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Abstract We studied the effects of poultry manure and

pistachio compost with and without phosphorus fertilizer

on the kinetics of phosphorus desorption in two calcareous

soils of Kerman and Koohbanan farms in the southeastern

of Iran. For this purpose mono potassium phosphate, at

rates of 0, and 100 parts per million of phosphorus, and air-

dried manure, at rates of 0 and 4% were mixed with the

soils. The soils were incubated at 24–25�C and near field

capacity for 90 days in the greenhouse. Afterwards, the

desorption of P was studied by the successive extraction

with 0.5 M NaHCO3. The results of this research indicated

that application of OM and fertilizer P combined increased

P recovery in each of the extraction time, adding poultry

manure and 100 mg phosphorus together to the soils,

increased P desorption more than pistachio compost in the

soils. The phosphorus desorption rate was initially rapid

and then became slower until equilibrium was approached.

Kinetic data were best described by power function and

simple Elovich equations. Subsequent to these equations,

parabolic diffusion equation was also well fitted the time-

dependent P desorption data.

Keywords Phosphorus � Desorption � Kinetics equations �
Organic matter

Introduction

Application of phosphorus (P) fertilizers in agricultural

calcareous soils has introduced some problems mainly

because of P adsorption, precipitation, low recovery and

accumulation in soil. Decrease in availability of P is sug-

gested to be a complex function of several factors such as:

soil chemical composition, amount and reactivity of sili-

cate clays, CaCO3, Fe oxides, P addition rates and time

(Afif et al. 1993). Organic sources of P are known to

increase P availability more than inorganic P fertilizers and

enhance efficient use of applied P fertilizer (Mohanty et al.

2006). The synergistic effect of manure application along

with P fertilizer on increasing soil test P concentration has

been reported by Toor and Bahl (1997); Reddy et al.

(1999); Mkhabela and Warman (2005) and Garg and Bahl

(2008).

The voluminous literature studies on soil P document

the importance of its role in nature. Phosphorus is less

abundant in soils than nitrogen and potassium. Total P in

surface soils varies from 0.005 to 0.15%. The quantity of

total P in soils has little or no relationship to the availability

of phosphorus to plants (Havlin et al. 1991; Tisdale et al.

1985). Phosphorus desorption and retention by soils plays a

crucial role in both crop production and environmental

protection. In 1840s, P was identified as an essential plant

nutrient (Jiao et al. 2007). Barrow and Shaw (1975b)

suggested that soil phosphate can be considered as accruing

in three compartments A$ B $ C. Compartment A rep-

resents phosphate in the soil solution. The equilibrium

between A and B is rapid, hence compartment B is defined

as containing the phosphate in direct equilibrium with the

soil solution. The transfer of phosphate between compart-

ments B and C is much slower and the phosphate is held

more firmly in compartment C. Phosphorus desorption
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from soil colloids is one of a series of rate processes that

govern P uptake by roots and subsequent utilization in

plant growth (Elkhatib and Hern 1988). Therefore, the rate

of desorption of P from the solid matrix to maintain the

solution P concentration is of importance, because the

adsorbed P as such cannot be utilized by plants unless it

passes into soil solution by a desorption step (Nagarajah

et al. 1968). In addition, the P desorption from soil is a

significant risk factor to surface water quality. The move-

ment of phosphorus from agricultural land to surface water

can lead to accelerated eutrophication, especially when

external pollution is reduced (Correll 1998; Abrams and

Jarrell 1995; Xie et al. 2003). Soil P desorption to solution

was likely controlled by a combination of Fe (strengite),

AL (variscite), and Ca (hydroxyapatite) complexes

(McDowell and Sharpley 2003). Also the calcareous soils

generally desorbed more P than the acid soils (Raven and

Hossner 1994). Crops growing in large region of the

world’s agricultural soils respond to phosphate fertilization

(Bohn et al. 1985). Desorption of P is related to soil P

concentration and therefore, strongly influenced by P

additions of fertilizers and manures (McDowell and

Sharpley 2001). Soil management practices such as the

addition of organic matter to the soil may modify the

amount of available P found in soil (Sing and Jones 1976).

The kinetics of P desorption in soils is a subject of

importance in soil and environmental sciences primarily

because P uptake by plants spans over time. Therefore,

kinetic information is required to properly characterize the

P supplying capacity of soils, to design fertilizer P man-

agement to optimize efficiency, and to reduce environ-

mental pollution (Skopp 1986). On the other hand, the

kinetic investigation of soil P desorption is considered an

excellent tool for assessing the status of soil phosphorus

and studying the reaction mechanisms (Olsen and Kha-

sawneh 1980; Skopp 1986). In many studies of phosphate

desorption in soils, it is common to observe that the reac-

tion rate is very rapid at first, and then it declines slowly as

the apparent equilibrium is approached (Chien and Clayton

1980; Toor and Bahl 1999; Shariatmadari et al. 2006;

Amer et al. 1955; Evans and Jurinak 1976). It seems that

the amount and rate of desorption will be affected by the

time of prior contact between soil and phosphate (Barrow

and Shaw 1975a). Phosphorus desorption kinetics and its

sorption by soil are very complex. Several researchers have

extensively studied P desorption kinetics from soils and the

ability of kinetic models to describe P desorption (Chien

and Clayton 1980; Toor and Bahl 1999; Elkhatib and Hern

1988; Yang and Skogley 1992). The parameters of these

equations are used to interpret the phosphorus desorption

from soils. The relationship between the amount of phos-

phate desorbed or absorbed and the time has been

described by zero order (Pavlatou and Polyzopoulos 1988),

first order equations (Elkhatib and Hern 1988; Pavlatou and

Polyzopoulos 1988; Amer et al. 1955), the parabolic dif-

fusion (Evans and Jurinak 1976; Pavlatou and Polyzopo-

ulos 1988; Shariatmadari et al. 2006; Vig and Dev 1979),

Elovich equations (Chien and Clayton 1980; Shariatmadari

et al. 2006; Raven and Hossner 1994; Sharpley 1983) and

power function equations (Kuo and Lotse 1973). These

studies have pointed out that P desorption can quite satis-

factorily be explained using different kinetics equations,

but no single equation can be considered the best for all

studies and soils. Relatively little has been reported on the

P desorption kinetics in treated organic manure soils. The

objectives of this study were: (1) to study different levels of

applied P fertilizer on P release from soils, (2) to evaluate

the impact of poultry manure and pistachio compost and

their interaction with applied P fertilizer on P desorption

characteristics, (3) to compare the ability of the zero order,

first order, second order, third-order, parabolic diffusion,

power function, simple Elovich equations to describe P

desorption rate from control and organic matter amended

soils, (4) to select the best equation for describing the

kinetics of P desorption and (5)to compare the coefficient

rates of these equations in two calcareous soils of Kerman

in the east-southern Iran. Such information is useful in

predicting the fate of added P fertilizer in soils and making

reliable P fertilizer recommendations.

Materials and methods

Two fertilized soil samples were used in this study. Soil

samples (0–30 cm) were collected from ShahidBahonar

University Research Farm (UF) and Koohbanan farm (KF)

from Kerman province in the southeastern Iran. Soil sam-

ples were air-dried, ground and passed through a 2-mm

sieve for the determination of the soil properties. Some of

the properties of the soils are given in Table 1. Particle size

was determined by the hydrometer method (Gee and

Bauder 1986). Soil pH was determined in the saturation

mud of soil using a combination electrode (Thomas 1996).

Electrical conductivity (ECe) was measured in the soil

saturation extract using a conductivity meter (Rhoades

1996). Olsen-extractable phosphorus (Olsen-P) (Olsen

et al. 1954) organic C (OC) by the wet oxidation method

(Walkley and black 1934). Cation exchange capacity

(CEC) was obtained through saturation with 1 M NH4OAC

at pH = 7 (Sumner and Miller 1996). Calcium carbonate

(CaCO3) was determined by titration (Nelson 1982), and

extractable Fe, Zn and Cu concentration with EDTA were

determined by atomic absorption spectrometry (AAS)

(Viro 1955).
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Organic matter characteristics

The organic matters used in the study were poultry manure

(M1) and pistachio compost (M2). Samples were air-dried

and ground to pass through a 0.2-mm sieve, and analyzed

for some chemical characteristics (Table 2). Soil pH was

measured in 1–5 organic matters: water suspension, OC by

the wet oxidation method (Walkley and black 1934), P by

the vanadomolybdate phosphate method in a nitric acid

system (Jackson 1967). EC was determined in 1–5, organic

matters to water suspension by conductivity meter. Zn and

Cu were determined by atomic adsorption spectrometry

(Viro 1955).

Treatments

300 g of samples of each soil were placed in sets of the

plastic containers. Mono potassium phosphate fertilizer, at

rates of 0 (P0), and 100 (P100) parts per million of phos-

phorus, and air-dried poultry manure (M1) and pistachio

compost (M2) at rates of 0 and 4% were mixed with the

soils. The experimental design was CRD with two factor

organic matters (OM) and P and each treatment was rep-

licated three times.

Incubation study

The soils were incubated at 24–25�C and near field

capacity for 90 days in the greenhouse. Soil samples were

drawn after 90 days of incubation, dried, ground, and then

used for studying the kinetics of P desorption. For P

desorption studies, the soil samples were extracted by

procedure using 0.5 M NaHCO3 solutions. 1 g of each soil

was accurately transferred to 50 ml polythene tubes along

with 20 ml of 0.5 M NaHCO3 (pH: 8.5) solution. These

samples were shaken for 11 different periods: 5, 10, 15, 30,

60, 120, 240, 480, 1,440, 2,880 and 4,320 min on an orbital

shaker at 25�C. The supernatants were filtered by watman

filter paper No. 42. The P concentration in the extract was

determined by the ascorbic acid method (Watanabe and

Olsen 1965).

The kinetics of P desorbed was evaluated using the zero

order, first order, second order, third order, simple Elovich,

power function, parabolic diffusion equation. Seven

mathematical models used to describe the kinetic desorp-

tion of P are given in Table 3. The equation used to

describe the kinetics of P desorption was evaluated

according to its coefficient of determination (r2) and stan-

dard error of estimate (SE) (Chien and Clayton 1980). The

standard error was calculated as follows:

SE ¼
X

q� q0ð Þ2
.

n� 2ð Þ
h i1=2

where q and q0 are the measured and predicted amounts of

desorbed P at time t, respectively, and n is the number of

measurements. Various Prate desorption parameters were

subsequently obtained from fitted equations as follows:

a and b from power function equation (Dang et al. 1994;

McDowell and Sharpley 2003). The as and bs from Elovich

equation (Chien and Clayton 1980), and kp and qo from

parabolic diffusion equation (Brar and Vig 1988; Toor and

Bahl 1999).The various P rate desorption parameters were

subsequently obtained from fitted equations.

Statistical analysis

All data were processed by Microsoft Excel 2003, and the

regression of linear and other statistical analyses were

conducted using the SPSS 11.5 software.

Results and discussion

Some chemical and physical properties of the studied soils

are given in Table 1. Clay and CaCO3 content ranged from

19 to 24% and from 17.2 to 38.35%, respectively. The soils

Table 1 Selected physicochemical properties of the studied soils

Soil pH ECe
a

(dsm-1)

CECb

(cmol kg-1)

OMc

(%)

CaCo3
d

(%)

Clay

(%)

Silt

(%)

Sand

(%)

Olsen-p

(mg kg-1)

EDTA-extractable

Fe

(mg kg-1)

Zn

(mg kg-1)

Cu

(mg kg-1)

UFe 7.81 3.60 8.79 0.69 17.20 19.00 12.00 69.00 4.276 0.40 1.95 0.51

KFf 7.18 1.13 12.20 0.48 38.35 24.00 44.00 30.00 1.532 0.12 4.20 0.92

a Electrical conductivity, bcation exchange capacity, corganic matter, dcalcium carbonate, esoil of Shahid Bahonar University farm, fSoil of

Koohbanan farm region

Table 2 Some chemical characteristics of organic matter used

Organic matter pH EC

(dsm-1)

P

(%)

Cu

(mg kg-1)

Zn

(mg kg-1)

Poultry manure

(POM)

7.90 8.10 0.95 90.00 200.00

Pistachio compost

(PIC)

8.25 7.24 0.12 1.00 8.50
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were with pH 7.81 and 7.18, electrical conductivity (ECe)

3.60 and 1.13, Olsen-extractable phosphorus 4.276 and

1.532 and OM 0.69 and 0.48 and clay content 19.00 and

24%.

P fertilizer application on release of P

Release of P from the soils was rapid at first few hours and

more slowly continued until an apparent equilibrium was

approached. The amount of P was released at any time

increases with the level of P fertilizer cumulative P

desorption curves are presented in Fig. 1. In the control and

treated soils with P fertilizer, there was a sharp initial

increase in the desorbed P of the first time up to 240 min

followed by a continued slow desorption up to 4,320 min.

The gradual reduction in P release rate with time maybe a

result of decreased surface charge and subsequent decrease

in the interaction between the adsorbed phosphorus ions as

desorption reaction progressed (Kuo and Lotse 1974).

McDowell and Sharpley (2003) believed that P desorption

and diffusion from inside of soil particles probably was the

rate limiting steps in short- and long term P release reac-

tions, respectively. De Smet et al. (1998) also related the

initial fast and the final slow P release processes from non-

calcareous soils to desorption and diffusion–dissolution

reactions, respectively.

Organic matter and kinetics of P desorption

The data of the two soils showed an increase in the

cumulative P desorbed with increasing shaking period with

and without OM. Cumulative P desorption curves are

presented in Fig. 2. In both the control and treated samples,

there was a sharp initial increase in the desorbed P of the

first time up to 240 min followed by a continued slow

desorption up to 4,320 min. Elrashidi et al. (1975) sug-

gested that there were two forms of P in highly calcareous

soils: a quickly desorbed form and a slowly desorbed form,

both of which were desorbed simultaneously during the

initial 6–12 h. But after this period, only the slowly des-

orbed form occurred till 72 h when equilibrium was

established. Shariatmadari et al. (2006) suggested that

Table 3 Equations tested to

describe P desorption kinetic

data (Dang et al. 1994)

qt (mg P kg-1) is the amount of

P desorbed after t (s) period of

extraction, and q0 (mg P kg-1)

is that present at t = 0 initially

Model Equation Parameters

Zero order qt = q0 - k0 t k0, zero order rate constant (mg P kg-1s-1)

First order ln qt = ln q0 - k1t k1, first-order rate constant (s-1)

Second order 1/qt = 1/q0 - k2t k2, second-order rate constant [(mg P kg-1)-1]

Third order t 1/qt
2 = 1/qo

2 - k3 k3, third-order rate constant[(mg P kg-1)-2 s-2]

Parabolic diffusion qt = q0 - kp t1/2 kp, diffusion rate constant [(mg P g-1)-0.5]

Simple Elovich qt = 1/bs ln (asbs)

? (1/bs) ln t
as, initial P desorption rate (mg P kg-1 s-1), bs

P desorption constant [(mg P kg-1)-1]

Power function qt = atb a, initial P desorption rate constant (mg P kg-1 s-1)b;

b, desorption rate coefficient [(mg P kg-1)-1
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Fig. 1 The cumulative desorbed of phosphorus as a function of time

in the control and treated soils with 100 mg P kg-1
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mean rate of P desorption from soils at initial time

(t = 0.25 h) was about 300 times as much as the P

desorption rate at final time (t = 72 h). Toor and Bahl

(1999) studied P desorption from manure-amended soils

using 0.01 M CaCl2 solution. They reported that for

cumulative desorbed P there were two reactions, the faster

initial reaction which was followed by a slow secondary

reaction. They observed that there was a initial faster

reaction occurred up to 8 h, followed by a slow secondary

reaction until 24 h.

This initial rapid P desorption was a characteristic of

more labile P, while the latter fraction may be rated as less

mobile, and this is known to be proportional to the number

of phosphate-occupied sites (Kuo and Lotse 1973). Rela-

tively higher surface coverage of soil with P and the easy

replacement of the adsorbed phosphate ions may be

attributed to a higher initial P desorption from the soil. The

initial rapid desorption corresponded to the rapid dissolu-

tion of poorly crystalline or the amorphous phosphates in

the soils, which were metastable and ultimately converted

to crystalline forms such as octocalcium phosphate and

hydroxyl apatite (Evans and Jurinak 1976; Griffin and

Jurinak 1974).The slower second reaction may be attributed

to the desorption of surface labile P and slow dissolution of

the crystalline phosphate compounds in the soils (Toor and

Bahl 1999). The desorption rate of phosphorus from soil can

be attributed to several different processes. Three common

P desorption mechanisms observed in the soils are the dis-

solution of various P minerals, the desorption of P from

mineral surfaces, and the desorption of P from OM (min-

eralization). Desorption rates of P can vary depending on

the mineral surface and sorption mechanisms. The disso-

lution rate of phosphorus minerals depends on the species,

crystallinity, and the particle size of mineral (Hosseinpur

and Biabanaki 2009).

The results presented demonstrated that the pattern of P

desorption was similar in the two soils but the content of P

desorption in the rate of desorption in the UF soil was

greater than that of the KF soil at all times (Fig. 1),

because, the analysis of physicochemical properties of the

studied soils demonstrated that the rate available phos-

phorus in UF soil was more than that the KF soil, and the

rate of P concentration in the UF soil was about three times

in KF soil. McDowell and Sharpley (2003), reported that

the rate of desorption phosphorus increased with increasing

Olsen P in the soils. The addition of OM (M1 and M2)

increased P desorption in the soils along time more than

control soils (Fig. 2). The P desorption rate was higher in

the poultry manure-amended soils than that of the pistachio

compost-treated soils. This was true at all incubation

periods. This increase was significant at 0.05 levels. The

reason that higher amounts of P were desorbed from

the soil samples incubated with poultry manure is probably

the higher contribution of mineralized P by poultry manure.

Microbial immobilization of P could have contributed to

the lower amounts P desorbed from the samples incubated

with pistachio compost. Sing and Jones (1976) also

reported that higher amounts of P were desorbed from soil

samples incubated with poultry manure followed by barley,

beans, and alfalfa than with the control soil. The increase of

P desorption in the amended soils may be attributed to the

relatively high values of total P and OM in the sewage

sludge (Hosseinpur and Pashamokhtari 2008). P desorption

in fertilizer and poultry manure treatments was reported by

Toor and Bahl (1999); they reported that OM helped in

maintaining the crystalline products of phosphate and cal-

cium phosphate in metastable or poorly crystalline forms

through studying P desorption in fertilizer and poultry

manure treatments. Also, OM increased the net negative

surface charge and reduced the soil phosphate adsorption

capacity (Jiao et al. 2007). On the other hand, OM may

compete with P for sorption on the soil particle surfaces

through blocking the adsorption sites and therefore may

enhance the rate of P desorption (Shariatmadari et al.

2006). Organic compounds in the soils increased phos-

phorus availability through (1) formation of organophos-

phate complexes that are more easily assimilated by plants

(2) anion replacement of H2PO4
- on adsorption places (3)

coating of Fe/Al oxides by humus to form a protective

cover and decreased P desorption, and (4) increasing the

quantity of organic phosphorus mineralized to inorganic P

(Havlin et al. 1991).

P fertilizer with organic matter application

on release of P

The phosphorus release patterns of treated soils with both

OM and P fertilizer are presented in Fig. 3. Application of

OM and fertilizer P combined increased P recovery in each

of the extraction time.

The same trends were observed for both soils. It was

observed that P release from treated soils was initially rapid

with a slow reaction continued. As is clear, in the each

level of phosphorus fertilizer, application of OM increased

release rate of phosphorus from the soils. In each of the

extraction time can be separately observed that adding

poultry manure (M1) and compost Pistachio (M2) in each

level of fertilizer P, phosphorus was released greater from

the soils than the control sample. It was observed the

highest rate of P was released in the treatment combined

poultry manure and 100 mg of fertilizer phosphorus levels.

This result shows that application of OM increased the

efficiency of fertilizer P, that this effect was greater in the

poultry manure. Toor and Bahl (1997) and Halajnia et al.

(2009) showed that the combined addition of poultry

manure and fertilizer P had a synergistic effect and
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increased Olsen extractable P when compared with fertil-

izer P alone. Garg and Bahl (2008) reported that organic

manure addition along with inorganic P, irrespective of the

source, increased Olsen extractable P throughout the

incubation period. Ohno et al. (2005) showed that appli-

cation of animal manures may increase the bioavailability

of soil P by increasing the concentration of soil dissolved

organic C (DOC).

Kinetic equation

The coefficients of determination (r2) and the standard

errors of estimate (SE) for kinetic equations, which were

tested to describe the P desorption data, are presented in

Table 4. Results of the statistical analysis (data not shown)

showed that, because of low r2 and high SE, zero-, first-,

second- and third-order equations could not describe

desorption of P. And because of the high coefficient of

determination and low standard error of estimate in treated

and untreated soils, measured data were best fitted using

the power function law (r2 = 0.94 to 0.98 and SE = 0.04

to 0.08), simple Elovich (r2 = 0.96 to 0.99 and SE = 0.03

to 0.06), and parabolic diffusion law (r2 = 0.75 to 0.95 and

SE = 0.06 to 0.20) equations. The constants of these

equations are shown in Table 5. These fitted equations

have also successfully described the P desorption kinetics

from soils by other researchers. McDowell and Sharpley

(2003) studied the desorption kinetics as a function of soil

test P concentration and indicated that power function

equation could describe P desorption in the soils. Also,

Shariatmadari et al. (2006) reported simple Elovich, power

function law and parabolic diffusions as the best descrip-

tive models for P desorption in some calcareous soils of

selected arid and semiarid toposequences.

The parabolic diffusion equation: qt ¼ q0 � kp t0:5 was

used for P desorption from the two soils (Fig. 4). Where, qt

is the quantity of the phosphorus desorbed in time t, kp is

the diffusion rate constant (desorption rate factor) and qo is

the initial concentration of P in the soil solution (related to

intensity parameter). The parameters for this equation are

reported in Table 5. The values of kp and q0 were generally
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Fig. 3 Intraction of phosphorus and organic matter on the cumulative

desorbed of phosphorus as a function of time UF (a), KF (b)

Table 4 Coefficients of determination (r2) and standard errors of estimates (SE) for kinetic equations used to describe the P desorption data

Soils Zero order First order Second order Third order Parabolic diffusion Power function Simple Elovich

r2 SE r2 SE r2 SE r2 SE r2 SE r2 SE r2 SE

UF

Control 0.64 0.12 0.53 0.31 0.41 0.41 0.30 1.91 0.85 0.12 0.96 0.07 0.99 0.03

M1 0.70 0.10 0.56 0.22 0.41 0.43 0.36 1.63 0.83 0.10 0.98 0.04 0.99 0.03

M2 0.68 0.11 0.57 0.26 0.46 0.42 0.36 1.65 0.95 0.06 0.96 0.06 0.99 0.04

P100 0.71 0.12 0.58 0.29 0.48 0.43 0.37 1.63 0.80 0.14 0.98 0.04 0.96 0.06

P100 ? M1 0.70 0.10 0.57 0.22 0.45 0.42 0.36 1.61 0.81 0.14 0.97 0.06 0.99 0.04

P100 ? M2 0.68 0.12 0.57 0.26 0.46 0.42 0.35 1.62 0.84 0.13 0.98 0.04 0.99 0.03

FK

Control 0.68 0.11 0.56 0.27 0.44 0.41 0.36 1.64 0.88 0.11 0.96 0.06 0.98 0.04

M1 0.71 0.13 0.59 0.23 0.45 0.45 0.37 1.66 0.75 0.20 0.94 0.08 0.99 0.03

M2 0.68 0.12 0.57 0.26 0.46 0.42 0.35 1.62 0.83 0.14 0.96 0.05 0.99 0.03

P100 0.66 0.11 0.53 0.33 0.42 0.43 0.30 1.91 0.84 0.14 0. 96 0.06 0.97 0.05

P100 ? M1 0.70 0.10 0.57 0.22 0.45 0.43 0.36 1.62 0.76 0.20 0.96 0.07 0.98 0.04

P100 ? M2 0.70 0.12 0.58 0.24 0.46 0.42 0.36 1.64 0.82 0.14 0.96 0.06 0.98 0.04
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higher in the combined treatment of M1 and M2 than that of

the control treatment. Also, these parameters were highest

in the soil samples incubated with M1. This difference was

significant at 0.05 levels. Toor and Bahl (1999) suggested

that the parabolic constants, diffusion rate (kp) and the

initial soil solution P concentration (q0) were generally

higher in the combined treatment with M1.

The Elovich model in the linear form of qt =1/bs. In as

bs ?1/bs lnt (Simple Elovich equation) was tested by plot-

ting the cumulative P desorbed as a function of the log of

time, where, qt is the concentration of P in the soil (mg kg-1)

at any given time, t is the time (s) and as and bs are the

desorption constants (mg kg-1). A linear relationship exists

between ‘qt’ and ‘lnt’ for each of the treatments used in

studied soils (Fig. 5). Simple Elovich equation parameters

were determined from the slope and intercept of the linear

plots. The constants of this equation are shown in Table 5.

The Elovich constants, ‘‘as’’ increased and ‘‘bs’’ decreased

with the application of poultry manure and pistachio com-

post in the studied soils. An increase in the value of ‘‘as’’ and

a decrease in the value of ‘‘bs’’ is indicative of an increase in

the rate of desorption (Chien and Clayton 1980).

The kinetic data of P desorption were used to test the

suitability of the power function equation: qt = a tb or

lnqt = lna ? b lnt, where, qt is the quantity of the P des-

orbed in time t, and ‘‘a’’ is the initial P desorption rate

constant (mg kg-1), and ‘‘b’’ is the desorption rate coeffi-

cient (mg kg-1). A linear relationship exists between ‘lnqt’

and ‘lnt’ for each of the treatments used in the soils studied

(Fig. 6). The constants of this equation are shown in

Table 5 Rate parameters of kinetic models fitted on P desorption

data in the studied soils

Soils Parabolic diffusion Power function Simple Elovich

q0 kp a b as bs

UF

Control 3.38 0.011 1.200 0.195 0.030 1.05

M1 40.79 0.078 17.29 0.120 3.890 0.160

M2 10.20 0.027 3.250 0.159 0.206 0.459

P100 26.30 0.050 12.80 0.105 5.210 0.274

P100 ? M1 70.68 0.089 38.09 0.087 112.5 0.138

P100 ? M2 43.24 0.063 22.10 0.095 25.85 0.199

FK

Control 1.09 0.007 0.131 0.295 0.004 1.720

M1 40.26 0.074 16.19 0.125 3.450 0.162

M2 7.33 0.018 2.573 0.146 0.229 0.709

P100 17.41 0.028 8.499 0.101 5.950 0.459

P100 ? M1 53.06 0.079 25.03 0.104 16.91 0.151

P100 ? M2 31.84 0.039 17.64 0.083 69.81 0.317
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Fig. 4 Kinetics of P desorption from UF (a) and KF (b) by NaHCO3

during 4,320 min (259,200 s) as described by parabolic diffusion

equation
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Fig. 5 Kinetics of P desorption from UF (a) and KF(b) by NaHCO3

during 4,320 min (259,200 s) as described by simple Elovich

equation
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Table 5. In comparison to the control soils, the value of

‘‘a’’ increased and the value of b decreased in the combined

treatment with poultry manure and pistachio compost. An

increase in the value of ‘‘a’’ constant and decrease in the

value of ‘‘b’’ constant from power function rate equation

probably indicates an increase in the rate of desorption

from soils (Dang et al. 1994).

Conclusion

This research shows that availability of P fertilizer in cal-

careous soils positively correlate with OM of soil. Interac-

tion between P fertilizer rate and OM increase availability

of P in soil. Application of OM increased the efficiency of

fertilizer P, that this effect was greater in the poultry man-

ure. Kinetics of soil phosphorus desorption in some treated

OM agricultural soils in the east-southern Iran were asses-

sed. The research results showed that, phosphorus release in

the ShahidBahonar University research farm and Koohba-

nan farm in the control and in the OM amended soils were,

at first, rapid and then became slower until equilibrium was

reached. The faster initial reaction corresponded to the rapid

dissolution of poor crystalline or amorphous phosphates,

and the slower, second reaction was attributed to the

desorption of surface labile P and slow dissolution of the

crystalline phosphate compounds in the soils. The results

demonstrated that the patterns of P desorption were similar

in the two soils but the content of P desorption in the UF soil

was at all times, greater than that of the KF soil. As such, the

results presented demonstrated that the kinetics of P

desorption increases with Olsen-P concentration. Along

time, the addition of OM (M1 and M2) increased the P

desorption in the soils more than that the control soils. The P

desorption rate was higher in the poultry manure-amended

soils than that of the pistachio compost-treated soils. This

may be attributed to the higher contribution of mineralized

P by poultry manure. Seven kinetics equation models were

tested to describe the phosphorus desorption in the soils.

The kinetic data were best described by power function and

simple Elovich equations as evidenced by the relatively

higher values of determination coefficient (r2) and the rel-

atively lower values of the standard error of estimate. Fol-

lowing these equations, parabolic diffusion equation was

also well fitted the time-dependent P desorption data.

Desorption rate constants of these equations indicated that

the application of the OM can be effective on the rate of P

desorption in the soil. Therefore, results from this study

indicated that application of OM and fertilizer P combined

increased P recovery in each of the extraction time, there-

fore, OM not only decreased phosphate retention of the soil

but also increased phosphate desorption in the soil solution,

This may thus lead to greater transport of phosphate from

agricultural land to runoff.
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