








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

Condi tion*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
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et al. (1977). They reported these values of Inceptisols (Sharky clay and Hams 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 kg-1 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 standard 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 1986b). 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)8), 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 newly 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 1986£>). Lopez-Hemandez and Burnham (1974a) found a positive
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correlation between organic matter content and P-sorption in poorly drained British soils. 

Sah and Mikkelsen (19866) 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 

oxidized 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-Hemandez and Burnham 

19746; 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-S.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 (Al3+) 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 soiption 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-soiption with increasing pH. White and Taylor (1977) also observed in

creases in P-soiption 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 1985).

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



Table 4.7. The amounts of Fe, Al, and Mn removed from soils by 1N  NH4OAC (pH 4.0) (a), and sodium-citrate dithionite 

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

Soil Condition pH Fe Al Mn Reduction in xm Reduction in SPR

a d a d a d a d a d

____________________ _ _ _---- mg kg*1-------- . . ------- n - r -%------------- _____

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 8826 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 305 371 35 51 30 80

5.0 1916 9784 698 18796 281 369 40 55 28 82
6.0 1689 9600 674 18931 272 365 42 55 34 84



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 (MnHP04 and Mn3(P04)2). 

Lindsay (1979) mentioned that Mn3(P04)2 is more soluble than strengite (FeP0 4 -2H2 0 ) 

at pe+pH value > 15 but less soluble below this redox, whereas MnHPC>4 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 requirement, 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-soiption between the soils.

Neutral 1 N  NH4OAC 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  NH4OAC, 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 

NH4OAC (Fea, Ala» and Mna) were presented in Table 4.7. Reduced conditions caused 

enormous increases in the amount of Fea. Meanwhile, oxidation-reduction conditions 

had less effect on the amounts of Ala and Mna than that of Fea. The amount of Fea, Ala, 

and Mna 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). 

Aluminum 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, Aid, and 

Mnd) were presented in Table 4.7. Higher amounts of Fed, Aid, and Mnd were removed 

from soil under reduced conditions than under oxidized conditions. Willett and Higgins 

(1978) mentioned an increase in the amount of Feox (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 Fe^+ (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 19866; Torrent 1987; Loganathan et al. 1987). Sah 

and Mikkelsen (19866) 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 CaCl2 reduced P-sorption by 21 to 46 % 

and 31 to 57 %, respectively (Loganathan et al. 1987).

Phosphorus sorption parameters (SPR, xm, k  and BI) of untreated soils were sig

nificantly correlated with Fed, Aid, and Mnd (Table 4.8.). However, P-sorption 

parameters (except k) were more closely correlated with Fed than Aid 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-Hemandez 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.



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

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

Fea Ala Mna Fed '  Aid Mnd

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** 0.629**

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 xm 0.746*** -0.128 0.112 0.520** 0.115 0.096

*, **, *** Significant at the 0.05,0.01, and 0.001 probability levels, respectively.
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There were significant correlations between P-sorption parameters (except xm) 

and Mna (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 Fea and Ala, significant correlations be

tween the reduction in P-sorption (SPR and Xm) and the amounts of Fea were established 

(Table 4.8.). The reduction of standard P requirement was also significantly correlated 

with Fed, Aid, and Mnd, 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 Fed. 

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



11?

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.



120

REFERENCES

Attanandana, T., and S. Vacharotayan. 1986. Acid sulfate soils: Their characteristics, 

genesis, amelioration and utilization. Southeast Asian Studies. 24:154-180.

Barrow, N. J. 1979. Three effects of temperature on the reactions between inorganic 

phosphate and soils, J. Soil Sci. 30:271-279.

Bar-Yosef, B., U. Kafkafi, R. Rosenberg, and G. Sposito. 1988, Phosphorus adsorption 

by kaolinite and montmorillonite: I. Effect of equilibration time, ionic strength, 

and pH. Soil Sci. Soc. Am. J. 52:1580-1585.

Beckwith, R. S. 1965. Sorbed phosphate at standard supernatant concentration as an

estimate of the phosphate needs of soils. Aust. J. Exp. Agric. Anim. Husb. 5:52- 

58.

Bloom, P. R. 1981. Phosphorus adsorption by an aluminum-peat complex. Soil Sci. Soc. 

Am. J. 45:267-272.

Borggaard, O. K. 1981. Selective extraction of amorphous iron oxides by EDTA from 

soils from Denmark and Tanzania. J. Soil Sci. 32:427-432.

Borggaard, O. K. 1983. The influence of iron oxides on phosphate adsorption by soil.

J. Soil Sci. 34:333-341.

Breemen, N. van. 1976. Genesis and solution chemistry of acid sulfate soils in Thailand. 

Centre for Agricultural Publishing and Documentation, Wageningen, 

Netherlands.

Bromfield, S. M. 1965. Studies of the relative importance of iron and aluminum in the 

sorption of phosphate by some Australian soils. Aust. J. Soil Res. 3:31-44.

Chang, S. C., and M. L. Jackson. 1958. Soil phosphorus fraction in some representative 

soils. J. Soil Sci. 9:109-119.

Drever, J. 1 .1988. The geochemistry of natural waters. Prentice Hall, Inc., Englewood 

Cliff, New Jersey.

Earl, K. D ., J. K. Syers, and J. R. McLaughlin. 1979. Origin of the effects of



citrate, tartrate, and acetate on phosphate sorption by soils and synthetic gels.

Soil Sci. Soc. Am. J. 48: 674-678.

Fox, R. L., and B. T. Kang. 1978. Influence of phosphorus fertilizer placement and 

fertilization rate on maize nutrition. Soil Sci. 125:34-40.

Gambrell, R. P., R. A. Khalid, M. G. Verloo, and W. H. Patrick, Jr. 1975. Transformation 

of heavy metals and plant nutrients in dredged sediments as affected by 

oxidation-reduction potential and pH. Part II. Materials and methods, results 

and discussion. Contract report D-77-4. U. S. Army Engineers Waterways 

Experiment Station, Vicksburg, Mississippi.

Haynes, R. J., andR. S. Swift 1985. Effects of liming and air-drying on the adsorption 

of phosphate by some acid soils. J. Soil Sci. 36:513-521.

Holford, I. C. R. 1979. Evaluation of soil phosphate buffering indices. Aust. J. Soil 

Res. 17:495-504.

Holford, I. C. R., and W. H. Patrick, Jr. 1979. Effects of reduction and pH changes on 

phosphate sorption and mobility in an acid soil. Soil Sci. Soc. Am. J. 43:292-297.

Holford, I. C. R., and W. H. Patrick, Jr. 1981. Effects of duration of anaerobiosis and

reoxidation on phosphate sorption characteristics of an acid soil. Aust. J. Soil Res. 

19:69-78.

Hsu, P. H., and D. A. Rennie. 1962. Reactions of phosphate in aluminum systems. I.

Adsorption of phosphate by x-ray amorphous aluminum hydroxide. Can. J. Soil 

Sci. 42:197-209.

Imai, H., P. Sangtong, and W. Cholitkul. 1983. Characteristics in phosphate adsorption 

of major soil groups of Thailand. JARQ 17:59-68.

Juo, A. S. R., and R. L. Fox. 1977. Phosphate sorption characteristics of some 

bench-mark soils of West Africa. Soil Sci. 124:370-376.

Kevie, W. van der, and B. Yenmanas. 1972. Detailed reconnaissance soil survey of

southern central plain area. Soil Survey Rept. no. 89., Land Dev. Dept., Bangkok,



Thailand.

Khalid, R. A,, W. H. Patrick, Jr., and R. D. DeLaune. 1977. Phosphorus sorption 

characteristics of flooded soils. Soil Sci. Soc. Am. J. 41:305-310.

Krairapanond, A., and W. H. Patrick, Jr. 1989. Phosphorus sorption in acid sulfate soils 

under oxidized and reduced conditions, (in prep.).

Kuo, S. 1983. Effects of organic residues and nitrogen transformations on phosphorus 

sorption and desorption by soil. Agron. Abstr. ASA/SSSA/CSSA meeting, 14-19 

Aug, 1982, Washington, D. C.

Lajtha, K., and S. H. Bloomer. 1988. Factors affecting phosphate sorption and phosphate 

retention in a desert ecosystem. Soil Sci. 146:160-167.

Lindsay, W. L. 1979. Chemical equilibria in soils. John Wiley & Sons, Inc., New York.

Loganathan, P., N. O. Isirimah, and D. A. Nwachuku. 1987. Phosphorus sorption by

Ultisols and Inceptisols of the Niger delta in southern Nigeria. Soil Sci. 144:330 

-338.

Lopez-Hemandez, D., and C. P. Burnham. 1974a. The covariance of phosphate sorption 

with other properties in some british and tropical soils. J. Soil Sci. 25:196-206.

Lopez-Hemandez, D., and C. P. Burnham. 1974£>. The effect of pH on phosphate 

adsorption in soils. J Soil Sci. 25:207-216.

Mehadi, A. A,, andR. W. Taylor. 1988. Phosphate adsorption by two highly-weather 

soils. Soil Sci. Soc. Am. J. 52:627-632.

McKeague, J. A., and J. H. Day. 1966. Dithionite and oxalate extractable Fe and Al as 

aids in differentiating various classes of soils. Can. J. Soil Sci. 46:13-22.

Mokwunye, U. 1975. The influence of pH on the adsorption of phosphate by soils from 

the Guinea and Sudan Savannah zones of Nigeria. Soil Sci. Soc. Amer. Proc. 

39:1100-1102.

Muljadi, D., A. M. Posner, and J. P. Quirk. 1966. The mechanism of adsorption by

kaolinite, gibbsite, and pseudoboehmite. I. The isotherms and the effect of pH on



123

adsorption. J. Soil Sci. 17:212-229.

Obihara, C. H., and E. W. Russell. 1972. Specific adsorption of silicate and phosphate by 

soils. J. Soil Sci. 23:105-117.

Olsen, S. R., and F. S. Watanabe. 1957. A method to determine a phosphorus adsorption 

maximum of soils as measured by the Langmuir isotherm. Soil Sci. Soc. Proc. 

21:144-149.

Olson, R. V., and R. Ellis, Jr. 1982. Iron. In Methods of soil analysis: Part 2 Chemical 

and microbiological properties. 2nd ed. A. L. Pace, R. H. Miller, and D. R. 

Keeney (ed.). Am. Soc. Agron., Inc. Soil Sci. Soc. Am., Inc. Madison,

Wisconsin.

Patrick, W. H. Jr., S. Gotoh, and B. G. Williams. 1973. Strengite dissolution in flooded 

soils and sediments. Science 179:564-565.

Pena, F., and J. Torrent. 1984. Relationships between phosphate sorption and iron oxides 

in Alfisols from a river terrace sequence of mediterranean Spain. Geoderma 

33:283-296.

Persoff, P., and J. F. Thomas. 1988. Estimating Michaelis-Menton of Langmuir isotherm 

constants by weighted nonlinear least squares. Soil Sci. Soc. Am. J. 52:886-889.

Ponnamperuma, F. N., E. M. Tianco, and T. Loy. 1967. Redox equilibria in flooded soils: 

I. The iron hydroxide systems. Soil Sci. 103:374-382.

Pons, L. J., and W. van der Kevie. 1969. Acid sulfate soils in Thailand. Soil Survey Rept. 

no. 81., Land Dev. Dept,, Bangkok, Thailand.

Reddy, K. R., M. R. Overcash, R. Khaleel, and P. W. Westerman. 1980. Phosphorus

adsorption-desorption characteristics of two soils utilized for disposal of animal 

manure. J. Environ Qual. 9:86-92.

Russell, J. S., E. J. Kamprath, and C. S. Andrew. 1988. Phosphorus sorption of 

subtropical acid soils as influenced by the nature of the cation suite. Soil 

Sci. Soc. Am. J. 52:1407-1410.



124

Sah, R. N., and D. S. Mikkelsen. 1986a. Effects of temperature and prior flooding

on intensity and sorption of phosphorus in soil. II, Effects on P sorption. Plant 

SoH 95:163-171.

Sah, R. N., and D. S. Mikkelsen. 1986£>. Effects of anaerobic decomposition of organic 

matter on sorption and transformations of phosphate in drained soils: I. Effects on 

phosphate sorption. Soil Sci. 142:267-274.

SAS Institute, Inc. 1985. SAS User’s guide: Statistic. Cary, North Carolina.

Satawathananont, S. 1986. Redox, pH, and ion chemistry of acid sulfate rice soils in 

Thailand. Ph. D. diss., Louisiana State Univ., Baton Rouge, Louisiana.

Smyth, T. J., and P. A. Sanchez. 1980. Effects of lime, silicate and phosphorus

applications to an Oxisols on phosphate sorption and ion retention. Soil Sci. Soc. 

Am. J. 44:500-505.

Soils, P., and J. Torrent 1989. Phosphate sorption by calcareous Vertisols and 

Inceptisols of Spain. Soil Sci. Soc. Am. J. 53:456-459.

Torrent, J. 1987. Rapid and slow phosphate sorption by mediterranean soils: Effects 

of iron oxides. Soil Sci. Soc. Am. J. 51:78-82.

Traina, S. J., G. Sposito, D. Hesterberg, and U. Kafkafi. 1986. Effects of pH and

organic acids on orthophosphate solubility in an acidic, montmorillonitic soil.

Soil Sci. Soc. Am. J. 50:45-52.

Uwasawa, M., P. Sangtong, and W. Cholitkul. 1988. Behavior of phosphorus in paddy 

soils of Thailand. Soil Sci. Plant Nutr. 34:183-194.

White, R. E., and A. W. Taylor. 1977. Effects of pH on phosphate adsorption and

isotopic exchange in acid soils at low and high additions of soluble phosphate.

J. Soil Sci. 28:48-61.

Willett, I. R., and M. L. Higgins. 1978. Phosphate sorption by reduced and reoxidized 

rice soils. Aust. J. Soil Res. 16:319-326.



SUMMARY AND CONCLUSIONS 

The effects of pH, redox potential, and various forms of Fe, Al, and Mn on P- 

soiption 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  

NH4OAC (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-soiption with changing pH and redox potential of soils pretreated with NH4OAC and 

sodium-citrate dithionite solution. The increase in P-soiption 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-soiption, 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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