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Influence of Reaction Time and Ionic Environment
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o
Adsorption

M. Sundararajen’ and G.V, Kothandaraman®

The influence of reaction time and ionic environment on P adsorption was studied
on eight representative seils of Tamil Madu. P adsorpiton rate was rapid initially
followed by o slow process. High level laterite soil adsorbed more P than the rest
and within 48 hours B0 per cent of the P ad-snrpr.inn was ohserved.  An equilibration
period of six days was found to be essential for attaining complete or near complete
eguilibrium in these soils.. The ionic environment was found to influence the P
Solutions conlaining Ca jons Insiead of K and MNa lens increased P

adsorption and decreased P concentration in the equilibrium solution,

adsorption greatly.

Increasing ionic
strengih of Ca also increased the F sdsorption and decreased the P concentrations in

the equilibrlum solutions and the pH.

Colloids of highly weathered tropi-
cal soils, especially those rich n
hydrated oxides of jron and aluminium
are very adsorptive for phosphate.
~ Consequently P concentrations in solu-
tion are closely associated with adsorp-
tive properties of soils. A knowledge
of phosphate adsorption characteristics
is imperative for understanding the
phasphorous availability and to suggest
a rational P fertilization.

P adsorption by soil had initial
rapid phase followed by a slow process
" (Rajan and Fox, 1872). Kuo and Lotse
(1973) studied the kinetics of P adsorp-
tion and found that the rate of P adsorp-
tion ‘was rapid initially and decreased
with prelonged time. Species and con-
centration of associated cations had

greater effects on P sorption than
did pH by minerals and soils over a pH
range of 4 to 7. Higher P sorption was
observed with Ca solutions and the
increased sorption was greater when the
pH and Ca concentrations were higher
(Volkweiss et al, 1973). An attempt
was made to study the influence of
action time and jonic effect on P adsorp-
tion with four major soil groups of Tami]
Nadu.

MATERIALS AND METHODS

The influence of reaction time
adsorption was studied using two
face (0-15 cm) soil samples in each
of red, black, alluvial and laterite =oiis
which differ widely in their physico-
chemical properties (Table I,

on P
sur-

1. [Instructor, Department of Scil Science and Agriculjural Chomisiry, Tamil Nadu Agricefued

University, Coimbatore,
Z,

Protessor and Head of the Departmant of Soil Scionce and Agricultural Chemistey,

Agrizultural College and Research Instituie, Madural,

649


https://doi.org/10.29321/MAJ.10.A03005

SUNDARARAJRN and KOTHANDARAMARN Vol.-68."No:.10

Soil samples (1.6 g < 1 mm) were
taken in 50 ml centrifuge tubes with
20 ml of 007 M CaCl. solution
containing KH.PO,. The initial P
concentration in CaCl, solution was
25 ppm P for al| soils and the reaction
\ime study was done ac per the proce-
dure of Rajan and Fox (1972). The study
was extended to know the influsnce of
ionic environment on P adsorption. Four
different concentrations viz, 0, 0.001
WM0.01, and 0.1 M in each of KCI, CaCl,
and NaCl were tried. When the suppor-
ting electrolyte was KCl and CaCl , P
was added as KH,PO,; and when the
elecirolyle was NaCl, P was added as
NaHPO,. Initial P concentrations were
25 ppm P.  The soils were equilibrated
for 6 deys after which pH and P were
estimated in the supernatant solution as
described by Jackson (1973).

RESULTS AND DISCUSSION

influence of reaction time_on ¥
adsorption : Results of the eauilibfa-
tion time study are presented in Table I,
The influence of chemical parameters on
adsorption have been presented by the
authors in another paper (Sundararajan
and Kothandaraman, 1877). In all the
soils, the adsorption followed by a slow
process. Based on the rates of P-adsorp-
tion as on the 6th day equilibration the
soils followed the ‘order : Highlevel
latosol of Ootacarnund > Aduthurai aliu.
viam>Peelamedu black soil>Palathu.
rai red soil >lrugur red soil>low level
laterite soil of Vallam > Kovilpatti
black soil. © The P-fraction in solution
was found to decrease with increase in
reaction time (Fox and Kamprath, 1970:
Rajan and Fox 1972).

TABLE |, Basic Characters of Soils Studied

Seil Sesgui-  lron Aluminium Free iion 'Mois- Loss on . Organic.

Soil reaction  oxides ‘oxide oxide
(pH) (%) (% (%)

T —

oxide wie  jonition - carbon  Clay

(%) (%) (%) ) (%%

RED SOIL

frugur 7.1 11,81 2.85 8.86
Palathural 7.7 11.68 4,86 6,84
BLACK SOIL

Feelamedu 1.9 15.92 3.76 12.96
Rovilpatti 8.1 2.26 056 2.40
BLLUVIAL SOIL

Movyal 6.6 238 2099 6.38
Aduthurai 7.2 1991 547  13.54.

LATERITE SQIL

Vallam

= o
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@ o

Ootscamund 37.2%  11.26 26.95

18.64

1.46 1.82  4.88 0.8  19.83
0.83 .17 427 1917 14.43

- 412  12.8B 1.14 41.6n
012 - B.56  8.56 0.20  58.05

1427 107 4.54 2,64 15,55
0.65 497  7.51 0.72. 51.72

0.5, 1.67 5.52 . 035 ' 43.57
‘080 498 16.30 - 2,70 -51.81
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TABLE Il Influance of Reaction Time on P Adsorption
121 day 2nd day 4th day Gih day Bth day 10th day
Soil . . B . B . B i P . B
B.E . EE 2 EE a EE 2 EE 2 &5 o
— Eﬂ —_ Eﬂ -.,DEQ --...nEﬂ — Eﬂ -1;.‘.0 Eﬂ
oW on oY oM o g o¥f gbh o¥ m_;-':: o 9 ng
3 2F 2z 2§ S5 2F =37 3 25 2= 337
hugur 17.6 180 10,0 300 8.0 340 8.0 340 7.5 350 7.3 360
Palathurai 18.0 140 12.0 260 7.5 350 6.5 370 6.6 370 6.0 380
Peelamedu 17.5 1860 8.0 340 8,0 340 6.0 380 6.0 380 55 390
Kovilpatti 21.5 70 16.0 180 155 190 15.0 200 14.5 210 145 210
Mayval 21.56 70 17.6 160 17.0 160 16.5 170 15.6 180 165 180
Aduthurai 13.5 230 4.5 410 4.0 420 3.6 430 3.5 430 3.6 430
Valiam 18.5 130 12.0 260 11.0 2B0 11.0. 280 108 230 10.B 250
Cotacamund 17.0 160 2.0 320 4,0 400 2.0 460 2.0 4B0 1.0 480

When the rates of P adsorption
were compared among the soils, it was
found that it was rapid in high level late-
rite of Ootacamund compared to the low
lavel laterite. Inred soil, the rate of
adsorption was higher in Palathurai soil
than frugur soil probably due to the
calcaresous nature of Palathurai soil. Not
much differences was seen between the
two alluvial soils, The rate of P adsorp-
tion was higher in Peelamedu soil than
in Kovilpatti soil. Pre-dominance of
oxides of iron and aluminium of high
level laterite soils accounted for more
adsorption of P among the soils studied.

It could be seen from the data of
equilibration time study that 80 per cent
of P was adsorbed after 48 hours
equilibration (P adsorption in 10 days
1aken as 100 per cent) in all soils. From
the point of view of plant nutrition,
however, solution concentration plotted
against reaction time is more appropriate
since interest here is centered on the

concentration of P in the solution from
which plant derives its nutrition,

Ghani and lislam (1946) reported
that 45 to B5 per cent of added phos-
phorus was fixed at the start of the
incubation in the soils and the rate of
fixation was rapid for 6 hours and
decreased with time in Dacca soils.
Rajan and Fox (1972) reported that 80
per cent of P adsorption took place
within 24 and 48 hours eqguilibration
resnectively for latosols and montmoril-
lonitic soils of Hawaii. Rapid fixation
of P within 24 hours of incubation
of Punjab soils has been reported by
Kanwar and Grewal (1960). They also
reported that equilibration continued at
slower rate for a long periocd. They
attributed this to the slow diffusion of P
in these soils.

In the highly fixing high level latosol,
P concentration after 6 days was only
one third of the original P solution and
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half of that after 2 days equilibration,
Reasonable stable levels of P in solution
were attained after 6 days of equilibra-
tion in almost all soils except in black
soils of Peelamedu and Kovilpatti, which
required 8 days for attaining stahle levels
of P in solution. Fox and Kamprath
(1970) and Rajan and Fox (1972) also
reported that 6 days equilibration period
was required for Hawaiian soils. The
results of the present investigation also
showed that an equilibration period
of atleast 6 days is required for the soils
of Tamil Nadu and this is in line with
the work of Soundararajan (1971) who
reported that red and black soils of
Tamil Nadu required 6 and 8 days
respectively for equilibration.

ii. Influence of iohic environ-
ment on Padsorption: The solutions
of CaCl, and KCl are commonly used for
equilibration of P with soils. Besides
these, NaCl solution was also tried in
this study. Calcium jon in solution in-
general increased P adsorption(Table I11).
The depressing effect of Ca ion onP

solubilty has been amply explained by’

Clark and Peech (1960) and Larsen
(1965). Clark and Peech (1260) sugg-
ested that increased adsorption of Pin
caleium chloride solution may be due to
co-adsorption of P with exchangeable
" cations. P also forms a precipitate as
tricalcium phosphate. To a limited ex-
tent, increased jonic strength of CaCl,
also enhanced P adsorption. In most of
the soils increase in ionic strength was
associated with a decrease in pH, The
study revealed that 0.01 M CacCl, as the
best electrolyte since Ca is the domin-
ant cation in soils and in P fertilizers,
This agrees with the observations of
Rajan and Fox (19772).

652

[Vol. 66, Na. 10

TAEBLE Il Effect of concentration of wsalls an
pH and P concentration of the equilibrium ":soli-
tion and adsorption of P in soils. (P added 500/

flalg soil)
Added con- P

Salt  centration —— —
(ML) In solution "Absorbed pH
. (falml) (fainsall)
(1} (z) (3) {4) - (B)

IRUGUR SOIL
KCi none 17.56 180 7.5
0.001 17.0 160 7.6
0.010 16.0 180 7.6
¢.100 18.0 140 7.5
NaCl - none 18.5 130 - 7.5
0.001 19.0 120 . 7.4
0.010 18.0 120 7.7
0.100 192.0 120 7.6
CaCls  nons 17.0 160 7.5
0.001 16.5 170. - 7.6
0.01 12.0 260 - 7.1
0.100 R = 350 6.8
PALATHURA| SOIL
KCI nona 11.6 270 7.8
0.001 1.6 270 75
0.010 10.0- 300 7.6
0,100 9.5 310. 7.3
MNaCl none 12.5 250 7.4
0.001 11.5 270 7.6
0.010 12.0 260 7.8
0,100 L1258 2600 7.8
'CaCls  none 12,0 260 7.6
0.001 12.0 60 7.6
0.010 6.0 380 7.3
© 0,100 2.0 460 7.0
I_“EELAM_EDU S0IL

[{w] none’ 14.0 220 - 7.6
0.001 11.5 270 7.4

W Contd. ]
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" (@ (3) (4) (5
t!.ﬂﬂl'r 8.5 330 7.3

0.100 8.5 330 7.1
NaCl . none 12.0 260 7.4
0.001 12.5 250 1.6

0,010 12.5 260 7.4

0.100 12.0 260 7.5

CaCls none 12,5 250 7.4
0.001 11.5 270 7.3

0.010 6.0 380 7.0

0.100 3.6 430 7.0

- KOVILPATTI sOIL

KCl none 18.5 130 7.5
0001 18.0 140 7.6

0.010 16.56 170 7.4

0.100 16.5 170 7.2

NaCl none 16.5 180 7.3
0.001 17.6 150 1.7

0.010 17.0 160 7.6

0,100 13.0 240 7.2

CaCly none 21.0 80 7.3
0.001 18.5 130 7.5

0.010 13.5 230 7.4

0,100 10.0 300 7.0

NOYYAL SOIL

KCI nong 21.0 20 7.2
¢.001 20.0 100 7.3

0.010 21.0 80 7.2

0,100 21.0 ao 7.2

MaCl none 23.0 a0 7.4
0,001 21.0 g0 7.1

0.010 21.0 80 7.2

0.100 20.5 S0 7.2

Calls none 20.5 a0 7.1
0.001 18,0 140 7.2

.00 14.0 220 6.2

0.100 13.5 230 6.5

Confd.}

{1) (2) (3) (4) (5)
ADUTHURAI SOIL
KCl none 10,0 oo 7.5
0,001 £2.0 249 7.6
0.010 6.5 370 7.4
0.100 6.5 370 7.2
Mag) none 11.0 280 7.3
0.001 11.0 280 1.7
0.010 8.0 340 7.6
0.100 8.0 340 7.2
CaCly none 8.0 320 7.3
0.001 8.0 040 1.5
0.010 7.0 367 7.4
0.100 6.0 380 7.0
CAALLAM SOIL
KC| none 11.5 270 7.0
0,001 10.5 290 7.0
0.010 8.5 330 7.0
0.100 4.5 330 6.8
MaCl none 12.6 250 7.2
0.601 3.6 230 7.0
0,010 12.0 260 6.2
0,100 11.5 270 7.0
CaClj nona 3.5 430 7.0
0.001 8.5 330 7.0
0.010 5.0 400 7.0
0.100 &5 410 7.0
O0TACANUND SOIL
KCI none 4.5 4110} 7.1
0.001 4.0 470 1.2
0.010 2.0 PRy 6.5
0,700 4.8 410 6.2
MaCl nong AZ 474 7.2
1 0.001 1.5 440 7.2
0310 4.0 420 .5
0,100 4.0 421 L |
&
C‘-arﬂu none .0 G20 6.9
0.001 4.0 A0 .3
0,010 ~b HE0 Tid
0.100 2.5 450 B
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