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Abstract: Phosphorus (P) is essential to all known life forms because it is a key element in many physiological and biochemical
processes. Soil properties due to soil formation processes and land use have an impact on the availability of phosphorus in
soil and on the change in geochemical fractions. The phosphorus fractions are important for assessing their soil status and
understanding the soil chemistry that affects soil fertility. Taken 43 soil samples, were selected from agricultural fields of Isparta
- Southeast of Turkey, to determine the availability of phosphorus and change in fractions. Relations of phosphorus fractions
with soil properties were revealed by analysis of variance, Pearson correlation analysis Descriptive physicochemical analyzes
and sequential phosphorus fractionation were performed in the soil. These fractions are; sodium bicarbonate (NaHCO,-P) ,
sodium hydroxide (NaOH-P), citrate bicarbonate dithionite (CBD-P), hydrochloric acid (Ca-P), and residual (Res-P) phosphorus.
The results showed that the fractionations (Ca-P, 597.05 mg kg*) (Res-P, 259.54 mg kg™) were high for respectively. It was
determined that the fractal distribution of these fractions changed according to the land use pattern.

KeyWords: Phosphorus (P), soil properties, hydrochloric acid, Pearson correlation analysis.

Resumen: El fosforo (P) es esencial para todas las formas de vida conocidas porque es un elemento clave en muchos procesos
fisioldgicos y bioquimicos. Las propiedades del suelo debido a los procesos de formacion del suelo y el uso de la tierra tienen
un impacto en la disponibilidad de fésforo en el suelo y en el cambio en las fracciones geoquimicas. Las fracciones de fésforo
son importantes para evaluar el estado del suelo y comprender la quimica que afecta la fertilidad. Tomadas 43 muestras de
suelo, fueron seleccionadas de campos agricolas de Isparta - Sureste de Turquia, para determinar la disponibilidad de fésforo
y el cambio en las fracciones. Las relaciones de las fracciones de fésforo con las propiedades del suelo se revelaron mediante
analisis de varianza, andlisis de correlacion de Pearson. Se realizaron analisis fisicoquimicos descriptivos y fraccionamiento
de fosforo secuencial en el suelo. Estas fracciones son; bicarbonato de sodio (NaHCO,-P), hidroxido de sodio (NaOH-P),
ditionito de bicarbonato de citrato (CBD-P), acido clorhidrico (Ca-P) y fésforo residual (Res-P). Los resultados mostraron que
los fraccionamientos (Ca-P, 597.05 mg kg*) (Res-P, 259.54 mg kg?) fueron altos para respectivamente. Se determind que la
distribucion fractal de estas fracciones cambiaba de acuerdo con el patrén de uso de la tierra.

Palabras Claves: Fosforo (P), propiedades del suelo, &cido clorhidrico, analisis de correlacion de Pearson.
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Introduction

Phosphorus is an essential element for plant growth, crop
production and quality. Due to low P availability in soil and
low fertilizer use efficiency, farmers often apply P fertilizers
in excess of plant requirements. Plants take up only 10-20% of
the P applied with fertilizers in the year of application because
the majority of applied P is rapidly fixed or precipitated into
poorly available forms?*. Many soil constituents react with
P to convert it into unavailable forms and the dominance of
individual fraction is largely controlled by soil properties. The
amount of P fertilizer needed depends not only on the crop
P requirement, but also on the amount of extractable soil P
and the P fixing capacity of the soil. Discrimination between
phosphorus fractions, as well as between soils, is generally
found to be statistically significant at the reliable level.
The Ca-P fraction contains a significant amount of CB-P
(phosphorus impregnated by carbonates), CBD-P (phosphorus
occluded is hydroxyl oxides and iron oxides) and Al-P + Fe-P
(phosphorus occluded is aluminum and iron) and Residual-P
fractions™. The Ca-P fraction, determined as the predominant
inorganic phosphorus fraction in the rice paddy, has been
found to decrease continuously due to the decrease in CaCO,

content of soils®®. Phosphate ions also become unusable by
forming precipitates by combining with elements such as Ca,
Mg, Al and Fe in the environment®*°, The plant varieties and
genotypes grown in the soil showing phosphorus deficiency
often have a root system of eaves extending to the side and to
the side of the soil™. It has been found that the increase in Al-P
and Fe-P in acidic soil is mainly due to the reductive solubility
and the predominance of Occluded-P forms, less than the
reduction in Ca-P?°. Marked variation in the different forms of
inorganic P is a function of genetic differences among soils*.
Organic matter, calcium carbonate and sesquioxides appear to
be guiding factors in determining the distribution of forms of
P2, Saltali et al.'® have shown that the organic and inorganic P
fractions decrease significantly. Dieter et al.%, the proportional
amount of inorganic and organic phosphorus extracted with
0.5 M NaHCO, and extracted with anion exchange membrane
rated Labil / mobile P varied between 4.7% and 11.4%. Achat
et al! the results show the dominant role of aluminum and
iron oxides and organic carbon in the control of the dynamics
of phosphate ions in acidic and non-acidic soils. Alovisi et al.?
showed that the effect of inorganic fertilizer on the moderate
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and labile P fractions was high. The NaHCO,-Po fraction in the
organic P fractions was observed to be the only fraction that
contributed to the plant nutrition.

In the light of the available literature, this study tried to
show the effects of soil properties and applied agricultural
practices, descriptive statistics and Pearson correlation on
phosphorus fractions in Isparta soil.

|
Materials and methods

Sampling and Site Description

Taken 43 soil samples, were selected from agricultural
fields of Isparta - Southeast of Turkey, to determination of
phosphorus availability and change in fractions. Surface soil
samples were air-dried and sieved through 2 mm mash ope-
nings, Then the soil properties are determined by the methods
used: organic matter (OM) by modified Wakley-Black wet oxi-
dation with potassium dichromate (K,Cr,0.), soil reaction and
electrical conductivity by means of pH-meter and Wheatstone
bridge in the saturated paste, cation exchange capacity (CEC)
by using the method of sodium acetate (1 M pH 8.2) saturation
and ammonium acetate (1 M pH 7.0) replacement, Lime equi-
valents of soils were determined by volumetrically measuring
the carbon dioxide minerals from the treatment with 10% HCL
(W / V) by means of Scheibler calcimetry'®. Soil texture was
determined by Bouyoucos hydrometer®, The summary of soil
properties was given in Table 1.

Determination of Phosphorus Fractions

The soils were subjected to sequential extraction proce-
dures of modified version of Soils, Hedley et al.”, Kuo'? ,proce-
dures. The reagents and operationally defined chemical frac-
tions were as follows:

1. Labile or plant available P (NaHCO,-P): this was parti-
tioned into organic and inorganic NaHCO-P fractions

2. Moderately labile P (NaOH-P) the residues from the
previous sequence were treated with 50 mL of 0.1 M NaOH at
1:50 for 17 h. This was also partitioned into organic and inor-
ganic NaOH-P.

3. Reducible P (Fe-P): extracted with citrate-bicarbona-
te-buffer system (CBD-P).

4. Ca-bound P (Ca-P): extracted with 1 M HCL for 1 h on
a shaker.

5. Residual P (Res-P) the residues from the forgoing frac-
tionations were acid digested with concentrated HNO3- HCL

Table 1. Descriptive statistics of the soils properties. (N: 43).

mixture (3:1, V/V).

After the sequential procedures, the phosphorus concen-
trations of the supernatant obtained were calorimetrically de-
termined using the method of Murphy and Riley (15) at 880
nm wavelength.

Statistical Analyses

Descriptive statistical analyzes were applied to the Physi-
co-chemical properties and phosphorus fractions of soil (con-
centration and proportional values) in the SPSS 22 package
program. Then, the correlation between the soil properties and
phosphorus fractions was examined by conventional correla-
tion analysis.

|
Results and Discussion

Descriptive Statistics

The basic descriptive statistics for different phosphorus
fractions shown in Table 2. In Table 2, the majority of the frac-
tions showed typical normal distribution and their skewness
and / or kurtosis value < 2 x standard errors. The available P to
plant (NaHCO,-Po, NaHCO,-Pi, NaOH-Pi and NaOH-Po) shows
high positive skewness. This stimulation indicates that there is
an excessive increase in this fraction, especially in some soils,
due to the effects of the practices and / or soil formation pro-
cesses generally done in the soil. This is an expected situation
when the size of the study area and the similarities in the soil
formation processes are taken into consideration, in particular
the similarity of the climate and the mainstream in general.

Positive skewness data means that there is a tendency
to enrich for P fractions in some soils with significantly higher
analytical values than the majority of soils. This can show that
fertilization P is converted to a high positive fraction. Deple-
ted-P from the primary mineral structure and/or fertilizer-P
was likely to accumulate in Ca-P and/or CBD-P depending on
the abundance of the Fe/Al oxides or carbonate minerals and
governing thermodynamic conditions. This situation is expec-
ted when Ca-P compounds are thought to be more stable in
alkaline calcareous conditions and have lower Fe solubility® 2.,

Given low skewness, it may indicate extinction due to con-
version or loss of the relevant fraction. Res-P fraction is the
low skewness. Much of the organic matter-induced activity
has been stripped away at earlier stages (in particular, alkali
extraction steps such as NaHCO3 and NaOH). There is still a
small fraction of organic matter that is not alkaline hastened

Soil Properties Min Max Mean Std. deviation Variance skewness Kurtosis
OM % 0.51 4.95 2.11 1.01 1.02 1.08 1.45
pH 6.78 8.03 7.65 0.32 0.10 -1.29 0.80
EC (uS cem?) 105.20 762.00 288.26 129.87 16867.37 1.20 2.89
Lime % 0.75 3557 11.11 10.06 101.15 1.04 0.30
Sand (gkg?!) 6.00 695.00 390.95 166.36 27674.80 -0.31 -0.30
Silt (g kg?) 118.00 667.00 249.88 106.68 11381.26 1.69 4.66
Clay (gkg?) 170.00 699.00 359.22 121.44 14747 83 0.71 0.68
CEC (cmolkg?l) 1730 6290 33.59 10.27 105.41 0.88 0.69
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P-Fractions Min Max Mean Std. Variance Skewness Kurtosis

mg kg™ Deviation Statistic ~ Std.  Statistic Std.

Error Error
NaHCOs;-Pt 5.17 117.21 24.16 26.79 717.44 2.46 0.37 5.14 0.72
NaHCOs-Pi 3.91 96.68 20.69 23.79 566.19 2.40 0.37 4.76 0.72
NaHCOs3-Po 0.27 20.52 3.47 4.48 20.04 2.59 0.37 7.33 0.72
NaOH-Pt 32.80 257.83 77.84 46.11 2126.37 2.42 0.37 6.54 0.72
NaOH-Pi 30.71 226.63 72.02 43.59 1899.90 2.31 0.37 5.48 0.72
NaOH-Po 0.55 31.20 5.82 8.31 69.02 2.13 0.37 3.64 0.72
CBD-P 65.25 312.60 13234 50.52 2552.26 2.03 0.37 5.85 0.72
Ca-P 20023 138527 597.05 277.51 77009.64 0.98 0.37 0.60 0.72
Res-P 99.52 490.49 25954 111.31 12390.58 0.50 0.37 -0.84 0.72
Total-P 551.95 2621.16 119293 449 95 202450.5 1.62 0.37 3.28 0.72
3

Table 2. Descriptive statistics in the absence of transformation to phosphorus fractions (N: 43).

but which can be oxidized, a relatively low skewness factor in
the data set.

The averages of determined P fractions (Table 2, Fig 1)
were: NaHCO_-Pt 24.16 mg kg™ ; NaHCO_-Pi 20.69 mg kg™ ;
NaHCO,-Po 3.47 mg kg ; NaOH-Pt 77.84 mg kg* ; NaOH-Pi
72,02 mg kg™ ; NaOH-Po 5.82 mg kg™ ; CBD-P 132.34 mg kg™*;
Ca-P 597.05 mg kg™ ; Res-P 259.54 mg kg*. Ca-P Fraction, low
skewness coefficient 0.98 and kurtosis coefficient 0.60. This
means that with continuous fertilization, this fraction generally
increases (can be observed from the concentration values) but
it may lead to a reduction in the proportion of this fraction in
areas where composting is relatively uncommon or underde-
veloped.

Relationships between Phosphorus Fractions and Soil
Properties

Some soil Physico-chemical properties, Pearson corre-
lation coefficients of P fractions given in Tables 3 and 4. The
positive correlation between available phosphorus fractions
of the soils NaHCO3-Pi fraction and OM (r = 0.581**), EC (r =
0.476**), sand (r = 0.329*%), NaHCO3-Pt (r = 0.993**), NaOH-Pt
(r = 0.358%), NaOH-Pi (r = 0.397%). The fertilization program
can explain positive correlation. The decrease in the content
of clay increases the amount of available phosphorus, which

Figure 1. The averages of phosphorus fractions (N: 43).
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can be considered to be related to adsorption mechanisms. .
Maranguit et al.* found High positive correlation was observed
between the available P fractions (H,0-Pi, NaHCO_-Pi and Po)
and the total organic P amount and carbon content.

NaHCQO,-Po was found to be positively correlated with OM
(r =0. 590**). Positive correlation indicates that the increase
in organic matter in the soil may be the result of increased
fertilization of the soil, which is usually related to the presen-
ce of perennial plants, especially fruit trees in the field. Ac-
tually, Alovisi et al.? have shown that inorganic P fertilizers
significantly increase moderate and labile P fractions. On the
other hand, available phosphorus has reported that the most
contribution is from the organic P fractions to the NaHCO,-Po
fraction.

NaOH-Pi Fraction positively correlated with OM (r =
0.609**), NaHCO3-Pt (r = 0.361*), NaHCO3-Pi (r = 0.397%),
NaOH-Pt (r = 0.968**), CBD-P (r = 0.421*) and Total-P (r =
0.563**). Positive relationship is the function of the adsorption
mechanisms, as previously mentioned, with the surface bound
to this fraction (usually bound to Fe and Al, OH surfaces) and
the decrease in clay quantity. Uygur et al.?? found significant
relationships between Fe and Al and NaOH-Pi that could be
extrapolated by CBD. In this respect, surfaces of oxide mine-

rals are an important component in the adsorption of mineral
PS, 23, 25.

NaOH-Pi  NaOH-Po

CBD-P

Ca-P Res-P

P-Fractions
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P Fractions OM Lime pH EC Sand silt Clay CEC
NaHCO:-Pt 0615™ 0.155 -0.075 0456 0.309° -0.157 -0.285 -0.064
NaHCO:-Pi 0581™ 0.129 -0.065 0476 0329° -0.177 -0297 -0.067
NaHCO:-Po 0.590™ 0.243 -0.107  0.200 0.095 -0.001 -0.129  -0.028
NaOH-Pt 0.615" 0.109 -0.224  0.221 0286 -0.173 -0241 -0.066
NaOH-Pi 0.609™" 0.129 -0.1890 0252 0277 -0.143 -0254 -0.046
NaOH-Po 0.217 -0.074 -0253 -0.100 0.139 -0209 -0.007 -0.124
CBD-P 0.574™* 0.108 -0.120  0.138 0.126 -0.044  -0.134  -0.030
Ca-P 0.497"" 0.335° 0.263 0.320" 0.041 0.086 -0.133 0.116
Res-P 0.220 -0.112 -008 -0.006 -0.134 0.085 0.108 0.392"
Total-P 0.625™ 0.232 0.073 0.311° 0.102 0.015 -0.154 0.144
*%* Correlation 1s important at 0.01 level (2-way)
* Correlation is important at 0.05 level (2-way)
Table 3. Pearson correlation between phosphorus fractions and some soil properties matrix (N: 43).
P Fractions NaHCOs3-P (mg kg!) NaOH-P (mg kg?) CBD- Ca-P Res-P Total-
P P
Pt Pi Po Pt Pi Po (mg kg™
NaHCOs-Pt 0993 012 033 0361° 001 022 0.09 0.02 031
NaHCOs3-Pi  0993™ 0.00 0358 0397° -002 024 0.09 0.05 032
NaHCOsz-Po 0.12 0.00 -0.19 -0.28 023 -021 -004 -029 -0.14
NaOH-Pt 033 0.358° - 0.968"™ 0446" 0405° 031 -0.18  0.560"
0.19
NaOH-Pi 0.361" 0.397° - 0968" 021 0421 029 -0.06 0563"
0.28
NaOH-Po 0.01 -0.02 023 0446 021 0.08 0.16 - 0.18
0.490™
CBD-P 0.22 0.24 - 0405 04217 0.08 -0.04 0.01 0.26
0.21
Ca-P 0.09 0.09 - 031 0.29 0.16 -0.04 026 09207
0.04
Res-P 0.02 0.05 - -0.18  -0.06 - 0.01 0.26 0.32
0.29 0.490™"
Total-P 0.31 0.32 - 0560" 0563 018 026 09207 032
0.14

** Correlation is important at 0.01 level (2-way)

* Correlation is important at 0.05 level (2-way)

Table 4. Pearson correlation matrix between phosphorus fractions (N: 43).

NaOH-Po Fraction positively correlated with NaOH-Pt (r
= 0.446%). Positive relationship can be explained mainly for
different reasons: i) Because NaOH is alkaline, it can extract
organic matter in considerable quantities, ii) Fractions of orga-
nic matter or soil organic matter, such as humic acid and fulvic
acid, are in competition with phosphate ions for the adsorption
surfaces of the soils. Yi-Chao et al.* showed that NaHCO, and
organic P extractable with extractable inorganic P and NaOH
are significantly associated with miner P fertilization.

CBD-P Fraction positively correlated with OM(r = 0.574*%),
NaOH-Pi (r = 0.421%). Positive relationship can be explained by
fertilization practices in general. The more fertilizer applied to
any soil, the higher the availability of fractions (CBD-P, Ca-P
and Total-P) in the fractions with high availability in the short
run (fractions extractable with NaHCQ, and NaOH) and in the
long run at low fractions for buffering the high quantity frac-
tions.

Ca-P fraction in soils was correlated positively with OM

(r=0.497*"), Lime (r = 0.335%), EC (r = 0.320*) andTotal-P (r
= 0.920"*). The relationship between Ca-P and the extracta-
ble phosphorus fractions OM can be explained by the plant
cover-induced fertilization practices, positive correlations with
other properties can be considered because of phosphorous
fertilization applied in the region. Actually, negative correla-
tions were found between Ca-P fraction and clay properties
in this study. It is thought that the soil components may cause
clay adsorption and / or precipitation reactions instead of the
Ca-P fraction of P added to the soil when the soil components
are high. Patiram et al.'” found that the different forms of P in
acidic soils did not change significantly in the fractions of Al-P
and Ca-P. Tandon?, found Ca-P in the Indian soil represents
about 40-50% of total P in calcareous and neutral soils.
Res-P fraction in soils was correlated positively with CEC
(r=0.392%). The relationship with the CEC points to an increa-
se in the ability to retain P in soil formation processes due to
high clay minerals. Shukla et al.*® and Uygur et al. 21 found



Effect some soil properties (organic matter, soil texture, lime) on the geochemical phosphorus fractions.
Efecto de algunas propiedades del suelo (materia orgdnica, textura del suelo, cal) sobre las fracciones geoquimicas de fésforo.

that the residual fraction in the calcareous soils was in relati-
vely high quantities.

|
Conclusions

Descriptive analyzes have shown that although some si-
milarities exist in the soil, some soils show distinct differen-
ces. The averages of determined P fractions were: NaHCO,-Pt
24.16 mg kg™!; NaHCO,-Pi 20.69 mg kg* ; NaHCO,-Pa 3.47 mg
kg'; NaOH-Pt 77.84 mg kg ; NaOH-Pi 72,02 mg kg ; NaOH-
Po 5.82 mg kg* ; CBD-P 132.34 mg kg* ; Ca-P 597.05 mg kg* ;
Res-P 259.54 mg kg*.

It can be concluded that the division of phosphate ferti-
lizers between the geochemical fractions of phosphorus is
largely related to the organic matter, the calcium carbonate
equivalent and the soil texture content in the soil.

In order to increase the use of phosphorus in the soil struc-
ture, which show different behaviors according to the changing
soil properties, plant fertilization and reduce P contamination,
it is necessary to determine the form and amount of fertiliza-
tion system according to soil properties carefully.

|
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