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“Phosphate Adsorption Characteristics of Tamil Nadu Soils

M. SUNDARARAJAN! and G.V. KOTHANDARAMAN?

‘Phosphate adsorption isotherms were studied for twenty soils representing four

major soil groups viz., red, black, alluvial and latorite.

The P adsorption capacities of

the soils varied widely and the P adsorption was high in high level laterits soils. The
F adsorption isotherms ware found to fit Langmuir‘s equation ai equilibrivm concentra-
tion of less than 5 ppm. P adsorption maximum of these solls ranged from 118 to 1760
itgfg of soil. P adsorption maximum positively correlated with total R.0., Al;Oy, Fe.O,

Free FesOg silt, organic carbon and clay.

segative relationship with sail pH.

Phosphate adsorption is usually
defined as the tendency for P jons to
concentrate at the interface between
the liguid and solid phases of the soil
system. The reaction of fertilizer P
with soils depends upon the nature and
amount of adsorbing suriace as well
as pH and other factors. The Langmuir
equation has been used to describe the
adsorption of P by soils (Gunary, 1970),
Olsen and Watanabe (1957) showed
that the adsorption of P by soils from
dilute solutions showed a closer agree-
ment with the Langmuir isotherm than
the Freundlich isotherm. P adsorption
properties of Tamil Nadu soils and their
utility to predict the fertilizer needs
have not been studied in detail. The P
adsurmiﬂh isotherms to measure the
availebility of phosphorus is gaining
greater importance in soil fertility
studies and with this object in view,
the present investigation was under-

e

F adsorption maximum was found to have a

taken to study the phosphate adsorption
characteristics of major soil groups of
Tamil Nadu.

MATERIALS AND METHODS

Twenty surface (0-15 cm) soils
belonging to the four groups of soils
viz., red, black, alluvial and laterite
wera used for the study. Mechanical
analysis of the soils was done by Inter-
national Pipette method and organic
carbon as described by Piper (1966).
Total sesquioxides, Fe,O, were estima-
ted by standard procedures. Free Fa,
0, was estimated by the method of
Coffin (1863) as described by Hesse
(1971). The pH of the soil was esti-
mated with Beckman pH meter in a soijl
waler suspension of 1 :2 ratio. Soil
samples weighing 1.5 g crushed to
pass through 1 mm sieve were shaken
for one hour twice daily with 30 ml of
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0.01 M CaCl, solution containing
various amounts of P as KH,PO, in 50
ml centrifuge tubes for 6 days, Equili-
bration period was based on the earlier
study (Rajan and Fox, 1972). The
tubes were centrifuged for 15 minutes
a1 2600 RPM x G and P was estimated
in the supernatant solution by the
molybdenum blue method. P removed
irom the solution during eguilibration
was considered to have been adsorbed.

The isotherm data were analysed
employinmg Langmuir’s adsorption equa-

tion C 1 Cc
—_— £ — ...t.. _—
*xfm ab b
YWhere C = equilibrium P concentration
(tg/ml)
xIm = Jg of P adsorbed per g of
sojl
b = P adsorption maximum

constant related to P bond-
ing strength of soils

The reciprocal of the slope was calcu-
lated 1o obtain the P adsorption maxi-
mum.

RESULTS AND DISCUSSION

The general physico-chemical pro-
perties and P adsorption maximum for
twenty soils are given in Table 1. The
P adsorption isotherms drawn for nine
soils viz., red soils (Nos. 1 and 10),
biack soils (Nos. 14 and 15), alluvial
soils {Mos. 11, 12 and 13) and low
fevel laterite soils (Nos. 16 and 18) are
shown in figures 1, 2, 3 and 4. There
was a wide variation in the adsorption
characteristics of different seoils, Iso-
therms with steep and flat curves indi-
cated the soils having high and low P
adsorption capacities respsctively. High
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level laterite soils of Ootacamund: and
Coonoor had the highest adsorption. of
P at any concentration in the. equili-
brium solution. Both these high level
laterite soils are highly weathered com-
pared to other soile and they behaved
similarly in most of the soil properties;
The high adsorption capacity of the
high level laterite soils can beattributed
to the enormous specific surface of
highly reactive hydrated iron arid. alu-
minium oxides of these soils. - Among
the red soils, Vellalur soil had high
adsorption capacities compared to other
red soils. In black soils, Peelamedu
soil had higher P adsorption capacity
than the Kovilpatti soil. Low level
laterite soils of Vallam and Mudukulam
adsorbed more P than Pattukottai soil.
Among ths alluvial soils, Aduthurai soil
had the highest adsorption at any con-
centration in the equilibrium solution,
while Koduveri and Noyyal adsorbed the
least. Generally, the high level laterite
soils showed higher adsorptive powar
than low level laterite and other soils.
This may be attributed 1o the presence
of high amount of total sesquioxides,
free oxides of Fe and organic mattar
content. Soundararajan (1971) stated
that the capacity of the soil 1o adsorb P
was related to their mineralegy. The
order of increasing adsorption was 2.1
clay, 1:1 clay and oxides, Syers et s/
(1973) reported thst the ability of soils
to sorb added P increased with increase
in clay content, exchangeable Al, cit-
rate dithionate soluble Fe and Al. The
present study confirms the earlier ob-
servations. The high level laterite soils
of Nilgiris contained higher amount of
hydrated oxides of Fe and Al and kao-
linite as dnminnﬁr clav mineral (Rama-
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PHOSPHATE ADSORPTION ISOTHERMS
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nathan, 1974) and hence these soils the graph was linear in all cases but
had higher adsorptive power than other abrupt breaks were found except in

soils. _ ' Vallalur red soil. The deviation occur-
: red in most of the soils was between

The adsorption data plotted accord- two and four ppm equilibrium solution.

ing to the Langmuir egquation for red The isotherms were found to fit Lang-
soil (S.Nos. 3, 6 and 9), black soil muir equation at equilibrium concentra-

S.Hos. 14 and 15), alluvial soif (S.Nos. tion of less than five ppm as observed
12 and 13) and low level laterite soils by Sounderarajan (1971) for Tamil Nadu
(S.Nos. 16 and 18) are presented in solls. The black soil of Peelamedu and

ficures 5, 6, 7 and 8 respectively. [t red soil of Vellalur behaved entirely
wes observed that the initial portion of  different from other soils, The adsorp-
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THE LANGMUIR PLOT OF P ADSORPTION ISOTHERMS
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tion data did not however, confirm with
Langmuir isotherm at higher concentra-
tions. Such deviations were also ob-
served by Oisen and Watanabe (1957),
Gunary (1570), Soundararajan (1971)
and Udo and Uzu (1972). Since the
Langmuir’s equation is based on a
monclayer adsorption of the adsorbents,
Gunary (1970) explained the deviations
at high concentrations on continued
adsorption of P after the monolayer ad-
sorption had been achieved on adsorp-
tion sites -The black soil of Peelamedu
and red soil of Vellalur behaved entirely
different from other soils. Such a be-
haviour of these soils might prabably
be due to their calcareous neture which
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greatly influence retentive capacity

of P,

Phosphate Adsorption Maximum :
The phosphate adsorption maximum
values of soils ranged from 118 to 176G
#g/a. The highest value of 1860 pg/g
of soil was recorded in the high levei
laterite of Ootacamund and Coonoor
and the lowest in red soil of Ansmalai
(118 ig/g of soil). A notable feature
was that P adsorption maximuimn of high
leve| laterite soils was four to 15 times
greater than other soils. There was not
much difference in the P sdsorption
maximum wvalues in case of red and
black soils though Peelamedu biack
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TABLE If. Results of Statistical analysis for correlations batween P adsorption £t
maximum and other soil properties '
Variable Correlation i P
Y Co-efficients Regrossion - No,'at.
{r) aquation pairs
A .y
Total sesquioxides 0.850%* Y 48.264X — 228,10 20
A
Iron axide 0.817*%* Y : 142.388X — 268.64 20
A .,
Aluminium oxide 0,818%* Y 59.348X — 142.30 20
‘ A
Free iron oxide 0.717%% Y : 270.648X — 35.74 20
A .
Crganic carbon 0.632% Y : 316.399X + 68.02 20
A
Loss on ignition 0.869%= Y’ : 97.278X — 218,12 20
A
pH =0.474% Y : 229.058X -+ 2025.92 20
A ,
Clay 0.480% Y : 14.091X —  12.99 20
A .
Silt 0.712# Y : 270.648X — 35.74 20

* Significant at 5 per cent level
“* Significent at 1 per cent level

soil had higher value than the above
said soils. Between low level laterite
soils, Vallam and Mudukulam had
slightly higher adsorption than Pattu-
kottai soil, Among the alluvial soils,
Aduthurai soil was high in P adsorption
maximum compared to Noyyal and
Koduveri soils. )

The relationship of P adsorption
maximum with soil characteristics is
given in Table |I. P adsorption maxi-
mum correlated significantly with total
sesquioxides (r = 0.850*%), Fe,0; (r=
0.817**), Al O, (r = 0.818%*) and fres
oxides of Fe (r = 0.717%%). Similar
correlations were obtained by Vijaya-
chzndran (1966) in Ilaterite soils of
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South India. It has been wel]l establi-
shed that the oxides of iron'and alumi-
nium are iargely responsible for adsorp-
tion of P in acid soils (Hings, 1973).

High correlations with free oxides
of Fe (citrate dithionate soluble) was
obtained (r=0.717%%) thereby indicat-
ing that iron is more important in the
adsorption of P in the soils studied. P
adsorption maximum correlated signifi-
cantly with clay content (r=0.480%)
and nsgatively correlated with pH (r=
-0.474%)as reported by John(1972) and
also Udo and Uzu (1972). The siit, loss
on ignition and organic carbon were
found to correlate with P adsorption
maximum, the r values being 0.712**,
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1.859** and 0.532* respectively. Ths
lose relationship of organic carbon
vith P adsorption maximum is under-
tandable since organic matter might
rovide major sites for P adsorption
John, 1972: Hinga, 1973). The results
f.the present study have shown that
1e total sesquioxides, Fe,0,, Al,Q,,
wee oxide of Fe, organic carbon, clay,
pH and siit content of the soils were
mainly responsible for P adsorption in
these soils,

~+ The senior author is grateful to ths
Tamil Nadu Agricultural University for
according permission to publish data
which formed part of M.Sc, (Ag.) thesis.
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