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Abstract 

          Phosphorus (P) sorption in soils is a key process governing its availability for 

crops. There is scanty information on the P sorption characteristics of calcareous soils of 

Kurdistan region of Iraq. P sorption characteristics were determined in seven soil 

samples belonging to four agricultural soil great groups located in Sulaimani province. 

(Xerorthents, Haploxererts, Haploxerolls and Calcixerolls). Total equivalent CaCO3 

contents ranged from (33.80 to 350.65 g kg
-1

). Active CaCO3 contents ranged from 

(20.00 to 150.00 g kg
-1

). The amount of available P contents ranged from (4.49 to 6.92 mg 

P kg
-1

 soil). Langmuir and Freundlich models were applied on seven different textured 

calcareous soils, in order to characterize the P adsorption isotherm for these soils.   

Langmuir and Freundlich  parameters (KL, b, Kf and 1/n) values were  (130.00 to 800.00 

L mg
-1

 , 28.57 to 76.92 mg kg
-1

, 42.27 to 121.06 mg kg
-1

 and 0.656 to 0.974 ) respectively. 

High values of (KL) for all investigated soil samples indicate a strong attraction between 

sorbed P and sorbent surface. 

 

Key words: Phosphorus, adsorption, precipitation, Langmuir and Freundlich isotherms, 

calcareous soils. 

 

I.  Introduction: 

Phosphorus (P) is the most 

important nutrient element (after nitrogen) 

limiting agricultural production in most 

regions of the world. It is an extremely 

chemically reactive mineral. In all its 

natural forms, including the organic state, 

P is very stable or insoluble, and only a 

very small portion exists in the soil 

solution at any time [1]. The availability of 

phosphorus (P) to plants is very low in 

calcareous soils. This had been attributed 

to adsorption and/ or precipitation 

reactions that occur between P and soil 

constituents [2].  The reaction chemistry of 

phosphorus is very complex and it is very 

difficult to manage the behavior of P in 

arid and semi arid soils [3]. Understanding 

of P adsorption and desorption by soils is 

important for fertilizer management. Little 

is known about the P sorption 

characteristics of calcareous soils [4]. The 

relation between the amounts of P that a 

soil will adsorb from a phosphate solution 

and the concentration of the P left in the 

solution known as the sorption isotherm 

[5]. [6] stated that adsorption-desorption is 

the dominant inorganic process influencing 

soil solution P concentration. Soil 
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components such as clay content, various 

pools of iron oxides [7, 8, 9], soil 

carbonates [10, 11, 12] and organic matter 

[9] play very important role in the 

adsorption chemistry of P in calcareous 

soil. The mechanism of the adsorption of 

phosphate to CaCO3 has been previously 

studied [13, 14, and 15]. Earlier studies 

suggested that the initial uptake of 

phosphate on calcite occurs by 

chemisorptions, followed by a slow 

transformation of amorphous calcium 

phosphate to crystalline apatite. [16] 

reported that the available P significantly 

decreased with an increase of soil pH and 

increased with an increase of organic 

carbon, cation exchange capacity (CEC) 

and clay content. [11] reported that below 

an initial concentration of 0.5 mM the 

adsorption processes were predominant 

while above this level precipitation became 

predominant in calcareous soils. 

  The objectives of this study are 1) 

to investigate sorption characteristics of 

surface of four great groups of calcareous 

soils, 2) Identify soil properties related to 

sorption and precipitation of applied 

phosphate in calcareous soils, 3) demarcate 

between adsorption and precipitation 

processes based on Freundlich Kf value. 

 

II. Materials and Methods: 

    Seven soil samples belonging to 

agriculturally important soil series were 

taken from agricultural regions in 

Sulaimani governorate in Kurdistan region, 

Iraq . 

Soil samples were taken from surface (0- 

30 cm) layer of calcareous agricultural 

soils in the Iraqi Kurdistan region Shown 

in Table(I). The soil samples were air dried 

and ground to pass through a 2 mm- sieve 

prior to analysis. 

A. Soil analysis 

Soil particle size distribution was 

determined by the pipette method [17]. 

Organic matter (O.M.) was determined by 

dichromate oxidation (Walkley and Black 

procedure) as described by [18]. Electrical 

conductivity (EC) and pH were measured 

for the soil saturation extract with EC-

meter, model (WTW 82362 Weilheim, 

Germany) and a pH-meter, model 

(Microprocessor pH meter, Hanna pH 211) 

respectively. Cation exchange capacity 

(CEC) was obtained by saturation with 1M 

ammonium acetate (NH4OAc) at pH 8.1 as 

an extraction solution [19]. Total calcium 

carbonate (CaCO3) in the soil, expressed as 

the equivalent calcium carbonate (ECC) 

was determined by a rapid titration method 

[20]. The active lime or active equivalent 

CaCO3 (AECC), which is a fine particle- 

size calcite, was determined by the 0.5 M 

NH4-oxalate method [21]. Extractable P 

from the soil samples was determined by 

extracting the samples with 0.5 M NaHCO3 

[22], studied soils were classified 

according to USDA (United State 

Department of agriculture) Soil Taxonomy 

[23] as shown in Table(I).
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Table. I: Some physical and chemical properties of investigated soils.  

L
o
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ti
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Great-group 
PSD g kg

-1 

Text. 

class 
pH 

ECe 

dSm
-
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at 

25
o
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C
E

C
 

C
m
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 k
g

-1
 

av
ai

la
b
le

 

P
(m

g
 k

g
-1

) 

O.M. 

equivalent 

CaCO3  

Total Active 

Sand Silt Clay g kg
-1 

Qlyasan Haploxererts 93.55 506.7 399.75 SiCL 7.78 0.44 50.50 6.92 34.70 156.25 70 

Kanypanka Haploxerolls 34.15 528.35 437.5 SiC 8.18 0.38 51.56 5.60 30.50 33.8 20 

Arbat Xerorthents 65.0 521.25 413.75 SiC 8.07 0.31 52.46 4.56 23.10 89.65 52.5 

Bakrajow Haploxererts 65.25 501.5 433.25 SiC 7.61 0.54 47.7 5.55 24.30 327.25 117.5 

Bazyan Xerorthents 61.35 565.9 372.75 SiCL 7.44 0.46 45.28 4.49 25.85 206.1 82.5 

Serwan Haploxerolls 12.21 448.2 539.55 SiC 7.74 0.31 52.98 5.58 18.40 350.65 150 

Said Sadiq Calcixerolls 135.4 411.9 452.7 SiC 7.90 0.52 50.25 5.70 33.7 150.0 65 
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B. Phosphate sorption 

  P-sorption isotherms of soils were 

determined by equilibrating 2.000 g soil 

with 50 ml of [10, 25, 50, 75, 100, 150, 

200, 250 and 300 mg P ( as KH2PO4) L
-1

] 

solution prepared in 0.01M CaCl2 solution 

the suspensions were shaken for 24 hours 

at 25 ± 2 
o
C. After equilibration, the 

samples were centrifuged for 10 minutes 

and filtered through a Whatman No.42 

filter paper and P in supernatant solution 

was determined calorimetrically at 882 nm 

wavelength [24]. The amount of P 

adsorption/precipitation converted from 

mg P L
-1

 to mg kg
-1

 by using the formula 

[25] as: 

X/m=[(Co–C)*V]/Ws ……………….(1) 

Where: 

X/m is adsorption/precipitation of P at 

equilibrium (mg P kg
-1

) 

Co is the initial concentration of P added 

(mg P L
-1

) 

C is the concentration of P in solution after 

24-hours equilibrium (mg P L
-1

) 

V is the volume of P solution added (L) 

Ws is the oven dry weight of soil (kg) 

The experiment was run in 

triplicate, means of which were used for 

further calculation. The data so collected 

were computed according to the Linear, 

Langmuir and Frendlich equations.  

  Langmuir Model 

x/m=[(KLbC)/(1+KLC)]…………….…..(2

) 

 Frendlich Model x/m=KfC
1/n

 ………….. 

(3) 

Where: 

 C = Concentration of P in soil solution 

at equilibrium (EPC) (mg L
-1

). 

x/m = Amount of P adsorbed/ 

precipitated (mg P kg
-1

 soil). 

1/b = Slop of the line, when [C/(x/m)] vs. 

C was plotted. 

b = Maximum Adsorption (mg P kg
-1

 soil 

= Reciprocal of the slop. 

1/KLb = Y-intercept of the Langmuir 

model, when [C/(x/m)] vs. C was plotted. 

KLb = Reciprocal of Y- intercept. 

KL = Bonding energy constant (mg P L
-1

) 

= KLb/b. 

Kf = Proportionality constant for the 

Frendlich model (mg kg
-1

), 

1/n = Slop of the curve, when log(x/m) 

vs. log(C) was plotted. 

 

III. Results and Discussion: 

 

A. Phosphorus Sorption isotherm 

        Figure (1) shows the trend of P-

sorption with different rates of P 

application. Among the investigated soils 

sorbed P tends to increase with increasing 

rate of phosphate application. Phosphorus 

adsorption and equilibrium concentration 

of phosphate values for investigated soils 

are presented in Table (II). 
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Table.II: The relation between concentration of P in soil solution at equilibrium C (mg L

-1
) 

and amount of P adsorbed/ precipitated (mg P kg
-1

 soil) for investigated soils. 

Locations 

Qlyasan Kanypanka Arbat Bakrajow Bazyan Serwan Said Sadiq 

C
(m

g
/L

) 

x
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(m
g

/k
g

) 

C
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g
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) 
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g
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g

) 
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g
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g

) 
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) 
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g
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g

) 

C
(m

g
/L

) 

x
/m

(m
g

/k
g

) 

C
(m

g
/L

) 

x
/m

(m
g

/k
g

) 

C
(m

g
/L

) 

x
/m

(m
g

/k
g

) 

2.80 180 4.0 156.0 3.87 155.5 2.0 126.0 2.80 179.88 2.3 115.04 1.50 42.50 

4.27 518 8.0 422.0 8.12 421.9 5.0 502.0 4.27 518.35 7.6 193.42 13.22 262.85 

16.48 838 20.0 742.0 20.33 741.7 21.0 724.0 16.48 838.05 16.0 770.68 19.68 793.84 

21.17 1346 36.0 973.0 36.08 973.0 31.0 1104.0 21.17 1345.7 29.1 1146.63 40.89 1214.75 

33.67 1658 41.0 1481.0 40.77 1480.7 30.0 1745.0 33.67 1658.2 47.6 2637.93 76.14 1742.18 

63.12 2172 66.0 2108.0 65.67 2108.1 50.0 2510.0 63.12 2172.1 84.0 3417.45 126.89 2159.98 

68.61 3285 82.0 2943.0 82.30 2942.5 86.0 2845.0 68.61 3284.8 219.6 4109.98 287.78 3192.65 

95.13 3872 95.0 3887.0 94.54 3886.5 97.0 3815.0 95.13 3871.8 410.2 4204.63 429.2 3956.6 

198.15 5460 95.0 5130.0 94.81 5129.6 103.0 4936.0 198.15 5205.0 1623.0 6662.88 645.72 5057.0 

 

 

Phosphate adsorption and equilibrium 

concentration tend to increase with 

increasing levels of added P in all soil 

samples. The values of amounts of P 

sorbed by soil differ among various soil 

great groups the high amount from Serwan 

location was(6662.88 mg P kg
-1

) while the 

lowest from Bakrajow location was (4936 

mgP kg
-1

) and P adsorbed for other 

locations were between these two values. 

This can be attributed to physico-chemical 

properties of soils such as clay content, 

total CaCO3, and CEC (Table I). The 

higher value of the P sorption tendency for 

the soil of Serwan location this may be 

related to high CaCO3, clay contents and 

CEC. Our results are agreed with [26, 3].  

B. P Sorption Indices: 

1- Langmuir Model 
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Phosphorous adsorption data were 

plotted according to the Langmuir (plotted 

1/Xm vs. 1/C) equation for all soils the 

data show a satisfactory agreement with 

Langmuir equation table (III). The values 

of adsorption maximum (b) and bonding 

energy constant (KL) are given in table 

(III) which are ranged from (28.57 to 76.92 

mg kg
-1

 soil) and (130 to 800 L mg
-l
 P) 

respectively. And all investigated soil 

samples give high KL values, which 

indicate a strong attraction between sorbed 

P and sorbent surface. The magnitude of 

specific adsorption which is characterized 

by high bonding energy (KL) for most 

species depends on pH.  

 

Table.III: Adsorption parameters of the Langmuir model for investigated soils. 

Locations 

Langmuir parameters 

Slop=(1/b) 
b (mg kg

-

1
) 

Y-

intercept= 

(1/KLb) 

KLb 

(mg kg
-1

) 

KL(L mg
-

1
)= (KLb/b) 

R
2 

Qlyasan 0.013 76.92 0.0001 10000.0 130.0 0.903 

Kanypanka 0.024 41.67 0.00003 33333.0 800.0 0.977 

Arbat 0.024 41.67 0.00005 20000.0 480.0 0.982 

Bakrajow 0.015 66.67 0.0001 10000.0 150.0 0.964 

Bazyan 0.013 76.92 0.0001 10000.0 130.0 0.903 

Serwan 0.021 47.62 0.0003 33333.0 700.0 0.926 

Said Sadiq 0.035 28.57 0.0002 5000.0 175.0 0.997 

mean 0.021 54.29 0.00013 17381.0 366.0 0.950 

 

2- Freundlich Model. 

From the data plotted according to 

the linear form of the Freundlich model, 

almost an analogous linear relationship 

was observed. Values of the exponent (1/n) 

were ranged from (0.656 to 0.974 with 

mean 0.812). Freundilch model is 

empirical in nature and implies that 

sorption decreases exponentially with 

increasing saturation of exchange sites 

with P. Slop of Freundlich model is 

measure of the heterogenetiy system. A 

more homogeneous system will have (1/n) 

value approaching unity and more 

heterogeneous system will have 1/n value 

approaching zero [27]. It is obvious from 

Table (IV) that soil of Serwan location had 

minimum (1/n) value, i.e. 0.656 while soil 

of Kanypank location had maximum (1/n) 

value, i. e. 0.974 approaching unity.   

Therefore, soil of Kanypanka location will 

be more homogeneous while soil of 

Serwan will be more heterogeneous system 

(Table IV).  

Freundlich Kf was divided by a value 

taking the antilog of the Freundlich slop [ 

Kf/antilog(1/n)= SEPC], solution P 

concentration equilibrium (SEPC) with 

adsorbed P was calculated. These values 

were indicated in Table (IV). [28] stated 

that Kf is the amount of sorbed P that 

would sustain a unit P concentration in 

equilibrium solution. [29] described that Kf 

is dependent upon the solution 

concentration. [4] called it adsorption 

capacity while according to [30] it is extent 

of adsorption (mg kg
-1

). [4] stated that low 

Freundlich  Kf values indicate low P 

adsorption capacities at low P 

concentration ( < 1 mg P L
-1

). Moreover, 

even a large amount of P may be retained 
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by precipitation at high P concentration. Our results agree with [31]. 

 

 

Table. IV: adsorption parameters of the Freundlich model for investigated soils. 

Location 

Freundlich parameters 

Y-intercept= 

logKf) 

Kf (mg kg
-

1
) 

Slop=1/n 
Antilog 

1/n 
SEPC R

2
 

Qlyasan 2.077 119.40 0.745 5.56 21.47 0.957 

Kanypanka 1.626 42.27 0.974 9.42 4.49 0.963 

Arbat 1.630 42.66 0.972 9.38 4.55 0.963 

Bakrajow 1.930 85.11 0.828 6.73 12.65 0.945 

Bazyan 2.083 121.06 0.739 5.48 22.09 0.955 

Serwan 2.004 100.93 0.656 4.53 22.28 0.870 

Said Sadiq 1.674 47.21 0.767 5.85 8.07 0.950 

mean 1.860 79.81 0.812 6.707 10.63 0.953 

 

IV. Conclusions: 

 Phosphorus added to calcareous 

soils was removed from soil solution by 

the combination of adsorption and 

precipitation processes. The P adsorption 

data was described by Langmuir  and 

Freunblich isotherms. The linear forms of 

the Langmuir  and Freunblich equations 

were used to calculate the parameters of 

the equations. High values of Bonding 

energy constant (KL) (mg P L
-1

)  for all 

investigated soil samples indicated strong 

attraction between sorbed P and sorbent 

surface. In soil with high P sorption 

capacities and strong P binding energy 

(like our soils), added to soils a less soluble 

P source that releases P to soil solution in 

smaller concentrations spread over a longer 

period and slow down the P fixation 

reaction in soil.   

  

References 

[1] I. C. R. Holford, R. W.M. Wedderburn, and G. E. G. Mattingly, “A Langmuir two- surface 

equation as a model for phosphate adsorption by soils” J. of Soil Sci, 25 (2), pp. 242- 

255, (1974). 

[2]  F. C. Sample, R. J. Soper, and G. J. Raez, “Reaction of phosphate Fertilizers in Soils. In: 

The Role of phosphate in Agriculture” Khasawnch, F. L. et al. (Eds), Am Soc. 

Agronomy, Crop Sci. Soc. Am. And Soil Sci. Am., Madison, WI, (1980).   

[3] V.B.  Ali, V. Uygur, S. Karaca, S. Usta, O. Dengiz, and S. Aydemir, “Phosphorous 

Sorption in some Great Groups of Semi- Arid Region of Turkey”  In:  J. of Soil Sci. 3 

(2), pp. 75-82, (2008). 

[4] M. Zhou, and Y. Li, “Phosphate- sorption characteristics of calcareous soils and limestone 

from the southern everglades and adjacent farmlands” Soil Sci. Soc. Am. J. 65,  pp. 

1404-12, (2001). 



 

Journal of Zankoy Sulaimani- Part A, Special Issue, Vol. 16, 2014. 

 

138 

 

[5] A.  Samadi, “Phosphorus Sorption Characteristics in Relation to Soil Properties in Some 

Calcareous Soils of Western Azarbaijan Province” J. Agric. Sci. Technol. 8,  pp. 251-

264, (2006).  

[6]  J. K. Syers, and D. Curtin, “Inorganic reactions containing phosphorus in the spodic 

horizon” Ph D Diss. Univ. of Florida. Gainesville, FL, (1998).   

[7]  B . Castro, and J. Torrent, “Phosphate sorption by calcareous vertisols and inceptisols as 

evaluated from extended P-sorption curves” Eur. J. Soil Sci., 49,  pp. 661-667, (1998). 

[8] C. Saavedra, and A. Delgado, “Phosphorus fractions and release patterns in typical 

Mediterranean soils” Soil Sci. Soc. Am. J., 69,  pp. 607-615, (2005). 

[9]  M. Li, Y. L. Hou, and B. Zhu, “Phosphorus sorption-desorption by purple soil of China in 

relation to their properties” Aust. J. Soil Res., 45, pp. 182- 189, (2007). 

[10] M. E.  Hamad, D. L. Rimmer, and J. K. Syers,” Effect of iron oxide on phosphate 

sorption by calcite and calcareous soils” J. Soil Sci., 43, pp. 273-281, (1992). 

[11] S. Tunesi, V. Poggie, and C. Gessa, “Phosphate adsorption and precipitation in 

calcareous soils: The role of calcium ions in solution and carbonate minerals” Nutr. 

Cycl. Agroecosyst., 53, pp.219-227, (1999). 

[12]  J. A. Carreira, B. Vinegla, and K. Lajtha, “Secondary CaCO3 and precipitation of P-Ca 

compounds control the retention of soil P in arid ecosystem” J. Arid Environ, 64, pp. 

460-473, (2006). 

[13]  W. Stumm, and J. O. Leckie, “Phosphate exchange with Sediments. It’s Role in the 

Productivity of Surface Water. In: Advances in Water Pollution Research” Vol. 2, Part 

3, Pergamon Press, pp.26/1-26-16, (1970). 

[14] J. De Kanel, and J. W. Morse, “The chemistry of orthophosphate uptake from seawater 

on to calcite and aragonite” Geochim. Cosmochim, Acta, 42, pp. 1335-1340, (1978). 

[15]  F. Millero, F. Huang, X. Zhu, X. Liu, and Z. Jia-Zhong,”Adsorption and desorption of 

phosphate on calcite and aragonite in seawater” Aqua. Geochem., 7, pp. 33-56, (2001). 

[16] T. Chad, N.K. Tomar and J. P. Singh, (1991). “Effect of soil Properties on the Forms of 

Inorganic Phosphorus in Alkaline- calcareous Soils of Different Agroclimatic Zones. 

Arid Soil Research and Rehabilitation” 5, pp. 199- 210, (1991). 

[17] G. W. Gee, and J. W. Bauder, “Particle-size analysis. P 383-412.In A. Klute (ed.) 

Methods of soil analysis: Physical and mineralogy methods”, Part I. Second ed. ASA 

and SSSA, Madison, WI, (1986). 

[18] D. W. Nelson, and L.E. Sommer,”Total carbon, organic carbon and organic matter. In: 

Page, A.L., R.H. Millerand D.R. Kreney,(eds) Methods of Soil Analysis” pp. 539-

579Part.2Agron. 9 SSSA. Madison, W.I. USA, (1986). 

[19]  D. L., Suarez, “Beryllium, Magnesium, Calcium, Strontium, and Barium. pp. 575-601. 

In: Sparks, D. L. (ed.) Methods of Soil Analysis: Chemical Methods” Part 3. Soil Sci. 

Soc. of Am., Madison, WI, (1996). 

[20]  G. E. Rayment, and F. R. Higginson, “Australian Laboratory Handbook of Soil and 

water Chemical Methods” Inkata Press. Melbourne, (1992). 

 [21] Drouineau, “Dosage rapide du calcaire actif du soil: nouvelles donnees surla separation 

et al nature des fractions calcaires” Ann Agron., 12,  pp. 441-450, (1942).   



 

Journal of Zankoy Sulaimani- Part A, Special Issue, Vol. 16, 2014. 

 

139 

 

 [22]  S. R. Olsen, C.V. Cole, F.S. Watanabe and L. A. Dean, “Estimation of Available 

Phosphorus in Soils by Extraction with Sodium Bicarbonate” Circ. No.939, USDA. U. 

S. Government  Printing Office, Washington, D. C, (1954). 

[23]  Soil Survey, “Soil Taxonomy: A Basic System of Soil Classification for Making and 

Interpreting Soil Survey” USDA-NRCS. Agric. Handbook No.436.U.S.Government 

Printing Office. p. 870, (1999). 

 [24]  F. S. Watanabe, and S. R. Olsen, “Test of an ascorbic acid method for determining P in 

water and NaHCO3 extracts from soil” Soil Sci. Soc. Am. Proc., 29, pp. 977-8, (1965). 

[25]  L. K. John, “Phosphorus Fractionations. In: Methods of Phosphorus Analysis for Soils, 

Sediments, Residuals, and Waters” Southern cooperative series bulletin No. 396 (Eds) 

Gary M. Pierzynski. North Carolina State University, USA, (2000).   

[26]  A. Samadi, “Change in Added Available Phosphorus with Time in Contrasting 

Calcareous Soils with a Mediterranean Type of Climate” 7
th

 International Meeting on 

Soils with a Mediterranean Type of Climate. Bari, Italy pp. 231-234, (2001). 

[27]  T. Gregory, L. Kams Chelsey and Ken D. Shimiza, “A critical examination of the use of 

the Fruendlich isotherm in characterizing molecularly imprinted polymers(MIPS). 

Analytica Acta., 528,  pp.  107-13, (2005). 

[28] B. T. Bowman, “Conversion of Freundlich adsorption k values to mole fractions format 

and the use of Sy values to express relative adsorption of P pesticides” Soil Sci .Soc. 

Am. J., 46, pp. 740-3, (1982). 

 [29]  S. Kuo, and E. G. Lotse,  “Kinetics of phosphate adsorption and desorption by lake 

sediments” Soil Sci .Soc. Am. Proc., 38, pp. 50-4, (1974). 

[30]  G. S.  Bahl, and G. S. Toor, “Influence of poultry manure on phosphate availability and 

the standard phosphate of crop estimated from quantity-intensity relationships in 

different soils” Bioresource Tech.  85, pp. 317-22, (2002).   

[31] H., Amjad, Abdul Ghafoor and M. Ghulam, “Use of Models for Phosphorus Adsorption 

on Some Sodic Soils of Punjab” In: J. of Agric. and Biol. 8 (2), pp. 241-248, (2006). 


