncertain both from theoretical and practical point of view. The possible minimization extent of tillage of one or another type of soil, optimal combination of surface, shallow, ordinary and profound, nonmoldboard and moldboard tillage aren’t established. 

Each of them has both advantages and disadvantages. Thus it is necessary to study their longstanding influence on the main indices of the soil fertility. This knowledge will be crucial in solving the question what tillage way should be chosen. 

Analysis of the latest studies and publications which discuss the problem. Investigations conducted in the previous years affirm that the differentiation according to the productivity occurs in the soil due to the action of natural factors. In several months even in the well mixed up soil the upper layer becomes more generous than the one lying below [5]. One of the reasons of this phenomenon is the change of phosphorus accessibility for the plants [3]. Most investigation results affirm that the soil differentiation by the labile phosphorus content is enchanced: its content increases in the upper layer and decreases in the lower one. One knows that when using the moldboard tillage not only the phosphates distribution is changed but also their total amount increases because the mobility of phosphates being in the soil becomes higher as well. 

However in general the questions about the influence of different tillage systems on the total amount of labile phosphorus and its distribution all along the soil sections, rates of change of the phosphate mode in the soil at different duration of its use, influence of fertilizers on these processes aren’t investigated enough. 

The purpose of investigation is to determine the rate of increasing or decreasing the labile phosphorus content in the soil in time depending on combination of different fertilization and cultivation systems and to fix the time when the quantitative indices turn into the qualitative ones and start to influence the crop capacity essentially. 

The task of the investigation is to analyze the southern chernozem for the labile phosphorus content depending on combination of different fertilization and cultivations systems. 

Materials and methods: we have investigated the phosphate regime in the field stationary experiment with the help of the method of split plots. 4 fertilization systems with the following amount of fertilizers on a hectare served as factor A: 1 – without using any fertilizers, 2 – mineral one according to the planned crop capacity (N69,4 P34,8), 3 – organic – mineral enhanced (10t of pus, N30,7 P17,1) , 4 – organic – mineral enhanced (20 t of pus, N26.3 P13,0 ). Variants №2 and №3 have almost the same amount of nitrogen and phosphorus, variant №4 – 50% more. Potassium and mineral fertilizers were not applied because the soil contains these elements in sufficient amounts.        

 4 systems of soil cultivation served as factor B: I – mid-water moldboard (disked at 8-10 cm for winter wheat  after corn for silage; there was tillage at 28-30 cm for corn’s silage and 20-22 cm for other cereals); II – mid-water (depth as for the variant I); III – shallow (8-10 cm for winter wheat, 10-12 cm for other cereals); IV – combined (tillage is at 20-22 cm for winter wheat crops and after corn’s silage disked for 8-10 cm and for other crops as for  the variant II).

The scheme of experimental crop rotation is the following: I – fallow (oats+ oily radish from 2010 (the third rotation) winter wheat + winter vetch); II – winter wheat; III – winter oats; IV – corn for silage (from 2006 there is a mustard for seeds);  V – winter wheat; VI – barley spring; VII – oil flax.
The experiment has been conducted as one field every year since 1995 beginning with fallow. In general there were 4 layings. The experiment has been repeated 4 times, location of variants 1 and 2 is randomized. Size of plots with different tillage types makes up 150 m². The soil is presented by the southern chernozem. Agricultural engineering is acceptable for the area. Such tools were used for cultivation: plough ПЛН-4-35, common hemp КПГ-2-150, and disk harrow БДТ-3.

Samples of soil to determine labile phosphorus have been selected from May to June on the field during the 1st conduction of the experiment (1995) located under the fallow from layers 0-10, 10-20, 20-30 and 30-40 cm in 10 points of the plot. The average test of every layer for every plot was made. The experiment has been continued on the given field for 16 years and at present the 3rd crop rotation has begun.

The amount of labile phosphorus in the soil was determined by Mathigin. The received result was processed statistically by the method of variance analysis [4]. Depending on the question the results of analysis were processed as 3-,2- and 1 factor statistic complex. Layers of the soil served as the 3rd factor.

Studies. The results of research on this field for 1997-2000 were published earlier (the first rotation) [2]. They demonstrated that during the 1st year of research the essential growth of labile phosphorus content in the soil layer of 0-40 cm in comparison with the nonfertilized  variant was observed on organic-mineral level with increased dose of dung, during the 2nd and the 3rd year – on all the fertilized areas. Amount of labile phosphorus on mineral and organic-mineral backgrounds was almost the same but the contents of this element on organic-mineral background with increased dose of dung was a little higher than in other fertilized variants. The influence of the time factor was considerably weaker. Essential reduction of labile phosphorus contents was noticed in 1997 on nonfertilized and mineral backgrounds. Different systems of cultivation influenced the labile phosphorus contents in the soil equally. The duration of usage of one or another cultivation system didn’t change the contents of labile phosphorus as well. The deeper the layer of the soil was the less labile phosphorus was observed. 

The results of the variance analysis of these investigations for 2011 with the help of  3-factor scheme showed the substantial dependence of labile phosphorus contents on the action of fertilizers and the depth of the soil layers, the counteraction of tillage and soil layers as well (table 1).

1. The labile phosphorus contents in the soil, 2011,  mg/ 100 gr, main effects

	Factor
	Factor level
	Fф
	F05
	НІР05

	
	1
	2
	3
	4
	
	
	

	Fertilizer, A
	2,12
	2,78
	2,81
	2,79
	5,43
	3,07
	0,65

	Tillage, B
	2,63
	2,59
	2,62
	2,65
	0,23
	2,72
	0,53

	Soil layer, С
	4,26
	3,44
	1,86
	0,95
	1180,63
	1,99
	0,48


Note. The numbers for factors A and B are given according to the research scheme. 

The data for factor С by the layers: 1 - 0-10 cm; 2 - 10-20 cm; 3 - 20-30 cm; 4 - 30-40 cm

To determine the influence of time it would be interesting to compare the data for 2011 and 1997 published before [2]. The comparison of these data shows that any regular changes can’t be observed. In 1997 the labile phosphorus contents on unfertilized area made up 2,38 mg/ 100 g, on mineral – 2,70,  organic-mineral – 2,58 and organic-mineral with increased dose of pus – 2,97 mg/ 100g, 14 years later (2011) the labile phosphorus contents made up: control – 2,12 mg/100 g, mineral – 2,78, organic-mineral – 2,81, organic-mineral with increased dose of pus – 2,79 mg/100g.

The contents of labile phosphorus didn’t change when using different tillage systems. In 1997 using the moldboard tillage the labile phosphorus contents on all the fertilized backgrounds made up 2,67, on the nonmoldboard one – 2, 62, the shallow one – 2,69 mg/100g, the combined one – 2,66 mg/100 g, in 2011 the labile phosphorus contents made up 2, 63 mg/100 g using the moldboard tillage, 2, 59 – using the nonmoldboard one, 2, 62 – using the shallow  and 2,66 mg/100 g using the combined one.

The combination of fertilization and tillage systems were more important in distribution of labile phosphorus. 

2. The influence of different fertilization systems on the labile phosphorus distribution in the soil using different cultivation systems, and soil layer, mg/100 g (2011)
	Cultivation system
	Soil layer, cm
	F
	НІР

	
	0-10 (К)
	0-20
	0-30
	0-40
	ф
	05
	05
	%

	Without fertilizer(К)

	1. Moldboard
	3,63
	2,87
	1,63
	0,74
	17,88
	3,88
	0,970
	43,78

	2. Nonmoldboard
	3,68
	2,37
	1,28
	0,81
	15,90
	3,88
	1,023
	50,34

	3. Shallow
	3,66
	2,62
	1,58
	0,75
	26,04
	3,88
	0,794
	36,90

	4. Combined
	3,68
	2,60
	1,22
	0,85
	112,0
	3,88
	0,393
	18,82

	Fф
	0,01
	1,36
	1,26
	1,14
	
	
	
	

	F05
	3,07
	3,07
	3,07
	3,07
	
	
	
	

	НІР05
	0,75
	0,51
	0,54
	0,15
	
	
	
	

	НІР%
	20,6
	19,7
	38,22
	19,76
	
	
	
	

	Mineral

	1. Moldboard
	3,91
	3,22
	2,63
	1,03
	9,22
	3,88
	1,294
	48,01

	2. Nonmoldboard
	4,81
	3,83
	2,18
	0,91
	43,04
	3,88
	0,844
	28,75

	3. Shallow
	5,23
	3,41
	1,56
	0,85
	44,74
	3,88
	0,940
	34,05

	4. Combined
	4,65
	3,20
	1,95
	1,11
	19,95
	3,88
	1,106
	40,62

	Fф
	4,62
	0,70
	5,11
	3,40
	
	
	
	

	F05
	3,07
	3,07
	3,07
	3,07
	
	
	
	

	НІР05
	0,75
	1,03
	0,58
	0,18
	
	
	
	

	НІР%
	16,18
	30,2
	28,21
	18,81
	
	
	
	


	Organic-mineral

	1. Moldboard
	4,03
	3,88
	2,30
	0,97
	47,93
	3,88
	0,669
	23,96

	2. Nonmoldboard
	4,29
	3,85
	1,59
	0,94
	43,87
	3,88
	0,796
	29,86

	3. Shallow
	4,51
	3,98
	1,93
	0,98
	22,40
	3,88
	1,131
	39,65

	4. Combined
	4,79
	4,12
	1,36
	1,10
	99,09
	3,88
	0,606
	21,33

	Fф
	4,97
	0,75
	1,79
	1,71
	
	
	
	

	F05
	3,07
	3,07
	3,07
	3,07
	
	
	
	

	НІР05
	0,43
	0,39
	0,66
	0,16
	
	
	
	

	НІР%
	9,77
	9,96
	35,12
	16,21
	
	
	
	

	Organic - mineral enhanced

	1. Moldboard
	4,03
	3,82
	2,51
	0,93
	53,26
	3,88
	0,626
	22,18

	2. Nonmoldboard
	4,27
	3,62
	1,82
	1,25
	147,4
	3,88
	0,378
	13,82

	3. Shallow
	4,54
	3,71
	1,69
	0,98
	62,87
	3,88
	0,674
	24,71 

	4.Combined
	4,37
	3,96
	2,11
	1,07
	159,3
	3,88
	0,394
	13,70

	Ff
	5,21
	3,09
	15,54
	4,13
	
	
	
	

	F05
	3,07
	3,07
	3,07
	3,07
	
	
	
	

	НІР05
	0,27
	0,24
	0,27
	0,198
	
	
	
	

	НІР%
	6,28
	6,47
	13,41
	18,78
	
	
	
	


The data on the background without fertilizers shows that in the layer 0-10 cm the moving content of Р2О5 didn’t differ at tillage systems that were studied. The highest moving content of Р2О5 (2,87 mg/100 g of soil) was observed in 10-20 cm layer at moldboard tillage. The least marked by differentiation of topsoil fertility for cultivation is confirmed by literature data at different depth of moldboard cultivation. The same dependence is observed in the layer 20-30 cm compared to nonmoldboard and combined cultivations. 

Due to mineral fertilization the substantial growth of mobile content of P2O5 is observed at nonmoldboard, shallow and combined cultivations in 0-10 cm layer, nonmoldboard and shallow soil layers at 10-20 cm (the growth of P2O5 content from fertilizer respectively was 1.13; 1.57 and 0.97 mg/100 g soil layer 0-10 cm and 1.46 and 0.79 mg/100g soil layer of 10-20 cm at NIR05 = 0.65 mg/100 g soil).

Due to spelling fertilizer for flat racks a significant growth of the labile phosphorus contents from mineral fertilizer application is observed in the layer of 20-30 cm at moldboard cultivation (1.0 mg/100 g of soil) and nonmoldboard (0.90 mg/100 g). The moldboard cultivation also promotes a more equal distribution of fertilizers in the arable soil layer. In general, due to mineral fertilization the mobile content of P2O5 in 0-40 cm layer increased at all tillage systems - from 2.12 mg/100 g on unfertilized background to 2.78 - 2.81 mg/100 g on the background with mineral fertilizers.

A similar dependence only in the layer of 20-30 cm was observed on the background of organic-mineral fertilizers with the insertion of 10 t / ha manures crop rotation area. A significant increase of labile P2O5 was also observed only at moldboard cultivation.

The least significant differentiation of soil fertility on arable layer was observed at moldboard cultivation in all combinations of cultivation and fertilization systems.

Long-term effect and aftereffect of tillage in combination with different fertilization systems show that long-term use of moldboard, nonmoldboard, shallow and combined cultivations must be carried out taking into consideration not only the indicators of soil fertility, but also crop yields and ecologic-economic evaluation.

Conclusions. Thus, our study confirmed the slightest differentiation by the fertile topsoil (0-30 cm) with combination of mineral and organic fertilizers with longstanding use of moldboard and combined cultivations of different depth.

At the same time, it should be noted that using this combination in all tillage systems in the arable soil layer (0-30 cm) the middle and enhanced labile contents of P2O5 is achieved that provides high efficiency of nitrogen fertilizers and an equivalent yield of winter wheat.

In other words, the use of mineral and organic mineral fertilizers on southern humus, considering the labile content of P2O5, must be combined with moldboard cultivation in crop rotation on soils with very low (<1) and low (1-1.5 mg/100 g moving soil P2O5) contents of labile forms of phosphorus (after Machyhin).

The question whether the applying of these fertilizers with shallow and moldboard cultivations should be solved taking into account other factors of soil fertility and cultivated crop capacity with the ultimate economic assessment of such combination.
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