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EFFECT OF SOIL/SOLUTION RATIO ON DETERMINING THE CHEMICAL
POTENTIALS OF PHOSPHATE IONS IN SOIL SOLUTIONS

By S. LARSEN and A, E. WIDDOWSON

Soil Science Department, Levington Research Station, Ipswich (Fisons Fertilizers, Ltd.)

CHOTIELD® suggested that an index of soil phosphate

availability could be given by the negative chemical
potential of monocaleium phosphate—the ‘phosphate
potential’—defined as (3pCa+ pH,PO,) and determined
in a 0-01 M calcinm chloride extract. Aslyng? found,
however, that this potential varied markedly with the
soil/solution ratio and he attempted to correct for this
‘dilution effect’” by extrapolation of his experimental
results to ‘zero dilution’; others®* have adopted this
procedure. However, this is not a justifiable correction
because, as shown by Aslyng’s own results and those of
otherss®, there is no approach to a limiting value towards
zero dilution.

Larsen and Court® suggested a number of possible
explanations for the effect of soil/solution ratio on the
phosphate solubility but were unable to decide which
was operative, Olsen et al.?, using soils comparatively
rich in soluble phosphate (about 100 times more than in
most other soils), found that the negative dicalcium
phosphats potential (pCaHPO,) of the 0-01 M calcium
chloride extracts decreased with the amount of soil in
the suspension. They equilibrated the soils with cal-
cimm chloride for 4 days at a constant carbon dioxide
pressure and measured the concentration of bicarbonate
ions in the extracts. This was found to increase with the
amount of soil and they attributed the increase in phos-
phate concentration (decrease in negative phosphate
potential) to the ability of carbonate ions to displace
HPO, ions from surfaces containing phosphate. When
the chemical potential of monocaleium phosphate is
calculated from the experimental results of Olsen et al.?
it is independent of tho soil/solution ratio (Table 1). This
suggests that the observed effect of soil/solution ratio on
the phosphate potential (pCa+pH,PO,) may be due to
accumulation of carbon dioxids produced by microbial
activity during equilibration with the calcium chloride
golution, since this usually occurs in stoppered bottles
mounted on an end-over-end shaker.

To test this assumption, varying aliquots of soil 5 from
the experiment of Larsen and Court® were equilibrated
for 16 h with 0-01 M caleium chloride under three con-
trasting conditions: (1) in stoppered bottles placad in an
end-over-end shaker; (2) open bottles on a roller shaker;
(3) bubbled with atmospheric air, previously moisture
saturated by passing through a wash bottle containing
0-01 M calcium chloride: wrist action shaking.

From the results (Table 2} it ean be seen that when
stoppered bottlos wore used there was a reduetion in pH,
increase in phosphate concentration and decrease in
phosphate potential with increasing weight of soil in the
suspension. When the bottles were left open the same
trends were observed but to a smaller degree. However,
when atmospheric air was passed through while shaking,
all three values became independent of the amount of

Table 1. EFFECT OF SOIL/SOLUTION RATIO 0N SOIL PHOSPHORTS SOLUBILITY *

pH Cp x 108 ipCa + pH,PO, ¥
g soil/
50 ml. 1 2 3 1 2 3 1 2 3
5 675 870 646 474 103 224 576 5-39 499
10 682 675 652 456 136 331 579 520 4-83
20 692 684 662 6593 149 403 575 529 479
40 7-02 695 673 600 149 406 78 536 482

Soil 1, Pierre clay
Boil 2, Apisha silt clay loam equilibrated 4 days in 0-01 M CaCl,
Soil 3, Rocky fine sandy loam at — log Pgg, = 1:42

* Data of Olsen, Watanabe and Cole”.

1 Caleulated by the equation: ipCa + pHPO,; = pCaHPO, — pE,; +
(pH — 3pCa), where pK, i3 the 2nd dissociation constant of phosphoric
acid and eguals 7-20.

Table 2, EFFECT OF SQOIL/S0LTTION RATIO AXD CARBON DIOXIDE EQUILI-
BRATION ON S01L PHOSPHORUS SOLUBILITY *

g soil/ pH Cp x 10° ipCa + pH, PO,
50 ml. o b € b € 3 b ¢

1 728 781 736 071 104 111 779 768 768

2 716 732 741 0903 1-16 118 763 765 772

4 704 781 748 116 1-25 116 747 760 773

8 608 726 7-42 136 142 119 737 751 770
16 694 720 740 153 159 107 730 742 774

* B0il 5 of Larsen and Court (ref. 8).

&, Stoppered bottles, end-over-end shaking for 16 h.

&, Open bottles, roller shaking for 16 h. .

¢, Bubbled with atmospheric air, previously moisture saturated by passing
tﬁril._tgh a wash bottle containing (-01 M calclum chloride; wrist action
shaking,

soil in the suspension. Similar results were obtained with
other soils.

In a separate experiment the amount of carbon dioxide
produced by the soil was measured by absorption in
sodium hydroxide using the apparatus described by Kent-
Jones and Taylor’. The carbon dioxide pressure was
caleulated from the solubility of carbon dioxide in 0-01 M
calcium chloride at rocom temperature®, and the volume
of the bottles. The results (Table 3) show that the amount
of carbon dioxide produced was proportional to the
amount of soil in the suspension. This suggests that the
production of carbon dioxide at the individual soil/solution
ratios fully explains the variation of pH with the soil/
solution ratio,

Table 8. EFFECT oF CARBON DIoXI1DE ON SOIL pH

¢ soilf
50 ml,
0-01 M CaCly Pgog x 100 pHa pHpB
1-16 (0'3) (7-43) (7-55)
1 -6 7:32 742
B 32 722 7-32
4 55 714 7-17
8 11-8 7-01 7407
16 21-2 694 7-00

pHa measured after shaking for 16 h in stoppered hottles,

pHB measured when soil suspensions (10 g s0il/50 ml. solution) were
equilibrated in the presence of carbon dioxide buffers.

Figures in brackets obtained when the suspensions were equilibrated with
atmospheric air.

Using the method of Pardee!®, carbon dioxide buffers
were made up to give carbon dioxide pressures corre-
sponding to those calculated when the soil suspensions
were shaken in stoppered bottles. 10-g aliquots of the
soil suspended in 50 mlb. 0-01 M calcium chloride were
then shaken overnight with an atmosphere that was in
equilibrium with these buffers. The values of the soil
suspensions (Table 3) compare elosely with those obtained
when varying soil/solution ratios were shaken in stoppered
bottles without carbon dioxide absorption.

These findings have a bearing on the interpretation of
lime and phosphate potentials, for the carbon dioxide
content of soil air varies greatly in the field'! because of
variation in biological activity and soil acration.
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