SCIENTIFIC CORRESPONDENCE

Solubilization of inorganic phosphates by Azospirillum halopraeferans

Bacteria of the genus Azospirillum are
widely distributed in the rhizosphere of
tropical and subtropical grasses and sug-
arcane'. Azospirillum halopraeferans is
reported to occur in the rhizoplane of
plants growing in saline soil in Brazil®
Phosphates, widely distributed in nature
in both organic and inorganic forms, are
not readily available to plants in a bound
state’. Many soil bacteria are reported to
solubilize these insoluble phosphates
through various processes*’. A few rep-
orts have also indicated the P-solubilizing
activity of some nitrogen fixers®™''. This
paper reports the P-solubilizing capacity
of three different strains of A4. halo-
praeferans.

Type strains (LMG7107, LMG 7108
and LMG 7109) obtained from J. Dobe-
reiner, EMBRAPA, Brazil were used in
this study. Individual strains were grown
on the Sperber’s medium'? and Pikovs-
kaya’s medium" in petri dishes for 3
days at 28 + 2°C. The size of the clear
zones around the colonies showing solu-
bilization of phosphate on incubation was
noted. The results are expressed as solu-
bilization efficiency (£ = Solubilization
diameter (S)/Growth diameter (G) X 100)
(ref. 14). For broth culture studies, single
colonies grown on nutrient agar were
inoculated into both the liquid media
containing water insoluble P-sources. All
the experiments were conducted in tripli-
cate and the cultures were maintained
for 16 days. Phosphate was determined
by the paramolybdate blue method'. For
analysis, the cultures were harvested
on every alternate day, centrifuged at
10,000 rpm for 15 min and then subjected
for estimation. pH of the medium was also
recorded simultaneously.

While the strains showed weak zone
of solubilization on Sperber’s medium
(Table 1, Figure 1), no activity was ob-
served in Pikovskaya’s medium in plate

Table 1. Solubilization efficiency (E) of
A. halopraeferans strains in plate assay

Sperber’s Pikovskaya’s
Strain medium* medium
LMG 7107 151.14 Nil
LMG 7108 151.69 Nil
LMG 7109 150.56 Nil

*Results presented are average of three repli-
cates.

assay. However, the liquid environment
offered encouraging results where the
three strains showed good activity in both
the broths employed. Morris and Allen'®,
while studying the oxalate metabolism by
micro-organisms echoed a conforming
trend, where the organisms do not show
clearing zone in plates and there was
good calcium oxalate metabolism in lig-
uid broth, attributed to simple cation
dissociation. Periodical estimates of P in
media revealed the potential of all the
strains in releasing Pi from insoluble P
sources. On Sperber’s medium, the P
concentration increased slowly, reached a
peak on the tenth day and declined
slowly on later days. Whereas in Pikovs-
kaya’s medium, the P concentration
increased gradually achieving a peak

Figure 1.
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on the sixth day. Among the strains,
LMG 7109 was good in Sperber’s
medium and solubilized 122.54 ng P/ml,
while LMG 7107 and LMG 7108 solubi-
lized 84.61 and 47.19 ug P/ml, respec-
tively (Figure 2). In Pikovskaya’s medium,
LMG 7109 showed maximum solubili-
zation (1453.69 pg P/ml) on 14th day,
whereas in LMG 7107 and LMG 7108 it
was 1379.6 and 1452.04 pg P/ml on 6th
day itself (Figure 3). Statistically no sig-
nificant difference was observed in P-
solubilization among strains in Sperber’s
medium except between 8 and 12 days
(Figure 2), but in Pikovskaya’s medium
the strains differed significantly on all
days (Figure 3).

In general, the bacterial activity was
slow initially, which gradually increased

b

Plate assay for P-solubilization by 4. halopraeferans. a, Solubilization zone formed

in Sperber’s medium; b, Colonies without any halo zone in Pikovskaya’s medium.
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Figure 2. Change of P concentration in Sperber’s medium.
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in the middle and declined later. Decrease
in P concentration during initial stages in
Sperber’s medium (Figure 2) can be attri-
buted to the utilization of existing P for
growth and development of the orga-
nism®, in a later phase the bacteria would
have started acting on the substrate for

want of nutrients, thus releasing P from
insoluble sources. Or, the cells after the
initial shock could have utilized the
available free P for metabolism and later
to acclimatize to the given environment
or due to substrate stress they would have
solubilizing P. The better performance of
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Figure 3.

Change of P concentration in Pikovskaya’s medium.

v
E
-
2
v
—&— Control
—O—LMG 7107
- —O—LMG 7108
—>—LMG 7109
M
. g ) ar var bas O.ae O ae Obas Ovae
n!
Figure 4. Change of pH in Sperber’s medium.
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Figure 5. Change of pH in Pikovskaya’s medium.
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bacteria in Pikovskaya’s medium by all
strains indicates the role played by
the substrate to trigger the microbial
action™”. The P concentration in solu-
tion did not follow a sigmoid curve type,
but some fluctuations and then increase
in P concentration during later days in
LMG 7108 and LMG 7109, which may
be due to cell lysis and P precipita-
tion brought about by organic meta-
bolites™'!°.

There are several potential mechanisms
reported for phosphate solubilization,
that include modification of pH by secre-
tion of organic acids and protons or
cation dissociation™**?* 1In this study,
pH values increased in Sperber’s medium
during early days and on incubation went
down slowly (Figures 4 and 5). Maxi-
mum pH reduction recorded was 0.30
units in Sperber’s medium and 0.53 units
in Pikovskaya’s medium. pH reduction
was gradual, where it slowly went down
and no revival was observed in later days.
Results similar to this were observed by
other workers® ’26’ while studying cyano-
bacterium mediated P-solubilization.

A. halopraeferans, a non-glucose uti-
lizing bacteria does not exhibit acidity in
the presence of glucose*. Results obtained
in the present study on glucose amended
media indicate that acid production is not
the only reason for P release into the
media”*"** and this can be related to
the cation dissociation process'é. From
the above results, it can be concluded
that an interesting phenomenon of P-
solubilization by nitrogen fixing 4. halo-
praeferans could be further studied to
find out the mechanism of action or the
involvement of genes. A study on the
molecular mechanism would throw light
on the ps (phosphate solubilizing) genes
that could be incorporated in agriculture
as A. halopraeferans offers traits for
nitrogen fixation, phosphate solubiliza-
tion and salinity tolerance.
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