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ABSTRACT

Kinetic of phosphate release in soils has drown a considerable
attention in recent years. Soluble organic matter plays an important part in
phosphate release. Effect of fulvic acid {(FA) on phophate desorption was
investigated. Results revealed that power function {modified Freundllch) two
sities and zero-order kinetic equations gave a highly significant (R ) mostly in
all cases in different treatments of monocalcium phosphate (MCP) and (FA}
treated soils. It was observed that rate coefficients of phophate desorption
(Kd) in sandy soil were gradually increased with P.fertilizer added as
compared with other treatments. Results also revealed that application of
fulvic acid to soil decreased the P-desorption particularly in alluvial scil. Fulvic
acid treated soil resulted in a reduction of P-desorption and also regulated the
releaseable fraction of phophorus in soils. It was noticed that for the entire
reaction period, alluvial clay soil can be abie to supply P to cultivated media
as compared with other investigated soils. Results also showed thatthe
supplying power of FA treated soils was almost emphasized over the
uncoated SP treated soils. These resuit may be related to the role of FA for
increasing the supplying power due to chelation reaction.

INTRODUCTION

Organic manure being considered as plant growth regulator can play
an important role in modern agriculture and turf management. The application
of these materials is an important aspect to sustain soil productivity and to
maintain beneficial soil biological, chemical and physical properties (Abou
Seeda, 1987). Phosphorus Fertilizer accumutates in the surface layer of soils
and can be strongly scrbed or participated in the soil (Sharply and Ahuia,
1982), but phosphorus can leached in areas of high peontent (Sayin, et al,,
1990).

Moreover, humic substances are the most widespread and ubiquitous
natural nonliving organic materials in all terrestrial and aquatic environments,
and represent significant proportion of total organic C. Humic substance can
he divided into humic acid (HA) and fulvic acids (FA), the portion thatis
soluble at any pH value even below 2 (Sparks, 1998). The kinetic reaction of
such heterogenecus mixture compounds with plant macronutrients in soil
systems is limited.

The ability of some organic anions to form stable complexes with iron
and aluminum oxihydroxides of soils and therefore to enhance the solubility
of phosphate in most soils has been widely reported by {Barrow and Shaw
(1975)). The effectiveness of organic anions in influencing phosphorus
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solubility is related to the structure of the organic molecule and the pH of the
system (Sparks, 1998).

The release of phosphate increases with increasing the concentration
of organic anicn in solution (Sparks, 1988). Understanding the modeling
factors, which affect the biomass production in Egyptian soils, has created
the need to quantify and maximize the flux of indigenous soil phosphate
between the soil matrix and soil sclution.

Methodologies applied in most reported kinetic of soil chemical process
studies involed resin technigue {Amer, et.al., 1955 and Zaghloul, 1998}, batch
technique (Evan and Jurinak, 1976; Havlineand Westfall, et.al.,1985) and
Fiow technigue (Sparks and Jurdin, 1284; Zaghloul and El-Ashry, 2000). The
results from batch method studies are influenced by several disadvantages
like method of separation of adsorbate from solution. Electrical stirred Flow
unit {ESFU) has several advantages over batch technique (Zaghloul and EI-
Ashry, 2000). The objective of this study is to select the best thecretical and
empirical models using ESFU to examine the effect of fulvic acid (FA) on
phosphate release kinetics from different Egyptian cultivated soils.

MATERIALS AND METHODS

Soiis

The soils used in this study are alluvial clay seil (Typic forrerts),
Calcarecus soil (Typic calcids) and sandy soil {Typic psamments). The
collected soils were air-dried and screened thrcugh a 2-mm sieve. Some
physical and chemical properties of the investigated soils are presented in
Table (1).

In each soil types, 200g of soil samples were treated as foilow:

A: no treatment, B: 200ml fulvic acid treatment free of
superphosphate
C: 0.5g caicium superphosphate D: 200 ml fulvic acid incorporated with

0.50g superphosphate and
E: 0.59 superphosphate incorporated with the scil samples and then treated
with 200m fulvic acid.
Each freatment was triplicated and incubated at room temperature for
2 weeks. The soif samples were then ground, crushed and prepared for the
kinetic studies.

Table (1): Some physical and chemical characteristics of the studied

soils.
Properties Clay sail Calcareous soil Sandy soit |
Sand % 14 42 89.36
Siilt % 24 30 5.51
Clay % 82 28 513
| pH (1:2.5) 8.2 8.5 8.00
ECe (dSm™") 0.3 0.35 0.44
OM% 0.46 Q.30 0.04
CaC0: % 5.41 16.21 3.61
CEC {meg/100g) 51.92 22.63 4,49
Available P (ppm) 20.12 10.40 ﬁ6.3
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Descorption procedures

Soil samples were kinetically studied using Electrical Stirred Flow Unit
(ESFU). About einhty grams of each soil sample were placed in kinetic part of
- the new setup and mixed with 800m! of 1N Na,S0O, as an extractable soil
solution. The device was then mechanically worked and solution samples
were taken after 1, 5, 10, 30, 60, 75, 105 and 120 min, Phosphorus was
determined by the method described by Cottenie, et.al (1982). These values
were plotted as dependent values against time as independent values.

An array of kinetic models including zero-order, first-order, second-order,
Elovich, fractional power and two sites equations has been employedto
examine the Kinetics of phosphate release. The higher coefficient of
determinaticn (R”) and ‘= 'awer the (SE) valuzs, the best fitting equation{s)
could be used to describe the stusied rate phenomena. The mathematical
expressions cf these models are presented in Table 2.

Table {2): Different Kinetic models used to describe the kinetic data.

Model | Integrated Form Reference

Zero-Order i g = kt +b

First-Order L In{(qi/qo) = -kitor Sparks
‘ gt = q0 exp {-kt)

2 order [ 1/[ql = als + k
Fractional Power | Logat=logb' +kqlogt 1989)

Two sites qt = gaexpl-kit) + qzexp(-ka)

Where: qt is the amount of P desorbed {mmol/kg) at time t, g is the initial amount of P

desorbed (mmot’kg} and k, by, b, ke, s, 2, ks and k; are constants

In this experiment, the regression analysis was carried out in order fo
determine the conformity of phosphorus release to specific equation(s). The
mathematical equations were investigated by least square regression
analysis for phosphorus release in the studied 50|Is The conventionality of
the phosphorus released was based on higher R? and lower SE values
(Zaghloul, 1998).

RESULTS AND DISCUSSIONS

Conformity of the P release data to the kinetic models

Table (3) represents the coefficient of determination (R% and the
standard error (SE) of the kinetic models used to describe P descrption from
the treated soils. It was observed that power function (modified Freundlich),
two sites and zero-order kinetic equations, gave highly significant (R?) mostly
in all cases and in different treatments of MCP (monocalcium phosphate) and
FA added to the studied soils.

The cosfficient of determination R2 values were ranged between
(0. 96 0. 98 Y, (0. 86 0. 98 M, (0.807-0.97)in alluvial sail; (0. 47-0.96
(0. 72 -0.98"7), (0. 84’ -0 97") in calcareous soil and (0.95 -0. 99 ) (0. 83 -
0.987), (0.947- 0.98") in sandy sail for the above mentioned 3 kinetic
equations, respectively. However, the lower values of R? were noted in
contrel treatments in most cases.
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The two sites and zero-order equations showed the highest coefficients of
determination at all different treatments, meanwhile, the modified Freundlich
equation showed the lowest SE value in all treatments and for all the studied
soils. These data suggest that the power function as an empirical equation
was the best to describe the kinetic data for different soil types.
Nevertheless, the two sites and zero-order equations could be also applied to
describe the phosphate kinetics as well. It's generaliy believed that there is
no single equation that describe equally well the desorption kinetic data for all
soil samples. Similar results were obtained by Raven and Hossner, (1994).

The parabolic diffusion and Elovich equation did not control the rate of
reaction and showed less conformity to describe the kinetic data since they
gave lower R? and higher SE values. Results also indicated that second-
order kinetic equation 'w¥as almost invalid to describe the kinetic data in most
cases, regardless the soil type treatments (data not shown). The results in
Table (3) indicate aiso that higher conformity of desorption data for all five
tested kinetic equations was especially observed in calcareous soil treated
with fulvic acid.

The fractional-power or modified Freundlich equation, and various
modified forms of this equation have been applied to experimental data of
phosphorus reactions in soils by several researchers (Cooke, 1966; Kuo and
Lotse, 1972 and Elkhatib and Hern, 1988). This empirical equation proved to
be the best fitted equation in most cases beside the other types of empirical
or theoretlcal equations that applied also to be fitted with less conformity;
such n"- order equations are: Elovich and diffusion equations. However,
using both of the different empirical or the theoretical equations in kinetics of
organic matter (OM) reactions studies are limited as compared with non-
organic matter (NOM) studies.

In this study we critically examined, the effect of dividing the entire two-
hour-desorption reaction time into two reaction periods, namely, (0-60) min
which represents rapid reaction and 1-2 hrs, to represent some of residence
time of reaction, to specify whether the rate of reaction takes the same trend
through the entire reaction time or could be changed through the time of
reaction. Desorption data for each period were fitted to the above named
kinetic equations that best describe the kmetlc data for the entire reaction
time. The coefficient of determination (R? and (SE) values in the various
treatments are shown in Table {4).

Results show in most cases, that dividing the entire reaction time into
two stages led to increase of the R values in modified Freundlich equation,
the best fitted equation, for both stages and the same trend in second stage
for other fitted equations. The R? values of the regression line using modified
Freundlich equation were increased from 0.84 -0.99 in the entire reaction
time to 0.96 -0.99 and 0.97-099" for the first and second stages,
respectively. Moreover, the SE values were also decreased from 0.02-0.08 to
0.003-0.01 for the first and second stages in relation to the entire reaction
time, respectively. In a few cases, however, the first-order kinetic equation
gave similar results in data of second stage of 1-60 min and gave insignificant
R? at short a period. These results clearly indicate that factors such as
reaction period time, the rate and the method of adding fulvic acid (FA)
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treatments, in addition to the soil types, could affect the fitting of the
desorption data to a given kinetic equation. Also, the phosphate desorption
rezction did not take the same trend through the entire time of reaction,
Aharoni, et al. (1991) suggested that the kinetics of phosphate
sorption/release can successfully be described by an expression that is
approximated at beginning times by a fractional-power equation, at
intermediate times by the Elovich equation, and at long times by an apparent
first-order equation. However, equation(s) arrangement and the best-fitted
equation(s) used to describe the rate data in the kinetic studies were mostly
affected by number of factors such as pH, clay content, type of clay and
different soil properties Fig.(2) which could affect on the availability of the
studied ions. The presence of (OM) in soil system could be absolutely change
the reactic:: of ion(s) in soil systems; this may expiain the difference between
our results and conclusions in equations arrangement of (Aharoni, et al,
1991).

Soil phosphorus desorption :

Phosphate in soils undergoes to different reactions with solid phase
and thus P-availability may be limited by these reactions despite high residual
soil-P  due to frequent P-fertilization and indigenous-P. Hence, understanding
the nature of these reactions of soil-P and improving fertilization management
under different conditions is must. Phosphate desorption from the studied
soils revealed that, regardless of soil type the initial reaction of P desorption
is fast in the first period (1-60 min) and is followed by a slower reaction for the
2™ period (60-120 min). The obtained results show higher vaiues for C
treatment, followed by D and then E treatments.

Rate constants describing soil phosphorus desorption kinetics
1. Entire reaction time

Typical examples of P desorption kinetic are those of both untreated
and fulvic acid-amended soils which depicte in Fig. (1). Obviously, The
amount of P release from the studied soil was significantly affected by soil
texture and the native P that could be found in these soils. The type of soil
components can drastically affect the reaction rate. For example, sorption
reactions are often more rapid on clay minerals such as kaolinite and
smectites than on vermiculite and subsequently desorption reaction rates that
take place (Sparks,1989). Moreover, active CaCO; in calcareous soils can
take the same order of ¢lay content in alluvial clay soils (Zaghioul, 1998).

Results in Table (5) reveal that apparent rate coefficients of phosphate
desorption kq4values in sandy soil were consistently increased with P-fertilizer
addition to soil sample coated with or without FA (C4, Dy and *E, +
treatments) in relation to control sandy soil (A1) or sand soil coated with (FA)
depending on native P (B, treatment). Data in the same table showed also
that rate of P desorption from alluvial soil treated with super-P (C,) was
consistently increased over control treatments and over D; (P-FA treated
soils) or E; (FA-P treated soil). The mean values of ky in control treatments
are 0.19 and 0.31 mg kg'soil min" in A, and B,. These values almost
duplicate and triplicated to be 0.87 and 0.96-mg kg'soil min™ in D, and &,
and reached 1.31mg kg 'soil min"* in C,. However, the capacity factor b' of
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the sandy fertilized soil takes a reverse trend. In D, treatment, the b\ value
was 0.35 against 0.25 for sandy soil fertilized with P only (C, treatment), the
corresponding value is 0.32 mg P kg™ soil in treatment E;.

Although the same trend was also observed in alluvial and calcareous
soils, the intensity factor values of uncoated P-fertilized soils (Ci treatments),
are higher than those of coated P-fertilized soils (Di and Ei treatments).
However, a reverse trend was observed in capacity factors of these
treatments. The capacity or the intensity values of these factors in alluvial and
calcareous soils are higher than those of sandv Sgii reatments. Generally,
from those values of P-treated scils, Coating soils with fulvic acid, led to
decrease soil-P biogvaiiabiiity. In other words, (FA) treatmentin Super-P
treated soils svsiem workes as a chemical inhibitor and led to make the FA-
fertilizzii soil system seems to be a slow release fertitizer.

Supplying power values of the studied soils represented by the
intercept of two sites equation are shown in Table (5). The obtained results
indicate that for the entire reaction period, alluvial clay soil can be able to
supply P to cultivated media greater than the other soil types since k; values
are higher than those of calcareous and sandy soils. Moreaver, the supplying
powers of FA-treated soils were aimost emphasized over the uncoated P-
treated soils regardless the soil type. Data in Table (5) show also thatk,
values ranged between 1.66-1.12, 1.48-1.11 and 1.16-0.42 in alluvial,
calcareous and sandy soils respectively. In alluvial clay soil, FA treatment
(Es) value was almast higher than that of C, (alluvial treated with SP), the
corresponding values of these treatments are 1.66 against 1.58, respectively.
This result may related to the role of FA treatments for increasing the
supplying power of the treated soil since it works as a chelating agent or a
sink of P- fertilizer in 5cil. The same trend was almost observed in calcareous
s0il.

The intensity factor of P release in alluvial clay soils k; indicates that
uncoated soil has a higher ability to desorb phosphate than the coated soils.
The obtained values are 0.69 and 0.55 against 1.10 in both coated and
uncoated soils, respectively. This result was not observed in calcarecus and
sandy soils. The corresponding values are 0.35,0.36 against 0.29 and 0.85,
0.92 against 0.80 in Typic calcids and Typic pssaments, respectively. Sparks
(1998), reported that type of soil component can drastically affect the reaction
rate. For example, sorption reactions are often more rapid on clay minerals.
This is, in large part due to availability of sites for sorption For example,
alluvial clay soil has readily available planner external and internal sites quite
available for retention of sorptives than calcareous and sandy soils.

Data of modified Freundlich equation, the second fitted equation,
showed that apparent desorption rate coefficient ky was affected by fulvic
acid treatments. In alluvial clay soilthe Ky values decreased from 1.31 to 0.96
and 0.87 mg kg min in C and D treatment. The same trend was observed in
both calcareous and sandy soils. In this paper, the obtained results revealed
that Fulvic acid {FA) treatment worked as a slow release reactor with the
studied fertilizer ions. In {E) treatment, phosphate ions adsorbed on soil
particles and then coated with FA. The output of this reaction indicates that P
ions were exposed to double reaction forces, the 1% was the adsorption
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reaction of P ions on soil particles and the 2™ one was the chelation reaction.
These two reaction forces decreased the rate of P desorption or kg values
and hence P availability in all soils. However, in FA-P treatment the obtained
results show that P ions were exposed to almost only chelation ferce. This
force permits to more release of P ions in soil system. This result could be
indicted through an increase of Ky value of this treatment as compared with
the above named treatment. The supposed two types of reactions are
depicted in Fig. (3).

I1. Dividing the entire reaction time

Data in table { € } show the effect of dividing the entire reaction time on
the rate constants of the best kinetic equations applied to describe P-release
from the studied soils as affected by FA treatment i.e two sites and modified
Freundlich egquations. According to the two sites equation, dividing the entira’
reaction time into two periods showed that R? values were almost increased
in all treatments and in all soils as well (Table 5}). Moreover, data in the same
table indicate that dividing the entire reaction time led to a decreasing order
of SE values regardless the soil typs and the treatments.

Concerning the kinetic parameters, data in Table (6) showed that the
slope values represent the rate of P release of two sites equation, k;
constant, was higher in the first period (1-60 min} than in second one {60-120
min) in both A; , By and C3 as compared with D5 and E;. A reverse trend,
however was observed in intencity factor . In alluvial caly sail, the obtained
values are (1.85, 0.77), (1.70, 0.73) against {0.44, 0.88) in E;, D3 and C; for
the first and second period respectively. This result may be due to H,PO',/
HPO? ,fulvic acid combination which decreased the P desorption in the short
period of interaction of the alluvial clay soil system and a reverse trend in
uncoated soil C;. Moreover, data in the same table show that supplying
power or the intensity factor values of the same soil represented by the
intercept of two sites equation (k;) gave the same trend of increasing the first
period (0-60 min) compared with the second one (60-120 min). The values of
k, were increased from 0.58 and 0.45to 0.98 and 0.80 in D; and E; in the
second and first period respectively. The same constant was decreased from
1.13 to 0.86 in Ci. This resuit indicates that phosphate-fulvic/acid system
works as a slow release system. The same trend was almost observed in
calcareous and for less conforming in sandy soils for the wide difference in
different soil properties.

in modified Freundlich equation, data represent the apparent
desorption rate coefficient ks, and the dividing of entire reaction time (2 hrs)
into two periods. Data showed that in alluvial clay soil ky constant values are
higher in the 1% period (1-60 min) than in the second one {60-120min), except
in the C; treatment. Far example, the k, values are 0.49, 0.32, 0.32, 0.89 and
0.99 against 0.25, 0.19, 0.74,0.38 and 0.33 mg kg" min™. The dame trend
was observed for the calcareous soil. aithough no obvious trend was
observed in sandy soil treatments, the data indicate that incorporation of FA
with P in both D and E treament lead to minimize P release from the studied
soil. in other wards, FA improves the broken properties of sandy soil and led
to be worked as buffering material of P desorption from the soil.
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Fig (1): Effect of Fulvic Acid treatments on Phosphate release from the studied soil
samples
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Fig.(2) : Kinetics of phosphate release from the studied soils samples
expressed by Exponential and modified Freundlich equations in
both entire reaction time and (a) 1*. period or (b) 2™ period.
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The initial release rate coefficient b\ for the FA treated soils (D and
E treaments) were observed to be higher in the first period compared with the
second one in alluvial clay soil. This result may proven an interaction
between FA as an organic material which can be worked as a slow release
material and phosphate fertilizer in one side and this mixture with clay
partices in other side. The inverse results of sandy and calcareous soils may
be due to the effect of soil properties on availability of the initial concentration
of P release.
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