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Sequential extraction of Phosphorous fractions in calcareous soils amended with
P-fertilizers

Arya Lekshmi, V. and $. L. Budihal?

Abstract: Phosphorous is relatively immobile in calcareous soil and moves very little from the site of its application. When
fertilizer P is added to calcareous soil, part of it goes to soil solution which may be either taken up by crops or precipitates, while
more than 80 per cent of added P gets fixed. P is mainly bound to adsorption surfaces at low concentration, where as it is mainly
precipitated as Ca-phosphate at higher concentrations in calcareous soils. With this background, an attempt has been made to
know the transformation of added Phosphorus in selected calcareous soils. The profile samples of three calcareous soils developed
from different parent materials were collected. An incubation study was conducted to know the extent of release or transformation
of different forms of phosphorus in the soil after the addition of fertilizers, DAP and KH,PO, The incubated sample was subsampled
repeatedly at different time intervals to determine the P fractions. Applied phosphorous transformed mostly into Pedogenic Ca-
P followed by reductant-soluble P in all the three soils. In brown soil and black soil, the order of occurrence of inorganic fractions
was: lithogenic apatite> reductant-soluble P> residual P> Al- and Fe- bound P. In case of red soil, however, the lithogenic

apatite fraction was lesser than the residual P fraction. This may be attributed to the calcareous nature of these soils.
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INTRODUCTION

Phosphorus (P) is the tenth most abundant element
in the earth’s crust. The amount of P present in soil is
sufficient to meet the requirement of the crops, if it is
available in full amounts, but large proportion
remains in fixed form and not available to plant. The
transformation of added P into different insoluble
forms and their availability in soils depend upon the
properties of soils and sources of P. P is relatively
immobile in calcareous soil and moves very little from
the site of its application. When fertilizer P is added
to calcareous soil, part of it goes to soil solution which
may be either taken up by crops or precipitates, while
more than 80 per cent of added P gets fixed (Leytem
and Mikkelsen, 2005). The high pH level results in
unavailability of phosphate due to the formation of
unavailable calcium phosphates as apatite. In
calcareous soils, considerable part of the applied P is
precipitated as dicalcium phosphate (DCP) which
subsequently transforms into octacalcium phosphate.
Efficiency of fertilizer P in calcareous soils remains

low (Delgado et al., 2002).When fertilizer P is added,
a part of it goes to soil solution and taken up by crops,
while the rest either precipitates or goes to exchange
sites and is adsorbed on sorption complex in the soil.
The apparent recovery of applied P in soil is very less
(15-20 per cent) indicating transformation into very
sparingly soluble forms. These sparingly soluble forms
control the P concentration in soil solution for a long
period of time. The uptake of P by plants is indirectly
governed by the solubility of these compounds.

P fractionation is an applicable technique to
determine the P status of soils and to study the
chemistry and genesis of soil (Chang and Jackson,
1957). Accurately characterizing P form is a
prerequisite to develop effective remediation
strategies to minimize the adverse environment
impact. Principles of the fractionation methods are to
displace PO, P from its sorption sites through anion
competition, to alter the adsorption surface, or to
dissolve compounds containing P. The most easily
desorbed and labile compounds are removed first
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with dilute reagents and the strength of the extractant
increases stepwise, in order to separate more strongly
bound P forms. In calcareous soils, P is mainly bound
to adsorption surfaces at low concentration, where
as itis mainly precipitated as Ca-phosphate at higher
concentrations. With this background, an attempt has
been made to know the transformation of added
Phosphorus in selected calcareous soils. The objectives
of the study were to evaluate the status of P fractions
in calcareous soils from agricultural fields and to
investigate the relationship between soil properties
and inorganic P fractions.

MATERIAL AND METHODS

Collection of soil samples

The profile samples of three calcareous soils
developed from different parent materials were
collected. A calcareous black soil, developed from
Deccan traps, was sampled from uplands of Kaulagi
village, 13 km East of Bijapur district on Gulberga
highway. A brown soil in vicinity of this black soil
and from where the top black soil had been
completely eroded was sampled. This brown soil was
also found to be calcareous. Another red soil which
was also calcareous with lime nodules and developed
from granite was also sampled from foot slopes of
Nandibanda reserved forest, 5 km south-west of
Mariyammanahalli in Hospet taluk (Plate. 1, 2, & 3).

Filate.Z Laicareous
Black soil profile

Piate.3 Caicareous Red
soil profile

Piate.1 Caicareous
Brown soil profile

Analyzing physico-chemical properties of soils

The soil samples were analyzed for clay, saturation
percentage, organic carbon, free Fe-oxide, alkaline
earth carbonate, CEC, exchangeable cations, available
and other fractions of P, pH and EC using standard
procedures (Jackson, 1958).

Laboratory experiment

An incubation study was conducted to know the
extent of release or transformation of different forms
of phosphorus in the soil after the addition of
fertilizers, DAP and KH,PO, The fertilizers, 124 mg
of DAP or 42.75 mg of KH, PO, were finally powdered
and thoroughly mixed with 500 g soil samples. The
amount of fertilizers added was equivalent to100 kg
P,O, per ha considering Cotton as the crop that needs
maximum P among most crops of this region. A
calculated amount of water was added and
thoroughly mixed to bring the sample to saturation.
The saturated condition of the sample was maintained
during the course of incubation. The incubated sample
was subsampled repeatedly at different time intervals
to determine the P fractions. The subsamples were
drawn on 0, 1, 2, 4, 7, 12, 18, 28 and 42 days of
incubation.

Sequential extraction of P fractions

The soil phosphorus was sequentially fractionated
using the fractionation technique (table.1) modified
and developed by ]J. M. Ruiz, A. Delgado and J.
Torrent (Ruiz et al., 1997) viz. 0.1 M NaOH + 1M NaCl
extractable P (Al and Fe phosphates), 0.27 M Na-
citrate + 0.11 NaHCO, extractable P (Soluble Ca
phosphates), 0.25M Na citrate extractable P
(Pedogenic Ca phosphate), 0.2M Na citrate+0.05M
ascorbate extractable P (mild reductant soluble P),
0.27M Na citrate-0.11M NaHCO,-0.12M Na
dithionite (CBD) extractable P (Reductant soluble P),
1M NaOAc extractable P (Residual Pedogenic Ca
phosphates) and 1M HCI extractable P (Lithogenic
apatite).

RESULTS

Physico- chemical Properties of Soils

The three calcareous soils developed from different
parent materials were analysed for pH, EC, OC, CEC,
exchangeable bases, alkaline-earth carbonates,
available P and free oxides of Fe as represented in
Table 2. The selected soils were alkaline. Black soil
had pH of 8.2 in the surface and 8.3 in subsurface
horizon. The brown and red soils had pH of 8.1 in
both surface and subsurface horizons. The electrical
conductivity of the soil solution of these calcareous
soils was low. The sub- surface horizons always had
less organic carbon content than surface horizon. The
lowest organic carbon content was observed in red
soil horizons. Exchangeable (Ca+ Mg) of surface and
sub- surface horizons were 74.8 and 81.1 cmol (p*)
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Table 1
Sequential extraction of phosphorous fractions in calcareous soils
Step  Extractant pH Shaking time (h) P forms extracted Abbreviations
1 0.1 M NaOH + 1M NaCl - 16 Al- and Fe-bound P NaOH-P
2 0.27 M Na- citrate + 0.11 NaHCO, 6-7 16 P readsorbed in the previous step: CB-P
labile pedogenic Ca-rich phosphate
3 0.25M Na citrate 6 16 Pedogenic Ca-P, much of the C1-P
NaOH extractable P forms, if not
dissolved
4 0.25M Na citrate 6-7 8 Same as the previous step C2-P
5 0.2M Na citrate+0.05M ascorbate 6 16 P occluded in poorly crystalline CAs-P
Fe-oxides
6 0.27M Na citrate-0.11M - 16 Various forms of P occluded in CBD-P
NaHCO,-0.12M Na crystalline Fe-oxides
dithionite (CBD)
7 1M NaOAc 4 6 Ca-P excluding lithogenic apatite NaOAc-P
8 1M HCl - 16 Mostly lithogenic apatite HCI-P
Table 2
Physico-chemical properties of selected calcareous soils
Soils Depth pH EC Exchangeable CEC Clay ocC CaCO,  Fe-ox Awvailable
(cm) (1:2.5) (1:2.5) cations(cmol(p*) (cmol(p*) (%) (%) (%) (%) P
kg™) kg™) (mg kg™)
Na K Ca+ Mg
Brown 0-30 8.1 0.16 0.33 0.18 74.8 80.1 43.7 0.54 11.2 43 11.7
30-75 8.1 0.12 0.57 0.10 81.1 88.8 54.3 0.48 114 3.6 9.9
Black 0-28 8.3 0.15 0.15 0.22 57.1 67.0 54.8 0.31 13.9 1.5 14.4
28-75 8.2 0.15 0.30 0.17 66.6 71.9 59.0 0.28 14.2 1.4 12.2
Red 0-20 8.1 0.12 0.07 0.18 11.0 11.3 21.7 0.27 12.4 0.3 11.5
20-42 8.1 0.11 0.07 0.16 8.0 9.5 17.0 0.26 11.9 0.3 9.3

kg™ for brown; 57.1 and 66.6 cmol (p*) kg™ for black
and 11.0 and 8.0 cmol (p*) kg™ for red soils
respectively. The exchangeable sodium and
potassium contents of the soil solution of these
calcareous soils were low. There was not much
difference in the content of exchangeable sodium and
potassium of these soils. The brown and black soils
had high cation exchange capacity, butred soils were
with very less CEC as compared to brown and black
soils. There was a good amount of calcium
carbonates for the soil P to react. The brown soil had
11.7 and 9.9 mg kg available P in surface and
subsurface horizons respectively. The available P of
surface and subsurface horizons was 14.4 and 12.2
mg kg for black; 11.5 and 9.3 mg kg™ for red soils
respectively. These calcareous soils were low in
available P. The red soils had less clay content as
compared to brown and black soils.

Soil P fractions in surface and subsurface horizons
of selected brown, black and red calcareous soils after
incubation with KH,PO, and DAP were presented in
table 3 and table 4 respectively.

NaOH-P: Al - and Fe - bound P (Fraction-1)

The Al and Fe bound P increased in all the calcareous
soils during first week of incubation. In the surface
horizon of all the three calcareous soils, this fraction
maintained its concentration (about 25 mg kg*) for
about three weeks and then slightly decreased during
the next three weeks. The value of Al-and Fe-bound
P was varying from 5.6 to 48.9 mg kg". Al- and Fe-
bound P was higher in sub- surface soils as compared
to surface soils in both cases of fertilizers.

CB-P: Soluble Ca Phosphates (Fraction-2)

The soluble Ca - P was initially nil in all the soils, but
rapidly increased after two days of fertilizer
application and by the end of first week, it attained
maximum. It was observed, soluble Ca Phosphate was
the third highest P fraction formed on the addition of
KH,PO, and DAP fertilizers. CB-P ranged from 106.5
to 280.0 mg kg'. In black soils, this fraction
intermediate between brown and red soils. Low
amount of soluble Ca -P was in red soils as compared
to brown and black soils. In red soils, this fraction
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was higher in surface soils than sub- surface soil when
these soils were applied with KH, PO,. But, when these
soils were applied with DAP, this fraction was higher
in sub- surface soil.

C1-C2-P: Pedogenic Ca- P (Fraction-3)

Pedogenic Ca - P (C-P) was the quantitatively highest
fraction among all other fractions. Even though this
fraction was found to decrease during first few days,
itincreased later and remained high during the period
of incubation. C-P ranged from 0 to 1500 mg kg™. All
the three calcareous soils were similar with respect
to this content.

CAs-P: Mild reductant soluble P (Occluded P)
(Fraction-4)

This fraction was present in these calcareous soils only
initially about 50 mg kg* and 100 mg kg™ of KH, PO,
and DAP respectively up to about three days. After
which it vanished irrespective of the soils and
fertilizers added. CAs-P ranged from 14.1 to 152.3 mg
kg'. As the days of incubation increased, there was a
decrease in the occluded P, with respect to all the
sources.

CBD- P: Reductant soluble P (Fraction-5)

Reductant soluble P started to increase about 5 times
(about 500 mg kg™) with in the first week of incubation
and remained so during next period of incubation.
CBD-P ranged from 53.9 to 1079.9 mg kg". In brown
soils, reductant soluble PP was higher in surface horizon
on the addition of KH,PO, and DAP. Both horizons
showed a similar trend during the course of incubation.

NaOAc-P: Residual Ca-P (Ca-P excluding lithogenic
apatite) (Fraction-6)

When brown soils of both horizons were applied with
KH,PO,, residual Ca-P increased during initial days
of incubation in both surface and sub- surface brown
soils. NaOAc -P ranged from 0.0 to 91.2 mg kg". On
the addition of KH,PO, this fraction was high in sub-
surface soils as compared to surface brown soil. In
black soils, more content of residual Ca - P was
observed when it was treated with KH,PO, than DAP.
This fraction was higher in surface soils than sub-
surface black soil on the addition of KH,PO,. On the
addition of DAP, this fraction was more in sub-
surface red soil than KH,PO, addition.

HCI- P: Lithogenic Ca-P (Fraction-7)

The lithogenic apatite P fraction was higher in sub-
surface horizon when brown soils were applied with

both KH,PO, and DAP. This fraction increased during
initial one week and attained maximum on 7 DAI and
then gradually decreased during the course of
incubation. The black soil was intermediate between
brown and red soils of this fraction.

DISCUSSION

NaOH-P: Al - and Fe - bound P

Al- and Fe- bound P fraction was higher in red soil
than in brown or black soil, despite having least
amount of free Fe-oxide content. This fraction
constitutes a small fraction of calcareous soil. Since
the increase of soil pH is generally associated with
increase of Ca-content and decrease of Al-and Fe-
oxides, the amount of this fraction is very low
compared to all other fractions (Fig. 1a). The low Al-
and Fe-P content might be due to low Al activity as a
consequence of its precipitation athigher pH (Adhami
et al., 2007).

50.0
—+—Brown soil (0-30 cm)
40,0 —#—Brownsoil (30- 75 cm)
5 3001
¥
o
E
o 20.0 4
|
10.0
0 3 6 9 12 15 18 20 24 27 30 3 36 39 42 4
Days
Fig. 1a. Changes in Al- and Fe-bound P (mg kg") with KH,PO, in brown soil
300.0
—e—Brown soil (0-30 cm)
250.0 4 —#—Brown soil (30-75 cm)
200.0 4
Tm
o 150.0
£
o
100.0 4
50.0 -
00 Bt ——————— T T———T————
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45
Days
Fig. 2a. Changes in soluble Ca-P (mg kg") with KH,PO, in brown soil
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—— Brown soil (0-30 cm) —=—Brown soil (30- 75 cm)

0.0 T T T T T T T T T T T T T T
12 15 18 21 24 27 30 33 36 39 42 45

Dave
~ays

Fig. 3a. Changes in pedogenic Ca- P (mg kg") with KH,PO, in brown soil

Soluble and Pedogenic Ca Phosphates

Ruiz et al., (1997) reported that soluble Ca - P values
exceeded the Al- and Fe- bound P values in calcareous
soils, probably because citrate complexes Ca, thus partly
dissolving Ca- rich phosphates (Fig.2a). It is likely that
metastable phase (dicalcium, octacalcium and
tricalcium phospahate) and possibly a small fraction of
stable phase (hydroxyapatite) were dissolved in citrate
bicarbonate (Delgado and Torrent, 2000).

The nature of variation of pedogenic Ca
phosphate remained similar for different soils at
different horizons were same irrespective of the
fertilizers added (Fig. 3a). It is partly available to
plants (Samadi, 2006). Citrate is common reagent to
evaluate P availability of fertilizers. The high content
of pedogenic Ca-P in these soils indicated that the high
risk of adverse effects of P on both agricultural
production and environmental quality (Adhami et al.,
2007). Delgado et al. (2002), explained that citrate
releases P related to Ca-phosphate as a consequence
of Ca-complexation by citrate.

Mild Reductant and Reductant Soluble P

Citrate ascorbate extractable P is assumed to be
associated with poorly crystalline Fe oxides (Ruiz et
al., 1997). The high content of this fraction indicates
that most of the reductant soluble P could be easily
reduced and solubilised when subjected to reducing
condition. P occluded in poorly and highly crystalline
Fe oxides (mild reductant soluble P and reductant
soluble P, respectively) is not related to the degree of
enrichment of P in to the soil. It is a consequence of
pedogenic process of the soil. The reductant soluble
P (CAs-P and CBD-P) provides an index of P that can

be potentially released when soils are subjected to
reducing condition (Fig. 4a & 5a).

300

—e— Brown soil (0-30 cm)
250 4 —=— Brown soil (30-75 cm)
200 4
2
o 150 4
£
o
100 4
50 4
0 TR ——% —W T T T v v T —
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45

Days
Fig. 4a. Changes in mild reductant-soluble P (mg kg'1) with KHzPOy in brown soil

550.0

A

400.0 1

—e— Brown soil (0-30 cm)
—=— Brown soil (30-75 cm)

e

350.0 1
300.0 4

250.0 1

P mg kg

200.0 1
150.0

100.0 -“

50.0 4

0.0

T T T T T T T T T T T
12 15 18 21 24 27 30 33 36 39 42 45
Days

T T
0 3 6 9

Fig. 5a. Changes in reductant-soluble P (mg kg")with KH,PQ; in brown soil

Residual and Lithogenic Ca-P

High amounts of CaCO, and its large surface area lead
to more rapid precipitation of P (Tisdale et al. 2002);
consequently, less formation of residual Ca-P (Fig.6a).

During initial days of incubation, this fraction was
higher in surface soils in case of both fertilizers and
maintained same concentration during remaining
days of the incubation (Fig. 7a). Similar result such as

100.0

— —e— Brown soil (0-30 cm)
—=— Brown soil (30-75 c
80.0 \ { m

AN

0.0 T T T T T T T T T T T T T

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45

60.0 4

P mg kg

( N’

20.0 4

Days
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Fig. 7a. Changes in lithogenic apatite (mg kg'1) with KH,PO, in brown soil

lithogenic apatite content remained unchanged after
fertilizer P was reported by Wang et al., (2010). The
phosphorous extracted with a dilute acidic solution
is primary P minerals such as hydroxylflourapatite
(Adhami et al., 2007).

CONCLUSION

From the present study, it was seen that each
phosphorus fractions responded distinctly with
addition of different fertilizers. In this study, in brown
soil and black soil, the order of occurrence of inorganic
fractions was: lithogenic apatite> reductant-soluble
P> residual P> Al- and Fe- bound P. In case of red
soil, however, the lithogenic apatite fraction was lesser
than the residual P fraction. This may be attributed
to the calcareous nature of these soils.
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