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Short Communication 

Phosphate Sorption in Benchmark Vertisol and Alfisol ProfIles 

K.L. SAHRAWATI 
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, Andhra 
Pradesh, 502324 

The response of crops to added P is generally less 
predictable on Vertisols than on other soils such as 
Alfisols under similar agroclimatic conditions. The 
cause of low P responses to applied P in Vertisols 
is not known but is often attributed to sorption of 
phosphate (Murthy 1988). However, recent work 
on the behaviour of P in Indian Vertisols indicate 
that the Vertisols have relatively lower phosphate 
sorption capacity than other soils such as U!tisols 
and Oxisols, and that the adsorbed P remained eas
ily desorbable (Sahrawat & Warren 1989; Shailaja 
& Sahrawat 1990). Comparative studies of phos
phate sorption by benchmark Vertisols and Alfisols 
show that the Vertisols have a higher P sorption 
capacity and buffer power for phosphate sorption, 
implying a lower response to fertilizer P. However, 
all the adsorbed P remained labile to p32 (Sahrawat 
& Warren 1989). 

The results described above were obtained 
on surface soils and additional information on P 
sorption in the profile of these soils is needed be
cause partial erosion of the profile may modify P 
sorption behaviour of the soils. Additionally, Ver
tisols have the phenomenon of pedoturbation, lead
ing to the mixing of soil materials during shrinking 
and swelling, thus affecting the P sorption behav
iour of these soils. 

The aim of this communication is to provide 
information on the comparative P sorption and the 
P requirements of horizons in benchmark Vertisol 
and Alfisol profiles at th� ICRISAT Center, 
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Patancheru (Andhra Pradesh). 
Soil profiles from Kasireddipalli s�ries (Ver

tisol) and Patancheru series (Alfisol) were exam
hied for their P sorption capacities. Some impor
tant properties of the profiles of benchmark Verti
sol and Alfisol are given in table' 1. The 
Kasireddipalli series is a Typic Pellustert developed 
on basaltic alluvium on the lower pediments and in 
depressions. The Patancheru series is in the clayey
skyletal, mixed isohyperthermic family of Udic 
Rhodustalf developed on weathered granite. The 
dominant layer silicate minerals are smectite type 
in the Vertisol and kaolinite type with small pro
portions of2:1 layer-lattice clays and sesquioxides 
in the Alfisol (Murthy et al. 1982). 

Soil samples were collected from all the hori
zons of the two profiles, air-dried and processed « 
2 mm). For organic C and total P analysis the sam
ples were ground to pass through a 0.25 mm sieve. 
For the analyses reported in  table 1, pH was mea
sured by a glass electrode using a soil to water 
ratio of 1 :2, and organic C by chromic acid titra
tion method. Carbonate (expressed as CaCO) was 
determined by acid neutralization as described by 
Allison and Moodie (1965). The total P content of 
the soil was determined by digestion with perchlo
ric acid (Olsen & Sommers 1982). Cation exchange 
capacity (CEC) of the soils was determined as de
scribed by Chapman (1965). Extractable iron in the 
soil samples was determined as described by Lind
say and Norvell (1978). 

The phosphate sorption by the soils from dif
ferent horizons in the two profiles was studied us
ing the P sorption index (PSI) described by Bache 
and Williams (1971) with minor modification. In 
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l'able 1. Selected prop erties of the profi les of the bench mark Vertiso l and Alfisol 

Horizon Depth pH Org. C Clay 
(m ) (g kg·l) (%) 

Vertisol (Kasireddipal/i clay) 

Ap 0-0.15 8.3 6.6 51 
All 0.15-0.40 8.5 3.3 54 

A12 0.40-0.90 8.9 3.7 56 
A13 0.90-1.50 8.9 2.9 59 
AC 1.50-1.80 8.7 1.8 65 
Alfisol (patancheru sandy loam) 

Ap 0.10 6.3 6.2 19 
Bl 0.10-0.20 6.4 6.6 30 
B2lt 0.20-0.50 6.7 6.3 41 
B22t 0.50-1.05 6.6 4.9 41 
BC 1.05-1.45 7.4 2.0 24 
C 1.45-1.60 8.0 1.0 26 

view of the low P "sorption capacity of the soils 
under preliminary experiments, the rate ofP appli
cation was considerably lower than suggested in 
the method. The PSI is expressed as X log c, where 
'X' is the amount of P sorbed (mg P per 100 g 
soil) from one addition ofP at the rate of 50 mg P 
kg-I soil and 'c' is the equilibrium concentration of 

P Olmol P L .1). The details of the method were as 
follows: 

Duplicate soil samples (2 g) were placed in 
50 mL centrifjIge tubes, 25 mL of 0.01 M CaCl2 
solution containing 100 mg P as potassium 
dihydrogen phosphate was added. The tubes were 
kept at 25 ± 1°C for 6 days and were manually 
shaken for 5 minutes every day. The samples were 
then centrifuged for 10 min. and filtered through 
Whatman No. 1 filter paper. The P content in the 
clear solution was determined by the molybdenum 
blue method (Olsen & Sommers 1982). The aver
age value was used to calculate the amount of P in 
solution. The difference between the amount of P 
added and that recovered in solution was consid
ered to indicate the sorbed P for the soil sample. 
The PSI was determined using the formula, X log c 
for each horizon in the two profiles. 

The PSI index of a soil is a number and its 
value is relatively lower for a soil with higher P 
sorption capacity than for a soil with lower P sorp
tion capacity (Bache & Williams 1971). In the Ver-

CaCO) Total P CEC Extr. Fe 
(g kg·l) (mg kg·l) [cmol (p+) kg·l) (mg kg·l) 

100.0 220 48 8.1 
93�0 150 46 8.1 

126.0 160 50 7.4 
152.0 190 49 6.1 
102.0 200 48 5.2 

140 11 11.0 
120 17 10.0 
110 22 7.0 

90 18 5.0 
15.0 90 26 4.2 
21.0 140 25 3.1 

tisol profile, all horizons sorbed similar amounts of 
phosphate and the PSI varied from 5.2 to 11.1 (Ta
ble 2). The AC horizon sorbed the lowest amount 
of P, and the Ap and A 11 horizons the highest 

Table 2. Phosp horus sorpti on index ex log c)* f or 
different horizons in the profiles of a bench
mark Vert isol an d Alfisol, ICRISA T Cen tre 

Soil X(mg PIlOO g soil) c (J!m ol P 1'1) X log c 
horizon 

Vertisol (Kasireddipalli clay) 

Ap 4.85 12 5.2 
All 4.86 12 5.2 

A12 4.82 13 5.4 
A13 4.80 13 5.3 
AC 4.72 230 11.1 
Alfisol (patancheru sandy loam) 

Ap 4.80 13 5.3 
Bl 4.86 12 5.2 
B2lt 4.78 10 4.8 
B22t 4.97 1.1 0.2 
BC 4.79 11 5.0 
C 4.75 40 7.6 

Note: 'X' is the a mo unt of P sorbed fro m on e a dditi on 
of P at the rate of 50 mg kg·1 soil and 'c' is t he 
equili brium solu t ion concentration of P 

within a narrow range. For the Aifisol, P sorption 
and the PSI differed markedly between horizons, 
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B22t horizon had the lowest P sorption and high
est PSI of7.6 (Table 2). The PSI for different hori
zons in the Vertisol and Alfisol profiles varied from 
0.2 to 11.1 and it was the lowest (indicating highest 
P sorption) for the B22t horizon in the Alfisol pro
file. 

lt is important to note that the B22t, an 
argillic horizon in the AlfIsol profile, had a Consid
erably bigher P sorption capacity (the lowest PSI) 
than other horizons. It is reported that clays, par
ticularly (1: 1) lattice clays may contribute to P sorp
tion and clay content has been reported to be cor
related with P sorption in tropical soils because of 
higher iron and aluminium activity (Sanyal & 
DeDatta 1991). The results from this study show 
that PSI was not signifIcantly correlated with the 
soil characteristics (see Table 2) for the Vertisol 
and Alfisol profIles. A combined statistical analy
sis of the data for the two profiles is not acceptable 
as the data of the two proflles represent two dis
crete population. 

To sum up, these results imply that a unifor
mity of P sorption among Vertisol horizons down 
the profIle indicates erosion does not affect 
amounts of P required. This might be attributed to 
the mixing of soil materials from di fferent horizons 
during shrinking and swelling of the Vertisols. 
Phosphate sorption by the original surface soil and 
the adjacent underlying Bl and B2It horizons of 
the AlfIsol proiIle is low. However, under extreme 
conditions, if this AlfIsol horizon is eroded, thus 

exposing the B22t horizon, phosphate sorption of 
new surface soil would be high and rates of p 
would have to be increased to meet the P require_ 
ment of crops grown. 
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