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Abstract

Three isolates of Aspergillus tubingensis and two isolates of Aspergillus niger isolated from rhizospheric soils were tested on

solubilization of different rock phosphates. All the isolates of Aspergillus were capable of solubilizing all the natural rock phos-

phates. A. tubingensis (AT1) showed maximum percent solubilization in all the rock phosphates tested in this study when compared

to other isolates. This isolate also showed highest phosphorus (P) solubilization when grown in the presence of 2% of rock phos-

phate. A. tubingensis (AT1) seems to be more efficient in solubilization of rock phosphates compared to other isolates reported

elsewhere. This is the first report of rock phosphate solubilization by A. tubingensis and might provide an efficient large scale

biosolubilization of rock phosphates intended for P fertilizer. � 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Phosphorus (P) is one of the major essential ma-
cronutrients for biological growth and development
(Ehrlich, 1990). Phosphorus is added to soil in the form
of phosphatic fertilizers, part of which is utilized by
plants and the remainder converted into insoluble fixed
forms. Use of phosphatic fertilizers has become a costly
affair and there is a need for alternative sources. The
biggest reserves of phosphorus rocks and other deposits
were recognized as a valuable alternative source for P
fertilizer. In recent years the possibility of practical use
of rock phosphates as fertilizers has received significant
interest. In India, it is estimated that there are almost 40
million tons of phosphatic rock deposits and this ma-
terial should provide a cheap source of phosphate
fertilizer for crop production (Halder et al., 1990). Un-
fortunately, rock phosphate is not plant available in
soils with a pH greater than 5.5–6.0 and, even when
conditions are optimal, plant yields are lower than those
obtained with soluble phosphate (Khasawneh and Doll,
1978). Phosphate solubilizing microorganisms convert

these insoluble phosphates into soluble forms through
the processes of acidification, chelation and exchange
reactions (Earl et al., 1979; Gerke, 1992). This process
not only compensates for higher cost of manufacturing
fertilizers in industry but also mobilizes the fertilizers
added to soil (Rajan et al., 1996).

Filamentous fungi are widely used as producers of
organic acids (Matty, 1992) and particularly black
Aspergilli and some species of Penicillium. These species
have been tested for solubilization of rock phosphates
(Asea and Kucey, 1988; Gaur, 1990; Vassilev et al.,
1996; Goenadi et al., 2000; Narsian and Patel, 2000).
The objective of the present work was to test rock
phosphate solubilization by isolates of Aspergillus tu-
bingensis and Aspergillus niger obtained from the rhi-
zopspheric soils, to select the suitable isolate and to
verify the potential of further application of this isolate
in solubilization of rock phosphates.

2. Methods

Different isolates of Aspergillus were obtained from
the rhizospheric soils of the Eucalyptus plantations from
different areas in Punjab, India and screened for their
ability to solubilize tricalcium phosphate in Pikovskaya
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medium (Pikovskaya, 1948). Five isolates of Aspergillus
were selected which showed most solubilization of tri-
calcium phosphate and these were used in the present
study. These fungi were identified by PCR–RFLP as A.
tubingensis (three isolates, AT1, AT2 and AT3) and A.
niger (AN1 and AN2), the method described by Accensi
et al. (1999). The cultures were maintained on Potato
Dextrose Agar slants.

In Pikovskaya broth, tricalcium phosphate was re-
placed with different rock phosphates, four foreign,
Foskar (FRP, 40 mg% P2O5), Jordan (JRP, 33.3 mg%
P2O5), Israel (IRP, 32.9 mg% P2O5), Morocco (MRP,
33.2 mg% P2O5) and one Indian rock phosphate,
Rajasthan (RRP, 34.1 mg% P2O5) in the amount equiv-
alent to 50 mg P2O5 in 100 ml. Discs from four day old
potato dextrose agar cultures of Aspergillus (4 mm
diam) were inoculated separately to all the above media
in 250 ml conical flasks. The flasks were incubated at
30 �C for six days under shaking conditions. Uninocu-
lated flasks were kept for each set of treatment. After six
days, the contents of the flasks were filtered through
Whatman No. 42 filter paper. The mycelia were washed
thoroughly with distilled water and dried at 70 �C for 48
h or to constant weight. Dry weight of the mycelium
represented the growth. Triplicates were maintained for
each treatment. In another experiment, tricalcium
phosphate was replaced with 2% of each rock phosphate
in Pikovskaya medium and the fungi were inoculated
and incubated at 30 �C for 48 h under shaking condi-
tions to see the solubilization levels.

Water soluble P in the culture filtrates was estimated
by the chlorostanous reduced molybdophosphoric acid
blue method described by Jackson (1967). The pH of the
spent medium was measured by a pH meter.

All the data were analyzed by analysis of variance
(ANOVA) and the means were compared with Duncan’s
Multiple Range Test (DMRT) at P < 0:05 level.

3. Results and discussion

All the isolates of A. tubingensis and A. niger were
capable of solubilizing all the natural forms of rock
phosphates. The solubilization levels of different rock
phosphates varied with different isolates. A. tubingen-
sis (AT1) solubilized a higher percentage of P than did
other isolates with all the rock phosphates. The solubi-
lization was more than 98% in JRP followed by MRP
(89%) and FRP (75%). Among the different rock phos-
phates IRP was a very poor substrate, where the maxi-
mum solubilization recorded was 25% when inoculated
with A. tubingensis (AT1). The percent solubilization of
rock phosphates by the other two isolates of A. tubing-
ensis (AT2 and AT3) was significantly poorer than A.
tubingensis (AT1), but, moderately higher than the two
isolates of A. niger (AN1 and AN2). A. tubingensis

(AT1) showed maximum solubilization when compared
to other isolates (Fig. 1). A. tubingensis isolates also
showed more solubilization when grown in the presence
of 2% rock phosphates than A. niger.

Different fungi preferred different rock phosphates
for their growth. A decrease in pH of the medium with
all P sources tested was observed with all isolates of
Aspergillus. Among the different isolates, A. tubingensis
(AT1) showed lower pH than other isolates in all the
rock phosphates tested.

The relative efficacy of some of the isolates for rock
phosphate solubilization may have been due to the na-
ture and quality of organic acids secreted in the medium.
As suggested by Narsian and Patel (2000), more work is
needed regarding the nature of rock phosphates and
their interaction with efficient phosphate solubilizing
microorganisms.

A reduction in the pH of the medium with all P
sources tested was observed in this study. However, no
significant relationship could be established between the
quantity of phosphate solubilized and drop in pH.
Previous reports also showed the same results (Ahmad
and Jha, 1968; Das, 1963; Sethi and Subba Rao, 1968;
Narsian and Patel, 2000).

This is the first report of solubilization of rock
phosphates by A. tubingensis and it shows that this
fungus may serve as an excellent rock phosphate solu-
bilizer when inoculated into soils where rock phosphate
is used as P fertilizer. Further studies are required in
order to determine the real level of solubilization (taking
into account the phosphate consumed by the fungal
culture) and its efficiency in solubilizing the rock phos-
phates under natural conditions.

Fig. 1. Solubilization of rock phosphates by isolates of A. tubingensis

and A. niger. The same letters within the rock phosphates are not

significant among the isolates at P < 0:05 level.
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