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Abstract

Specific factors and conditions of soil  formation in the Pre-Carpathians have caused the prevalence of iron and aluminum phosphate fractions and a low incidence of calcium phosphate. Given that present soil phosphate status is not satisfactory for agriculture, optimization can be achieved only through fundamental change of regime and various soil properties. Changes in the space-profile of phosphate fractions in Brown podzolic gleys (Albeluvisols) are examined under different drainage conditions and after application of lime and phosphate. It is confirmed  that tile drainage not only improves soil aeration but, also, significantly influences the  fractional composition of phosphates. 
Key words: soil phosphate fractions, Albeluvisols, drainage, lime, ground rock phosphate
Introduction 
Specific soil conditions in Brown-podzolic gley soils (Albeluvisols) in the Ukrainian Pre-Carpathians are responsible for the prevalence amongst the phosphate fractions of iron and aluminum phosphates, and a low proportion of calcium phosphate. In these soils, there is clear correlation between the content of individual phosphate fractions and the parent rock, acid-base status, and the composition of microorganisms that transform phosphorus compounds (Smaga 2003, 2005, Nikorych & Polchyn 1998). The specific conditions that give rise to iron/aluminium phosphates, as opposed to calcium phosphate, are weathering and leaching that result in a loss of bases. Remedial treatment simply according to soil sub-type (e.g. brown earths as a whole) makes no agronomic sense; optimization of the phosphate status can be achieved only through a fundamental change of regime as well as a number of properties.

Installation of pipe drains results, on the one hand, in increased leaching (Smaga 2005) and, on the other hand, improved aeration (Nazarenko 1981) which should be reflected in a different phosphate regime. Drainage has been undertaken over some 100 thousand ha in the Carpathians (Kanivets & Polupan 1988); and the  most effective way of improving nutrient and base status of the drained soil has proven to be application of lime and ground rock phosphate twice per complete crop rotation (Nazarenko 1981).
The investigated soils were typical, medium loamy Brown-podzolic gleys under both undrained and tile-drained pasture:
Profile 1: 500m southeast of the village of Ispas, Vyzhnytsya District, Chernivtsi region is located in flat, undrained  ​​pasture cleared of forest 40 years ago and never systematically limed or cultivated. Vegetation: Lolium perenne, Festuca valesiaca, Lotus corniculatus, Taraxacum officinale 
Hd (turf) 0-6cm   Root mat
Hegl (humus-eluvial) 6-22cm Brownish-grey powdered with silica, medium loam, granular
         structure, loose, iron-manganese nodules, abundant fine roots, sharp boundary
Ehgl (eluvial) 22-40cm Bluish grey powdered with silica, medium loam, subangular blocky,
         compact, iron-manganese nodules, gradual boundary
EIgl (transitional) 40-72cm Mottled and blotched brown, ochre and bluish grey with a little silica
          powder, medium loam, subangular blocky, compact, iron-manganese nodules, gradual

         boundary
Igl (illuvial) 72-135cm Bluish grey and blue, medium loam, blocky to prismatic structure, wet

Pgl (transition to bedrock) > 135cm, Brownish yellow; medium loam; massive; gradual boundary.
Profile 2: 2km southeast of Ispas village, under pasture with pipe drains installed in 1976 at 12m spacing and a depth of 0.95-1m
Hd (turf) 0-4cm Root mat
Hegl (humus-eluvial) 4-45cm Pale grey with abundant ochre mottles and silica powder, medium
       loam, subangular blocky, iron-manganese nodules, gradual boundary
Eigl (transitional) 45-70cm Mottled brown and bluish grey with silica powdering, coarse loamy,
       subangular blocky, iron-manganese nodules, many earthworms, gradual boundary
Igl (illuvial) 70-125cm Blotchy brown, fine loamy, blocky and prismatic structure, small iron-
       manganese nodules, gradual boundary
Pgl > 125cm Bluish grey, wet
Methods 
The aim was to establish patterns of formation of the phosphate fractions in Brown-podzolic gleys, as influenced by drainage and chemical reclamation. Soil samples were collected in duplicate from the middle of each horizon from both drained and undrained pastures. The following treatments were applied: 1) control - without treatment; 2) lime - equivalent to 4t/ha ; 3) ground phosphate - equivalent to 2t/ha; 4) lime at half the standard dose + ground phosphate at half the standard dose; 5) lime at half the standard dose + ground phosphate at half the standard dose applied 6 months after liming.
The duration of the interaction of soil with chemical ameliorants was one and two years. From selected samples, the fractional phosphate composition was determined in triplicate by the method of Chang-Jackson and physico-chemical properties by conventional methods (Socolov 1975).
Results and discussion 
By comparing soils of the same type but with different intensity of present-day gley processes (with and without drainage drainage), we may assess the contribution of drainage status to the formation of different phosphate fractions (Table 1).
Table 1.Composition of phosphate fractions in Brown-podzolic gley soil under pasture

	 Horizon
	Depth, cm
	Weakly bound phosphates
	AI – P
	Fe – P
	Ca - P
	Total fractions

	
	
	mg /
100 g

soil
	%
	mg /

100g

soil
	%
	mg /

100g

soil
	%
	mg /

100g

Soil
	%
	mg /100 g

soil

	Undrained 

	Hegl
	6-22
	1.4
	3.1
	7.2
	15.9
	34.2
	75.5
	2.5
	5.5
	45.3

	Ehgl
	22-72
	1.6
	2.4
	7.4
	11.2
	52.8
	80.1
	4.1
	6.2
	65.9

	Igl
	72-135
	1.2
	2.3
	6.1
	11.6
	45.2
	85.8
	5.2
	9.9
	52.7

	Рgl
	>135
	1.6
	2.0
	3.8
	4.8
	68.8
	86.5
	5.3
	6.7
	79.5

	Drained

	Hegl
	4-45
	1.7
	1.9
	9.1
	10.6
	63.2
	74.0
	11.5
	13.5
	85.5

	Egl
	45-70
	1.8
	2.0
	7.9
	8.3
	66.3
	70.0
	19.0
	19.7
	95.1

	Igl
	70-125
	1.7
	3.1
	3.3
	6.3
	40.9
	76.6
	7.5
	14.0
	53.4

	Рgl
	>125
	2.2
	3.2
	9.9
	13.9
	42.8
	60.6
	15.7
	22.3
	70.6


Phosphate fractions may be differentiated according to their solubility and potential uptake by plants. The content of the more-mobile, weakly bound fractions, assumed to be accessible to plants, increases with depth in drained pasture as opposed to undrained pasture. However, in both drained and undrained soils, the content of labile phosphates is very low.

In the drained profile, greater expression of podzolisation in the upper part of the profile corresponds with increase in the content of iron and aluminum phosphate. In the natural, undrained soil, the mid-profile and parent rock show a significant increase iron phosphate (respectively 52.8 and 68.8mg/100g soil). Amelioration by drainage reverses this trend - the concentration of iron phosphates in the lower profile and, especially, in the parent material is less by as much as 60 per cent. Trends of aluminium phosphate are not so clear. Calcium phosphates are present only in small quantities; they are considered potentially available to plants and the sharp increase in their content in the drained soil, especially in the parent material, may be caused by increased migration of calcium. 
The different distribution of phosphate fractions in the drained brown soil compared with the undrained gley podzol reflects a slowdown of gley processes and increase in brown soil formation. The two variants also showed significant differences after incubation with chemical ameliorants over one year (Table 2).
Table 2.Fractional composition of phosphates in Brown-podzolic gley soil treated with chemical ameliorant
	 Horizon


	Treatments
	Weakly bound phosphate
	AI - P
	Fe – P
	Ca – P
	Total fractions

mg/100g
soil

	
	
	mg /

100g
Soil
	%
	mg /

100g
Soil
	%
	mg /

100g
soil
	%
	mg /

100g
Soil
	%
	

	Undrained

	Hegl
	Lime - standard rate
	18.4
	37.7
	11.1
	21.0
	15.6
	29.6
	7.8
	14.7
	52.8

	
	Phosphate – standard rate
	15.2
	36.1
	15.8
	37.5
	9.1
	21.6
	2.0
	4.8
	42.2

	
	Lime + phosphate, each at half the standard rate
	18.8
	53.9
	8.9
	25.7
	5.1
	14.6
	2.0
	5.8
	34.8

	
	Lime half standard + phosphate at half standard after 6 months
	20.4
	49.3
	9.6
	23.2
	8.2
	19.7
	3.3
	7.9
	41.4

	Drained

	Hegl
	Lime - standard rate
	29.1
	52.0
	8.9
	16.1
	11.9
	21.3
	5.9
	10.6
	55.9

	
	Phosphate – standard rate
	30.2
	51.7
	10.3
	17.5
	9.2
	15.8
	8.8
	15.1
	58.5

	
	lime + phosphate, each at half the standard rate
	21.1
	32.7
	6.6
	10.2
	21.6
	33.5
	15.2
	23.6
	64.6

	
	lime - half standard + phosphate at half standard after 6 months
	38.6
	55.8
	6.6
	9.5
	14.4
	20.8
	9.5
	13.8
	69.2


Application of lime and ground phosphate, together, enhanced the content of weakly bound phosphates - as did application of phosphate six months after liming. Compared with the original soil, the concentration of weakly bound phosphates has increased ten-fold as a result of the reduction of acidity, which slows down the formation of mineral phosphates. The influence of chemical ameliorants in the drained pasture is noteworthy, especially when lime and phosphate were introduced separately. Chemical ameliorant had little impact on the content of aluminum phosphate in the drained pasture. Much of the decline in the content of iron phosphate may be due to the weakening of gley processes and lower mobilization of iron. On the other hand, calcium phosphate accumulated more in the drained soil. Thus, the optimal composition of mineral phosphates in brown-podzolic gley soil may be achieved by drainage and applying lime (4t / ha) and ground phosphate (2t / ha) after 6 months. 
Comparison of  undrained  and  drained soil made it possible to establish the temporal dynamics of mobile phosphate fractions (Table 3). Phosphates soluble in acid reagent such as Kirsanov’s 0.2 M HCl extract are considered partially available to plants; those soluble in neutral or near-neutral reagents such as such as Schofield’s 0.01M CaCl2 extract and Karpynskiy – Zamyatin’s 0.03M K2SO4 extract are increasingly mobile and available.
Table 3. Indicators of mobility of phosphate in Brown-podzolic gley soil after one and two years of interaction with  chemical ameliorant 
	Variant of

experiment
	1-year incubation
	2-years incubation

	
	Р2О5  in 0.03M K2SО4 extract
	Р2О5 in 0.01М СаСl2  extract
	Р2О5 in
0.2 M
 НСl  extract
	Р2О5 in 0.03M K2SО4  extract
	Р2О5 in 0.01М СаСl2  extract
	Р2О5 in  

0.2M
НСl  extract

	
	mg\l
	mg\kg

soil
	mg\l
	mg\kg

soil

	Undrained

	Control
	0.001
	0.02
	31.0
	0.001
	0.02
	31.0

	Lime, standard rate
	0.011
	0.12
	35.0
	0.009
	0.12
	59.0

	Phosphate, standard rate
	0.38
	0.16
	38.4
	0.052
	0.07
	80.0

	Lime +  phosphate, each at half standard
	0.43
	0.31
	46.4
	0.15
	0.068
	74.0

	Lime, half standard rate + phosphate at half standard rate after 6 months
	0.45
	0.32
	48.8
	0.06
	0.035
	73.2

	Drained

	Control
	0.001
	0.023
	27.0
	0.001
	0.023
	27.0

	Lime, standard rate
	0.021
	0.23
	33.0
	0.011
	0.03
	52.0

	Phosphate, standard rate
	0.28
	0.30
	36.5
	0.03
	0.02
	74.0

	Lime + phosphate, each at half standard
	0.29
	0.29
	48. 6
	0.18
	0.021
	93.6

	Lime, half standard rate + phosphate at half standard rate after 6 months
	0.38
	0.11
	48.4
	0.38
	0.020
	68.8


One year after liming, there was a marked increase in mobile phosphorus as determined by Kirsanov’s method, compared with the control, in samples from both undrained and drained soils. After 2 years incubation, twice the amount of phosphate was extracted with  0.2M HCl solution. In versions 1 and 4 of the experiment, soil from undrained pasture showed an increase in P2O5 content of 73.2-80mg/kg soil, which may be explained by the preferential formation of calcium phosphate under the influence of liming; calcium phosphate being relatively well extracted from the soil by 0.2M HCl. After 2 years incubation, soils from drained pastures exhibited increase in all mobile phosphates in all versions of the experiment.
One year after application of ground rock phosphate, the content of mobile phosphorus increased in samples from both drained and undrained pasture (by 8 mg / kg soil). After 2 years, there was a further increase, especially drained soil.The introduction of lime and ground phosphate, together, provided much the same content of mobile phosphorus as application of phosphate alone after one year’s incubation; after 2 years of its content was lower than values obtained after application of phosphate alone.
Comparisons of the content of P2O5 in 0.03M K2SO4 extract were carried out only between different variants of the experiment but all showed significant differences in phosphate recovery. After a year’s incubation, there was a marked increase from joint application of lime and phosphate in samples from the undrained pasture; after 2-years incubation the content decreased equally dramatically. Values remained highest in samples from undrained pasture treated with ground phosphate alone, and after the combined lime and phosphate treatment of samples from the tile-drained soil.
In both drained and undrained soils, the phosphates extracted by 0.01M CaCl2 after one-year’s incubation was lower than the concentration in 0.03M K2SO4  extract. After 2-years incubation, there was a  marked reduction in phosphate concentration in 0.01M CaCl2 extract, bringing it back to the level of initial values (the control). 
Because of the low availability of phosphate in the soil, we observe high efficiency of phosphate fertilizers in terms of crop yields – thanks to the increase of mobile forms of phosphate. Depending on its solubility, residual phosphate in the soil ensures a future supply of mobile phosphates but different soils exhibit differential release of this residual phosphate to plants. This is due to the degree of phosphate saturation of the soil, which causes the ageing of residual phosphates – their transition to more-or-less insoluble forms. We observed this effect in the experiment: in the first year after applying chemical ameliorant, there was a significant increase of concentration of mobile phosphates in light saline extracts; but after two-years’ incubation, 0.2M HCl solution extracted a higher amount of phosphates whereas their concentration in light saline extract was much reduced.
The procedure of chemical amelioration  also has considerable influence on the phosphate regime. Regardless of the genetic characteristics of soil, addition of ground rock phosphate, alone or in combination with lime, increases the availability of phosphorus. However, the advantages of making the soil chemically compatible before adding phosphate is apparent in the drained soil – akin to a brown soil rather than a gley - where the availability of phosphate in the longer term is improved 1.5-2 times compared with simply adding ground phosphate. 
Conclusions

1. Under the influence of drainage, amelioration in brownish-podzolic gley soil increases calcium phosphate with a corresponding decrease in iron phosphate.
2. Both drained and undrained soil respond to chemical amelioration but a greater concentration of weakly bound (plant-available) phosphate is released in drained soil.
3. Optimum composition of mineral phosphates is produced by application to tile-drained soil of 4 t/ha ground lime followed, six months later, by 2t/ha ground rock phosphate. 

4. The highest values of mobile phosphate are achieved in the first year after application: after two years, the concentration of mobile phosphate does not exceed the natural state.
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