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Phosphorus availability in agricultural soil of Wallonia - A modeling approach
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Introduction:

During many years, ordinary pratices of P fertilization have led to an accumulation of P in agricultural soils of Wallonia. It has resulted from continuous and excessive fertili-
zation and manure applications (Ranatunga et al., 2013 ; Ju et al., 2007). Thus, a better understanding of P behavior in wallon soils is needed to adapt pratices of P fertiliza-
tion to the requirement of reducing agricultural impact on the environment (eutrophication of surface waters ; Sharpley et al., 2005, 1994 ; Tunney et al., 1997) without impai-
ring crop yields. Historically, P availability in soil has been studied by a chemical extraction approach. However, this approach is disputed (Shang et al., 2013). Indeed, P
available (PO4-P) mesured in soil by chemical extraction is affected by the P form (organic or inorganic) and P mineral type (Leytem et al., 2002 ; Shang et al., 2013).

In that context we studied POgs-P in different agricultural soils of wallonia by a modeling approach with the USGS software PHREEQC (Parkhurst and Appelo, 1999) in order
to (1) compare soil (PO4-P)observed by the Lakanen-Ervio chemical extraction method (Lakanen and Ervio, 1971) with soil (PO4-P)modeling by PHREEQC ; (2) define soil che-
mical parameters which influence the P behavior in soils.

Material and methods:

Soil used were collected as part of multi purpose project designed to characterize the
soil parent materials (PMs) in Wallonia (Renneson et al., 2013 ; Legrain et al., 2011)

Localisation of the parental materials

Chemical soil properties were analysed by Renneson et al., 2013
Modeling were performed with the USGS software PHREEQC Interactive 2.13.2

Chemical parameters necessary as input data to have an optimal modeling of P availa-
ble in Wallonia soils were defined:

- pH(Water or KClI), PinorganiCs A'(Total or Oxalate), FeTotal, CaTotal, MQgTotal, NaTotal and Krotal

PARENTAL MATERIALS

I | - Loess from Hainaut (Aba, AbB)

I 11 - Loess from Brabant (Aba, AbB)

| lll- Loess from Hesbaye (Aba, AbB)

|| Iv-sandy loam from North-west Hainaut (Lda, Ldc)
- V - Micaceous sandstone weathered products (Gbap, aGbap)
- VI - Residual clays from limestone decarbonatation (GbBK)
- VII - Residual clays with chert stoniness (Gbax)

- VIII - Clays from Fagne-Famenne weathered shale (.Edxy, E.py)
|| IX- Slate weathered products (Gbbfi0_1, Gbbfia0_1)
- Xl - Hettangian marl - Jamoigne Formation (EDBy, UDB, EDpy, UFp)
|:| XII - Sinemurian sand - Luxembourg Formation (wLba2, j-wLba2, L.p, .Sba)

Sensitivity tests were performed to quantitatively evaluate the impact of input data varia-
tions on available P modelled

Condroz

Results:

Ardenne

X - Slightly stony loamy soils (Gbb)

Belgian Lorraine
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Sensitivity tests of [lons]:
Comparisons between (PO4-P)observed and (PO4-P)modeling show which PHREEQC

modeling can predict quantitatively PO4 - P in wallon agricultural soils -) Effect of [Mg] variations > [Fe] variations> [Ca] variations on (POj - P)Modeling

in wallon agricultural soils (not show)

Input data calibration show which is necessary to use: o _ . .
-) [Al] variations have no effect on (PO4 - P)Modeling in wallon agricultural soils

-) soil pHwater rather than soil pHkc (not show)

-) On average, (PO4 - P)Modeling decrease of 20ppm and 40ppm, respectively,
when [Mg] increase of 20% and 40%

-) On average, (PO4 - P)Modeling increase of 30ppm and 50ppm, respectively,
when [Mg] decrease of 20% and 40%

-) soil Aloxalate content rather than soil Altotal content
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