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Introduction 

Phosphate, an essential nutrient for plants, is 
also considered to play a key role in nitrogen 
metabolism in soils and even in nitrogen fixation . 
In general, however, soils distributed widely in 
the tropics are deficient in phosphate. This is a 
main limitation to crop yields in paddy as well as 
in upland soils of the tropics. Therefore, it is 
very urgent and important to clarify the dynamic 
behavior of phosphate in the soils for better 
understanding of soil fertility and foundation of 
the rational system of phosphate application to 
crops in the tropical region. 

In the present paper, the characteristics of the 
main Thai soils in P adsorption in terms of 
Langmuir adsorption model and equilibrium 
diagrams for phosphate compounds will be 
presented. 

Materials and method 

1) NI aterials 
Soils used in this experiment are Acid Sulfate 

soils (ASS), Fresh Water Alluvial soils (FWAi, 
Reddish Brown Lateritic soils (RBL), Grumusol, 
and Noncalcic Brown soils (NCB) . Soil samples 
which passed through a 2 111111 sieve were used. 
Some relevant properties of the soils a re presented 
in Table 1. 

2) Method 
Two g each of air-dried soil samples was weighed 

and placed into a 50-ml polyethylene centrifuge 
tube, and then, 40 ml of P solution containing 
the required amoul)t of 0.1 N HCl or 0.1 N NaOH 
to bring the equilibrium pH to desired values was 
added onto it. Concentration of the P solution 
added ranged from 1 to 20 ppm for FW A, RBL, 
and NCB and from .1 to 150 ppm for ASS and 
Grumusol. This P solution also contained 
NaN03 corresponding to 0.01 M. The mixture 
of the soil and P solution was shaked gently for 
24 hr at room temperature. After the shaking, 
the suspension pH was measured and centrifuged. 
Supernatant was kept for P analysis. 

Results and discussion 

1) Acidmetric and all?alimetric t-itration of 
Thai soils 

The acidmetric and alkalimetric titration 
curves of the five Thai soils used in P adsorption 
were very simi lar to those reported by Inoue 
et aJ.3> ASS has a great buffer intensity around 
pH 5 because of its high content of free and 
exchangeable aluminium. With the increase of 
the pH, a hydrolysis of the a luminium associated 
with the release of proton proceeds, and OH 
added is consumed with the H released, conse
quently the pH remains unchanged. 

Grumusol showed a great buffer intensity both 
in the low and high pH regions. This is due to 
CaC03 contained in a la rge amount in the soil. 

FWA showed a steep increase in buffer inten
sity at a low pH region . This soil has a mixed 
clay mineralogy, i.e., Illite, Kaolinite, Mont-
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Table 1. Some relevant properties of the soils used 

Soi l pH CEC 
Base Organic 

Clay mineralogy saturation matter samples I-120 KCI (meq/100 g) 
(%) (%) 

ASS 4.3 3 .7 Mixed (Ill. Mt. Kt.) 28 18 1.4 
NCB 7.7 6.5 Kt. Mica 8 62 
Rl3L 6.7 5.5 Kt. 16 82 
Grumusol 8.1 7.4 Mt. 50 170 1.8 
F\o\'A 7.0 5 .8 Mixed (Ill. I<t. Vt.) 20 90 1.1 

111. : l llitc, Kt.: Kaolinite, Mt.: i\fontmorillonite,Vt. : Vermiculi te 

morillonite, etc., and is considered to be fragile 
in its structure to some extent, especially in a 
strong acidity. Other two soils, REL and NCB 
wtre very similar to each other and did not show 
any specific characteristics in their buffer inten
sity. 
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2) P adsorption in Tlzai so-ils 
Grumusol 
The effect of equiUbrium pH on P adsorption 

by Grumusol is presented in Fig. l. In low to 
medium P concentrations (less than 30 ppm) the 
effect of pH js not so significant, and the optimum 
pH seems to lie at around G. Since ZPC (zero 
point of charge) of thjs soil is at or above pH 7, 
the soil surface comes to wear negative charge 
above pH 7, so that P adsorption decreases due 
to electrostatic repulsion. With the increase of 
P concentration beyond 75 ppm, P adsorption 
increased steeply at pH above G. Grumusol 
contains a large amount of CaC03, so that the 
steep increase occurs clue to the precipitation of 
calcium phosphate compounds. 

A plot of P adsorbed(x)vs. equilibrium concent
ration(C) also indicates that phosphate is pre
cipitated as calcium compounds (figure is not 
presented here.). Therefore, we will discuss the 
efiect of pH and P concentration on the dis
solution and precipitation of some calcium phos
phate compounds in terms of conditional solubil
ity product. The solubility relationships neces
sary to compute solubilities of calcium phos
phate compounds are g.iven by reactions 1 
through 5 shown in Table 2.4> Equilibrium 
concentration constants and C<mcen trations were 
converted to activity constants and activities, 
respectively using the extended Debye-Hiickel 
equation(l) at l = 0.01. 

log r,= -AZ,21" 2/(J + Bdtf112) ........ ,([) 

where r r: activity coefficient, I: ionic strength, 
A ,B : 0.5091 0.328 X 108 for water at 25°C, respec
tively. d1 corresponds roughly to the effective 
size of the hydrated ion. 
The solubility of many compounds is not govern-
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Table 2. Equilibrium constan ts for various phosphate reactions a t 1= 0.01 

Reaction 
No. 

Equilibrium reaction 
log 0*I<so 
(l= 0.01) 

1 
2 
3 
4 
5 
6 
7 
8 

CaHP04 ,2H20 (DCPD) + H+= Ca2++H2P0,+2H20 
CaHPO,(DCP) + H-•= Ca2++ H2PO, 

0.85 
0 .51 

12. 57 
15.44 
9.91 

Ca,H(PO,h· 2.5H20 (0CP) + 5H+= 4CaH+ 3H2PO, + 2.5H20 
Ca

6
(P04'30H(hydroxyapittitc) + 7H+= 5Caz++3H2PO, + Hp 

CaC03(calcitc) + 2H+= Ca2++ C02(g) + H 20 
- 2.10 AIP04 , 2H20(variscitc) + 2H+= Al3++ H2 PO, +2Hz0 

H
6
I(

3
Al6 (P04)

8
, !8H20 (K-taranakitc) + 10H+= 3I<++5AJ3++ 8H2PO; + J8HP 

-Al (OH)3+ 3H+= AJ3++3H 20 

ed by the solubility product alone because 
other equilibria besides the solubility equilibrium 
occur in solution. In the calculation of the so
called solubility product(cKso),however, all these 
side reactions are neglected. So that, we will 
use the conditional solubility product (Ps) that 
takes account of the effect of the side reactions 
instead of <Kso. Taking dicalcium phosphate 
(DCP) as an example, we'Jl very briefly look into 
the relation between Ps and <Kso. From Table 2, 

CaHPO,(DCP) +H+=Ca2• + H2PO, 
<*Kso= ( Ca2+)(H2POi)/(H+) ............... ... (2) 

hence, <*Kso[H+)= [Ca 2+J[H2P04] =<Kso 
Ps is defined as; 

Ps=<*Kso( H+J/ac.au,ro, or Ps=cKso/ ac.au,Po, 
............... (3)G,7) 

Thus, Ps can be obtained in terms of the solubi
lity product divided by o:1, the ionization fraction. 
a1 is also called the degree of protolysis, but 
historically, it has been called the degree of dis
sociation. The subscript of a refers to the number 
of protons lost from the most protonated species. 
For phosphate, a0=[H3PO,J/P·r, a1=[H2PO;J/ 
PT, az=[HPO!·J/PT and so on, where PT means 
total phosphate concentration, and hence, is 
written as; 

PT = (l-bPO,)+(H2PO, ) + (HPO;·J + ( PO!-) 

Naturally, o:0 + ai + o: 2+a3= 1 
a0 is also written as a11,ro7, a1 as o:u,ro7 and so on. 
a is independent of total concentration and can 
be expressed as a function of pH alone, so that, 
a11 ,ro~ and ac, used in the calculation of DCP 
are given as; 

(i'IJ, P0 7 = I<1(W)/((W)3 + I<1 (W)~ 
+ K,K2 (W) + K,K2l<3·· ....... ........... · .. · ( 4) 

where logK1, JogK2, logK3 (I= 0.01) are -2.11, 

- 25.15 
8.39 

- 7.07, - 12.13, respectively. 
aca= (H+)/(W+Ki) .............. .... .. ............ .... (5) 

where logK1 (1=0.0l)= -12.83 
Applying the equation (3) to the compound, 
CaxPy, 

CaxPy+ zH+=xCa+yP+ zH20 ................ .... . (6) 
c*Kso= ( Ca)•(P)>'j(J-l+) Z .... ... ... .. . ·. · · .. ... · · .. · · · · (7) 

J1ence, Ps=e*Kso[H+]'/[CaY[P]>' is obtained. 
Therefore, Ps gives the relationship between the 
quantibes that are of direct interest. The pro
duct of actual concentration, QsT, can be com
puted as the product of the concentrations of 
Ca existing in the soil and phosphate actually 
added. So that, in a plot of PT and QsT vs . 
pH, within the pH range where QsT> Ps is at
tained, in principle, a precipitation is possible 
to occur. Ca concentration in the soil is main
tained at a fairly constant level of 10- z.5 M over 
a wide range of pH. So that, t he following QsT 
values were computed using log CaT= - 2.5. 

Ps values of DCPD*, OCP**, and hydroxy
apatite are plotted against pH in Fig. 2 and QsT 
values are also given there for log CaT=-2.5 and 
PT= l, 10, 100, and 150 ppm P. 

In DCPD*, pQsT<pPs is attained above pH 6.3 
when PT concentration is 50 ppm (shown as the 
number 3 on pQsT (DCPD) line). By increasing 
the P concentration, pH value at which DCPD 
is precipitated moves toward a more acidic side. 
At 10 ppm P, the precipitation of DCPD can
not be expected until pH value goes up to 7.5, 
and at 1 ppm P, QsT is undersaturated with re
spect to DCPD over the pH range of 2 to 9. As 
the initial pH values, 6.3 and 5.2 were obtained 
for the precipitation of OCP and hydroxy-

• DCPD = Dicalcium phosphate dihydnltc 
** OCP= Octa calcium phosphate 
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apatite, respectively, when 50 ppm of phosphate 
is added. 

Before comparing the QsT values with the ex
perimental points presented in Fig. 1, however, 
we must bear in mind that this sort of thermody
namical information cannot give any kinetical 
prediction. In P retention by soils, adsorption 
reaction is much faster than the formation 
of precipitation and there is a great difference 
in the rate of precipitation among the calcium
phosphate compounds thus formed. 

Therefore, instead of initial P concentration, 
equilibrium concentration was used for recalcula
tion of QsT. Here, P concentration at which 
the formation of precipitation was safely neg
lected on a graph of Langmuir plots, was 
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l'ig. 2. Change iu Ps and Qs·r with pH a nd P concentra
tion 
The conditional solubili ty product Ps=•*Kso 
x (H+)•/(acu)•(«11,ro,)>' a nd t he product of actual 
concentration. 
Q = (CaT)" x (PT)" were calculated using CaT= 
Io-~.• M and PT= l to 150 ppm. The numbers 
given on Lhe Je(t hand side o( the pQ line of 
each compound indicate the PT level. The 
numbers J to 5 correspond to I. 10, 50, 100 and 
150 ppm P, respectively. Dotted lines indicate 
the equilibrium P concent ration when 100, 50 
and 10 ppm of P solution was ad,kd to 
Crumusol. 
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chosen as the equilibrium P concentration. Ini
tial P concentration, 150, 100, 75, 50 and 10 
ppm, corresponds to 113, 68, 33, 25, 1 and O ppm 
of the equilibrium concentration, respectively. 
The results are plotted in F ig. 2. 

\.\I hen 100, 75, 50, 30 and l O ppm P as the 
initial concentrations are added, the precipita
tion of DCPD can be expected at pH 6.0, 6.4, 6.5, 
7.5, respectively . In the formation of OCP, these 
pH values are 6.1, 6.1, 6.4, 6.5 and 6.7, respec
tively, when t11e same amounts of P are added. 
Both compounds are very similar to each other in 
the pH values of precipitation. The formation 
of hydroxyapatite begins at more acidic pH 
values, but, this compound has an ordered struc
ture with respect to DCPD and OCP, hence it 
takes a longer time to be formed. Under the condi
tion of this experiment, monocalciurn phosphate 
such as brushite (DCPD} and monetite is firstly 
formed, and followed by OCP. These compounds 
are gradually converted to such more stable com
pounds as hydroxyapatite and fluoroapatite. 

The results of these computations fitted fairly 
well to those of the experiment shown in F ig. 1. 

10 
Sotubilil )' of c.-:tkih.· at 0.01 :11111 CO: 

Soluhilitr of c3lcit\' :u 0.00J :11111 CO: 
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Change in Ca concentration necessary to pre
cipitate DCP.D, OCP and hydroxyapati tc with 
pH when PT is fixed at 50 ppm. 
In the dotted area the solution becomes over
saturated with respect to DCPD. 



Fig. 4. The clTcct or equilibrium pH on P adsorption 
by Acid Sulfate soil 

At pH above G, Pis easily precipitated as DCPD 
and/or OCP when more than 50 ppm P is added. 
This is responsible for a steep i ncrease in P reten
tion by Grumusol in alkaline pH region. 

P adsorption in Grumusol a lso increases to 
more than 50 ppm as the pH is lowered below 5. 
This is also due to the formation of calcium phos
phates. So far, Ca concentration is fixed at 
l0- 2·6 M in all the solubility computations. Ca 
concentration in Grumusol, however, increases 
as the pH decreases because of an increase in the 
solubility of calcite contained in a great amount 
in acidic pH region. If Ca concentration in 
Grumusol varies in eq uilibrium with calci te, the 
precipitation is possible to occur at pH below 5 
and is accelerated as t he pH lowers. Change in 
Ca concentration in equilibrium with calcite and 
with equilibrium pH is presented in fig. 3. This 
result shows that the precipitation of calcium 
phosphate may occur in the acidic region. 

Acid Sulfate soil (ASS) 
P adsorption reached its maximum at the pl-I 

around 5 (Fig. 4). This corresponds to the for-
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mation of a luminium phosphate compounds. 
Hofstee plotting of these results, however, shows 
that the precipitation of aluminium phosphate is 
not so significant at any pH values (Fig. 5) . 

. Change in Ps values with pH are given for varis
cite and K-taranakite in Fig. 6. The QsT 
values for the respective compound are a lso plot
ted at 10, 50 and LOO ppm P on the same graph. 
The constants and equations used for illustrating 
Fig. 6 are given by reactions 6 to 8 of Table 2. 

aA1 = (1/ AP++ lQ-6.02/ AIOHz+(H+) + 10- 0.30 

/ Al (OH); (H+)'+ 10-t<.oo; Al (OH)HJ-1+)3+ 1ouo 
(SO;-)/AISOn - 1 ······ ········ ·· ·· · ·· ·· ·· ···········(5) 

1n addition to these equations, the equations 
(1), (2) and (3) were used for the conversion of the 
concentrations of ion species to the activities, the 
computations of Ps and o.:11 ,Po-;, respectively. 
The Ps curves of variscite and K-taranakite 
have their minimum at around pH 5, and this is 
in good agreement with the optimum pH values 
of P adsorption in ASS. In comparison with the 
respective QsT values, however, it is very clear 
that the precipitation of a luminium-phosphate 
compounds a re favored in an acidic pH region, 
and above pH 5, they become less important due 
to a steep decrease in aluminium concentration 
in solution. L indsay et at.5> showed that the 
initia l reaction products of phosphate fertiliza 
tion were lO to 30 times more soluble than 
variscite and during the ensuing 18 months, the 
phosphate solubility decreased and approac:hecl 
that of variscite. Thjs facts indicate that 
amorphous a luminium phosphate is firstly formed 
and then gradually changed to more stable com
pounds such as variscite with aging. Under the 
condition o( this experiment, therefore, P may 
be ini t ially adsorbed on the surface of ASS and 
form chelating compounds t here with hydroxy
aluminium existing as a dominant species above 
pH 5.0. Since the ZPC of ASS lies in around pH 
4.5, P adsorption decreases steeply with increas
ing pH to above 5.0. These results indicate that 
rock phosphate with high content of Ca is highly 
recommendable as a phosphate fertilizer to ASS. 

Fresh Water Alluvial soils (FWA) 
P adsorption decreased smoothly with the 

increase of t he equilibrium pH (Fig. 7). This is 
a typical adsorption pattern which is seen in the 
adsorption of polybasic acids like phosphate, and 
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Fig. 5. Hofstcc plot (X vs. X /C) for P adsorption by Acid Sulfate soil at various pH values 

carbonate onto soil surface, especially, amorphous 
materials such as allophane, and syntl1etic gels. 2> 

With the increase of the pH, the amount of posi
tive charges decreases continuously, and then 
the reverse of surface charge comes to occur 
above the pH corresponding to ZPC, causing a 

steep decrease in P adsorption. 
Above 15 ppm P, a shoulder appeared in the 

adsorption curve around pH 7. The dissociation 
of phosphate ion increases with pH towards the 
pK and becomes almost constant at about two 
pH units above the pK.1> On the other hand, 
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positive charges on the soil surface decreases 
continuously as the pH increases. This decrease 
may be compensated with an increase in the 
dissociation of P ion, hence a shoudler appears 
a round the pH corresponding to the pK (pK2= 
7.1). 

P adsorption i n FWA increased greatly in 
acidic pH region when P of high concentrations 
is added. As already mentioned before, this soil 
is considered to be fragile to some extent in its 
structure, deriving from the characters of the 
clay itseH or amorphous materials. Phosphate 
is known to be a strong ligand, so, reacts con
tinuously with breaking the structure of the 
clays and amorphous materials in acidic pHs. 

Reddish Brown Lateritic soils (RBL) 
P adsorption in RBL is much less than Grumu

sol and ASS and effect of pH on P adsorption 
is not significant (Fig. 8). The titration curve 
of RBL indicates that this soil has rather rigid 
structure than FWA. Though RBL contains 
about 8% of iron, the Fe seems to be inactive in 
P adsorption unless P concentration is high and 
pH is very low. With increasing P added, a 
peak appeared around pH 4. This may be due 
to iron-phosphate complex. But, there is no 
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Fig. 9. The effect of equilibrium pH on P adsorption 
by Noncalcic Brown soil 

need to consider P fixation by this soil in usual 
phosphate fert ilization . 

Noncalcic Brown soils (NCB) 
The optimum pH of P adsorption came to 

around 7 (Fig. D). This may be due to the forma
tion of Ca-phosphate like brushite. At low pH, 
P adsorption increased again. However, the 
amount of P adsorbed in NCB is as little as in 
REL, so that there is no need to pay special 
attention in ordinary phosphate ferti lization. 

3) Langmi1,ir adsorption max·£·1mmt anti energy 
consta11t 

In Langmuir model, adsorption sites on the 
soil surface have the same adsorption energy to 
phosphate each other, so i t is also called "homo
geneous adsorption sites model." According to 
this model, therefore, P adsorption may be in 
proportion to the numbers of adsorption sites 
and P concentration. Langmui r equation is 
expressed as, 

1/ x = (l+ KC)/KCx 111 .... . . ...... ........ .. ..... ... ... (8) 

where Xm: adsorption maximum, x: P adsorbed, 
C: equilibri um P concentration . ~foltiplying C 
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Table 3. Langmuir adsorption maximum and 
energy constants 

Reddish Brown Lateritic soil 

X' J<I X~! 1(11 X!u+ X!! pH , .. 
µg g - 1 m/ µg-• µg g-t ml 1ig- 1 !.lg g- 1 

4 32 .0 5.48 153 .5 0. 16 J85.5 
5 43.8 5.69 97.2 0.24 141.0 
6 39.0 8.29 77.5 0.35 116.5 
7 37 .3 7.41 91.0 0.26 128.3 
7.5 35 .0 4.35 80.0 0.32 115 .0 

Acid Sulfate soil 

pH X' 1(1 X!~ 1(11 X!. + X!,~ m 

1ig g-1 ml µg- • ,~s g-• mlµg- 1 µg g-1 

3 90.0 2.09 987.5 0. 10 1077.5 
4 201.0 3.73 956.0 0.16 1157.0 
5 275.0 4.46 1292.5 0.06 1567.5 
6 190.5 7 .13 1030.0 0.09 1220 .5 
7 l7l.0 2.55 880.0 0.07 1051.0 
8 135.5 I . 56 820.0 0.05 955 .5 
9 65.0 t .68 757 .5 0.0,1 822.5 

Grumusol 

pH x:" I( I x:.! J{II x~ .. -~ x:~ 
,~g g-• ml µg- 1 ,~g g- ' ml µg- 1 µ O' o - 1 

"" 
4.5 312.0 0.29 395 .0 0.08 707 .0 
5.0 226 .5 0 .41 531.0 0.05 757 .5 
6.0 191.0 0.92 456.5 0.09 647.5 
7.0 145.5 2.59 650.0 0.05 795.5 
7.5 140 .5 1.95 697.5 0·05 838 .0 
8.0 127.5 0 .98 885.0 0.04 1012.5 

Fresh Water Alluvial soil 

pH X!n ](I X!,! t<II X~,+ X!.~ 
µg g- • ml µg-1 µg g-• 1n/ i.tg- 1 µ tY () - 1 

"' "' 
4 140.0 6.82 361.5 0.84 501.5 
5 102.5 15.25 317.5 0.30 420.0 
6 65.0 11.13 277 .5 0.34 342 .5 
7 58 .5 11.93 250.0 0.28 308.5 
8 292.5 0.29 292.5 

Noncalcic Brown soil 

pH x ~ XJ{I 

µg g- 1 soil 1nl ,ug- • 

4.0 166 .7 0.05 
5.0 72.5 0.12 
5.5 46 .9 0.34 
6.0 51.6 0.36 
7.0 72 .6 0.41 
8.0 68.2 0.25 
9.0 61. 9 0.13 



to both sides of equation (8) ,., 
/ 

C/x=l/ Kxm+C/xm ···· ·· ··········· ···················(9) 

In the equation (9), when C/x is plotted against 
C, a straight line should be obtained if P adsorp
tion follows Langmuir model. From the slope 
of the line, Xm can be calculated, and K from y 
interception. If there are more than two adsorp
tion sites with different adsorption energy in 
the soil the adsorption maximum (x,,.) of the soil 
is simply the summation of x~, of each adsorption 
site. 

x= K1Cx,V(l +K1C) +K 11Cx~/(J +K 11C) + ··· (IO) 

Equation (8) can be rearranged as follows. 

X=Xm - x/KC ···· ·· ···· ········ ····· ·· ··········· ······(11) 

A plot of x vs. x/C gives a straight line, from 
which x'" can be evaluated rurectly and K from 
the reciprocal of the slope. For more than two 
adsorption sites, 

x= x,;,-x1/I<1C+x:~-x1t/K11C+ ········· · ·· ······(12) 

A plot of x vs. x/C is also called "Hofstee Plot," 
being used for evaluation of Km, V"' of enzymes. 

Langmuir adsorption maximum and energy 
constant for the five Thai soils are summarized 
in Table a. All the soils except NCB provide P 
wiU1 more than two adsorption sites. Generally, 
x~, decreases with increasing the pH, meaning 
that the numbers of adsorption site I is closely 
related to the amount of positive charge on soil 
surface. The variation of x:.,\ with pH corres
ponds to dominant cation species contained in 
the respective soils. In Grumusol, for example, 
x!,, decreases with increasing pH, reflecting a 
decrease in the positive charges, whi le inversely, 
x~( increases with pH clue to the formation 
of calciumphosphate compounds. x,\, and x:,: in 
ASS reached their maximums at the same pH 
of 5, and x,\, decreases greatly both in very 
acidic and alkaline pH regions while a decrease 
jn x:.,\ is not so signi ficant even at pH 3. At 
pH 3, a luminium adsorbed on soil surface is 
dissolved into the solution bulk and reacts to P 
there, thus, resulting in a decrease in x,~ and 
in part, an increase in x,~. Actually, however, 
it is impossible to separate adsorption from 
precipitation, hence x,\, represents the sum of 
adsorption onto the site II and the precipita
tion of a luminium-phosphate complex. 
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Summary 

Phosphate adsorption in the major soil groups 
in Thailand was examined over the wide range 
of pH and equilibrium P concentration, and the 
characteristics of these so.ils in P adsorption 
were discussed in terms of Langmuir adsorption 
model and equilibrium diagrams for phosphate 
compounds. 

P adsorption increased steeply at pH values 
where buffer intensity of the soils was at its max
imum. Thus, P adsorption is greatly affected by 
kinds and amounts oi soil components responsjble 
for H+ or OH- acceptance. 

P adsorption by Grumusol increased steeply 
clue to precipitation of calcium phosphate 
compounds above pH 6 when more than 75 ppm 
of phosphate was added. The product of actual 
ion concentration, Qs.r = (Car)' X (Pr)>°, also ex
ceeded conditional solubility product, Ps= 
•*Kso(H+)'/(o: •• )"(o:11,roY, around 6, and adsorp
tion isotherm indicated that phosphate was pre
cipitated as calcium phosphates. 

P adsorption by ASS reached its maximum 
around pH 5, but adsorption isotherm at this 
pH value showed that the precipitation of alu
mino-phospl10 compounds in the bulk solution 
was not significant even at 150 ppm, therefore, 
this .is due to the formation of surface chelat
jng compounds with hydroxy-aluminium. Rock 
phosphate with high content of Ca is highly re
commendable as a phosphate ferti lizer to ASS. 
P adsorption in FWA increased greatly in 
acicljc pH region when high concentration o( P 
was added and then decreased smoothly with 
increasing the equilibrium pH. This reflects 
structural fragility of the soil, and indicates that 
clay with ill-defined structure and amorphous 
materials are responsible for P adsorption in this 
soil. 

P adsorption in Ri3L and NCB is much Jess 
than in Grumusol and ASS. Fe contained in 
RBL seems to be inactive unless P concentration 
is high and pH is very low. So that there is 
no need to pay much attention in ordinary 
levels of phosphate fertilization. 
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