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Abstract: An effort was made study [lit.1 phosphorus and iron adsorption characteristic^ of the acid saline
soils of Kuttanad, Kerala. Thcrmodynamic parameters of I1 adsorption also were workecl

 Oul. phosphorus
adsorption hv these soils was s;iiislactorily described by Langnmir. [•a'undSitli .nid Temkin equations. Iron
adsorpiion did mil follow any of these equalions consistently indicating that adsorption is not a mechanism
of mactivation of iron m these soils, .Study of the Ihemiodynaniic parameters revealed thai p adsorption in
these soils was spontaneous, endothermicand highly disordered.
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INTRODUCTION

Kuttanad soils, a major group of problem soils
in Kerala, comprise an area of approximately
875 km" and arc distributed around I he
Vembanad lake in Alappu/ha, Kottayam and
Pathanamthitta districts (KALI, 1994). These
soils are grouped into three categories vi?.,
kari, karappadtm; and kayal soils. Kari (Typic
Sulfaquent)so\\s have been tentatively classi-
fied under Ambalappuxha series (Murthy et
nl.. 1982) but since the taxonomic classi-
fication of these soils is not yet complete,
only trivial names of these soils are in vogue
(KAU, 19941 Kari soils, besides being low
in fertility, contain toxic concentrations of
iron and aluminium and many unidentified
toxic organic compounds. Similarly, kayal
(Typic llydrtiqucn!) and karappadom (itydra-
giicntic SnlJMjui'pO soils also exhibit extreme
acidity, toxicity of Al and Fe, and deficiency
of P. Much information is not available
regarding the phosphorus and iron adsorption
characteristics of these soils and hence in the
present experiment, an effort was made to
study the adsorption pattern of these nutrients.

MATERIALS AND METHODS

Soil samples from the surface (0-15 cm) were
collected from three locations representing the
three distinct zones in the Kuttanad region of
Kerala. Kari soils (S|) have been collected
from the Naluchira south fields near the
Thottapally spill way and the kayal soils i S: )
are from R Block near the Rice Research
Station, Moncompu. Karappadom soils (Si)
WCR collected from the Pallathuruthy area.
The samples were collected between the last
week of March and second v\ eck of April

ieratur.es 2 / C
Immedi-

1998, after the harvesting of rice crop and
before the flooding of fields for the next crop.
The samples \\ere air-dried, finely powdered
in a wooden pestle and mortar and passed
through a 2 mm sieve. Physico-chemical pro-
perties of the soils worked out as per the
standard procedures (Page a al., 1982) are
shown in Table 1. For studying the adsorp-
tion characteristics of phosphorus and iron,
solutions containing 2.5, 5.. 10, 20 -in. 60, SO
and DOn^PmK^^5 '^1™2-^^
6.0, 8.0 and !0.0 mg Fe ml"1 were prepared in
0,01 MCaCh system. Soils (2 g each) were
taken in two sets of 150 ml capacity polyethy-
lene bottles and solutions (40 ml) containing
various concentrations of phosphorus and iron
as mentioned above were added in separate
sets. The suspension was then kept for seven
days in an incubator at two te
and 4()"C intermittent
ately after removing the bottles from incu-
bator, half of the suspension was centrituged,
filtered and phosphorus content of the filtrate
in first set was determined colorimetrically
and the iron content in the filtrate of the
second set was determined using AAS, In the
remaining suspensions, pH and EC were
recorded. For studying the sorption relation-
ships, Langmuir, Freimdlich and Temkin
equations were tried as given below :

(i) (C/x/m) = (I/KM) + (C/M) (Langmuir)
(ii) Log x/m = log KK + L/n |0g C (Frcundlich)
(iii) x/m = a+ b log C(Temkin)

Where C = P or Fe in solution, mu ml"1), x/m

amount adsorbed (M« u'1), M = adsorP'lon

maximum (Mg jj'1), K » bondin9 ener^
constant (ml |ig ), Kh and 1/n Freundlich
constants, a and b = Temkin constants.
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Thermodynamic parameters

Thermodynamic parameters were calculated
from the variation of the thermodynamic
equilibrium constant, K,, folio wing the proce-
dure of Bigger and Cheung (1973). The
standard free energy (AG0) was calculated
from A( i0 = - RT In K,,

The standard enthalpy (AH ( I) was obtained
from integrated form of the Van't Hoff
equation

- &HO (_\ \ } _ AH o (r, -71,)
r, J " R.T,.T,

, Ko-,
So&no = In—- x

The standard entropy (ASo) was calculated
from aSo = (AHo -aGo)/T

Using the data obtained from the adsorption
studies (27°C) phosphate potential and iron
( I I ) hydroxide potentials of the soil samples
•were worked out using the following
equations:

Table I. Physio-chemical properties of the soils

Phosphate potential = pCa + pH2P04 (Hesse,
1994).
Iron ( I I ) hydroxide potential = pH - pFe2+

(Ponnamperuma, 1972)

RESULTS AND DISCUSSION

The data from adsorption experiments were
fitted into linear forms of Freundlich, Lang-
muir and Temkin adsorption equations. The
results are presented in Tables 2a and 2b and
2c, respectively.

Phosphorus

As evidenced by the high correlation coef-
ficient (r) values, the adsorption of P by the
soils was satisfactorily described by all the
three adsorption equations. The only excep-
tion was kari soil (Si) at 288 "K, the fit for
which was not statistically significant for
Langmuir equation. The Freundlich constants
(K.F and 1/n) are presented jn Table 3, K(. is
defined as the amount of P adsorbed at unit
soil solution concentration of phosphorus. In
all the three soils, an increase in KK value
from 300 to 313°K was observed. In karappa-

SI.No. i Properly

1

2

3

4

5

6

7

S

9

10

II

pH(l:2)

EC(dSnV')

Organic carbon (g kg"1)

Bulk density (My m"3)

CEC (cmol (p*) kg'1)

Textural class

Bray-l P(mgkg')

Available f e(mg kg'1)

Lxtraclable Al (mg kg'1)

Phosphate potential

Iron hydroxide potential

Kari (S,)

3.2

5.21

70.8

1.04

32.80

Clay loam

2.12

765,4

1 09.3

6.33

0.56

Kaya! (Sj>

3.7

1. 78

30.0

1.03

22. 1 4

Loam

1. 56

4 1 5.6

yy.3
7.07

-0.48

Karappadum (S3)

4.2

1. 88

31.3

1. 17

20.20

Loam

2.79

434.4

45,5

6.26

-1.27

dom soil (S3) the KK values were relatively
lower compared to that for the other two soils.
Tl" v?K>es for bonding energy (K) and adsor-
ption maximum (M) obtained from Langmuir
equation did not reveal any specific trend in
different soils in relation to temperature.
Temkin equation in its simplest form is x/m =
a + b log C (Barrow, 1978) where x/m is the

amount of adsorbed + native adsorbed phos-
phate (ug g"' soil), C is the final solution
phosphate concentration (Mgml" ), a and b are
constants. A plot of x/m against log C should
give a straight line if the adsorption energy
decreases linearly with increasing surface
coverage. In the present study, since adsorp-
tion data were conformed to Temkin equation
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Table 2a. Freundlich equation (log x/m = log K + 1/n log C) for adsorption of P and Fe at different
temperatures

Soil

s,
S2

s,
s,
Si

S3

Temp
TO

300

300

300

313

313

3!3

P adsorption

log x/m = 2,464 + 0.632 log C

log x/m = 2,502 + 0,795 log C

log x/m - 2,038 i 0.605 log C

log x/m = 2.767 + 0.544 log C

log x/m = 2.8 13 ---0.576 log C

log x/m = 2.272 + 0.662 log C .

r

0.969**

0.908**

0.937**

0.923**
0.946**

0.875**

;. Fe adsorption

log x/m = 1.977 4-0.7 12 log C
log x/m - 2.073 + 0.960 log C

log x/m = 1 .994 + 1 .040 log C

log x/m = 1.524-0.123 log C

log x/m = 1.159-0,663 log C

log x/m = 2. 195 + 0.631 log C

r

0.346

0.550

0.687

0.045

0.303

0.780*

*Signiflcantat 5 % level; ** Significant at I % level.

Table 2b. Langmuir equation [((C)/(x/m)}
temperatures

(I /KM + C/M)] for adsorption of P and Fe at different

Soil

S,

S2

S3

s,
S2

S3

Temp.(°K)

300

300

300

313

313

313

P adsorption

C/x/m = 0,0025 + 0.00052 C

C/x/m = 0,0026 + O.OQOM C

C/x/m = 0.0080 - 0.00099 C

C/x/m = 0.0008 + 0.00050 C
C/x/m = 0.0007 + 0.00047 C

C/x/m = 0.005 1 + 0.00055 C

r

0.967**

0.838**

0.989**

0.969**

0.953**

0.931**

• Faadsorption

C/x/m -0,0220- 0.00451 C

C/x/m = 0.0 ! 80- 0.00407 C

C/x/m = 0,0 185- 0.00554 C

C/x/m = -0.006 1+0.1 2087 C

C/x/m = -O.OOI4+0.06821 C

C/x/m = 0.0034+ 0,00252 C

r

0.032

0,077
0.2 1 2

0.277

0.378

0.354

**Significantal I % level

Table 2c. Tcmkin equation (x/m = a + b log C) for adsorption of P and Fe at different
tRtnnsra turpstemperatures

Soil

s,
S:

s>
S,

S2

'S3

Temp.(°K)

300

300

300

3I3

3I3

3U

P adsorption

x/m = 553,1 + 646.57 log C

x/m = 600.5 + 95 1,97 log C

x/m= 148.9 + 436,43 log C

x/m = 91 1.1 +620.76 log C

x/m = 972.0 + 656.37 log C

x/m = 338.3 + 662.30 log C

r

0.936**
0.986"

0.994**

0.916**

0.910**

0.925"

Fe adsorption

x/m = 127.0+ 105.0 log C

x/m= I43.1 + 153.3 logC

x/m= 1 2 1.7+ 146.2 log C

x/m = 9 1, 0 + 24 .8 logC

x/m = 79.4 + 1 .5 log C

x/m= 149.1 +92.8 log C

r

0.447
0,787+

0.853**

0.105

0.000

0.836"

* Significant at 5 % level; ** Significant at 1 % level

Table 3. Langmuir and Freundlich adsorption parameters for phosphorus adsorption

Soil

S,

S2

S)

Temp.(°K)

300

313

300

313

300

313

Langmuir

Bonding energy, (K) Adsorption maxima

(ml g'1)

0.210

0.615

0,149

0,638

0.124

0.108

M([Jgg')

1923.57

1983.76

2601.18

2136.17

1011.99

1804.24

Freundlich

KF

291 .34

584.55

317.84

649.53

109.26

187.14

1/n

(MKB 1 )
0.632

0.544

0,795

0.576

0.605

0.662

as indicated by highly significant V values, it
can be inferred that with increase in surface
coverage, the energy of P adsorption decre-
ases linearly in these experimental soils.

Freundlich equation is normally written
(Fitter and Sutton, 1975) as x/m = KfC

tln

from which log x/m = log Kh + i/n log C
gives a linear test plot where K t and 1/n are
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constants. It has been suggested that these
constants correlate with adsorption capacity
and intensity respectively. This adsorption
capacity (Kj.) is the amount of P adsorbed at
unit soil solution concentration olphosphorus.
The constants showed a uniform increase with
increase in temperature from 300 to 3 13°K in
all the three soils under study (Table 3),
which implied an increased adsorption of
phosphorus with rise in ambient temperature.
The linear form of Langumir equation is
given by C/X/m = I /KM + C/M, where K =
adsorption/desorption equilibrium constant
(ml fig phosphorus) which is related to
bonding energy and M = maximum mono-
layer adsorption capacity (|Jgg"' phosphorus).
While adsorption maximum increased with an
increase in temperature from 300 to 3 13°K in
kari and karappadom soils, there was a de-
crease in the same in kayal soil (Table 3).
This gives an indication that in kayal soil,
maximum monolayer adsorption occurs at the
lower temperature. It is well established that
in highly weathered acid soils, hydrated oxi-
des of Al and Fe play a primary role in
phosphorus adsorption (Parfitt , 1978; Sanchez
and Uehara, 1980). Phosphorus is considered
to be adsorbed specifically by metal hydrous

Table 4. Thermodynamics of phosphorus adsorption

oxides by. effecting, a
placing OH2

05 or OH0

to metal ions at the surface. Since all the
three soils in the present investigation have
high contents of Al and Fe, the hydroxides
formed will facilitate high amounts of P
adsorption.

There are several reports on significant corre-
lations between soil organic matter levels and
phosphate adsorption (Ahenkorah, 1968; Sin-
gh and Tabatabai, 1977). It is also established
that Al-organic matter complexes and organic
matter-Fe complexes can adsorb phosphorus
(Bloom, 1981). These reports amply support
the present observations of higher P adsor-
ption by these organic matter rich soils.

Iron

The adsorption of Fe was not following any of
the three equations consistently (Tables 2a, 2b
and 2c). Adsorption ofFe in karappadom soil

(S_i) at 313 °K was described by Freundlich
equation. Adsorption isotherm ofkayal soil at

300°K and karappadom soil at both 300 and

313°K were described satisfactorily with the
Temkin equation.

Soil

s,
Si
Sj

1C,

300°K

24.5

25.55

23.55

313°K

26.8

26.4

23.6

AG0 {kcal mo!'1)

30G°K
-1906.7

-1931.7

1883.2

3L3°K

-2045.2

-2035.8

-1966.1

(kcal mol'1}

1287.8

469.7

30,44

(cal mol'1 °K-')

300°K

10.65

8.00

6.38

313°K

10.65
8.00
6.38

Failure of any of the equations to describe Fe
adsorption indicates adsorption is not a mech-
anism involved in inactivation of I 'L' m so1 '
Moore and Patrick (1989b) observed that Fe2<

activities in flooded acid sulphate soils are
seldom in equilibrium with pure Fe solid
phases under natural conditions due probably
to (i) transient redox conditions, (ii) presence
of ill defined ferric oxides and hydroxides,
and/or (iii) cation exchange reactions. They
also observed that the divalent charge fraction
in the soil solution attributable to Fe2 'Le'r

E'-Fe) was directly related to the divalent
charge fraction on the CEC accounted for by
Fe (i.e., E-Fe). E'-Fe represents the ratio of

in the soil

+ +
Fe2V(Fe2+ Mn2+ Ca2+ Mg2f)
solution whereas E-Fe represents the ratio of
exchangeable Fe to the sum of exchangeable
divalent cations or the CEC (Moore and
Patrick, 1989a). This also supports the fact
that Fe adsorption by these iron-rich soils is
dependent on the activity of other nutrients
also in solution and hence the present obser-

vation can be substantiated.

Thermodynamics of phosphorus adsorption

Themiodynamic parameters were computed
for understanding the nature and mechanism
of P adsorption, since adsorption was the



50

mechanism of retention of P in these soils.
The values of thermodynamic equilibrium
constant K<, at 300 and 313°K, free energy
(aGo), enthalpy (AH,,) and entropy (AS0) of
phosphorus adsorption are given in Table 4.
The thermodynamic equilibrium constant (Kf l)
values showed very slight increase with rise
in temperature from 300 to 313°K in all the
soils. The reverse was the trend for free
energy of adsorption (AG0) where negative
values increased or in other terms, the abso-
lute values decreased with increase in temp-
erature. The free energy of adsorption is a
measure of as to how much the concentration
of phosphate must diminish, starting with uni t
activity before reaching equilibrium. The
greater the adsorption, more is the value of
free energy. Since the free energy becomes
more negative with increase in temperature,
the spontaneity of the process increases with
increase in temperature.

The values of enthalpy (aHn) or heat of
adsorption were positive in all the three soils
which indicates that P sorption was an endo-
thermic reaction. The entropy change (&5n)
was the same at both the temperatures and
recorded positive values for all the soils.
Higher aS» values are indicative of more
disorder in the adsorption process.
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