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Abstract

Phosphorus (P) reactions in soil are influenced by its chemical components such as organic matter (OM), carbonates, and Fe-Al
oxides. This study was aimed to compare the P sorption-desorption processes in two soils in the presence and absence of the
aforementioned chemical components. In order to eliminate OM, carbonates, and Fe-Al oxides, the soils were treated with sodium
hypochlorite (NaOCI), sodium acetate (NaOAC), and citrate-bicarbonate-dithionate (CBD), respectively. Then, the P sorption-
desorption processes were carried out under batch conditions in comparison with the non-treated soils. Results indicated that
removal of OM increased the maximum P sorption capacity (Qmax) of the soils by 42 and 69 mg kg™. While, removing of the
carbonates decreased the Qmax values of the soils by 118 and 67 mg kg™ Furthermore, the removal of Fe-Al oxides resulted in Qmax
reduction in the range of 34.3 and 19.2%. The phosphorous desorption sequence in the studied soils was as follows: Fe-Al oxides
free > carbonates free > untreated > organic matter free. The standard P requirement (SPR) in the studied soils increased by 15.7
and 28% after OM removal and decreased by 33.3 and 17.03% and 47.9 and 22.6% after removal of carbonates and Fe-Al oxides,
respectively. Overall, the results of the present study revealed that the P sorption capacity of the soils decreased in the presence of
the OM and increased in the presence of Fe-Al oxides and carbonates. However, the effects of Fe-Al oxides were significantly
higher.
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carbonate, and silicate minerals significantly affect the
P reactions in the soil (Olsen and Khasawneh, 1980).
The OM can enrich the soil as a P source, and

1. Introduction

Phosphorus is an essential nutrient required for

all forms of life as well as plant growth and
agricultural production (Daly et al., 2015). Low P
availability in calcareous soils is one of the main
factors limiting the growth of agricultural crops
(Engels et al., 2012). The efficiency of P fertilizers for
some agricultural crops was found to be about 10-25%
(Wang et al., 2011). Soil P availability is governed by
important processes such as sorption-desorption
reactions, precipitation, and dissolution. These
reactions play an important role in supplying P for the
plant, determining fertilizer requirement,
environmental fate of P, and surface and ground water
quality. Various soil components including the
organic matter (OM), Fe-Al oxides, calcium

significantly influence the P sorption-desorption
processes in the soil through various mechanisms
(YYang et al., 2013). Varinderpal et al. (2006) reported
that the use of organic fertilizers in Typic Ustochrept
soils reduced the P adsorption, maximum buffering
capacity and bonding energy, and increased the P
concentration in solution. Maluf et al. (2018) also
reported that the P adsorption and maximum buffering
capacities were reduced with the increasing of humic
acid in the soil. However, in some cases, there is a
positive correlation between P sorption and soil OM.
Yang et al. (2019) expressed that the maximum P
adsorption capacity increases after raising the amount
of soil OM. These contradictory results associated
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with the effects of OM on the P adsorption-desorption
processes led to an unclear understanding of these
important processes in the soil (Du et al., 2013;
Hiradate and Uchida, 2004).

The amount, nature, and reactivity of the
existing carbonate minerals affect to some extent the
chemistry of calcareous soils (Hamad et al., 1992).
The P reactions in the calcareous soils are affected by
the calcium carbonate as the dominant carbonate
source. The P reaction with carbonates often involves
the adsorption and precipitation processes. Several
studies have illustrated that calcium carbonate has an
important effect on the P adsorption in the calcareous
soils (Freeman and Rowell, 1981; Kuo and Lotse,
1972). Soil P is associated with Fe and Al in the
mineral form or specifically adsorbed by Fe and Al
oxides through exchanging with hydroxyl groups
during the formation of bidentate surface complexes
(McDowell and Condron, 2001).

Several studies have investigated the effect of
soil components on the P sorption-desorption
processes (Gorgin et al., 2011; Maluf et al., 2018).
However, most of them have focused on one soil
component such as OM or CaCOs. In addition, some
of them have dealt with the artificially created
variation in a soil component through the addition of
OM and CaCOs. Mihoub et al. (2016) reported that the
P adsorption capacity and bonding energy were
increased as the CaCOs; levels were increased. To
better understand the effect of different soil
components on the sorption studies, some researchers
have implemented the component removal method.
Sarkar et al. (2014) observed that the OM removal
from the soils increased the boron adsorption, while
the Fe and Mn oxides removal significantly reduced
the boron sorption in acid soils (pH 4.8). It was
observed that the OM removal from a spodic horizon
led to a significant increment in the P sorption capacity
(Bhatti et al., 1998). The knowledge about the
influences of soil chemical components such as OM,
carbonates, and Fe-Al oxides on the P sorption-
desorption processes is limited to a few studies.

The main purpose of this research was to
evaluate and compare the removal effects of OM,
carbonates, and Fe-Al oxides on the P sorption-
desorption isotherms in two calcareous soils of the
Kerman Province, southeast Iran.

2. Materials and methods
2.1. Soil sampling and analyses

Two soil samples were collected at 0-30 cm
depth from calcareous croplands in Baft and Orzuiyeh
regions located in Kerman Province, southeastern
Iran. After air-drying and grinding, the soil samples
were passed through a 2 mm sieve, and their
physicochemical  properties were  determined
according to the standard methods, including the soil
texture by hydrometer method (Gee and Bauder,
1986), pH in 1:5 soil-water suspension (Thomas,
1996), organic matter (Walkley and Black, 1934),
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cation exchange capacity (Rhoads, 1982), calcium
carbonate (Allison and Moodie, 1965), active calcium
carbonate (Leoppert and Suarez, 1996) and Fe-Al
oxides with citrate-bicarbonate-dithionite (Mehra and
Jackson, 1960). The soil available P was measured
following the method described by Olsen and Sommer
(1982).

2.2. Soil treatments

Each soil sample was divided into four sub-
samples, based on the removal of OM, carbonates, and
Fe-Al oxides, and one sub-sample was used as the
control (untreated). Table 1 shows the treatments.

2.3. Phosphorus sorption experiments

In order to investigate the P sorption, 2 g of soil
samples (before and after treatment) were placed into
50 ml centrifuge tubes and 25 ml of 0.01 M NaCl
solution containing specific concentrations of P within
the range of 0-80 mg L* were added. Two drops of
toluene were added to each tube to prevent microbial
growth. The soil suspensions were intermittently
shaken by an end-to-end shaker for 24 h at 25°C and
centrifuged at 3500 rpm for 5 minutes. To ensure the
supernatant clarity, they were passed through
Whatman 42 filter papers. The equilibrium P
concentration in the solution was determined by the
ascorbic acid method wusing a UV-visible
spectrophotometer at 880 nm wavelength (Rice et al.,
2017). The amount of adsorbed P was estimated from
the difference between its initial and equilibrium
concentrations in solution according to the Eq. (1):

(Ci_ce)v
Q= W ey
where: g is the amount of P adsorbed per unit weight
of the soil (mg kg?), Ci and C. (mg L) stand for the
initial and equilibrium P concentrations, respectively,
V (L) is the solution volume and W (kg) is the soil
mass.

The Langmuir and Freundlich sorption
isotherms were used to describe the P sorption data in
this study. The mathematical equations of Langmuir
and Freundlich (Egs. (2) and (3)) models are presented
as follows (Sparks, 2003):

g-9n KC, 2
1+ K,C,
q=K,C 3)

where: q and C. represent the amount of sorbed P (mg
kg™") and equilibrium P concentration in the solution
(mg L), respectively. Qmax and K;are the Langmuir
constants corresponding to the maximum sorption
capacity and sorption affinity of the binding sites.
Also, Ksand 1/n are the Freundlich empirical constants
associated with the sorption capacity and intensity
(Moharami and Jalali, 2013).
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Table 1. Methods for removal of different soil components

Treatment Solution

Reference

Organic matter free

sodium hypochlorite (NaOCI) 6% (pH=8.5)

McDowell and Condron (2001)

Carbonates free

sodium acetate (NaOAC) buffer 1 N (pH=5)

Tessier et al. (1979)

Fe-Al oxides free

0.3 M sodium citrate+ 1 M NaHCOs3 + Na2S204 powder (CBD)

Mehra and Jackson (1960)

The standard P requirement (SPR) of soils
defined as the amount of sorbed P (mg kg™') when Ce
= 0.2 mg P L™ (Jalali, 2007) was calculated from the
fitted Freundlich Eq. (3). The phosphorus maximum
buffering capacity (PMBC) was determined based on
the Langmuir equation parameters (Qmax and Kj)
according to Eq. (4) (Maluf et al., 2018):

PMBC = Qpax X K| 4)
2.4. Phosphorus desorption experiments

Desorption experiments were carried out
following the sorption ones at the highest initial P
concentration (80 mg L) using the successive
extraction method. The soil suspensions were shaken
at room temperature (25°C) for 24 h and the
supernatants were separated by centrifugation. Then,
25 ml of 0.01 M NaCl were added into the tubes and
after 24 h shaking and centrifugation, the equilibrium
P concentration in solution was determined. The
desorption cycle was repeated seven times for the
treated and untreated soils and the P retained by the
soil (pre-sorbed P) was determined through the
difference between the initial sorbed P and that in
desorption equilibrium solution. The P desorption data
were fitted to the Freundlich equation as follow (Eq.
5) (Soliemanzadeh and Fekri, 2017):

Edesorb
q= Kdesorbcen (5)

where: Kgesoro and 1/Ngesorn are Freundlich bounding
constants for the desorption coefficient.

The percentage of the desorbed P was
calculated using the Eq. (6):

Pdes — Oads ~Yrem %100 (6)

ads

where: Pges is the percentage of desorbed P, (ags and
Orem are the amounts of P adsorbed on the soil surface
and that remained in the soil after seven desorption
cycles, respectively.

2.5. Statistical analysis

The experimental design was a complete
randomized design (CRD) with two factors, and each
treatment was replicated three times. Statistical
analysis of the data was performed with SPSS 26. Data
were subjected to analysis of variance (ANOVA), and
the means were compared by the Duncan test for P <

0.05. The fitness of each equation was evaluated
according to its coefficient of determination (R?) and
the standard error of estimate (SE) (Chien and
Clayton, 1980) calculated from Eq. (7):

,*2
SE = w )

where: q and g* are the measured and calculated
amounts of P, respectively, and n is the number of
measurements.

2The non-linear regression procedure was used
for fitting the Langmuir and Freundlich equations to
the sorption and desorption data using GraphPad
Prism software version 7 (Bhaumik et al., 2014).

3. Results and discussion
3.1. Soil properties

The soils of Orzuiyeh and Baft regions were
silt loam and loam textured class, respectively. The
soil pH was slightly alkaline for the two investigated
soils. The Orzuiyeh soil contained relatively higher
amounts of equivalent calcium carbonate (CCE),
active calcium carbonate (ACCE), clay, silt, Fe, and
Al oxides (Feq and Aly extractable with CBD)
compared to Baft area. However, the amounts of OM
and sand were higher in Baft soil rather than those in
Orzuiyeh (Table 2).

3.2. Phosphorus sorption investigation

The term sorption in the present study refers to
the P removal from the solution through the adsorption
and precipitation processes (Castro and Torrent,
1998). Sorption isotherms show the relationship
between the equilibrium concentration of the sorbate
and the sorbed amount onto the sorbent surface at a
constant temperature. The P sorption by the untreated
and treated soils was plotted in Fig. 1 as a function of
equilibrium P concentration in the soil solution. The P
sorption increased with the increasing of added P, but
its percentage decreased (Fig. 1). This decrement in
the sorption percentage could be attributed to the
saturation of P sorption sites on the soil surface. This
study showed that both the Langmuir (R? = 0.967-
0.997) and Freundlich (R?=0.962- 0.996) equations
fitted well to the P sorption by the studied soils before
and after removal of soil organic matter, carbonates
and Fe-and Al-oxides (Table 3). Wolde and Haile
(2015) reported that both Langmuir and Freundlich
models were able to give a good description of the P
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sorption data. Rashmi et al. (2016) found that the
Langmuir (R?= 0.96-0.99) and Freundlich (R?=0.95-
0.99) equations fitted well to the P sorption data in
four soil orders including Vertisols, Inceptisols,
Alfisols, and Ultisols. The maximum P sorption
capacities predicted by the Langmuir equation for
untreated soils were 668 and 537 mg kg in Orzuiyeh
and Baft soils, respectively. The estimated value of
Qmax is in close agreement with the findings of Jalali
and Peikam (2013) and Rashmi et al. (2016).
According to these results, the P sorption capacity in
Orzuiyeh soil is higher than Baft. This may be due to
higher clay and equivalent calcium carbonate content
in Orzuiyeh soil compared to Baft (Table 2). Some
studies have shown that clay and calcium carbonate

play important roles in fixing P in the soil, so that soils
with higher clay content have more P fixation
potential than those with less clay (Jalali and Peikam,
2013).

The P sorption in calcareous soils is highly
influenced by the adsorption and precipitation
reactions on the calcium carbonate surfaces (Freeman
and Rowell, 1981). The results showed that P sorption
was affected by removing of the soil constituents.
Upon the OM removal, the P sorption increased (p <
0.05) in the studied soils. The increased amounts of
Qmax Obtained from the Langmuir equation after
removing OM were about 42 and 69 mg kg in
Orzuiyeh and Baft soils, respectively (Table 3).

% Organic matter free

- > .

- i ek -#: Untreated soil
2 e . . *---" &+ Carbonates free
H fr R -%- Fe- Al oxides free
= o

Ce(mgL™)

=% Organic matter free
-¢- Untreated soil

-4+ Carbonates free
=X= Fe- Al oxides free

@)

(b)

Fig. 1. Phosphorous sorption isotherms fitted to the Langmuir equation in the studied soils: (a) Orzuiyeh and (b) Baft

Table 2. Physical and chemical properties of the studied soils

Soil properties Orzuiyeh Baft
Sand (%) 14.8 445
Clay (%) 22.4 11.0
Silt (%) 62.8 445

pH 7.45 7.31

EC (dS m?) 3.31 0.202
CCE ? (%) 18.25 10.75
ACCE " (%) 7.68 4.48

OM °© (%) 1.26 2.34

CEC 9(meq/100g soil) 13.54 13.64
Olsen-P ¢ (mgkg™) 8.38 14.75
Fedf(g kgh) 7.78 4.54
Aldf(g kg?) 0.653 0.215

Notes. ® CCE = calcium carbonate equivalent; > ACCE= active calcium carbonate; ¢ OM= organic matter; ¢ CEC= cation exchange capacity; ®
Olsen P= extractable phosphorus according to method of Olsen; f Fey and Aly= Fe and Al oxides extractable with citrate-bicarbonate-dithionite,

EC= electrical conductivity

Table 3. Parameters of the P sorption isotherms in untreated and treated soils

Langmuir | Freundlich
Soil Treatments Qmax Ki 2 Kr 2
(mokg) | Lmgy | B | SE gy | M| R | SE

Untreated 668° 0.097¢ 0.967 0.035 85.9° 0.5452 0.989 0.020
Orzuiyeh Organic matter free 7102 0.106° 0.987 | 0.022 97.8% 0.536 | 0.993 | 0.016
Carbonates free 5504 0.0679 0.994 0.011 57.69 0.5492 0.996 0.009
Fe-Al oxides free 4399 0.0669 0.994 0.009 44.89 0.5462 0.984 0.016
Untreated 537°¢ 0.087¢ 0.994 0.012 64.0° 0.5362 0.973 0.026
Baft Organic matter free 606° 0.1152 0.997 | 0.009 86.5" 0.519° | 0.982 | 0.024
Carbonates free 470 0.077¢ 0.987 | 0.015 53.0°¢ 0.535* | 0.965 | 0.026
Fe-Al oxides free 4349 0.073f 0.991 0.012 48.8f 0.5352 0.962 0.025

Note. Significant differences between treatments at P < 0.05 levels indicated by different lowercase letters within columns.
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The increase in soil P sorption capacity after
OM removal could be attributed to the increase in its
active sorption sites. The results of the present study
are in agreement with those reported by Hiradate and
Uchida (2004). They showed that the amounts of
adsorbed P increase as OM is removed from an
Andisol, indicating that OM occupies the P sorption
sites and inhibits P adsorption through competitive
sorption. On the other hand, several studies have
shown that the effect of OM on increasing or
decreasing P sorption depends on the nature of the OM
and the soil properties. McDowell and Condron
(2001) reported that with the OM removal, the value
of P sorption index (PSI) increases and decreases in
the arable and grassland soils, respectively. They
concluded that, it is unlikely that OM directly binds
with P, instead is associating with Al and Fe. The
negative charged functional groups in the organic
substances such as carboxylic and phenolic groups can
compete for P sorption sites and alter the surface
charges of Al and Fe oxides causing the P ions to be
electrostatically repelled (Liu et al., 1999; Zamuner et
al., 2008).

The application of organic residues increased
the P content in the soil solution, which could be
attributed to the occupation of P adsorption sites on
the surfaces of Fe and Al oxides by the organic acids
resulting from the decomposition of organic residues
(Andrade et al., 2002; Havlin et al., 2005). The
sorption isotherms parameters of P for the untreated
and Carbonates free soils are presented in Table 3.
Removal of carbonates led to the reduction (p < 0.05)
in P sorption by the soil. The decrease amounts in Qmax
values of Orzuiyeh and Baft soils were obtained as
17.66 and 12.5%, respectively. These results indicate
that carbonates play an important role in the P sorption
capacity variation in the soil. These results are
supported by Jalali and Pikam (2013).

Uygur (2009) indicated considerable reduction
in the amount of sorbed P by 33.9-68.3% upon
removing the soil carbonates. The calcium carbonate
removal from the soil results in a decrement in the
surface sorption sites, thus reducing the P sorption
capacity. Majidi et al. (2010) reported that the calcium
carbonate removal from the soil reduces its boron
sorption capacity by 35%. The P reactions in
calcareous soils are affected by calcium carbonate as
the dominant form of carbonates. Furthermore, P
sorption is highly affected by the sorption and
precipitation reactions on the calcium carbonate
surfaces (Jalali, 2007). The ability of carbonate
minerals to adsorb P is due to the presence of =CaOH
and =COs;H functional groups on their external
surfaces.

The charge of these surface groups is variable
and dependent on the pH and ionic strength of the
soluble phase. Carbonate minerals affect the P
sorption of the solution through precipitation
processes, especially at high P concentrations (Uygur,
2009). The higher decrease in Qmax Value of Orzuiyeh
soil upon removing the carbonates, was possibly due

to the higher content of equivalent calcium carbonate
compared to Baft area.

The P sorption isotherms before and after Fe-
Al oxides removal are illustrated in Fig 1. The Fe-Al
oxides removal caused a significant (p < 0.05)
decrease in the sorption, and the reductions in Qmax
values were estimated as 34.3 and 19.2% for Orzuiyeh
and Baft soils, respectively.

These results further clarified that CBD
extractable Fe-Al oxides have an important role in the
P sorption capacity by the studied soils. It has been
demonstrated that Fe-Al oxides have a high P sorption
capacity (Fink et al., 2014; Lair et al., 2009). The role
of Fe oxides has been illustrated in a wide variety of
calcareous soils (Hamad et al., 1992; Wandruszka,
2006).

At low concentrations, P is initially adsorbed
on Fe oxide surfaces through ligand exchange reaction
and is later trapped through occlusion (Torrent et al.,
1992). McDowell and Condron (2001) reported that
the soil treatment with the dithionite-citrate reduces
the soil P sorption capacity. P sorption capacity in
calcareous soils has a significant relationship with the
amount of CBD-extractable Fe (Holford and
Mattingly, 1975). The higher decrease in Qmax values
after Fe-Al oxides removal in Orzuiyeh soil was
possibly attributed to the higher Fe-Al oxides contents
compared to the Baft soil (Table 2).

Generally, in the present study, according to
their P sorption capacities, the studied soils were
ordered as: organic matter free > Untreated soil
>carbonates free > Fe-Al oxides free.

3.3. Phosphorus desorption investigation

The P desorption isotherm constants and
percentage of desorption are presented in Table 4. In
untreated soils, after seven successive desorption
cycles, the percentage of desorbed P relative to the
absorbed one was calculated as 35.3 and 53.2% in
Orzuiyeh and Baft soils, respectively (Table 4). Some
studies have shown that P desorption depends on the
soil properties and soils with high P sorption capacity
have lower P desorption (Gorgin et al., 2011; Prakash
et al., 2017). In this study, Orzuiyeh soil indicated
higher sorption capacity than Baft, and as a result, less
P released in desorption cycles. It is clear that, only a
fraction of the sorbed P is only desorbed and a
substantial portion has remained in the solid phase
after desorption.

The P sorption-desorption isotherms for
untreated and treated soils for OM removal are shown
in Figs. 2b and 3b. As can be seen, the OM removal
led to an increment in the soil P sorption capability.
However, in relation to the amount of sorbed P,
desorption was lower compared to the untreated soils.
The percentages of desorbed P relative to the sorbed
one in the studied soils at the first desorption cycle
were 14.9 and 18.9%, where desorption decreased by
3 and 10.3% compared to the untreated soils,
respectively.
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Table 4. Parameters of the Freundlich P desorption isotherm and percentage of desorption in the studied soils

Soil Freundlich
Treatment: Pd tion%
reatments (fcli(e;o-rf) 1/N desorb R? SE esorptione
Orzuiveh Untreated 370° 0.0559 0.61 0.039 35.3°
Y Organic matter free 4232 0.027" 0.55 0.030 25.3f
Carbonate free 2184 0.146¢9 0.90 0.02 50.8¢
Fe-Al oxides free 163¢ 0.167¢ 0.78 0.026 56.7¢
Untreated 2194 0.136° 0.806 0.034 53.2¢
Baft Organic matter free 337°¢ 0.062f 0.686 0.034 36.5°
Carbonate free 152f 0.212° 0.866 0.029 63.8°
Fe-Al oxides free 1199 0.2472 0.878 0.038 68.8%
Note. Significant differences between treatments at P < 0.05 levels indicated by different lowercase letters within columns
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Fig. 2. Phosphorus sorption-desorption isotherms fitted to the Freundlich equation in Orzuiyeh soil: (a) Untreated soil,
(b) organic matter free, (c) carbonates free, and (d) Fe-Al oxides free.
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Fig. 3. Phosphorus sorption-desorption isotherms fitted to the Freundlich equation in Baft soil: (a) untreated soil,
(b) organic matter free, (c) carbonates free, and (d) Fe-Al oxides free

Generally, after seven successive desorption
cycles, the percentages of desorbed relative to the
sorbed P in Orzuiyeh and Baft soils were respectively
estimated as 25.3 and 36.5%, where the desorption
rate decreased by 10 and 16.7% compared to untreated
soils, respectively. Additionally, the soils with higher
OM content have higher P desorption capacities
(Prakash et al., 2017). The OM removal from the soil
causes P to be more sorbed on Fe-Al oxide surfaces
with high energy and leads to a decrease in the P
desorption from the soil.

After soil treatment with NaOAC buffer
solution to remove carbonates, the percentages of
desorbed P relative to the absorbed one after seven
successive desorption cycles were obtained as 50.81
and 63.8% in Orzuiyeh and Baft soils, respectively,
indicating that the rate of desorption increased by
15.41 and 10.6% compared to the untreated soils. This
result highlighted that the presence of carbonate
minerals in the soil significantly increases the P
retention by the soil through adsorption and
precipitation processes. Soils with higher CaCOs;
contents have lower P desorption capacities (Prakash
etal., 2017).

Figs. 2d and 3d exhibit that the P sorption on
CBD treated soils to Fe-Al oxides removal are more
reversible than that of untreated ones. Fe-Al oxides
removal reduced the soil P sorption capacity. P
desorption decreases with an increment in the amount
of Fe-Al oxides in a soil (McDowell and Condron,
2001). Therefore, for the amount of sorbed P, more P
was desorbed from Fe-Al oxides removed soils
compared to the other treated ones (Fig. 2). The
percentage of desorbed P after seven successive
desorption cycles in the Orzuiyeh soil was evaluated
as 56.7%. This indicates that the removal of Fe-Al
oxides by CBD in this soil increased the desorbed P
by 21.3%. Removing the Fe-Al oxides in the Baft soil,
increased the percentage of desorbed P after seven
successive desorption cycles from 53.2 to 68.8%
(Table 4). As a result, according to their desorption
rates the studied soils were ordered as: Fe-Al oxides
free > carbonates free > untreated soil > organic matter
free.

3.4. Phosphorus Maximum Buffering Capacity
(PMBC) and Standard Phosphorus Requirement
(SPR)

PMBC is an important index for evaluating the
soil P fixing capacity calculated using the parameters
of the Langmuir equation. It is an indirect index of soil
P availability as it is indicative of soil resistance to the
P transfer from the solid phase to the solution (Maluf
et al., 2018). The estimated PMBC values in treated
and untreated studied soils were in the range of 28.9-
75.3 L kg* (Table 5). As can be seen from Table 5, the
OM removal from the soil increased (p < 0.05) PMBC
values in both studied soils by 16.2 and 49.2%,
respectively. Some studies have shown that increasing
OM in the soil reduces the P sorption (Prakash et al.,
2017) and PMBC (Maluf et al., 2018). Jalali and
Ranjbar (2011) reported that the addition of organic
residues improved the P availability of the calcareous
soils. PMBC values significantly decreased in the soils
after carbonates removal. This decrease is likely
attributed to the reducing effect of carbonate
accompanying cations (Ca or Mg) on P sorption
capacity and PMBC as a consequence (Maluf et al.,
2018).

The removal of Fe-Al oxides resulted in PMBC
reduction (p <0.05). These results further clarified that
Fe-Al oxides play an important role in the P sorption
capacity. Upon the Fe-Al oxides removal, the P
sorption capacity and bonding energy decreased
which resulted in PMBC reduction as a consequence.
Previous investigations have highlighted the
correlation between iron oxides and P buffering
capacity (Solis and Torrent, 1989). Fink et al. (2014)
found that the PMBC index is mainly influenced by
soil pH, particle size distribution, clay mineralogy, the
amount and type of Fe and Al oxides, and types of soil
crystalline oxides. SPR is defined as a P concentration
in the soil solution that is not limiting plant growth and
various amounts are mentioned for it in the different
sources. Havlin et al. (2005) suggested that the range
of 0.005-0.3 mg P L of soil solution is suitable for
growing different crops. In this study, the
concentration of 0.2 mg L™ was used to calculate the
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SPR using the Freundlich equation (Jalali, 2007). The
SPR has been estimated as 35.7 and 27 mg kg™ in the
untreated soils, respectively (Table 5). The SPR value
for Orzuiyeh soil was higher than that of Baft due to
the clay and calcium carbonate equivalent contents.
Jalali (2007) reported that the range of SPR values in
Hamadan surface soils is between 4 and 102 mg kg™
Organic matter removal significantly increased the P
requirement by 15.7 and 28% in Orzuiyeh and Baft
soils, respectively.

Some studies have further shown that soils with
higher P sorption capacities have higher SPR values
(Rashmi et al., 2016). The OM removal led to an
increase in the P sorption capacity of the studied soils.
The carbonates removal from the studied soils reduced
their requirement for P by 33.3 and 17.03%,
respectively. The SPR index decreased after Fe-Al
oxides removal by 47.9 and 22.6% in Orzuiyeh and
Baft soils, respectively. In general, the sequence of
soils based on their SPR in the present study was as:
organic matter free > untreated soil > carbonates free>
Fe-Al oxides free.

Table 5. PMBC and SPR values in control and treated soils

Soil Treatments SPR PMBC
Untreated 35.7° 64.8¢
Orzuiyeh Organic matter free 41,32 75.32
Carbonates free 23.84 36.8¢
Fe-Al oxides free 18. 6 28.9
Untreated 27.0° 46.7¢
Baft Organic matter free | 37.5P 69.7°
Carbonates free 22 .40 36.2¢
Fe-Al oxides free 20. 9¢f 31.7f

Note. Significant differences between treatments at P < 0.05
levels indicated by different lowercase letters within columns

4. Conclusions

The present study investigated the effect of soil
chemical constituents on the P sorption and desorption
processes in the soil. The removal of OM from the
studied soils led to increase in P sorption due to the
activation of sorption sites in Fe-Al oxides and
hydroxides and newly formed ones on the mineral
surfaces. But, the amount of desorbed relative to the
sorbed P was decreased. Removing the carbonate
minerals from the soils reduced the P sorption due to
the reduction in sorption sites.

However, P desorption increased after the
carbonates removal. Although Fe-Al oxides are
identified to act as the P sorption sites in acidic soils,
but their removal from the calcareous soils decreased
their P sorption. The results of this study indicated that
the P sorption capacity decreased in presence of
organic matter, while it increased in the presence of Fe
and Al oxides as well as carbonates. The effects of Fe
and Al oxides were greater as compared to the
carbonates.

1442

References

Allison L.E., Moodie C.D., (1965), Carbonates, In: Methods
of Soil Analysis, Part 2, Chemical and Microbiological
Properties, Black C.A. (Ed.), 2th Edition, American
Society of Agronomy, Madison, Wisconsin, 1379-1396.

Andrade A.T., Fernandes L.A., Faquin V., (2002), Organic
residue, limestone, gypsum, and phosphorus adsorption
by lowland soils, Scientia Agricola Journal, 59, 349-
355.

Bhatti J.S., Comerford N.B., Johnston C.T., (1998),
Influence of oxalate and soil organic matter on sorption
and desorption of phosphate onto a spodic horizon, Soil
Science Society of America Journal, 62, 1089-1095.

Bhaumik M., Choi H.J., Seopela M.P., McCrindle R.l.,
Maity A., (2014), Highly Effective Removal of Toxic
Cr(VI) from Wastewater Using Sulfuric Acid-Modified
Avocado Seed, Industrial and Engineering Chemistry
Research, 53, 1214-1224.,

Castro B., Torrent J., (1998), Phosphate sorption by
calcareous Vertisols and Inceptisols as evaluated from
extended P-sorption curves, European Journal of Soil
Science, 49, 661-667.

Chien S.H., Clayton W.R., (1980), Application of Elovich
equation to the kinetics of phosphate release and
sorption in soils, Soil Science Society of America
Journal, 44, 265-268.

Daly K., Styles D., Lalor S., Wall D.P., (2015), Phosphorus
sorption, supply potential and availability in soils with
contrasting parent material and soil chemical properties,
European Journal of Soil Science, 66, 792-801.

Du Z.Y., Wang Q.H., Liu F.C., Ma H.L., Ma B.Y., Malhi
S.S., (2013), Movement of phosphorus in a calcareous
soil as affected by humic acid, Pedosphere, 23, 229-235.

Engels C., Kirkby E., White P., (2012), Mineral Nutrition,
Yield and Source-Sink Relationship, In: Marschner’s
Mineral Nutrition of Higher Plants, Marschner P. (Ed.),
3th Edition, Elsevier, London, 85-133.

Fink J.R., Inda A.V., Bayer C., TorrentJ., Barron V., (2014),
Mineralogy and phosphorus adsorption in soils of south
and central-west Brazil under conventional and no-
tillage systems, Acta Scientiarum Agronomy, 36, 379-
387.

Freeman J.S., Rowell D.L., (1981), The adsorption and
precipitation of phosphate onto calcite, Journal of Soil
Science, 32, 75-84.

Gee G.W., Bauder J.W., (1986), Particle-size analysis, In:
Methods of Soil Analysis, Part 1, Physical and
Mineralogical Methods, Klute A. (Ed.), 2th Edition,
Agron Monogr. Soil Science Society of America and
American Society of Agronomy, Madison, Wisconsin,
383-411.

Gorgin N., Fekri M., Sadegh L., (2011), Impact of organic-
matter application on phosphorus-desorption Kinetics in
two agricultural soils in  south-eastern Iran,
Communications in Soil Science and Plant Analysis, 42,
514-27.

Hamad M.E., Rimmer D.L., Syers J.K., (1992), Effect of
iron oxide on phosphate sorption by calcite and
calcareous soils, Journal of Soil Science, 43, 213-281.

Havlin J.L., Tisdale S.L., Beaton J.D., Nelson W.L., (2005),
Soil Fertility and Fertilizers: An Introduction to Nutrient
Management, 7th Edition, Pearson Education, Upper
Saddle River, New Jersey.


https://cassi.cas.org/publication.jsp?P=eCQtRPJo9AQyz133K_ll3zLPXfcr-WXf3RnR2XCVaiKqztlgiPn5NOokQHge4DuJMs9d9yv5Zd8yz133K_ll3wyJiOmo-oHUMs9d9yv5Zd8yz133K_ll31FSbrX6yWA3
https://cassi.cas.org/publication.jsp?P=eCQtRPJo9AQyz133K_ll3zLPXfcr-WXf3RnR2XCVaiKqztlgiPn5NOokQHge4DuJMs9d9yv5Zd8yz133K_ll3wyJiOmo-oHUMs9d9yv5Zd8yz133K_ll31FSbrX6yWA3

Phosphorus sorption-desorption in soil as influenced by organic matter, carbonates and Fe-Al oxides

Hiradate S., Uchida N., (2004), Effects of soil organic matter
on pH-dependent phosphate sorption by soils, Soil
Science and Plant Nutrient, 50, 665-675.

Holford C.R., Mattingly E.G., (1975), Phosphate by Jurassic
Oolitic limestones, Geoderma, 13, 257-264.

Jalali M., (2007), Phosphorus status and sorption
characteristics of some calcareous soils of Hamadan,
western Iran, Environmental Geology, 53, 365-374.

Jalali M., Ranjbar F., (2011), Effect of addition sorption of
organic residues on phosphorus release kinetics in some
calcareous soils of western Iran, Environmental Earth
Science, 62, 1143-1150.

Jalali M., Nadri P.E., (2013), Phosphorus sorption—
desorption behavior of river bed sediments in the
Abshineh river, Hamedan, Iran, related to their
composition,  Environmental Monitoring  and
Assessment, 185, 537-552.

Kuo S., Lotse E.G., (1972), Kinetics of phosphate
adsorption by calcium carbonate and Ca-kaolinite, Soil
Science Society of America Proceedings, 36, 725-729.

Leoppert R.H., Suarez D.L., (1996), Carbonate and
Gypsum, In: Methods of Soil Analysis, Part3, Chemical
Methods, Sparks D.L. (Ed.), Soil Science Society of
America and American Society of Agronomy, Madison,
Wisconsin, USA, 437-474.

Lair G.J., Zehetner F., Khan Z.H., Gerzabek M.H., (2009),
Phosphorus sorption desorption in alluvial soils a young
weathering sequence at the Danube River, Geoderma,
149, 39-44.

Liu F., He J., Colombo C., (1999), Competitive adsorption
of sulfate and oxalate on goethite in the absence or
presence of phosphate, Journal of Soil Science, 164,
180-189.

Majidi A., Rahnemaie R., Hassani A., Malakouti M.J.,
(2010), Adsorption and desorption processes of boron in
calcareous soils, Chemosphere, 80, 733-739.

Maluf H.J.G.M., Silva C.A., Curi N., Norton L.D., Rosa
S.D., (2018), Adsorption and availability of phosphorus
in response to humic acid rates in soils limed with
CaCOs or MgCOs, Ciencia e Agrotecnologia, 42, 7-20.

McDowell R., Condron L., (2001), Influence of soil
constituents on soil phosphorus sorption and desorption,
Communications in Soil Science and Plant Analysis, 32,
2531-2547.

Mehra O.P., Jackson M.L., (1960), Iron oxide removal from
soils and clays by dithionite-citrate systems buffered
with sodium bicarbonate, Clays and Clay Minerals, 7,
317-327.

Mihoub A., Daddi Bouhoun M., Lakhdar Saker M., (2016),
Phosphorus adsorption isotherm: a key aspect for
effective use and environmentally friendly management
of phosphorus fertilizers in calcareous soils,
Communications in Soil Science and Plant Analysis, 47,
1920-1929.

Moharami S., Jalali M., (2013), Removal of phosphorus
from aqueous solution by Iranian natural adsorbents,
Chemical Engineering Journal, 223, 328-339.

Olsen S.R., Sommer L.E., (1982), Phosphorus, In: Methods
of soil Analysis, Part 2, Chemical and microbiological
Properties, Page A.L. (Ed.), 2th Edition, Soil Science
Society of America and American Society of
Agronomy, Madison Wisconsin, 403-430.

Olsen S.R., Khasawneh F.E., (1980), Use of Limitations of
Physical-Chemical Criteria for Assessing the Status of
Phosphorus in Soils, In: The Role of Phosphorus in
Agriculture, Khasawneh F. E., Sample E.C., Kamprath

E.J. (Eds.), American Society of Agronomy, Crop
Science Society of America, Soil Science Society of
America, Madison, Wisconsin, 361-410.

Prakash D., Benbi D.K., Saroa G.S., (2017), Clay, organic
carbon, available P and calcium carbonate effects on
phosphorus release and sorption - desorption Kinetics in
alluvial soils, Communications in Soil Science and Plant
Analysis, 48, 92-106.

Rashmi 1., Parama V.R.R., Biswas A.K., (2016), Phosphate
sorption parameters in relation to soil properties in some
major agricultural soils of India, SAARC Journal of
Agriculture, 14, 01-09.

Rice EW., Baird R.B., Eaton A.D., (2017), Inorganic
Nonmetallic Constituents, Phosphorous, Ascorbic Acid
Method, In: Standard Methods for the Examination of
Water and Wastewater, Baird R.B., Eaton A.D., Rice
E.W. (Eds.), 23th Editon, American Public Health
Association, Washington DC, 4-164.

Rhoads J.W., (1982), Cation Exchange Capacity, In:
Methods of Soil Analysis, Part 2, Chemical and
Microbiological Properties, Page A.L. (Ed.), 2th Editon,
American Society of Agronomy, Madison, Wisconsin,
149-158.

Sarkar D., De D.K., Das R., Mandal B., (2014), Removal of
organic matter and oxides of iron and manganese from
soil influences boron adsorption in soil, Geoderma, 215,
213-216.

Soliemanzadeh A., Fekri M., (2017), Synthesis of clay-
supported nanoscale zero-valent iron using green tea
extract for the removal of phosphorus from aqueous
solutions, Chinese Journal of Chemical Engineering,
25, 924-930.

Solis P., Torrent J.,, (1989), Phosphate sorption by
calcareous Vertisols and Inceptisols of Spain, Soil
Science Society of America Journal, 53, 456-459.

Sparks D.L., (2003), Adsorption Isotherms, Sorption
Phenomena on Soils, In: Environmental Soil Chemistry,
Crumly C.R. (Ed.), Academic Press, Elsevier, 147-153.

Thomas G.W., (1996), Soil pH and Soil Acidity, In: Methods
of Soil Analysis, Part3, Chemical Methods, Sparks D.L.
(Ed.), Soil Science Society of America, American
Society of Agronomy, Madison, Wisconsin, USA, 475-
490.

Torrent J., Schwertmann U., Barron V., (1992), Fast and
slow phosphate sorption by goethite-rich natural
materials, Clays and Clay Minerals, 40, 14-21.

Uygur V., (2009), Phosphate sorption in calcareous soils: the
role of iron oxide and carbonates, Asian Journal of
Chemistry, 21, 3001-30009.

Varinderpal S., Dhillon N.S., Brar B.S., (2006), Influence of
long-term use of fertilizers and farmyard manure on the
adsorption—desorption behavior and bio-availability of
phosphorus in  soils, Nutrient Cycling in
Agroecosystems, 75, 67-78.

Walkley A., Black I.A., (1934), An examination of the
method for determining soil organic matter and
proposed modification of the chromic acid titration
method, Journal of Soil Science, 37, 29-38.

Wandruszka R.V., (2006), Phosphorus retention in
calcareous soils and the effect of organic matter on its
mobility, Geochemical Transactions, 7, 6-14.

Wang L., Liang T., Kleinman P.J.A., Cao H., (2011), An
experimental study on using rare earth elements to trace
phosphorous  losses  from  nonpoint  sources,
Chemosphere, 85, 1075-1079.

Wolde Z., Haile W., (2015), Phosphorus sorption isotherms

1443


https://cassi.cas.org/publication.jsp?P=eCQtRPJo9AQyz133K_ll3zLPXfcr-WXf3m24PZWHb5JLnXpwUrzoUvA_QTtjVc3yMs9d9yv5Zd-KZIEiSrxdxSOGaTRa1jGbMs9d9yv5Zd9-5cyY884eyX8B8cCHKJq3
https://acsess.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Sample%2C+EC
https://acsess.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Kamprath%2C+EJ

Hosseini et al./Environmental Engineering and Management Journal 20 (2021), 9, 1435-1444

and external phosphorus requirements of some soils of
southern Ethiopia, African Crop Science Journal, 23,
89-99.

Yang S., Zang Z., Cong L., Wang X., Shi S., (2013), Effect
of fulvic acid on the phosphorus availability in acid soil,
Journal of Soil Science and Plant Nutrition, 13, 526-
533.

1444

Yang X., Chen X., Yang X., (2019), Effect of organic matter
on phosphorus adsorption and desorption in a black soil
from Northeast China, Soil & Tillage Research, 187, 85-
91.

Zamuner E.C., Picone L.1., Echeverria H.E., (2008), Organic
and inorganic phosphorus in Mollisol soil under
different tillage practices, Soil & Tillage Research, 99,
131-138.



