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Table 4.6. Analysis of variance of P-sorption data in Maha-Phot soil

Source Degrees of Sum of F Probability of
Freedom Squares Values a Greater F
SPR
Block 1 0.76 0.79 0.3862
Condition 1 443 229 0.0001
pH 2 482 498 0.0001
Treatment 2 18468 9557 0.0001
Condition*pH 2 22 11 0.0007
Condition*Treatment 2 243 63 0.0001
pH*Treatment 4 704 364 0.0001
Condition*pH*Treatment 4 18 4.7 0.0001
Error 17 16
xm
Block 1 50 3.0 0.0995
Condition 1 13559 408 0.0001
pH 2 16608 1000 0.0001
Treatment 2 492039 14820 0.0001
Condition*pH 2 782 24 0.0001
Condition*Treatment 2 10749 161 0.0001
pH*Treatment 4 40205 1211 0.0001
Condition*pH*Treatment 4 1184 18 | 0.0001

Error 17 282




et al. (1977). They reported these values of Inceptisols (Sharky clay and Harris silt loam
soils) ranging from -29.5 to 25.1 mg P kg-1 soil under reduced conditions, and from 25.0
to 53.6 mg P kg-1 soil under oxidized conditions whereas those of Alfisols (Crowley silt
loam and Midland silt loam soils) ranging from -2.5 to 73.4 mg P kg-1 soil, and from 2.7
to 43.3 mg P kg-1 soil, respectively. Loganathan et al. (1987) reported the standard P-re-
quirements of ten Inceptisols soils of the Nigeria delta in southern Nigeria ranging from
50 to 200 mg P kg1 soil (low to medium level), whereas the maximum sorption capacity
ranging from 220 to 667 mg P kg-1 soil. The maximum sorption capacity of acid sulfate
soils reported in Table 4.3. and 4.4. was higher than that reported by Loganathan et al.
(1987). This suggested that the classification of soils based on the scale proposed by Juo
and Fox (1977) may not definitely indicate the sorption capacity level of the soils.

Like standard P requirement, Langmuir maximum sorption capacity was signifi-
cantly affected by all factors and all of their interactions in both actual and para-acid sul-
fate soils (Table 4.5. and 4.6.). The significant interactions were resulted from the
similar reasons as standzrd P-requirement. The amounts of P sorbed by para-acid sulfate
soil was less than those by actual acid sulfate soil under both oxidized and reduced
conditions at every pH level. All P-sorption parameters of the actual acid sulfate soil
were higher than those of the para-acid sulfate soil (Table 4.3. and 4.4.).

Reduced conditions (Eh -165 to + 225 mV) caused mark rises in P-sorption of
untreated soils at every pH level when compared with oxidized conditions (Eh +635 to
+765 mV) (Fig. 4.1. and 4.2.). All P-sorption parameters in Bangkok soil were higher
under reduced conditions than those under oxidized conditions (Table 4.3.). The P-
sorption parameters in Maha-Phot soil under reduced condition were also higher than
those under oxidized condition, except at pH 5.0 (Table 4.4.). Several studies have been
reported higher P-sorption under reduced conditions than under oxidized conditions
(Khalid et al. 1977, Willett and Higgins 1978; Holford and Patrick 1979; Sah and
Mikkelsen 19865). Holford and Patrick (1981) reported an increase in P-sorption at pH
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5.0 during reduction which may be due to some precipitation of ferrous phosphate.
When the soil was undergone reoxidation, there was a large decrease in P-sorption ca-
pacity at pH 6.6, but little change at pH 5.0.

The soluble Fe concentrations under reduced conditions were tremendously
higher than under oxidized conditions at every pH level (Table 4.1. and 4.2.). Increases
in concentration of Fe in soil solution can come from the dissolution of ferric-hydrous
oxides and possibly ferric phosphates, and these reactions can also increase the release of
native insoluble P (as mentioned above) due to its release from compounds, occluded or
sorbed forms. Subsequent to these initial reactions, secondary reactions can lead to the
precipitation of ferroso-ferric hydroxide compounds (Fe3(OH)g), ferrous phosphate, and
changes in the P-sorption properties of the soils. Under reduced conditions, ferric
compounds containing phosphate must have been reduced to poorly crystalline ferrous
hydroxides, ferroso-hydroxide, and soluble Fe2+, and consequent increase in Fe2+
concentration. The solid, poorly crystalline ferrous compounds or ﬁewly precipitated
Fe(OH)2 which would be expected to be more amorphous, have a greater surface area,
and more sites for P-sorption, giving higher sorption capacity and bonding index than
original ferric hydrous oxides, and thus sorbed much more P (Willett and Higgins 1978;
Holford and Patrick 1979, 1981). The Langmuir sorption constant, k, related to the
energy bonding of sorption of P to soil surface, was smaller under oxidized conditions
than under reduced conditions (Table 4.3. and 4.4,). This indicated that P was more
tightly bounded to the soil surface under reduced conditions than under oxidized
- conditions.

The application of organic matter to soil under oxidized condition has frequently
been reported to decrease P-sorption (Reddy et al. 1980; Kuo 1983). However, in re-
duced soil, where dissolution and reprecipitation of many soil minerals occur, anaerobic
decomposition of organic matter could have opposite effects (Willett and Higgins 1978;

Sah and Mikkelsen 1986b). Lopez-Hernandez and Burnham (19744) found a positive
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correlation between organic matter content and P-sorption in poorly drained British soils.
Sah and Mikkelsen (1986b) reported that reduced soils, even without added organic
matter, increased P-sorption significantly over oxidized soils. Added organic matter (0.5-
1 % organic matter) during flooding, however, further significantly increased P-sorption.
They suggested that the increase in dissolution of Al and Fe minerals and the reprecipita-
tion of amorphous Fe due to anaerobic decomposition of organic matter are possibly res-
ponsible for the increased P-sorption capacity of soil. For the present experiment, we
added 0.2 % organic matter to soil suspensions to provide an energy source for microbial
activity during the incubation period. This could partly explain the discrepancy differ-
ence between P-sorption under reduced and oxidized conditions. Organic matter content
of actual acid sulfate soil is higher than that of para-acid sulfate soil (Table 2.1.). The P-
sorption isotherms shown in Fig. 4.1, and 4.2. were in good agreement with the organic
matter contents. This suggests that organic matter is possibly partial responsible for P-
sorption.

Phosphorus sorption of untreated soils increased with increasing pH under both
oxidiied and reduced conditions (Fig. 4.1. and 4.2., and Table 4.3. and 4.4.). The P-
sorption capacity of acid soils has been reported to increase (Mokwunye 1975; Haynes
and Swift 1985) or decrease (Obihara and Russell 1972; Lopez-Hernandez and Burnham
1974b; Smyth and Sanchez 1980) as pH increased. Mokwunye (1975) postulated that
the increase in P-sorption with an increase in pH (from pH 3 to 7) in the savannah soils
(pH 4.5-5.4) can be largely attributed to the increased activity of amorphous hydroxy-
aluminum species resulting from the increased pH of the systems. At low pH, trivalent
aluminum (AI3+) is the dominant species in solution. As pH increases, the relative
importance of the hydroxy complexes increases (Drever 1988). In this experiment, the
concentrations of soluble Al and exchangeable Al decreased as pH increased, whereas P-
sorption increased with increasing pH. Furthermore, the concentrations of those two

fractions were higher under oxidized conditions than under reduced conditions (Table
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4.1.,4.2, and 4.7.). Loganathan et al. (1987) noted that in strongly acid soils, an increase
of pH up to about 5 was shown to reduce exchangeable Al and increase the extent of
formation of hydroxy Al polymers, resulting in increased P-sorption. The mechanism of
this sorption process was explained by Hsu and Rennie (1962) and was discussed in the
previuos study.

Haynes and Swift (1985) also explained that the increase in P-sorption with in-
creasing pH was contributed from the precipitation of exchangeable Al as hydroxyl-Al
polymers which results in a formation of new highly-active sorbing surfaces in the soils.
Traina et al. (1986) found an increase in P-sorption as pH increase from 5.5 to 7. As pH
increased, the hydrolysis of exchangeable Al3+ increased and subsequently reacted with
P in solution enhancing the increase of P-sorption. Bloom (1981) found that P-sorption
in Al-peat, which has an Al-saturation that may be quite similar to that of many acid
mineral soils, increased with increasing pH. They concluded that the Al-organic matter
complexes in acid surface soils is an important source of P-sorption.

An obvious decrease of soluble Fe concentrations as pH increased under reduced
conditions may result from the reprecipitation of gel-like Fe(OH)2, which is expected to
have high P-sorption capacity (Holford and Patrick 1979). Furthermore, we used 2 N
NaOH to raise pH of the system. This may enhance Fe reprecipitation process resulting
in increasing P-sorption with increasing pH. White and Taylor (1977) also observed in-
creases in P-sorption when soil pH was raised with NaOH. Aluminum was also consi-
dered to precipitate as hydroxy-Al polymers as the pH was raised, which results in the
formation of new sorbing surfaces as mentioned above (Haynes and Swift 19835).

The concentrations of soluble Mn were higher under reduced conditions than
those under oxidized conditions, and increased with decreasing pH (Table 4.1. and 4.2.)
due to the stability and solubility of Mn-minerals. Satawathananont (1986) also reported
similar results in acid sulfate soils of Thailand, Manganese becomes very soluble under

acid and low redox conditions (Lindsay 1979). The increase in soluble Mn upon
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Table 4.7. The amounts of Fe, Al, and Mn removed from soils by 1 N NH4OAc (pH 4.0) (a), and sodium-citrate dithionite

solution (d) and their effects on Langmuir maximum sorption capacity (xp;, ) and Standard P requirement (SPR)

Soil Condition pH Fe Al Mn Reductioninx;;  Reduction in SPR

a d a d a d a d a d
mg kg1 %

Bangkok Oxidized 4.0 51 8129 564 9415 57 71 15 38 13 68
(Bk) 5.0 46 8097 543 9414 45 60 20 32 13 72
6.0 42 7982 530 9675 39 54 18 38 22 77
Reduced 4.0 5190 8900 557 10123 73 74 35 55 24 76
5.0 4808 8637 540 10168 53 64 40 55 22 77
6.0 4445 3826 528 10404 46 61 41 55 23 79
Maha-Phot Oxidized 4.0 41 8930 823 18528 292 351 17 34 7 74
(Ma) 5.0 36 8783 787 18679 286 344 19 40 12 77
6.0 28 8720 742 18743 274 343 29 46 13 78
Reduced 4.0 2225 9669 745 18767 305 3N 35 51 30 80
50 1916 9734 698 18796 281 369 40 55 28 82
6.0 1689 9600 674 18931 272 365 42 55 34 84
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reduction may be due to the release of exchangeable Mn2+ or the release of Mn2+
incorporated in ferric oxides, because Mn-oxides are considered to be unstable in acid
sulfate soils of Thailand (Breemen 1976). The increases in soluble Mn concentration
under reduced conditions were corresponded to the increases in P-sorption (Fig 4.1. and
4.2.). Since there is a lack of information about the effect of Mn on P-sorption, the
mechanism of P-sorption by Mn is still unclear. However, this mechanism may concern
the stability and solubility of manganese phosphates (MnHPO4 and Mn3(P04)2).
Lindsay (1979) mentioned that Mn3(PO4)2 is more soluble than strengite (FeP0O4.2H20)
at pe+pH value > 15 but less soluble below this redox, whereas MnHPO4 is more stable
than strengite at all pe+pH values < 19. The pe+pH values in this experiment, ranging
from 2.9 to 7.8 under reduced conditions and from 10.7 to 17.2 under oxidized
conditions, indicated that manganese phosphates would be less soluble under reduced
conditions reflecting higher P-sorption under these conditions.

Pretreatment of soils with 1 N NH4OAc (pH 4.0) and sodium-citrate dithionite
solution (20 %) followed by washing with distilled water reduced P-sorption by 15 to 42
% and 32 to 55 % according to the Langmuir maximum sorption capacity, and 7 to 34 %
and 68 to 84 % based on the standard P requireme‘nt, respectively (Table 4.7.). Other P-
sorption parameters (k and BI) also diminished after these extractions (Table 4.3. and
4.4)). The differences in P-sorption under oxidized and reduced conditions that were
observed in untreated soils were decreased after either NH4OAc or sodium-citrate
dithionite extractions. Soil pH had less effect on P-sorption of pretreated soils than that
of untreated soils (Fig. 4.1, and 4.2.). This implies that the increase in P-sorption due to
reduced conditions and increasing pH is related to the components of soil extractable by
these extractions. The differences in P-sorption between actual and para-acid sulfate
soils, however, were not removed by these treatments. There are other soil components

(organic matter and/or clay minerals) besides the components which had been removed
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by the extractions, that participate in P-sorption. The extractions, therefore, did not
eliminate the difference in P-sorption between the soils,

Neutral 1 N NH40Ac is known to extract exchangeable Fe which consists of both
water-soluble and exchangeable Fe (Olson and Ellis 1982). Nevertheless,
Satawathananont (1986) used 1 N NH40Ac, pH 4.0, to extract exchangeable Fe, Al, and
Mn from acid sulfate soils of Thailand. The amounts of Fe, Al and Mn dissolved by
NH40Ac (Fea, Ala, and Mng) were presented in Table 4.7. Reduced conditions caused
enormous increases in the amount of Feg, Meanwhile, oxidation-reduction conditions
had less effect on the amounts of Alz and Mng than that of Fe. The amount of Feg, Alj,
and Mnj increased as pH decreased. This was probably due to the hydrolysis of ex-
changeable Fe to Fe(OH)3 under oxidized condition at high pH, and incomplete extrac-
tion of the latter (Olson and Ellis 1982). Satawathananont (1986) also reported similar
results for acid sulfate soils of Thailand. Willett and Higgins (1978) reported the corres-
ponding increase of 1.0 M NH4OAc (pH 4.8) extractable Fe and P-sorption capacity
upon flooding conditions.

Sodium-citrate dithionite solution dissolved a large proportion of the crystalline
iron-oxides as well as much of the amorphous materials (McKeague and Day 1966).
Alumninum oxides were extracted at least partly together with iron-oxides (Borggaard
1983). The extractant also partly dissolved manganese-oxides from amorphous material.
The amounts of Fe, Al, and Mn dissolved by sodium-citrate dithionite (Fed, Alg, and
Mnq) were presented in Table 4.7. Higher amounts of Feq, Ald, and Mnd were removed
from soil under reduced conditions than under oxidized conditions. Willett and Higgins
(1978) mentioned an increase in the amount of Fegy (iron extracted by 0.2 M ammonium
oxalate at pH 3.0), which is considered to be Fe in the form of amorphous (McKeague
and Day 1966), when soil were undergone flooding. In highly reduced soils ferric

hydrous oxides are reduced to poorly crystalline ferrous hydroxides, ferrosoferric hy-
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droxides, ferrous carbonate and soluble Fe2+ (Ponnamperuma et al. 1967). These com-
pounds may be expected to be extractable in dithionite extraction.

The decreases in P-sorption capacity following NH4OAc extraction and sodium-
citrate dithionite extraction could be attributed to the removal of the different forms of
Fe, Al, and possibly Mn. Several workers reported reductions of P-sorption by soils after
various amounts and forms of Fe and Al had been extracted chemically (Bromfield 1965:
Borggaard 1983; Sah and Mikkelsen 1986b; Torrent 1987; Loganathan et al, 1987). Sah
and Mikkelsen (1986b) reported that extracting amorphous Fe by 0.2 M ammonium
oxalate, which decreased the surface area for P-sorption, significantly reduced P-sorp-
tion, Furthermore, the difference in P-sorption due to flooding was eliminated after this
extraction, Ammonium oxalate (0.2 M) at pH 3.0 extracted amorphous Fe selectively
(Borggaard 1981). Torrent (1987) found a decrease in P-sorption when soils were treated
with citrate-bicarbonate-dithionite to dissolved Fe-oxides. Pretreatment of some soils
from the Niger delta in southern Nigeria with citrate-bicarbonate-dithionite and
ammonium oxalate, followed by washing with CaCl) reduced P-sorption by 21 to 46 %
and 31 to 57 %, respectively (I.oganathan et al. 1987).

Phosphorus sorption parameters (SPR, xm, £ and BI} of untreated soils were sig-
nificantly cormrelated with Feq, Alg, and Mng (Table 4.8.). However, P-sorption
parameters (except k) were more closely correlated with Fed than Ald and Mnd
suggesting the dominant role of amorphous and poorly crystalline iron-oxides or free
iron-oxides in P-sorption characteristics of acid sulfate soils. These results agree with
previous investigations, which showed good correlations between P-sorption capacity
and the contents of free iron-oxides in soils (Lopez-Hernandez and Burnham 1974a;
Borggaard 1983; Pena and Torrent 1984; Loganathan et al. 1987; Soils and Torrent
1989). Soils and Torrent (1989) found the close correlation between BI and Fed, and
postulated that crystalline iron-oxides are the primary role in P-sorption by calcareous

Vertisols and Inceptisols of Spain.
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Table 4.8. Pearson's correlation coefficients between P-sorption parameters and various forms of Fe, Al, and Mn (extracted

by 1 N NH4 OAc (pH 4.0), a; and sodium-citrate dithionite solution, d)

Fey Aly Mng Fed Alg Mngd
SPR 0.120 -0.208 0.677**  0.854™**  0.735***  0.721%**
Xm 0.364 -0.104 0.369 0.711%** 0.441* 0.421*
k 0.268 0.112 0.573** 0.570** 0.629** 0.620%*
BI 0.027 0.031 0.549™* 0.733%**  0.616™ 0.607**
Reduction in SPR 0.492* 0.234 0.047 0.667*** 0.516** 0.486*
Reduction in X, 0.746™**  .0.128 0.112 0.520** 0.115 0.096

* *¥ FEX Significant at the 0.03, 0.01, and 0.001 probability levels, respectively.
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There were significant correlations between P-sorption parameters (except x,y,)
and Mng (Table 4.8.) indicating the importance of exchangeable Mn on P-sorption of
acid sulfate soils. Since there is a lack of information about the effect of Mn on P-
sorption, it is difficult to explain these anomalous results. Nevertheless, Breemen (1976)
noted that Mn in acid sulfate soils may be present primarily in exchangeable form. This
may explain these significant relationships.

Although there was a lack of significance in correlation between P-sorption pa-
rameters of untreated soils and the amounts of Fey and Aly, significant correlations be-
tween the reduction in P-sorption (SPR and xp;) and the amounts of Fea were established
(Table 4.8.). The reduction of standard P requirement was also significantly correlated
with Fed, Ald, and Mng, whereas the reduction of Langmuir maximum sorption capacity
was significantly correlated with Fed only. The reduction of standard P requirement was
more closely correlated with Fed than any other fractions, while the reduction of the
Langmuir maximum sorption capacity was more closely correlated with Fea than Feg.
This indicated that at high concentrations of added P, exchangeable Fe had more effect
on P-sorption than did amorphous and poorly crystalline iron-oxides, and vice versa at
low concentration of added P.

Bromfield (1965) found that the decrease in P-sorption by some acid soils from
Australia following the various extraction tended to relate to the amount of Al removed
rather than the amount of Fe removed. On the contrary, we found that Fe appeared to be
more important on P-sorption of acid sulfate soils than did Al even though the soils con-
tained the significant amount of Al. Free iron-oxides were shown to be the primary role
controlling P-sorption of acid sulfate soils of Thailand, particularly within the range that
is important to P-availability to many plants.

Earl et al. (1979) found a close, linear relationship between the reduction in the
amount of P sorbed and the amounts of Fe and Al removed from soils. He claimed that

reduction in the amount of P sorbed results primarily from the elimination of a significant
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proportion of P-sorbing sites on the sorbent. Close correlations (P < 0.001) were esta-
blished (i) between amorphous iron-oxides and the decrease in P-sorption capacity after
these compounds were removed from the soils and (ii) between crystalline Fe-oxides and
the further decrease in P-sorption capacity following the extraction of these compounds
(Borggaard 1983). Pena and Torrent (1984) concluded that crystalline Fe-oxides are the
most important P-sorbing components of Alfisols soils from a river terrace sequence of
mediterranean Spain. Crystalline Fe-oxides provide the most active P-sorbing surfaces

(Torrent 1987; Soils and Torrent 1989),

CONCLUSION

The P-sorption of acid sulfate soils was greatly affected by both pH and
oxidation-reduction conditions. Phosphorus sorption under reduced conditions was
higher than that under oxidized conditions, and it increased as pH increased. The effects
of pH and oxidation-reduction conditions on P-sorption could be attributed to (i) the re-
duction and dissolution of Fe, (ii) the role of organic matter, (iii) the activity of amor-
phous hydroxy-aluminum species which increases with increasing pH. Pretreatment of
soil with 1 N NH4OAc (pH 4.0) and sodium-citrate dithionite solution (20 %), intended
to remove exchangeable, and amorphous and crystalline forms of Fe, Al, and Mn,
reduced P-sorption of soils. Furthermore, the treatments also decreased the differences in
P-sorption due to the effects of pH and oxidation-reduction conditions. However, the
differences in P-sorption between the actual and para-acid sulfate soils were not
eliminated by these treatments. Significant correlations between P-sorption parameters
and the reductions in P-sorption after the treatments, and free iron-oxides indicated the
primary role of iron-oxides in P-sorption of acid sulfate soils of Thailand. Aluminum-
oxides seemed to play a secondary role in P-sorption. Manganese appeared to have the
important effect on P-sorption, but further study is needed to determine the effect of Mn

on P-sorption in these soils.
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SUMMARY AND CONCLUSIONS

The effects of pH, redox potential, and various forms of Fe, Al, and Mn on P-
sorption of acid sulfate soils of Thailand were investigated in laboratory microcosms us-
ing three actual acid sulfate soils (Sulfic Tropaquept), which are in the different acidity
class, and one para-acid sulfate soil (Typic Tropaquept). Soil suspensions with a soil to
0.01 M CaCl2 solution ratio of 1:7 were incubated under various pH (natural, 4.0, 5.0,
and 6.0) and redox potential conditions (oxidized and reduced conditions without con-
trolling Eh, and controlled Eh at +600, +400, +300, +200, +100, and 0 mV, respectively).
After the incubation period, the soil suspensions were equilibrated with KH2PO4 ranging
from 0 to 500 mg P kg-1 soil. Some sets of soil suspensions were extracted by 1 N
NH40Ac (pH 4.0) and sodium-citrate dithionite solution (20 %) intended to remove Fe,
Al, and probably Mn in the forms of exchangeable and free oxides before P addition.
Three sorption equations were used to describe the P-sorption data.

The result indicated that the P-sorption data conformed well to the classical
Langmuir equation. More native P was released to the soil solution under reduced than
oxidized conditions. Para-acid sulfate soil released more native P than did actual acid
sulfate soils under both conditions. Para-acid sulfate soil also sorbed less added P than
did actual acid sulfate soils.

The P-sorption of both actual and para-acid sulfate soils was significantly affected
by pH, redox potential, the extracted treatment before P addition, and their interactions.
Significant interactions indicated that the effect of one factor changed as the level of
*other two factors changed. At pH 4.0, a considerable increase in P-sorption occurred as
redox potential decreased from +400 to +300 mV, whereas at pH 5.0 and 6.0 a significant
change in P-sorption occurred when redox potential decreased from +300 to +200 mV.
This was mainly due to the change in iron solubility at a particular pe + pH value.

Significant interactions between pH and treatments, and between redox conditions

and treatments were due to the different effects of pH and redox conditions at the diffe-
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rent levels of treatments, The P-sorption of untreated soils increased significantly with
increasing pH and decreasing redox potential, while there was no significant changes in
P-sorption with changing pH and redox potential of soils pretreated with NH4OAc and
sodium-citrate dithionite solution. The increase in P-sorption with decreasing redox po-
tential of untreated soils would be attributed to the reduction and reprecipitation of Fe,
the role of organic matter, the effect of Mn on P-sorption, and the relationship between
sulfate sorption and P-sorption by amorphous or crystalline iron- and aluminum-oxides.
The increasing in P-sorption with increasing pH would be mainly contributed from the
activity of amorphous hydroxy-aluminum species which increased with increasing pH.

Treating soils with NH4OAc and sodium-citrate dithionite solution reduced P-
sorption of the soils, and also decreased the differences in P-sorption due to the effects of
pH and redox conditions. Treating soils with sodium-citrate dithionite obviously reduced
more P-sorption than did NH4OAc. The treatments, however, did not remove the differ-
ences in P-sorption between the actual and para-acid sulfate soils.

Significant correlations between P-sorption parameters and iron-oxides, and be-
tween the reduction of P-sorption after treatments and iron oxides indicated the primary
role of iron-oxides in P-sorption of the acid sulfate soils of Thailand. Aluminum-oxides
were also significantly correlated with P-sorption parameters and the reduction of P-
sorption after treatments, but in a lower degree of significance when compared with iron-
oxides. This illustrated the secondary role of aluminum-oxides on P-sorption in these
soils. Nevertheless, it is inconclusive that amorphous or crystalline form of Fe and Al
plays a major role in P-sorption of acid sulfate soils. Manganese also showed an impor-
tant effect on P-sorption, but the mechanism is unclear.

As the results indicated the increase in P-sorption with increasing pH, liming the

acid sulfate soils which is recommended in Thailand should be taken into account.
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