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1. INTRODUCTION on SOIL P-TEST

Starting with Dyer, already in 1894, an attempt was made on measuring the available P in soils and relating the results to the need for phosphate fertilisers . He theorised  that an ideal extracting solution would be one that had a pH similar to that of root sap. Since 1945 there have been a number of significant developments in the area of soil chemistry and soil fertility which have had a marked impact on our understanding and interpretation of soil tests for P. The objectives of these tests are listed as follows : (i) grouping of soils into classes for the purpose of making fertiliser recommendations, (ii) prediction of the probability of getting a profitable response to application of fertiliser P, and (iii) providing an index of the P amount a soil can supply. (Kamprath  and Watson, 1980).  Considering the different chemical methods which have been proposed, next groups can be identified (Sibbesen, 1983, Sharpley et al., 1984, Houba et al., 1992, Sims, 1993):

 - methods employing hydrochloric acid and ammonium fluoride. This group includes two related    methods  published by Bray and Bray and Kurtz. The  stronger acid extractant removes more of the    phosphorus from the less soluble forms. In both solutions the fluoride ion is included for the replacement of sorbed phosphate;

            - methods involving stronger acid extractants. These refer to various strengths of HCl in soil solution

 at various ratios;

 -  methods involving weaker or very weak extractants : one is a simple water extraction;

 - methods employing acetic acid buffered with sodium acetate : the original method , buffered at pH = 4    

   known as the Morgan method ;

 - methods using a strong complexing agent (lactic acid).

An overview of the current extractants used is presented in Table 1. It is obvious that in accordance with the specific complexation  or solubilisation strength,  the P amount recovered will differ, as displayed in Table 2.

A good soil test should meet the following three criteria (i) the extractant used should extract all or a proportionate part of the available form or forms of the nutrient from soils with variable properties , (ii) the amount of nutrient extracted should be measured with reasonable accuracy and speed  and (iii) the amount extracted should be correlated with the growth and response of each crop to that nutrient under various 

conditions (Kamprath and Watson,1980).

It has been found that the methodologies of some P-test methods have sometimes been dictated by practical  rather than by theoretical considerations which were essentially inspired by the ease of the analytical procedure. Selected  extraction conditions are not necessarily the most efficient (Van der Paauw, 1971).

Considering the results it has been clearly established that the soil P-tests developed do not have a clear relation with the mass  balance for P in soil. Neither is there a direct relation between soil-P content and the P transfer to surface waters or eutrophic response of P-sensitive waters. Neither do they provide information on the various reactions in which the soil P is involved such as mineralisation, release, fixation, leaching, surface run-off or erosion. From agronomic point of view, Aslying stated already in 1964 that the total amount of available P in the soil is not of direct importance in the P supply to plants.

As a final appreciation of all the attempts which have been made, especially in the fifties when soil P-test methods became enormously popular, Ney concluded that “unless  an approach ……, capable of universal application is adopted, the future of soil testing will consist in an endless series of fertiliser trials designed for correlation with an ever-increasing number of hit-or-missing extractions”. 

As a concluding remark with regard to the foregoing general considerations, it should be clearly emphasised that  severe doubts remain on the use and efficiency in predicting the behaviour of strongly adsorbing solutes such as phosphate in an aqueous medium with regard to the extractants as proposed in Table 1.  Whether the methods which will only rely on quantity rather than on intensity parameters are more useful in order to assess the phosphate status in the soil solution is still questionable and should be evaluated thoroughly and carefully.

2. LITERATURE REVIEW on SOIL P-TEST in relation to ENVIRONMENTAL PURPOSES

As a result of the post-1945 agricultural intensification over Western Europe a gradual increase in the P-status of agricultural soils has occurred. It clearly appeared that all countries currently operate at an annual surplus of 10 to 20 kg P per ha. This long-term accumulation of P in soil will result in greater losses of P from diffuse agriculturally derived sources into  aquatic ecosystems. The size of P surplus is not the only factor that determines potential P losses, although significant relationships between P content of drainflow and soil accumulation have been observed for both arable land and grassland ( Heckrath et al., 1995, Smith et al.,1995) Facing the increasing concern of eutrophication problems especially in Western European countries, one should be aware of the fact that this problem is quite young and thus very little information is expected to be available so far. Losses occur through a combination of leaching and that associated with eroded soil material and agricultural practices influence both the amount and chemical forms of P present in soil.

Conceptual models describing P export from non-point sources in agricultural soils are useful in developing an understanding of the key processes which control P losses, namely soil P sorption kinetics, soil physical properties and management history and practices which together influence the transport route down-profile.

Due to the extensive number of significant references in the sixties and seventies in relation to the mechanisms of P retention both in calcareous and non-calcareous soils, one should actually be able to understand and to predict the various pathways in which phosphate interacts with soil colloids. In non-calcareous soils, ligand exchange on sesqui(hydr)oxide surfaces is assumed to be the main mechanism controlling the fate of P in soils through sorption and desorption phenomena, at least on short-term range. It  follows that this type of P will also respond to influx changes due to varying environmental conditions.

Irrespective of the source of P sorbed, an increase of the P saturation on the sesqui(hydr)oxides will also be reflected by a  gradually increasing desorption rate into the dispersing soil solution. It follows that eroded soil may act as a sink for P (Hartikainen, 1979, Sharpley et al., 1981). This leads into the assumption that two important properties of a soil/solution dispersion are on the one hand its equilibrium P concentration and on the other hand the ability to maintain this concentration in response to changing conditions (House et al., 1998). Of course this statement is not very new and has been stressed already 40 years ago, reflecting the well known and very popular concepts for people involved in phosphate chemistry on INTENSITY and QUANTITY. These have been thoroughly elaborated in the framework of the phosphate status in soils monitoring the readily available phosphate in soils towards crops.

It is generally assumed that both drainage waters and to a higher extent also surface runoff is responsible for the P load of waterbodies. The latter may contain very high amounts of suspended solids and so this particulate P is expected to exceed usually the molybdate reactive P (MRP), which is measured using the conventional method of Murphy and Riley (1962).

The composition of freshwater is highly variable: while average stream waters are about 1 mM in ionic strength,  being essentially dominated by calcium bicarbonate , the ionic strength of seawater can go up to 500 mM, essentially dominated by sodium chloride (Andrews et al., 1996). Changes from a fresh water to a marine chemical environment will cause a sudden change in ionic strength with concomitant flocculation of colloidal particles, a well known phenomenon in colloid chemistry , which has been clearly evidenced in soil conditions by Sholkovitz (1978). In addition, changes in ionic strength will also play an important role in the extent of phosphate desorption (Caraco et al., 1990). It clearly follows from these observations that a suitable extractant to monitor the level of soluble P in the soil solution should explicitely take care of ionic strength properties of the solution. In that framework it has been evidenced by Zwolsman (1994) that also the soluble P, as molybdenate reactive phosphate, shows an almost linear decreasing relationship with an increasing salinity of the environmental medium. 

In an attempt to measure the profile distribution of soil P and P leaching at seven sites in lowland England on freely draining soils with a history of organic manure applications, Smith et al.(1998) sampled soil water using suction cups at different depths. A curvilinear relationship was obtained between the topsoil extractable Olsen P in the 0-30 cm zone and the mean MRP concentration in the leachate at 30 cm depth. Concentrations of the latter in water draining below 30 cm appeared to increase sharply at Olsen extractable P concentrations in the soil ( 70 mg per litre. This seems to be in  perfect agreement with the observations of Heckrath et al.(1995) who defined a “change point” for Olsen P at 60 mg kg-1 in the plough layer.

Different authors suggest that the P loss in surface runoff might be greater than that likely to occur via leaching because of the sorption of phosphate from infiltrating water where movement occurs slowly through the soil profile. This has been confirmed  in reviewing a number of studies where losses from applied P fertiliser were monitored. Fertiliser P losses via subsurface leaching , both soluble and particulate, generally amounted to less than 1% of applied P whereas losses ranged up to 9% in runoff.

A principal aim remains to relate P-release characteristics to dominant soil properties and determine the significance of selective erosion of finer soil material on the desorption of P in the aquatic environment.

Using a comparative study including 12 soils from 4 different countries , Barberis et al. (1996) found a significant difference in the amount extracted by specific methods. Mean values increase in the order Olsen P (60 mg kg-1), CAL-P (98 mg kg-1), strip-P (106 mg kg-1), resin P (118 mg kg-1). These values represent less than 15% of total P. A comparative value for water extractable P is limited to 2.15 mg kg-1. For agronomic purposes, correlations are often considered sufficient and actual quantities of P extracted are seldom compared. It is important to compare the efficiency of individual chemical extractants and use this information to provide an insight into the chemical forms of P present. It is suggested that generally (NaOH + citrate-bicarbonate) P is believed to encompass much of the forms related to overfertilisation such as (i) stoichiometrical complex Fe- and Al-containing phosphate, which are hydrolysed by NaOH; (ii) phosphate sorbed by hydroxylated surfaces and released by ligand exchange with OH- and citrate ions; (iii) phosphate adsorbed on CaCO3 which is desorbed by citrate and (iv) labile Ca-phosphates dissolved by the Ca-complexing action of citrate and the Ca-precipitating effect of bicarbonate.  

While the P-amounts as recovered by most extractants in Table 1 refer to QUANTITY estimations of the phosphate pool of the soil, the INTENSITY parameter is usually measured in water or in 0.01 M CaCl2  solution. Different authors , among which Gunary and Sutton (1967) are the pioneers , suggest that the intensity parameter, which stands for the concentration of P in the soil solution, is important for P uptake by plants rather than the quantity factor. The latter can also be estimated by using a reference method such as the labile P by isotopic dilution or by any suitable chemical extraction, as shown in Table 1. Relating chemical tests to solubilizable P, one should refer to the well known P sink methods such as iron-coated paper strips, (Sharpley ,1993) or the referenced anion-exchange resin method. These techniques are adopted from soil analysis and may become very useful in water analysis, although their applicability seems to be hampered because of practical limitations (Usitalo and Hartikainen, 1999).

In a review on soil P-tests for assessment of environmental P losses of dissolved reactive phosphorus (DPR) in Finland, Yli-Halla et al. (1995) used a water extraction during a very short time. This method seems to provide an excellent agreement with the measured DPR concentrations in surface runoff on the field, which appeared to be clearly superior versus more complicated analyses, such as Quantity-Intensity plots. With regard to that problem, it should be emphasised that according to Hartikainen (1982, 1989) the amount of desorbed P correlated very well with the ratio NH4F-extractable P/oxalate extractable Al. Moreover it is known that a water extraction has proved to be more sensitive as compared to extractions with dilute salt solutions, such as 0.01 M CaCl2 ,because the ionic strength of the runoff waters is generally much lower than that of soil solutions.

Always in relation to water extraction, the very straightforward study of Self-Davis et al. (1998) should be mentioned here. In opposition to other authors the effect of premoistening seems to be very important according to van der Paauw (1971).

3. MOTIVATION OF THE METHOD PROPOSED.

In analogy to the extraction procedures for identification of the P-status with regard to nutrient purposes to crops, it is clearly established that the amount recovered will be affected by the procedure adopted. This applies in essence also for one of the simplest extraction method so far, namely the water extraction or a dilute electrolyte solution. A thorough evaluation of this solvent to recover the phosphate from soils in order to obtain an effective  availability index was undertaken by van der Paauw (1971). Each  part of the procedure was improved step by step by observing the correlation of index with the phosphate content in the plants in standard pot trials. The merits of the final procedure, expressed as Pw  method, were then tested by varying the extraction procedure. The method was clearly tested against methods of reference such as isotopically exchangeable soil phosphate and appeared to provide results which were in the same order of magnitude. It is concluded that in these conditions water will mobilise the same P fractions in the soil and these fractions should be identified as labile P fractions which will be able to exchange permanently with the phosphate in the soil solution.

Next observations were made ;

- using a wide ratio between water and soil the interpretation of the P-values was the same for the soil types;

- dried soils clearly created artefacts. It followed that better results were obtained following premoistening,      

  thus restoring the soil in the original properties.

Considering the very recent and highly relevant references aiming to assess the status of P in the soil solution from environmental point of view, we are inclined not only on conceptual  but also on experimental reasons to strongly support the use of water or a dilute electrolyte solution. The ultimate choice will be affected by the difference in ionic strength of the media targetted. While a dilute electrolyte solution such as 0.01 M CaCl2 seems to be fully compatible with the concentration of the soil solution, a much lower ionic strength is expected to occur in the liquid phase of surface runoff due to dilution effects. 

4. DESCRIPTION OF THE METHODS PROPOSED

4.1. DETERMINATION of CaCl2-extractable PHOSPHORUS for SOILS and SEDIMENTS

Weigh out 1g dry soil from the top 0-30 cm layer into a centrifuge tube. Add 25 ml of 0.01 M CaCl2 and shake for 24 hours. Centrifuge at 4000 rpm for 10 minutes. Filter through filter paper and measure P concentration using the colorimetric method Murphy and Riley (1962).

4.2. DETERMINATION OF DISSOLVED REACTIVE PHOSPHORUS (DRP) USING WATER 

       EXTRACTION

A 1:100 soil to solution ratio on weight – volume basis is shaken for 1 hour in a centrifuge tube, followed by an equilibration for 17 hours and finally the suspension is shaken for 10 minutes. After filtration through a 0.2 (m filter, dissolved P is measured using the Murphy and Riley (1962) method.

4.3. DETERMINATION OF PHOSPHATE SATURATION DEGREE IN NON CALCAREOUS SOILS

In order to quantify the eutrophication risk of agricultural land in non-calcareous areas with intensive livestock, the phosphate saturation degree (DPS) has been introduced as a simple index ( Breeuwsma and Schoumans, 1987, Breeuwsma et al., 1995). This degree is defined as the ratio between the amount of phosphate accumulated in soils to a critical depth (Pact) and the maximum phosphate sorption capacity (PSC) of the soil to that depth. The relation is expressed by : 
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where : DPS = degree of phosphate saturation (%)

             Pact   = actual amount of sorbed  phosphate ( kg ha-1 P2O5)

             PSC  = phosphate sorption capacity (kg ha-1 P2O5)

The phosphate sorption capacity of non-calcareous soils can be assessed by next equation (Schoumans et al., 1986),  Van der Zee, 1988)
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where  Alox = oxalate extractable aluminium of soil layer i (mmol kg-1)

            Feox = oxalate extractable iron of soil layer i ( mmol kg-1)

· = dry bulk density of soil layer i (kg m3)

L     = thickness of soil  layer i (m)

N     = amount of observed layers

0.71 = factor converting mmol kg-1 P to kg ha-1 P2O5
Also the amount of phosphorus which is bound to the reactive amount of aluminium and iron becomes  into solutions with oxalate extraction. Therefore, the actual amount of sorbed phosphorus can be calculated  by means of :
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Pox =  oxalate extractable phosphorus of soil layer i ( mmol kg-1)

 The phosphate saturation degree can be calculated by the mean contents of Pox , Alox, and Feox over the observed depth :
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Weigh 5 g of air-dried soil in a dry polyethylene bottle of 250 ml. Add 100 ml of the oxalate extraction solution and close the bottle. Include blank samples as well. Shake mechanically for 2 hours in a darkened conditioned room at constant temperature of 20 °C. Filter the extracts through a paper filter. Discard the first 10 ml’s of the filtrate and collect the remainder in a polyethylene bottle, after which 10 ml of the filtrate is transferred into a beaker to which 1 ml of concentrated sulfuric acid is added. The mixture is heated to 200 to 250 °C till a dark mixture is obtained. After cooling 2 ml H2O2  is added and heated again to destroy the excess of hydrogen -peroxide. The solution is transferred into a 50 ml flask and the volume made with distilled water. The P content is measured with the Scheel (1936) method. Contents of Al and Fe are determined using atomic absorption spectrophotometry.

Extracting solution : Oxalate-oxalic acid solution

Dissolve 17.56 g oxalic acid  (COOH)2.2H2O and 28.40 g (COONH4)2 in 1 litre flask with distilled water.
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TABLE 1   SOIL-P-TEST METHODS  

P TEST 

METHOD


pH
COUNTRY

REFERENCE

Pw

1:60 (v/v), extraction with water
soil
Netherlands

Sissingh (1971)



22 h incubation, 1 h shaking




Van der Paauw(1971)

Pw modified
1:50(v/v), extraction with water,
soil
Germany

Schachtschabel



2 h shaking






and Koster (1985)

P-Al

1:20 (w/v), 0.1 M Ammonium
3.75
Belgium


Egner (1960)



Lactate + 0.4 Acetic acid, 2 h



Shaking

P-DL

1:50(w/v), 0.02 M calcium lactate
3.7
Germany

Egner and Riehm



+0.02 M HCl, 1.5 h shaking




(1960)

P-CAL

1:20(w/v), 0.05 M calcium lactate 
4.1
Austria, Germany
Schüller (1969)



+ 0.05 M calcium acetate + 0.3 M



 acetic acid, 2 h shaking

P-NH4Ac
1:5(w/v), ammonium acetate
4.65
Belgium,Finland

van den Hende

   

 







Cottenie (1960)

P-EUF

Electroultrafiltration


Germany, Austria
Nemeth (1979)

D-Dyer

1:5, citric acid 2%, 4 h shaking
(3
France


Dyer (1894)

P- Joret-Hebert
1:25, ammonium oxalate 0;2 M
neutral
France


Joret and Hebert



2h shaking






(1955)

P-Olsen

1:20(w/v), 0.5 M Nabicarbonate
8.5
Denmark, England
Olsen(1954)



1 h shaking



Australia, New Zealand

P-Morgan
6:30(v/v), 10% Na-acetate

4.8
Ireland


Morgan(1941)



0.5 h shaking

P-Bray-1
1:10(w/v) 0.03M NH4F +  
3.0
Tropical countries,
Bray and Kurtz



+ 0.025 M HCl, 5 min shaking




(1945)

P-Mehlich-1
1:5(w/w) 0;05 M HCl+ 

1.2
USA


Nelson (1953)



0.0125 M H2SO4 , 5 min shaking

P-Mehlich-3
0.2 M Acetic acid +0;25M NH4NO3 2.5
USA


Mehlich (1984)



+0.015 M NH4F + 0.013 M HNO3


+0.001 M EDTA ,5 min shaking

TABLE 2  RATIOS BETWEEN AVERAGE AMOUNTS OF SOIL-TEST P   

                       EXTRACTED BY DIFFERENT SOIL-P TEST METHODS                  

DL/

CAL/

AL/

H20/

BRAY-1/
MEHL-3/

OLSEN

OLSEN

OLSEN

OLSEN

OLSEN

OLSEN

2.11

1.78

3.20

0.435

2.70

2.56
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