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Ordinary black-earthes on the loess type of heavy composition of North Steppe of Ukraine contain the promoted amount of apatites compounds. As a result the use of any acid methods (as GOST 26204-91 (Chirikov’s method)) has as a result the substantial artificial overstating of estimation of the phosphatic state of soils (on 40–80 mg of Р2О5/kg of soil). For diagnostics of the phosphatic state of  these soils, in obedience to the requirements of normative documents of Ukraine, it follows to use  the followings standards: DSTU 4114 (Machigin’s method), DSTU 4727 (method of Karpinskyi-Zam’yatina) and DSTU ISO 11263 (Olsen’ method). For the receipt of high harvests with high quality on ordinary black-earthes of North Steppe of Ukraine it is necessary to bring in not less phosphoric fertilizers, than on other soils of country based on information of the ground diagnostics.
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Statement of the problem. Phosphorus is next after nitrogen importance element of mineral feed which in most cases limits subsequent growth of the productivity of grain all without the exception of agricultural cultures [3]. In fact from the level of its metabolism the important stages of ontogenesis of plants and forming of the productivity of agrocenosis of almost all cereals depend determining.
D. M. Pryanishnikov in 1924 created the first agricultural ground-chemistry map of the former USSR on which he took the black-earth area (including our steppe soils) to the districts which quickly need bringing of phosphoric fertilizers.  
It is related to that in most types of soils phosphorus is in poorly mineral and inaccessible for the plants  organic forms. Almost all agricultural cultures (exception those kinds (buckwheat, lupin, pea and other) in which correlation of CaO/P2O5 more than 1,3) P2O5 is able to take in from the Ca3(PO4)2 dissolving phosphates or freeing phosphorus due to intensive absorption from the ground solution of calcium cations. Spring and winter ear cereals take in its mobile form only as correlation is higher adopted this far fewer index (Chirikov, 1950).  Spring  and winter cereals (wheat, rye, barley, corn) poorly master hard soluble connections of phosphorus from soil, that is why they well react on bringing of easily soluble forms of phosphoric fertilizers as vigorously absorb phosphorus and less vigorously absorb calcium. In such conditions the surplus of calcium cations chemically binds mobile phosphorus in poorly soluble phosphates [3]. Therefore in the conditions of Steppe among elements feeds which are in a deficit phosphorus stands on the first place, and then already nitrogen, zinc et cetera [4].  Particle of phosphoric fertilizers in the increase of cereals harvest in this area high and is 30–60, nitric  far fewer (15–40) and for potassium  makes only 0–20 %. Among all forms of phosphorus mobile form has most influence on a harvest. Sure, especially important role of mobile forms of phosphorus shows up at the beginning of growth and development of plants and especially strongly felt on the stage of sprouts. That is why it is necessarily brought in soil in advance (Likhochvor, 2008). More powerful plants poorly react on the lack of this element of feed. This element diminishes the negative action of surplus nitric fertilizer, optimizes the use of mineral nitrogen and promotes efficiency of nitric fertilizers.
The optimum providing of soil by the mobile forms of this element of feed is also important during all ontogenesis. However, in most types of soils mobile forms of this important element of mineral feed of plants is in a minimum and restrain to subsequent growth of the productivity of agricultural cultures [8]. Here appropriate will be to mark, that in Ukraine the area of plough-land with low and middle content of mobile phosphorus arrives at 17812 hectares, or 57 % of general area (Metalidi, 1999; Nosko, 1997). Exactly through low content of phosphorus in soils accessible for plants recoupment of phosphoric fertilizers is high enough: in middle 1 kg of P2O5 provide an increase of 4–5 kg of grain. As a result of decline of maintenance of phosphorus in soil already in the nearest years in Ukraine of diminishing of the productivity of crop rotations will attain 2,2 corn unit (Medvedev, 2000).
The paradox of problem of phosphoric feed of plants consists in because gross supplies of phosphorus in most soils mainly considerable however on 40 % areas of arable earths of the world the productivity of cereals is limited the mobile forms of phosphorus (Gulyaev, 2004; Nikitishen, 2002; Ma, 2000; Rengel, 2005). It is explained that in composition of gross supplies of phosphorus in the meter layer of soils dominant position is occupied by poorly soluble forms, and maintenance of mobile forms, opposite, it is insignificant and not always answers the necessities of plants (Nosko, 1990). Therefore effective fertility of most soils is mainly limited to insufficient content by the mobile forms of phosphorus [10].
In addition (unlike other elements of organic matter of soil (С, Н, O, N) which enter soil mainly from an atmosphere) the basic primary source of phosphorus is parent maternal breed (Makkelvi, 1977) which not always is able to provide in an enough body the ground solution by the mobile forms of phosphorus. It is also linked that phosphorus by its chemical properties has difficult nature of co-operating with the soil components.  
This circumstance, to a great extent, complicates the receipt of objective estimation of content of this element of soil in mineral feed of plants. Therefore for avoidance of his deficit very important is a timely receipt of information about maintenance in soil of mobile forms of phosphorus and maintenance of optimum level accessible for the plants of his forms during all ontogenesis bringing of containing phosphorus forms [3]. Exact determination of indexes of mobile connections of phosphorus in soil enables more effective to utillize natural resources and forecast efficiency of phosphoric fertilizers [11]. Unreliable information about the phosphatic state of soils, opposite, results in the extremely uneffective use of  fertilizers [17]. 
Analysis of the last researches and publications about this problem. Application of methods of determination of phosphorus maintenance without the account of specific features of soils, and also the insufficient working off the methodical aspects of diagnostics of plants feed results in curvature of estimation of the state of fertility of soils of whole regions [2, 18]. It is related to that most methods are based on the use solutions of strong acids that testifies to their belonging to the so-called hard methods (Stakhiv, 2007; Khrystenko, 2003, 2008). The use of these methods on very sour soils results in the substantial understating of information due to the strong repeated absorption of P2O5 during the analysis, and in soils which have the promoted content of similar to the Apatite connections, opposite, to their substantial overstating. Even very weak soils alkali causes partial neutralization of acid and understating of results (Nosko, 1999). By a main criterion at the choice of method for the exception of mobile connections of phosphorus from soil there is an estimation of ability correctly to represent the reaction of plants on bringing of phosphoric fertilizers [14].
From above mantioned text it becomes clear that mobile (accessible) phosphorus plays an especially important value in the mineral feed of plants and methodically correct determination of his maintenance in the ground solution has an extraordinarily important value during conducting of calculations of optimum doses of bringing of phosphoric fertilizers. It is never enough in the ground solution as it makes an insignificant percent from present in soil of his gross forms [6]. 
It is need to conduct comparison of maintenance in soil of gross and mobile forms of phosphorus. The conducted comparison showed that in ordinary black-earths maintenance of phosphorus gross forms (0,11–0,12 %) makes to 1100–1200 mg/kg of soil. Contents of its mobile forms (certain after the Chirikov’s method) which pass to slightly acidic extractions 0,5 N of vinegar acid and partly accept the direct participating in the phosphatic feed of plants (to 98–167 mg/kg of soil) contained in soil in a negligible quantity and make just 8,2–13,9 % from gross maintenance of phosphorus. Therefore mobile forms of phosphorus are in the first minimum among other macroelements in these soils [15–17]. 
In scientific literature [11–15] next to a term «mobile» for a selection from all aggregate of containing phosphorus mineral compounds accessible for plants forms, other terms which are synonyms: «labile», «easily surevey» phosphorus. However, the unclearness of this row of terms mixes to get the objective estimation of the nourishing mode of concrete soil. A concept «mobile» phosphorus, potassium and other by mistake associated with the concentration of specific element of feed of plants in the ground solution dependent upon properties of soils and other factors [13, 14]. The mobile it is rather the measure of availability of element to the plants. The mobile forms of nutritives content in the extensively utillized plough-land is a size permanent for each of elements [16]. The value of these constants is determined by physical and chemical terms which are characteristic for the surface of planet. The illusion of different contents of different types of arable soils and piedness of the specific field in relation to the mobile forms of elements of feed of plants is predefined imperfection of normative and methodical aspects of diagnostics of feed of plants (Khrystenko, 2009).
In accordance with classic determination of D. M. Pryanishnikov (1935): «the mastered phosphorus is not a certain compound and is not in the prepared kind in soil». The unique international standard which sets the method of determination of mobile phosphorus in soils testifies is ISO 11236 (a spectrometry method of determination of phosphorus is in solution of bicarbonate of sodium). 
It follows notices, that through the continuous process of absorption of this nourishing element by plants the concentration of accessible phosphorus is always low (Holford, 1997). As known, plants are able to take in phosphorus from the ground solution even at his small concentrations, such as 0,01–0,02 mg/l of P2O5 (Sokolov, 1950). Besides in ordinary black-earths maintenance of water-soluble phosphates can recommence for vegetation period more than 100 times (Nosko, 2004). In connection with it for normal growth and development of plants important is not so much his high concentration in the ground solution, how to fill up ability of soil supplies of mobile phosphorus and to liquidate his deficit, that observed in the field terms during the mineral feed of plants [8, 9, 11]. 
By the basic source of addition to the ground solution the mobile forms of phosphorus are its gross supplies which are concentrated in a maternal breed and in containing phosphorus organic compounds of soil [9]. But next to them a substantial role is played by soluble in water connections of phosphorus which enter soil with mineral fertilizers [14].
As already marked higher, in soil the gross supplies of phosphorus are relatively high. In the arable layer of ordinary black-earths maintenance of gross forms of phosphorus is 0,11–0,12 %, its gross supplies comparatively with nitrogen and potassium are small and vary within the limits of 5,4–5,5 t/ha, and in a meter is 17,5–18,0 t/ha (Nosko, 2004). The basic amount of gross phosphorus is contained in the overhead (0–25 cm) layer of soil that it is related to plants activity, its active absorption by soil and top-dressing. In investigation of processes of biological transfer, in humus horizon its amount always more than in below located and maternal breed. Gross supplies are presented by organic and mineral forms [7]. 
Organic phosphates are inaccessible for plants and take part in a feed only after their hydrolysis and separation of phosphorus [8]. Phosphorus organic chemical compounds of soil are mastered plants only after their mineralization. But particle of the organic phosphorus which accepts the direct participating in the mineral feed of plants insignificant disengaged microorganisms [6]. It is related to that at microbiological decomposition of containing phosphorus organic compounds the phosphorus partly associates of soil microflora, and then after reproduction of these microorganisms this pool of phosphorus again passes to their new colonies. And only 4 % from a general amount are freed and passes to the mineral form after their dying off (Shvartau, Gulyaev, 2009). Therefore a mineral forms of phosphorus occupied a basic role in the mineral feed of plants [11].
In ordinary black-earths maintenance of mineral forms of phosphorus prevails above organic [6]. Therefore a basic role in the phosphoric feed of plants is played by the mineral forms of phosphorus [4]. Ginzburg (1981) marks that in soils found out the presence of 205 containing phosphorus minerals which all are salts of phosphoric acid. Mainly, mineral connections of phosphorus are presented very many forms which are mainly hard soluble, mainly by not mobile forms and poorly accessible to the plants phosphates [8]. Mineral phosphates in soil consist of many salts which formed of phosphoric acid and is different after chemical composition and degree of availability for plants [9]. 
Phosphorus enters the complement of minerals: fluorine apatite Ca5F(PO4)3, hydroxyl apatite 
Ca3(PO4)2•Ca(OH)2, thavivianite Fe3(PO4)2•8H2O [9]. Among them the dominant position is occupied by the varieties of mineral of apatite, mainly, fluorine apatite. In the loess maternal breed of ordinary black-earths  phosphorus is contained as fluorine apatite Ca5(F(PO4)3 and calcium hydroxyapatite Ca5(ОН)(PO4)3 [14]. The second mineral compounds of phosphorus which contain different salts of phosphoric acid in the composition, appear in the process of destruction of these primary phosphorus minerals (Sokolov, 1950). The mineral forms of phosphorus in soil are presented salts of ortophosphoric acids in which a phosphatic anion is chemically related to cations of Sa2+, Mg2+, Fe2+, Al3+, Mn2+ and other [10]. The characteristic feature of the phosphatic ground connections is their low solubility and weak dissociation on ions [4]. 
Phosphatic ions are well fixed the hard phase of soil and their migration in ordinary black-earths is very limited [12]. Intensive chemical absorption is characteristic for salts of phosphoric acid and stipulates weak mobile of connections of phosphorus. Speed of their diffusion in soil is insignificant and varies in limits from 10–12 to 10–15 m2/s that slows mastering of phosphorus plants, as a result the basal  area of plants is quickly exhausted on this element of mineral feed of plants (Shvartau, 2009). In this connection there is a large break between gross maintenance of phosphorus in soil and its accessible amount for plants [9]. 
Mastering of phosphatic anions plants from taylorsville compounds  passes only from the ground solution. This is a substantive provision of physiology of plants [8]. Assimilation  of phosphorus gradually by plants occurs gradually and physiologists explain that apatites translate root hairsprings the sour excretions in solution not in a complete measure. In this connection, problem of phosphorus in modern agriculture it is enough sharp and that is why we are under an obligation to this element of mineral feed to belong with the special attention and anxiety and constantly to conduct the searches of ways of his most rational use in agrocenosis of cereals [6]. The basic source of mineral phosphorus for plants in ordinary black-earths are univalent and twovalency anions of phosphoric acid. Among present in these soils phosphoric connections of plant most easily master the salts of univalent cations of K2HPO4 and KH2PO4, and also salts of calcium of phosphoric acid of CaHPO4 [5]. 
The root system is more adjusted to absorption of anion of N2PO4– and some worse it masters HRO42–. So,  plants better master a water-soluble digidrofosfate than hydrogen phosphates which dissolution in weak acids that it is related to the additional charges of energy [11]. The most researches were shown that speed of absorption of phosphorus was the greatest in the range of рН from 5,0 to 6,6 when the anion of H2PO4- prevails in the ground solution (Furihata of et al., 1990).
The anions of PO43– do not have a practical value for plants. It is related to low solubility of carbonates of calcium and magnesium – Ca3(PO4)2 what is minimum and makes 0,33 m of Р in 1 liter [12]. At drying out part of dihydrogen phosphate ions and hydrogen phosphate ions passes into the phosphates of calcium and magnesium and equilibrium is violated. At moistening of soil, opposite, there is passing to solution of additional amount of phosphatic ions and equilibrium recommences. It follows notices that in ordinary black-earths fixing of anions of phosphorus mainly passes as a result of them chemical fastening by cations of calcium, magnesium and aluminium [10].
From data of agricultural chemistry inspection of soils, maintenance of phosphorus in them on 1966–1970 in middle in Ukraine makes 7,1 mg/100 gramme of soil. After maintenance of phosphorus the ground cover is marked greater piedness comparatively with nitrogen. It is predefined by properties of loess soils-formed breeds and regional features of soils-forming and also by the level of intensity of agriculture [14].
During period 1966–1990 the volumes of application of phosphoric fertilizers grew constantly. General balance of phosphorus in 1971–1975 was positive (+3,9 kg/ha of P2O5), in next periods (1976–1980) it was +10,1 kg/ha; in 1981–1985 it was +15 kg/ha; in 1986–1990 it was +20,6 kg/ha of P2O5. From data of agricultural chemistry inspection (1991–1995) of area of arable earths with the promoted and high maintenance of phosphorus grew, and remained with low and middle maintenance, comparatively with the first round of inspection (1966–1970) at the level of 30 %. The maintenance of mobile phosphorus in Steppe grew from 6,7 to 9,3 mg on 100 grammes of soil [8].
Beginning from 1991 year the level of bringing of phosphoric fertilizers sharply diminishes and in 1997 was 4,1 kg/ha of P2O5 was evened. The deficit of mineral phosphorus makes 15–20 kg/ha annually that predetermines the decline of maintenance of phosphorus in soil on 0,4–0,5 mg/100 g of gramme of soil. It worsens the phosphatic mode of ordinary black-earths gradually. The self low amount of phosphoric fertilizers was made in 2000 – just 2 kg/ha of P2O5. In 2001 and 2002 the two-bit of these fertilizers was also made – 3 kg/ha of P2O5 [6]. 
The gradual increase of amount of made phosphoric fertilizers was begun with 2004 – it was 4 kg/ha, an analogical amount was made in 2005 year. In 2006 they were already made 7 kg/ha of P2O5, in 2007 – 10 kg/ha of P2O5. From 2008 again a tendency began to be observed to diminishing of volumes of their bringing, at first to 9 kg/ha, and then in 2009 and 2010 it was 7 kg/ha of P2O5. Such protracted bringing of small volumes of phosphoric fertilizers caused the ingravescence of the phosphatic mode of these soils. In obedience to the developed prognosis, at the complete freezing of application of phosphoric fertilizers maintenance of phosphorus in soils will reduce on 3,0–3,2 mg/100 g of soil. At such terms a menage soils will lose that amount of phosphorus which was accumulated by them for years of intensive chemicals [12]. 
It follows notices that only the economic developed countries (Japan, USA, Great Britain, Germany, France, Denmark, Italy, China) bring in soil in large volumes of phosphoric fertilizers which grow the volumes of their bringing constantly. Thus, in Germany even there is a problem of excessive phosphorus content in soils. Therefore at saving of this tendency and in farther the supplies of phosphorus on Earth can be exhausted already in 60–80 years (Hammond et al., 2003) and global peak of the use of supplies of phosphatic raw material, after the prognoses of some researchers (Jasinski, 2006) will be in 2040 [5]. In the most world countries (particular Ukraine) the doses of bringing of these fertilizers are low and taking away of phosphorus from soil his receipt prevails the got harvests of agricultural cultures from tuks. 
Research purpose – to set dependences of change of maintenance of mobile phosphorus in genetic horizons of ordinary black-earth.
Tasks of research: 
1. To define nature of the artificial overstating of estimation of the phosphatic state of soil.
2. To specify the methods of diagnostics of the phosphatic state of soil.
3. To set the dynamics of transformation of basic source of soluble phosphates in soil.
Method of researches. Implementations of research work conducted on Erastivskyi Experimental Station of Institute of Agriculture of Steppe Zone of Ukraine. The soils is ordinary black-earths little-humus difficultly loamy on a loess. In a top-soil the humus contained 3,8–4,1 % (method of Tyurin), gross nitrogen is 0,22–0,23,  phosphorus is 0,12–0,13, potassium is 2,0–2,1 %. The level of nitrate nitrogen after the 7-daily punching changed from 31 to 52 mg/kg of soil. Mobile phosphorus (for Chirikov) is 110–112 mg/kg, mobile potassium is 105–130 mg/kg. The reaction of the ground solution is neutral (рН = 7,0) [13].
For determination of changes which took a place with the mobile forms of phosphorus in ordinary black-earths under act of protracted their use in an agricultural production, two ground cuts were done in depth 2 m, width 3 m and 6 m long of each: first was on a virgin area near-by the village Baykivka of Pyatykhatky area of Dnipropetrovsk district, and second was on plough-land in the distance of 300 m from the first. Beginning from overhead part of cuts through each 5 cm on all depth took away the standards of soil for determination of maintenance in them mobile forms of phosphorus maintenance of which was determined after the acid method of Chirikov (GOST 26204-91) and salt method of Karpinskiy-Zamyatina (DSTU 4727:2007) [1, 2]. Determinations of optical closeness of solutions conducted on photo-electro-colorimeter KFK-2. Microbiological researches of standards of soil are conducted after the generally accepted methods. Analyses are executed in a three-multiple analytical reiteration.
Results of the research. Plough-land makes 53,8 % of territories of Ukraine and belongs to the most unsteady landscapes. Failure to observe of duty of agricultural cultures is at their growing, violation of crop rotations, dominant influence of monoculture and sharp diminishing of volumes of bringing of mineral and organic fertilizers strengthen agricultural chemistry instability of agrarian landscapes. Failures to observe of the scientifically grounded zonal systems of agriculture, violation ecologically of possible correlation of sowing of agricultural cultures result in a deficit in soil of mobile forms of nutritives, increase the areas of the degraded earths and generate ecological problems [4]. 
At redistribution of earths crop rotations were violated. The sowing areas of basic agricultural cultures in Ukraine for 1990–2010 diminished more than on 7,1 millions hectare and make a 24,6 millions hectare. Thus, sowing of corn and leguminous cultures remain at the level of 15 millions hectare (61 %). Increased sowing of sunflower is incessantly and make a 4,57 millions hectars (19 % of general area of sowing). The area of rape sowing annually changes but is 1,2–1,7 millions hectare (5–7 %). Sowing of green crops diminished on a 9,4 millions hectare and on their particle is only 10,5 %.
In Ukraine leading scientific establishments for every naturally agricultural region are accept the norms of optimum correlation of cultures in crop rotations and also terms of returning of separate cultures in a crop rotation. Only in the steppe regions of satiation of sunflower in a crop rotation assumed 10–15 %, rape is 5–12 %. Comparison of actual and normative indexes of correlation of cultures testifies to the mass failure to observe the agricultural enterprises of the scientifically grounded crop rotations. Sowing of conjuncture cultures result in exhaustion of soils, formation of underproductive earths and to their degradation. The area of such earths is annually increased and already presently counts an over 1,4 millions hectare. All of this testifies to the uneffective use of earths and absence of reliable guard of the last in agricultural enterprises [3].
Changes which took place with the mobile forms of phosphorus in ordinary black-earths on plough-land in relation to virgin soil are resulted in this article. 
The source of receipt of phosphorus on virgin soil are dyings off parts of plants, and on plough-land are fertilizers and nutrient tailings. On plough-land the bulk of phosphorus is withdrawn from soil together with grain which is annually taken out from the fields. 
The basic amount of phosphorus (0,65–0,85 %) which almost in 3–4 times exceeds its maintenance in leaf and stem mass (0,20–0,28 %) (table 1). 
1. A comparative estimation of maintenance of gross phosphorus in the basic and side products 
of basic agricultural cultures
	Agricultural culture
	Middle maintenance of phosphorus in a dry matter (%)

	
	in the rain
	in the leaf and stem mass

	a wheat is a winter crop
	0,85
	0,20

	rye is a winter crop
	0,86
	0,25

	corn
	0,57
	0,30

	a barley is furious
	0,85
	0,20

	oat
	0,85
	0,35

	millet
	0,65
	0,18

	sorghum
	0,67
	0,35

	pea
	1,0
	0,35

	soy
	1,04
	0,31

	sunflower
	1,39
	0,65

	rape
	1,8
	0,25


Therefore all left on the field leaf and stem mass is unable in a complete measure to compensate the grain of phosphorus taken away with a harvest. In order that there was not negative balance of phosphorus in soil, it is needed to return it the element of mineral feed is important together with to the containing phosphorus fertilizers. Therefore providing of soil phosphorus in this time can be carried out mainly only due to bringing of phosphoric fertilizers.

For the last 25 years the amount of phosphorus on a 1 hectare of sowing area reduced from 40 kg of operating matter to 3–4, nitrogen – from 60 to 5–15, potassium – from 35 to 1–2 kg of operating matter. In the last decade phosphoric fertilizers in Ukraine curtailed a production sharply (Schegrov, 2001), in particular in 2005 year reduced on 22,9 %. That resulted in the sharp falling of level of application of mineral phosphoric fertilizers. Such situation is related to their high cost, predefined a price advance on a power medium and narrow-mindedness of sources of own phosphatic raw material for their production. 

One of ways of decision of problem of phosphoric feed there is the wide use of phosphates of local deposits. Ukraine has a far of deposits of phosphates. In western Polissya there are already found out deposits grainy and yellow phosphates in composition of agrarian ore [17]. But through a low concentration in them P2O5, these phosphates are not redone on superphosphate and other water-soluble phosphoric fertilizers and that is why for the production of phosphoric fertilizers the imported raw material which stipulates their high cost is mainly utillized.
In most cases, Ukrainian phosphates contains in the composition to 5 % P2O5 and that is why conducting of their additional enriching require after conducting of which the cost of phosphoric fertilizers will substantially grow. In this connection these phosphates are used only on sour soils of Polissya and Carpathians and on slightly acidic soils of Forest-Steppe area: in a sour environment poorly soluble phosphates easily dissolve [15]. 
On the soils with the neutral reaction of the ground solution phosphates practically are not mastered the root of plants and they does not applied practically. On these soils it follows to give advantage water soluble tooks. 
The volumes of bringing of phosphoric fertilizers in our country are low. Mainly they are brought in at sowing in the small dose of P10. Because of low natural material well-being of most soils by mobile connections of phosphorus, there is the sharp falling of effective fertility of soils, the mode of phosphoric feed of plants is worsened, that as a result leads the decline of the productivity of agricultural cultures.
Comparative analysis of maintenance of mobile phosphorus in these two ground types convincingly showed their accumulation in the overhead layers of soil as compared to located deeper. It is related to the biological accumulation of phosphorus the root systems of plants. 
The anion PO43– in soil is contained in organic complexes and in different correlations with cations of Ca2+, Mg2+, Fe2+, Fe3+, Al3+. These phosphates in a different measure are accessible to the roots of plants. Changes of maintenance of general phosphorus in soil on virgin and arable areas inherent only to the overhead (0–10 cm) layer: 0,164 and 0,148 %. Beginning from the layer of soil 10–20 cm and deeper its supplies were at the same level. Therefore in the researches our basic attention is concentrated on the mobile forms of phosphorus which in majority cases is a limiting factor for growth, development of plants and forming of the productivity of agricultural cultures.
Mobilization of phosphorus takes a place from hard soluble of natural connections, mainly, under the action of products of metabolism of microorganisms. The special value is acquired by bacteria which must potential ability convert the hard soluble phosphates of soil into an accessible for plants form. An important place  ground bacteria Rhizobiumradiobacter which are capable to associative nitrogen fixation (Muromtsev, 1985; Pavlov, 1987; Chumakov, 1992; Panyuta, Belava, Tokmakova, 2011). 
It is known that one of factors of dissolution of hard soluble mineral phosphates there is increase acidity of the ground solution. Scientists (Tokmakova & Trepach, 2012) identified that bacterium R. radiobacter produces acetate, oily and other organic acids. 
Phosphatase activity of bacteria is from 0,17 P2O5 kilomole/ml/per hour (R. Radiobacter 5005) till 2,35 P2O5 kilomole/ml/per hour (R. Radiobacter 5006). 
Our researches showed that the greatest quantity of bacteria is characterized in overhead humus horizon to virgin soil (table 2).
2. Quantity of mobilize phosphates bacteria in the standards of soil which selected in the ground cut on virgin soil and plough-land of ordinary black-earth  
	Layers of soil, cm
	Mobilize phosphates bacteria, million/gram

	
	that dissolve

	
	mineral phosphates
	organic phosphates

	Plough-land

	0–5
	1,5± 0,1
	5,4 ± 0,4

	5–10
	1,3 ± 0,1
	2,3 ± 0,1

	10–15
	1,3 ± 0,1
	2,7 ± 0,2

	15–25
	2,2 ± 0,2
	2,4 ± 0,2

	25–35
	1,2 ± 0,1
	4,5 ± 0,3

	35–45
	1,4 ± 0,1
	1,0 ± 0,0

	45–65
	0,6 ± 0,1
	1,0 ± 0,1

	Virgin soil

	0–5
	6,8 ± 0,3
	9,8 ± 0,6

	5–10
	2,5 ± 0,2
	4,7 ± 0,4

	10–15
	2,2 ± 0,1
	2,2 ± 0,2

	15–25
	1,5 ± 0,1
	2,0 ± 0,1

	25–35
	1,2 ± 0,1
	2,5 ± 0,3

	35–45
	0,8 ± 0,1
	1,2 ± 0,1

	45–65
	1,2 ± 0,2
	0,9 ± 0,0


Bringing in the soil of high doses of nitric fertilizers there is acidity of the ground solution and the degree of mobile of phosphates grows. The study of the phosphatic state of ordinary black-earth showed the following: accordant information of normative document of the former USSR (Chirikov’s method) overhead horizons agro and biogeological  cenoses is characterized by high material well-being phosphorus (167 and 163 mg of P2O5/kg of soil) (table 2).

Analysis of soils which was conducted on the national standard of Ukraine (method of Karpinskiy-Zamyatina) showed that the estimation of fertility of soils is given is vicious and these cenoses is characterized only middle material well-being phosphorus. It is explained empiric information is well known about high efficiency of phosphoric fertilizers on black-earth soils.
Disagreement in the estimation of the phosphatic state is explained following: it was before set by the conducted researches that black-earths of difficultly loamy and clay of granulasymmetric composition on loess breeds contain the promoted or high amount of phosphorus – over 200 mg of P2O5/kg (table 3).
3. Content of mobile phosphorus in different cenoses of ordinary black-earth from data of acid and 
salt methods
	Layers 
to soil, 
cm
	Content of mobile phosphorus
by Chirikov 
(mg of P2O5/kg of soil)
	Content of mobile phosphorus 
by Karpinskiy-Zamyatina
(mg of P2O5/l)

	
	plough-land
	virgin soil
	plough-land
	virgin soil

	0–5
	167
	163
	0,19
	0,14

	6–10
	167
	112
	0,18
	0,13

	11–15
	169
	92
	0,18
	0,10

	16–20
	168
	96
	0,17
	0,09

	21–25
	172
	88
	0,14
	0,09

	26–30
	164
	83
	0,19
	0,08

	31–35
	137
	80
	0,15
	0,04

	36–40
	112
	78
	0,11
	0,04

	41–45
	92
	77
	0,11
	0,09

	46–50
	94
	75
	0,11
	0,09

	51–55
	107
	64
	0,10
	0,06

	56–60
	54
	79
	0,10
	0,12

	61–65
	53
	88
	0,08
	0,10

	66–70
	59
	53
	0,07
	0,09

	71–75
	53
	58
	0,11
	0,07

	76–80
	62
	39
	0,10
	0,07

	81–85
	56
	41
	0,10
	0,11

	86–90
	54
	36
	0,10
	0,10

	91–95
	50
	35
	0,12
	0,08

	96–100
	51
	34
	0,12
	0,07

	101–105
	50
	34
	0,11
	0,11

	106–110
	50
	35
	0,10
	0,11

	111–115
	50
	38
	0,13
	0,11

	116–120
	48
	38
	0,12
	0,12

	121–125
	48
	39
	0,12
	0,12

	126–130
	48
	39
	0,11
	0,11

	131–135
	49
	39
	0,11
	0,10

	136–140
	51
	40
	0,12
	0,10

	141–145
	52
	40
	0,12
	0,11

	146–150
	49
	41
	0,13
	0,10

	151–155
	50
	40
	0,12
	0,10

	156–160
	53
	40
	0,12
	0,10

	161–165
	57
	40
	0,11
	0,08

	166–170
	62
	42
	0,13
	0,08

	171–175
	73
	42
	0,13
	0,07

	176–180
	77
	44
	0,12
	0,06

	181–185
	69
	45
	0,12
	0,06

	186–190
	73
	48
	0,13
	0,10

	191–195
	74
	52
	0,13
	0,10

	196–200
	78
	55
	0,13
	0,09


Phosphorus which is contained in these minerals not accessible to the plants directly but partly extracted solutions of strong acids, including 0,5 н by vinegar acid (Chirikov’s method). This is results in the substantial overstating of estimation of the phosphatic state of soils.

The use of Ukraine standard shows that natural maintenance of mobile phosphorus is real in these soils answers to the level of dynamic equilibrium: 0,04–0,06 mg/l (table 4). 
4. Phosphatic state of arable layer of the unfertilized black-earths of ordinary heavy granulometric composition of Ukraine North Steppe
	Content of P2O5 

	Р,

mg/kg
	Chirikov,
mg/kg
	Karpinskiy-
Zamyatina,
mg/l
	Chang,  Jackson

	
	
	
	Р magnificent,
mg/kg
	Al-P,

mg/kg
	Fe-P,

mg/kg
	Ca-P

mg/kg

	1060
	107
	0,06
	4,7
	55
	78
	245

	1230
	89
	0,03
	5,0
	37
	8
	250

	1330
	103
	0,05
	2,3
	42
	49
	170

	1370
	115
	0,06
	3,0
	64
	12
	276

	-
	126
	0,05
	5,2
	31
	72
	304

	1430
	91
	0,05
	5,5
	30
	73
	358

	1550
	113
	0,06
	6,0
	62
	106
	367

	-
	106
	0,04
	2,8
	50
	68
	221


In obedience to the requirements of normative documents of Ukraine maintenance of mobile phosphorus in soils of Steppe zone it follows to determine one of three methods: Karpinskiy-Zam'yatina, Machigin (DSTU 4114) or Olsen (DSTU ISO 11263). Content of mobile phosphorus in probed cenoses of ordinary black-earth something higher level of dynamic equilibrium of the phosphatic systems of soils: 0,17–0,19 mg of P2O5/l in plough-land and 0,13–0,14 mg of P2O5/l in a layer 10 cm of virgin soil (table 2). For plough-land this increase is explained the presence of remaining phosphates of fertilizers. This soil it is not enough fertilized.
About virgin soil it is possible to notice the following. Due to the complex of biochemical, chemical, physical and chemical and other processes which characteristic for overhead humus horizon of virgin and fallow soils them phosphatic systems are characterized by the promoted amount of free energy. Sure, a basic energy is an organic matter. These connections neutralize positive charges on the surface of clay minerals, link active cations of iron, aluminium and block fixing of anions of phosphoric acid. This horizon of biogeocenoses is characterized by high level of phosphorus.
Phosphatic state of lower horizons both cenoses practically identical and answers the level of dynamic equilibrium. The presence of higher maintenance of mobile phosphorus in the separate layers of soil (0,10–0,12 mg of P2O5/l) created due to the presence of carbonates of calcium. As a result of appearance of these connections the neutral value of salt extraction (рН-5,8) is moved in an alkaline side which promotes it extracting ability. 
Content of mobile forms of phosphorus in soil depends on many factors including level of moistening that it is related to different activity of biota. So, at drying of soil maintenance of mobile forms of phosphorus diminishes. After moistening there is a tendency to its growth. This conformity to the law is very often observed in droughty years when at drying out of soil availability of phosphorus reduced through the rapid forming of insoluble complexes of anions (PO43-, HPO42-, H2PO4-) with cations (CaO, Fe, Al and other) (Abel et al., 2002; Bolland, Gilkes, 1998) and due to plugging of it in organic compounds by microorganisms (Marschner et al., 2005, 2004). 
Therefore the coefficient of the use of phosphorus from mineral fertilizers even at his sufficient bringing makes only 10–20 %, nitrogen is 50 %, potassium is 70 % (Vance, 2001). The low temperature of soil (<10 oС) causes the lack of phosphorus for plants even at their high maintenance in a gross form.
At a low temperature viscidity of the ground solution rises and intensity of his absorption reduces from the ground solution by the root system of plants. Increase of temperature in the ground solution on 1–2 oС results in the increase of maintenance of phosphorus in the ground solution on 2 %. At the lack of moisture of mastering of phosphorus from soil slowed.
We created favourable terms in relation to moistening 60 % from complete moisture capacity and favourable temperature condition 28,5 oС. 
Punching in the thermostat of the ground standards, selected from different genetic horizons was conducted on such conditions. In these standards through 10, 20 and 30 days of mobile forms of phosphorus was determinated by the Chirikov’s method, and degree of their mobile determined by the method of Karpinskiy-Zamyatina. The researches showed that most intensively a place accumulation of mobile forms of phosphorus had taken in the first 10 days, in a less measure in 20 days, and after the 30 days of punching there was a tendency to diminishing of maintenance in soil of the higher adopted forms of phosphorus (table 5).
5. Influence of punching on maintenance of P2O5 in the standards of soil which was selected on virgin soil and long ago plowed area of the field (mg/100 g of soil) (middle from three reiterations)

	Layers of soil, cm
	Methods of determination of P2O5, mg/100 g of soil

	
	Chirikov
	Karpinskiy-Zamyatina

	
	before pun-ching
	after

10-daily punching
	after

20-daily punching
	after

30-daily punching
	before pun-ching
	after

10-daily punching
	after

20-daily punching
	after

30-daily punching

	virgin area of the field

	0–5
	16,3
	22,3
	22,6
	22,0
	0,14
	0,52
	0,40
	0,33

	6–10
	11,2
	19,0
	22,3
	21,7
	0,13
	0,50
	0,29
	0,34

	11–15
	9,2
	14,4
	20,7
	19,2
	0,10
	0,50
	0,26
	0,30

	16–20
	9,6
	17,0
	19,7
	18,8
	0,09
	0,46
	0,23
	0,27

	21–25
	8,8
	17,7
	19,2
	18,4
	0,09
	0,48
	0,24
	0,24

	26–30
	8,3
	18,0
	18,6
	18,0
	0,08
	0,38
	0,22
	0,24

	long ago plowed area of the field

	0–5
	16,7
	22,9
	25,9
	27,7
	0,19
	0,58
	0,32
	0,35

	6–10
	16,7
	18,3
	26,7
	28,9
	0,18
	0,56
	0,31
	0,34

	11–15
	16,9
	22,6
	26,2
	27,9
	0,18
	0,50
	0,31
	0,32

	16–20
	16,8
	22,9
	25,9
	27,7
	0,17
	0,62
	0,30
	0,29

	21–25
	17,2
	23,6
	25,5
	27,4
	0,14
	0,54
	0,29
	0,26

	26–30
	16,4
	24,7
	25,3
	26,2
	0,19
	0,52
	0,31
	0,25


For more informative analysis of processes of transformation of indexes of phosphoric balance in black-earths on plough-land it is necessary to attract such intensive index as phosphatic potential. It is possible to express phosphatic potential from solubility of monocalcium phosphate in solution of the system: hard phase – ground solution. 
Addition of solubility of monocalcium phosphate has expression:
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– concentration (activity) of ions of calcium and remain of phosphoric acid. Equalization (1) looks like after finding of square root and taking the logarithm:

[image: image3.wmf]4

2

2

2

4

2

lg

lg

5

,

0

lg

)

(

PO

H

Ca

PO

H

Ca

a

a

DP

+

×

=

+




(2)

If to accept 
[image: image4.wmf]pCa

a

Ca

=

-

+

2

lg

, 
[image: image5.wmf]4

2

4

2

lg

PO

pH

PO

H

=

-

 it is possible to express right part of equalization (2) as:
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A sum (3) has the name of phosphatic potential, that expresses a capacity for dissolution of monocalcium phosphate 
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Applying equalization (3) it is possible to compare the value of the experimentally obtained indexes pH2PO4 of the real ground solutions with the indexes of phosphatic potential. 
If value pH2PO4 of found indexes there will be the more proper index of phosphatic potential, the dynamic equilibrium of H2PO4- in the ground solution is formed harder soluble connection of phosphoric acid than mono-calcium phosphate. 
For the calculations of values of pH2PO4 in the ground solution the proper chart is developed which is based on the construction of regressive dependence of pH2PO4 formed pH in the ground extraction 0,01 MCaCl2. 
For the construction of diagrams of solubility the enough approved regressive equalizations attracted a row:
Gidroksilapatit pH2PO4 = 2,33 pH – 8,25
Varietsyit pH2PO4  = 10,7 – рН                                           (4)
Oktocalciumphosphate pH2PO4  = 1,67 рН – 6,24
Shtrengit  pH2PO4  = 10,9 – рН
Ftorapatit  pH2PO4  = 2рН – 4,12
Dikalciumphosphate  pH2PO4 = рН – 2,54
By the example of principles which are fixed in basis of forming of equalizations (4) there can be calculations of dicalciumphosphate. For this purpose it is necessary to attract the concept of addition of solubility:
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Molecular mass of this compound  is 172, including Ca – 24 %,   HPO4 – 56 %, H2O – 21 %. 
In 100 ml of solvent fully dissolves 20 mg of dicalciumphosphate that responds molar composition: Ca – 4,65·10-3 Moli;  HPO4 – 1,12·10-2 Moli;  H2O – 4,19·10-3 Moli. 
Value in equalization (5) is 2,17 10-7. 
Value 
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Attracting the constant of equilibrium:
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k2 – it second after an account constant of equilibrium in the process of dissociation of phosphoric acid: 
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pk2 = 7,21, рСа2+ = 2 for 0,01 МСаСl2.

Attracting expression  pPO4 from (7) to (6) taking into account pk2, will get equalization:
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The proper chart was applied in our researches:
– 4 g of ground inundated  by 100 ml 0,01 ml of solution of CaCl2,
– by HCl formed six values of рН in each of extractions of the proper horizon 0–30 cm, 50–70 cm,
– after 1 hour of extracting on a rotator we determined maintenance of phosphorus in a filtrate in a count on P2O5  and H2PO4,
· accordant (3) expected a value  pH2PO4 = - lgaH2PO4 and built graphic expression of dependence (P(H2PO4) = f(pH)). A regressive formula was correlated with a list (4). On figures 1–4 the results of graphic constructions are presented.
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(а)                                                                (b)
Picture 1. Concentration dependences of maintenance of phosphates in the layer of soil 0–30 cm in the ground solution of ordinary black-earths on the plough-land: a) dependence of maintenance of P2O5 on the values of рН; b) dependence of values of рH2PO4  of the proper extractions on рН
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(а)                                                               (b)

Picture 2. Concentration dependences of maintenance of phosphates in the layer of soil 0–30 cm in the ground solution of ordinary black-earths on virgin soil: a) dependence of maintenance of P2O5 on the values of рН; b) dependence of values of рH2PO4  of the proper extractions on рН.
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(а)                                                                (b)

Picture 3. Concentration dependences of maintenance of phosphates in the layer of soil 50–70 cm in the ground solution of ordinary black-earths on plough-land: a) dependence of maintenance of P2O5 on the values of рН; b) dependence of values of рH2PO4  of the proper extractions on рН.
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(a)                                                                (b)

Picture 4. Concentration dependences of maintenance of phosphates in the ground solution in the layer of soil 50–70 cm of ordinary black-earths on virgin soil: a) dependence of maintenance of P2O5 on the values of рН; b) dependence of values of рH2PO4  of the proper extractions on рН.
Researches with using of modern methods of the ground diagnostics showed that real natural phosphorus content in the ordinary black-earths of North Steppe of Ukraine is low. This is limits the receipt of high harvests of agricultural cultures. 
Therefore, these soils require an application of phosphorous fertilizers similar to other soils in Ukraine.

Exact information about the trophic state of soils allows more effectively utillize fertilizers, and to promote the harvests of agricultural cultures and quality of the got products without substantial additional charges. 
Conclusions:
1. Ordinary black-earths on the loess soils of heavy composition of North Steppe of Ukraine contain the promoted amount of apatites compounds. As a result of this use of any acid methods (GOST 26204-91, Chirikov’s method) results in the substantial artificial overstating of estimation of the phosphatic state of soils (on 40–80 mg of P2O5/kg of soil).
2. For diagnostics of the phosphatic state of these soils (in obedience to the requirements of normative documents of Ukraine) we must use the followings standards: DSTU 4114 (Machigin’s method), DSTU 4727 (method of Karpinskiy-Zamyatina) and DSTU ISO 11263 (method of Olsen).
3. Real natural content of phosphorus in arable layer of ordinary black-earths is a level of low and middle content of this element which is confirmed the known empiric information about high efficiency of phosphoric fertilizers on these soils.
4. Only arable layer of soils is characterized by high content of phosphorus, containing the residual phosphate fertilizers, and also has overhead humus horizon of virgin soils. Therefore, for the receipt of high harvests with high quality on ordinary black-earths of North Steppe of Ukraine it is necessary to bring in not less phosphoric fertilizers than on other soils of country (based on information about soils diagnostics). 
5. Concentration of soluble phosphates in the ground solution of layer 0–30 cm of continuous plowing black-earths is formed mainly due to dicalcium phosphate of CaHPO4. That is related to tailings of phosphoric fertilizers. Monocalcium phosphate Ca(H2PO4)2 which initially gets in soil in course of time passes into the less soluble form of dicalcium phosphate. But solubility of this compound is more high in comparing to other compound of calcium with phosphoric acid, except monocalcium phosphate.
6. Concentration of soluble phosphates in the ground solution of layer 0–30 cm of virgin black-earths is formed mainly due to octocalcium phosphate. This is soluble compound, but less soluble than dicalcium phosphate. 
7. Forming of solution of phosphates in horizon 50–70 cm of long plowed and virgin black-earths formed due to hydroxyl apatite C10(PO4)6(OH)2. Thus, in times of protracted agricultural use of black-earths did not take a place considerable transformation of basic source of soluble phosphates in under-arable horizon. 
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