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Abstract: Lab experiment had been conducted to study the kinetics of phosphorus in the soil by using a first-order equation
with time, 10g of dry soil was mixed with 100mg of the phosphate fertilizers, ammonium polyphosphate (APP), Mono-
ammonium phosphate (MAP) and di-ammonium phosphate (DAP), the mixture placed to 100 ml plastic tube and then 05 N of
sodium bicarbonate solution was added to the mixture and then shaken for 5, 30, 60, 120 and 150 minutes, 10 ml had been taken
from the mixture and then the released phosphorus was cumulatively measured. The results showed that the highest amount
of released phosphorus was achieved in the soil treated with APP fertilizer, at 150 minutes and at L2 level, at 19.71g P.kg-1.
Whereas the highest released phosphorus in the soil treated with MAP fertilizer was 14.93 mg P.kg-1 at 5 minutes and L2.
Similarly, the highest amount of soil-released phosphorus treated with DAP fertilizer was 12.42 mg P.kg-1 at 5 minutes and L2.
The results also showed that the highest value of releasing speed coefficient (Kd) for soil-released phosphorus in soil treated
with APP fertilizer and for the period of the 150 minutes was 3,621 mg P.kg-1.
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1. Introduction
Phosphorus is a necessary and important nutrient

for plant growth, which it needs in large quantities [AL-
Taey et al. (2018), AL-Bayati et al. (2019)], so the
importance of studying its availability in the soil,
especially Iraqi soils, which are classified as calcareous
soils as a result of containing large quantities of calcium
minerals, as phosphorus added to a series of interactions
with these minerals and calcium ions dissolved in soil
solution or exchanged on clay metal surfaces is exposed
to different phosphate compounds in terms of melting
and crystallization degree [Mikkelsen and Leytemm
(2005), Mahmood et al. (2020), Krishna et al. (2020)].

Recently, multiple (condensed) phosphate fertilizers
have received increasing attention in many countries
around the globe in addition to researchers in the field
of soil chemistry and fertility because they contain large
quantities of phosphorus [Al-Juthery et al. (2020), Al-
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Khafajy et al. (2020)] as well as other important
nutrients such as nitrogen as well as because of their
slow decomposition, which reduces their area of
stabilization in the soil, where these fertilizers provide
plants with many nutrients, especially phosphorus, in
accordance with its growth stages [AL-Taey et al.
(2019)].

Numerous studies have indicated that a plant cannot
benefit from the condensed forms of phosphates unless
they are hydrolyzed either through biological or non-
biological reactions, depending to some extent on the
rate of hydrolysis of fertilizer and its potential to convert
to orthophosphates, which are affected by several
factors, including their interaction with aluminum,
calcium and iron in the soil, as well as soil moisture,
reaction and temperature [Hamilton et al. (2017)].

The use of the concept of kinetics is very necessary
for defining the behavior of continuous interaction
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among different ions in the soil solution and the solid
phase during the time and the use of thermodynamic
and dynamics concepts gives a clearer and more
comprehensive imaging of the process of phosphorus
release in the soil, therefore, the study of the release of
phosphorus from soil-added phosphate compounds and
the kinetics of this release is important in the study of
soil susceptibility in the providing of phosphorus.
2.   Materials and Methods

Soil samples (10 g) of (0-30 cm) taken from the
field belonged to the College of Agriculture,University
of Anbar, had been analyzed (Table 1) based on the
Black (1965). The soil sample had been mixed with
100 mg of the following fertilizers; ammonium
polyphosphate (APP), di-ammonium phosphate (DAP)
and mono-ammonium phosphate (MAP). Then the
mixture was crushed and sieved with a 0.5 mm diameter
mesh sieve. APP was locally manufactured based on
Al-Khateeb et al. (2001). Some of the chemical and
physical characteristics of the APP are shown in Table
2. Later, the mixture was placed in a plastic tube of
100 ml capacity. Orderly, 50 ml of sodium bicarbonate
solution (0.5 N) was added to the tube and shacked for
5, 30, 60, 120 and 150 minutes, then 10 ml was taken
from the extract to analyze available phosphate by
spectrophotometer d based on Olsen (1954).

The available accumulative released phosphate
concentration (mg.kg-1) was analyzed through the first-
order equation of soil phosphorus kinetics: Ln(Co-Ct)
= Ln(Co-Kt)

where,
 Ct: The released phosphorus with time t (mg.kg-

1).
Co: The concentration of phosphorus at the zero

time (mg.kg-1).
Kt: Speed coefficient of phosphorus releasing

(mg.kg-1.h-1).
Physical analysis
The particle size distribution of soil separators has

been estimated in the hydrometer based on Gupta
(2000) ( Table 2).

Soil pH and electrical conductivity (EC) were
measured based on Corwin and Lesch (2003). Organic
matter and carbon minerals were estimated according
to Pansu and Gautheyrou (2006).

Dissolved cations (Ca++, Mg++, Na+, K+) were
estimated according to Richards (1954). Sulfate was
measured by spectrophotometer. While chloride was
determined by the color method. Dissolved carbonates
and bicarbonates were also estimated [Richards
(1954)].

Available phosphors at a wavelength of 882 nm
were measured based on Olsen (1954).
3. Results and Discussion
3.1 Studying the kinetics of phosphorus in soil

Fig. 1 shows the amount of phosphorus released
(RP) according to different shake periods of APP

Table 1: Some chemical and physical properties of field soil
used in pre-cultivated experiment.

Properties Value Unit
pH
EC

Organic matter OM
Carbonate minerals

Soluble Ca+2

cations Mg+2

Na+1

K+

Soluble SO4
-2

anions HCO3
-

CO3
-

Cl-

Available phosphorus
CEC

Soil Sand
Separaties Silt

Clay
Texture Class                       SiC

 7.4
 4.2
 8.9
 236
 9.8
 8.4
 12.5
 25.0
 7.6
 5.5
 0

 20.0
 6.3

 22.10
 180
 469
 351

 ——
ds.m-1

 gm.kg-1

 gm.kg-1

Mmol.l-1

Mmol.l-1

 mg. kg-1

gm.kg-1
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Table 2: Some chemical and physical properties of ammonium
                 poly phosphate (APP) fertilizer.

Properties APP
Solubility at 298 absolute degree

(mg/100 ml) 25
Melting absolute degree 200
pH 10: 1fertilizer: water 7.87

ECfertilizer: water dS.m-1 6.5
Percentage of phosphorus P% 70
Percentage of nitrogen NH4% 21

Molecular weight 440
Chemical structure (NH4)6P4O13



fertilizer levels, the 5 minutes shake period recored the
lower rate of phosphorus release at the L0 addition
level of 1.84 mg P.Kg-1 then the amount of released

phosphorus began to rise as the duration of the shake
increased and for all the following stages of shaking:
(30, 60, 120, 150) minutes, the amount of phosphorus

Fig. 1: Dissolved phosphorus in soil solution at several shaking periods for APP fertilizer

Fig. 2: Dissolved phosphorus in soil solution at several shaking periods for MAP fertilizer
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released into the soil at the time of the shaking was 150
minutes and the L2 level was 19.71 mg P.Kg-1 soil with
an increase of 90.66%.

Fig. 2 shows that the amount of RP was the highest
(14.93 mg P.kg-1 soil) at 5 minutes SP for L2 level. The
RP decreased gradually accompanying by increasing
SP to reach to 0.66 mg P.kg-1 soil at 150 minutes SP for
L0 level, i.e. the reduction percent was 95.57%.

Fig. 3 shows that the highest amount of RP was at
the SP of 5 minutes and for L2 level at 12.42 mg P.kg-

1 soil and then the amount of RP gradually decreased
with the duration of the shaking increases, reaching
150 minutes SP and L0 level 0.21 mg P.kg-1 soil, which
is the lowest amount with a decrease of 92.40%.

This can be attributed to the slow release of
phosphorus from condensed phosphate which reduces
the space of its stabilization in the soil thus it remains
available longer [Joy (2003)]. In calcareous soils, the
condensed phosphates cover the active sites on the
calcium carbonate surface and reduce the adsorption
of phosphate [Marshall and Nancalls (1969)]. While
MAP and DAP traditional phosphate fertilizers are more
soluble and faster to decompose from condensed
phosphates, thus, we expect their quantities to increase
in the first periods of shaking and then begin to decline
over time as they are stabilized, deposited and dissolved.
This result is consistent with McBeath et al. (2007)
and Gao et al. (2020).

Fig. 3: Dissolved phosphorus in soil solution at several shaking periods for DAP fertilizer

3.2 Coefficient of soil available phosphorus rapidity
(Kd)
Table 3 show that APP source achieved significant

effect compared with other fertilizer sources, as for
(Kd) which recorded 3.621 mg P.kg-1.soil.minute-1 at
150 minutes SP. This result revealed that APP fertilizer
is the best because it provides phosphorus to soil for a
longer period. This is a positive as the providing of
dissolved phosphorus in soil solution is important in plant
Table 3: Coefficient of soil available phosphorus rapidity

(Kd) from several fertilization sources (mg P.kg-1

soil.minute-1).

Coefficient values (Kd)
Source        Time (minutes)

5 30 60 120 150
APP 0.867 1.737 2.462 3.096 3.621
MAP 0.512 1.249 2.193 2.949 3.475
DAP 0.419 0.910 1.380 1.664 2.564
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nutrition, due to the role of condensed phosphate
fertilizers in increasing RP in the soil over time, while
the bulk of traditional MAP and DAP fertilizers added
to the soil are converted into low-soluble calcium
phosphate due to calcium ion and its effectiveness in
the solution, which is consistent with Al-Hity (2007).
4. Conclusion

The addition of phosphate fertilizer with various
sources affected the phosphorus availability in the soil



and APP fertilizer has achieved the highest phosphorus
values over time, confirming that fertilizer has slow-
release properties suitable for plant growth. Therefore,
it is recommended that this type of fertilizer is used as
a fertilizer for the plant as a good source of phosphorus,
other elements and nutrients and that it is less likely to
be installed in the soil and thus provide the plant with
the necessary nutrients.
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