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O ABSTRACT 0O

The purpose of this search was to determine the quantity of phosphate adsorbed in
different soil types (calcareous, gypsum, sandy and alluvial) and to study the fitting of
Langmuir isotherms equation to describe the P-adsorption process.

The Langmiur equation was non-fitting to describe the P-adsorbed on tested soils
when the added-P was more than 80 mg P/L, due to the interference between the
adsorption process and precipitation reaction. The statistical correlation coefficients (R)
between the amount of P-adsorbed and P-concentrations in solution after equilibration
were significant and ranged from 0.927 (for calcareous soil) to 0.973 ( for sandy
soil).Calculated Phosphorus adsorption maximum varied widely, ranging from 23.15
mg/Kg soil (for sandy soil) up to 56.50mg/Kg soil (for calcareous soil) mg P/kg soil.

Keywords: Soil, phosphorous adsorption /desorption, Lamgmuir equation.
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Introduction:

Phosphorus (P) is an essential element for plant growth and the amount of plant-
available P in the soil is often inadequate to meet plant requirements. Phosphate reactions
and retention in the soil are of paramount importance from the perspective of plant
nutrition and fertilizer use efficiency.[1]

Phosphorus is therefore applied to agricultural fields in inorganic and/or organic
fertilizers. However, the amount of fertilizer applied often exceeds the plant uptake and
this result in a build-up of P in the soil. Most of the excess P is bound to the soil and some
of it is transformed to less available forms but there is also a risk of some of the excess P
being transported from agricultural fields to surface waters [2].

Many characteristics of the soil phosphate cycle, such as the maximum absorbable,
phosphate quantity, the equilibrium quantity of phosphate, the various binding energies
and, of course, the phosphate buffering capacity of the soil can all be calculated with the
help of phosphate adsorption isotherms. Phosphorus sorption is often described by
empirical equations such as the Langmuir equations [2].In general, the two-term Langmuir
isotherm and the Freundlich isotherm models give the best fit to measured data [3]. On the
other hand, the understanding of P adsorbed and desorbed by soils is important for
safeguarding water quality and for fertilizer management [4].

Several workers investigated the effect of different soil properties on metal reactions
(retention and release) in soil. Soil surface, particle size distribution, bulk density,
temperature, pH , redox status , ion exchange capacity , organic matter content were
reported to significantly control metal retention and release in soil [5]. The relative P
sorption, a P-sorption index of the relative P-sorption capacity of sandy soils, has been
developed using a one-point isotherm for Florida's soils [6]. However, the P-sorption
capacities and desorption potentials of soils in Deir Ezzor governorate have not been
reported.

The relationships between P-sorption capacity, P availability and soil components in
calcareous soils have been studied in other different countries.[7] Reported that P sorption
in soils is related more to their Fe oxide than CaCOj3 content.[8] Found P-sorption capacity
is highly correlated with Fe oxide and clay content, and that CaCO3 plays a less important
role in P sorption. However, [9] observed that concentrations of labile P in calcareous soils
after fertilizer applications are negatively correlated to CaCO3 content. [10] Also reported
that the ratio of Olsen-P to applied P is negatively correlated to Fe oxides content at low P
application rates and to CaCO3 content at high P application rates.

The ability of soil to release sorbed P to the environment is dependent on both P-
sorption capacity and amount of P sorbed. When the amount of sorbed P increases after P
application to soils, soil-P desorption tends to increase, and this in turn, leads to increases
in P loss through runoff or leaching. The concept of the degree of P saturation (DPS) has
been introduced recently as an environmental index of soil P available to be released
through runoff and leaching to surface and subsurface waters. This concept has been
applied successfully to different soils in the Netherlands and to some soils in the USA [11].
Moreover, the rate of phosphorus release from solid to solution phase may control the
lability of P in soil environments [12].
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The purposes of this work were:

1.To determine the quantity of phosphorus adsorbed in different soil types (in Deir
Ezzor governorate ), and to study the fitting of Langmuir isotherms equation to describe
the P-adsorption process, and

2.To estimate the correlations between p-adsorption and p-desorption with some
properties of tested soils.

Material and Methods:

Five grams of surface soils samples from four different soils in Deir Ezzor
governorate (their proprieties are shown in Table 1) were weighed into a 100-mL
centrifuge tube. Fifty milliliters of 0.050 M KCI solution containing 10, 20, 40, 80, 160,
320 and 640 mg P/L was added to each soil sample, respectively. Each tube with
suspension was shaken for 24 h at room temperature. After centrifugation at 1800 x g for
15 min, the supernatant was filtered through Whatman No. 41 filter paper. The P
concentration in the filtered solution was determined calorimetrically according to [13].

Table (1): Some physical and chemical properties of experiment soils.

oil | Samples | pH | EC | OM [ °*" | Gypsum | CaCOs Particle size Soil
location 222 | (%) P (%) (%) distribution (%) Texture
EC (ppm) Sand | Silt [ Clay
A | Al-kassra | 8.22 | 2.06 | 055 | 14 3.4 10 69.6 | 26.0 | 44 Sandy
village loam
B | Ainbo- [815| 1.20 | 0.64 | 3.6 20.8 7.5 38.6 | 51.6 | 9.8 | Sandy
Gomaa loam
C Al- 771|207 | 055 | 24 4.4 24.5 63.2 | 304 | 6.4 Sandy
Tabny clay
village loam
D Al- 751] 218 | 091 | 5.2 6.6 4.4 23.2 | 44.0 | 32.8 Clay
Masrab loam
village
Soil A: type for sandy soils Soil B: type for gypsum soils.
Soil C: type for calcareous soils; Soil D: type for alluvial soils.

The amount of P sorbed by soils was calculated from the difference in P-
concentration between the initial P solution and equilibrium P concentration in the
solution.

After completion of the sorption study, 0.050 M KCI solution was added to each tube
that contained soil with sorbed P to reach the total solution volume of 15 mL. The
desorption was performed by shaking the suspension for 24 h. The same procedures
(centrifugation, and filtration) used for P sorption, were also used for P desorption
determination. The P concentration in solution was measured according to [13].

Adsorption Isotherm:
Adsorption parameters were calculated using Langmuir isotherms equation as
follows:
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Where:

S is the amount of P adsorbed [mg P/kg soil],

C is the P-equilibrium concentration [mg P/L]

Smax 1S the maximum adsorption [mg P/kg soil], and

b is a constant related to the bonding energy, or related to the energy of adsorption
[L/ mg P].

The percent P desorbed was calculated as follows:

Amount P released tosolution(mg)
P td bed P = X100
ereent desorbe Total adsorbed P(mg)

All the correlations and figures were carried out using the Microsoft office Excel
(2003) program.

Results And Discussion:

The amounts of phosphorus adsorbed on the investigated soils were plotted as a
function of equilibrium concentration. Adsorption isotherms obtained for the studied soils
were curvilinear, as shown in Fig (1) the ascension degree was the highest for calcareous
and gypsum soils, which indicate high affinity of the adsorbed phosphorus. The magnitude
of adsorbed-P for different tested soils at used concentrations could be arranged in the
following descending order: calcareous soil> gypsum soil> alluvial soil> sandy soil. On
the other hand, the gypsum soil has a higher capacity for retention the phosphorus than the
alluvial soil, this result maybe referred to high content of CaSO, in gypsum soil (table2).
Similar results were obtained by [14]. He found that the calcareous and gypsum soils had a
high affinity for p-sorption especially at low phosphorus solution concentrations.
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Fig (1): P-adsorption isotherms for the tested soils.
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The obtained data agree with those obtained by [15] they demonstrated a surface
adsorption phosphate on calcium carbonate particles at low p-concentration and
precipitation reaction at higher concentration. Moreover, the different soluble salts in the
calcareous and gypsum soils compared to that in alluvial maybe another factor that
influence the results in both soils. Phosphate retention, solubility and its availability to the
growing plants depend to a great extent on soil content of soluble salts.

The adsorption data obtained for the tested soils were fitted to Langmuir adsorption
isotherm. Fig (2) showed Langmuir adsorption isotherm for the tested phosphorus
concentrations in selected soils. The obtained logarithmic curves were not fitted to
Langumir isotherm, but when we disregard the last three high p-concentration (more than
80 mg P/L) avoid to precipitation reaction we could be obtained a liner equation (from the
first four points) and it's fit to Langumir isotherm curves.
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Fig (2): Isotherm curves for tested soils with different phosphorus concentration.
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From the liner equations , the statistical correlation coefficients (R) between the
amount of adsorbed-P (S/C) and P-equilibrium concentration (C) for any adsorption curve
of tested soils were significant and ranged from 0.927 to 0.973 (Table 2).

Table (2):Langmiur constant and linear equation for phosphorus adsorption by investigated soils.

Soil Bonding energy | Maxima adsorption Equation R
mgP/kg soil
Sandy soil 0.0889 23.15 C/S =0.0432C + 0.486 | 0.973
Gypsum soil 0.0914 49.26 C/S =0.0203C + 0.222 | 0.950
Calcareous soil 0.1135 56.50 C/S =0.0177C + 0.156 | 0.927
Alluvial soil 0.0938 41.15 C/S =0.0243C + 0.259 | 0.960

Phosphorus adsorption maximum and equilibrium solution concentration of
phosphorus are important parameters when studying soil phosphorus levels needed for
optimum growth. Determining these parameters for available P could be quite helpful in
explaining differences between soils. With the use of these values it would be possible to
group up soils which require the same level of available P for maximum growth.

Calculated Phosphorus adsorption maximum varied widely, ranging from 23.15 up to
56.50 mg P/kg soil. The highest value was reported for the calcareous soil, while the
lowest ones were reported for sandy soil. Dependence on this result, we could explain the
high value of adsorbed phosphorus is returned to precipitation reaction that happened with
adsorption process at high concentration of added-P.

The bounding energy coefficients of adsorbed phosphorus are listed in table (2). In
general, the lowest value was reported for the sandy soil, while the calcareous soil had the
highest bonding energy coefficient. These results agreed with that obtained by [16].They
found that the CaCOs is the most active sorbent of P in soil.

In order to explain the mechanism of phosphate adsorption and description two
general approaches may be made: the detailed study of simple system like clay minerals
iron, and aluminum oxides and an empirical approach using statistical correlation between
phosphate sorption and other soil properties. The relationship between adsorption
parameter and soil properties were evaluated by simple correlation coefficients. The
correlation coefficients, Table (3) are used as a guide to establish relationship between
Langmuir adsorption parameters and some soil properties.

Table (3): Simple correlations between some soil properties and Langmuir parameters for phosphorus
retention after a 24-h equilibration period.

R Gypsum % | CaCO3% | Clay% pH
Bonding energy -0.325 0.905 -0.190 | -0.506
Maxima adsorption 0.364 0.505 0.045 | -0.465

As shown in Table (3), the positive relationships were observed between Langmuir
parameters and soil CaCO3%, while there were non-significant relationships between
Langmuir parameters and other soil properties. The similar results were obtained by [12]
they found positive significant relationships with active calcium carbonate.
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Release experiment:

The release of phosphorus from investigated soils is shown in Fig (3).The highest
phosphorus released values were obtained in the alluvial soil than the calcareous and

gypsum soils, while the sandy soil showed the lowest value of phosphorus release.

As shown in Table (4), the CaCO3; % had a negative significant correlation with the
desorbed-p from tested soils, which maybe referred to the reaction of P with CaCO3 and
formation a non-soluble calcium carbonate in calcareous soil especially at high P-
concentration. This result is agreed with that obtained by [4]. On the other hand, the pH
had a positive significant correlation with the p-desorbed from tested soils; similar result

was obtained by [17].
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Fig.(3): The release phosphorus with different applied p- concentrations in tested soils.

Table (4): Simple correlation between some soil properties and phosphorus release from tested soils.

The percent phosphorus desorbed values of the studied soils as presented in Table
(5), the means of different applied concentrations, ranged from 54.38 %( for calcareous
soil) to 95.44% (for sandy soil). This result referred to high CaC0O3% in calcareous soil.

Table (5): The percent phosphorus desorbed from tested soils at different applied concentrations.

R

Gypsum %

CaCO3%

Clay%

pH

P-desorbed

-0.365

-0.602

-0.049

0.467

P-Conc. Sandy | Gypsum soil | Calcareous Alluvial

mg/L soil soil soil
10 95.18 68.16 59.21 71.02
20 98.92 59.23 52.63 66.42
40 95.04 52.30 46.17 63.21
80 95.07 53.43 45.53 65.63
160 95.51 70.48 57.81 78.44
320 94.22 75.18 59.27 83.68
640 94.13 63.70 60.06 83.37

Mean 95.44 63.21 54.38 73.11
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Conclusions and Recommendations:

e The Langmiur equation was non-fitting to describe the P-adsorbed on tested soils
when the added-P was more than 80 mg P/L, due to the interference between the
adsorption process and precipitation reaction.

e The total amounts of the phosphorus recovered through release did not equal to the
amount of phosphorus retained by the soils, which may suggest that at least one of the
retention reactions was irreversible.
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