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Summary Among several phosphate-solibilizing micro-organisms isolated from an alluvial soil
(Fluvaquent) in sucrose-Ca4(PO,), agar plates, two fungal strains, ACF, (Aspergillus candidus) and
ACF, (A. fumigatus) two bacterial strains, ACB; (Bacillus firmus B-7650) and ACB, (B. firmus
B-7651) and oneactinomycete strain, ACS, (Streptomyces sp.) were efficient solubilizers, solubilizing
297.0, 288.3, 49.0, 45.8 and 29.0 ug of P as free PO, ~ 3, respectively, containing 15 mg insoluble P
from Ca,(PO,), in broth. Solubilization was lesser from AIPO, and FePO,. The isolates producing
oxalic and tartaric acids without or with citric acid showed higher ability of solubilizing insoluble
inorganic phosphates.

All the above isolates possessed the ability of solubilizing rock phosphate in considerable amounts,
ACF | (A. fumigatus) being the highest (31.5 pg), while ACBg (B. firmus B-7651) and both the aspergilli
also possessed cellulose-decomposing ability in addition.

Inoculation of the isolates, in a flask culture experiment, had no significant effect on the
accumulation of available phosphorus in soil even when amended with rock phosphate (RP), farm
yard manure (FYM), (FYM + RP), rice straw (RS) and (RS + RP). Nevertheless, the overall
performance of ACF, (A. candidus) and ACBg (B. firmus B-7651) was better than that of the others, in
this respect, while ACB, (B. firmus B-7650) and ACF, (A. fumigatus) intensified the enhancing
effect of FYM and RS. Partial sterilization, by autoclaving, of the soil had no significant effect on
available phosphorus content of the soil irrespective of any inoculation.

Introduction

Many common soil micro-organism can dissolve insoluble inorganic
phosphates known to occur in soil* 3. The major microbiological means by which
insoluble phosphates are solubilized by the production of organic acids?'!3. As
phosphorus compounds in Indian alluvial soils is predominantly inorganic®,
chiefly locked as Ca,(PO,),, the group of phosphate solubilizing micro-
organisms dissolving Ca,;(PO,), appears to have an implication in Indian
agriculture. Since these are chemoheterotrophs, addition of carbonaceous
organic manures greatly enhances their growth and activity in soil, and especially
when supplemented with rock phosphate®2° In the present investigation,

* Part of the Ph.D. thesis submitted by the Senior Author to the University of Calcutta in 1979.
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354 BANIK AND DEY

several phosphate-solubilizing organisms were isolated, from an alluvial soil
(Fluvaquent ), identified and characterised in terms of their ability of solubilizing
inorganic phosphates and production of organic acids in artificial media and an
attempt has been made to obtain information regarding the accumulation of
available phosphorus in the same soil as influenced by the inoculation of some
efficient Cas(PO,),, solubilizing isolates in absence and presence of rock
phosphate, farm yard manure, and rice straw, either alone or in combinations
taking a manure and rock phosphate together, under partially sterilized and non-
sterilized conditions in a flask culture experiment.

Materials and methods

The soil ~ a Gangetic alluvial one (Fluvaquent)® ~ was collected from the Calcutta University
Experimental Farm, Baruipur, District 24 Parganas, West Bengal, India. Air-dried 2-mm sieved soil
samples were used in the present investigation. General characteristics of the soil were determined in
accordance with the methods described by Jackson'# (Table 1).

Enumeration of total micro-organisms and Ca,(PO,),-solubilizing micro-organisms, together
with isolation, identification upto generic level and estimation of phosphate-solubilizing power of
and organic acid production by the Cas(PO,),-solubilizing micro-organisms were done in
accordance to the method followed by Banik and Dey*. The bacteria solubilizing appreciable
amount of insoluble inorganic phosphate were identified upto specific level with the help of
Commonwealth Mycological Institute, Kew, Surrey, England and fungi with the help of Mycological
Laboratory, Department of Botany, University of Calcutta.

The isolates showing ability of solubilizing quite appreciable amount of inorganic phosphate were
selected for inoculation in soil in the flask culture experiments. These were ACB; and ACB (Bacillus
firmus B-7650 and B-7651), ACS, (Streptomyces sp.), ACF | (Aspergillus fumigatus) and ACF, (A.
candidus).

As rock phosphate, and organic manures containing appreciable amount of cellulosic materials

Table 1. General characteristics of the soil

Water holding capacity (%) 54.0
pH 7.4
Conductivity (mmho/cm) 0.082
Organic C (%) 0.603
Total N (%) 0.061
Total P (%) 0.065
Available P (%) 0.0007
Total Ca as CaO (%) 1.001
Total Mg as MgO (%) 1.028
Total Fe (%) 59
CEC(meq/100g) 2205
Exchangeable Ca (meq/100 g) 127
Exchangeable Mg (meq/100 g) 7.65
Sand (%) 9.84
Silt (%) 35.04
Clay (%) 55.12

Texture Silty clay
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were among the treatments in the experiment with soil, the cultures were tested for their ability of
solubilizing rock phosphate and decomposing cellulose. In addition they were also tested for their
ability of producing H,S, as this is one of the means of liberating phosphate from ferric phosphate
present in soil. The ability of solubilization of rock phosphate, decomposition of cellulose and
production of H,S, by the micro-organisms inoculated, were estimated according to the methods
adopted by Banik and Dey?®.

Antibiotic-producing activity of the selected micro-organisms were tested on some pathogenic
species according to method described by Waksman 22, However, none of the organisms succeed to
do so.

Available phosphorus content of soil as affected by inoculation of the isolates

The alluvial soil, from where the organisms were isolated, were taken in 100 ml conical flask in ten g
lots with the following treatments: (a) untreated control, (b) rock phosphate (RP)-30kg Pha ™%, (c)
farm yard manure (FYM)-40kgNha~!,(d) FYM-40kgNha~! + RP-30kgPha™!,(e)rice straw
(RS)-40kg N ha ! and (f) RS ~40kg N ha™' + RP - 30kg P/ha™'. The moisture level was kept at
1009, water holding capacity as the subsequent experiment was proposed to be done on rice
rhizosphere under flooded conditions. For each treatment, 36 flasks were kept. Half of these flasks
were autoclaved at 15 1b per sq inch steam pressure for 30 minutes on two consecutive days to have the
soils inside partially sterilized, with a view to compare the activity of the inoculated isolates under a
minimal microbial competition. Those flasks containing partially sterilized and non-sterilized soils,
per manurial treatment, were inoculated with each isolate in a similar manner as described by Banik
and Dey?. The flasks were incubated at 30 + 1°C. The moisture level was maintained by adding
sterile distilled water aseptically and shaken in a rotatory shaker half an hour for aeration and
homogenisation on every alternate day. After 15 days incubation, the soils were analysed for available
phosphorus content following Olsen et al.'” method.

Results

It can be seen from Table 2 that, in the alluvial soil studied, 14.3, 35 and 3 per
cents of the total bacterial, actinomycetes and fungal population, respectively,

Table 2. Total and phosphate-solubilizing microbial population of soil before and after partial
sterilization*

Soil Number (x 10%) per g dry soil**

Bacteria Actinomycetes  Fungi Total

Total micro-organisms

Before autoclaving  840.0 100.0 100.0 1040.0
After autoclaving 20 3.0 0.5 5.5

Phosphate solubilizing micro-organisms P source: Cas(P0,),

Before autoclaving  120.0 350 2.5 157.5
After autoclaving 20 0.0 0.0 20

* Partial sterilization done by means of soil autoclaving in thin layers at 151b steam pressure for 30
minutes in two consecutive days.
** Average of triplicate sets.
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possesed the ability of solubilizing Cas(PO,),. There was a significantly positive
correlation between the number of the above phosphate solubilizers and total
number of soil micro-organisms (r = +0.96) showing a linear relationship with
the regression equation y = —4 + 0.14x. Partial sterilization, by autoclaving,
eliminated more than 99%, of total bacteria and fungi and 979, of the total
actinomycetes, while eliminating more than 989/ of the phosphate-solubilizing
bacteria and all the actinomycetes and fungi active in the process.

The phosphate solubilizers isolated included bacteria of the genera Bacillus,
Micrococcus and Arthrobacter, fungi of the genera Aspergillus and Penicillium
and actinomycetes of the genus Streptomyces. The isolates solubilizing
appreciable amount of insoluble inorganic phosphates were tabulated in Table 3.
It is evident from Table 3 that the highest amount of insoluble inorganic
phosphate was solubilized by ACF, (Aspergillus candidus) followed by ACF; (4.
Sfumigatus), ACB; (Bacillus firmus B-7650), ACBg (B. firmus B-7651) and ACS; -
(Streptomyces sp.). In general, the solubilization was highest from Ca4(PO,),
followed by that from AIPO, and FePO, excepting for the aspergilli which
solubilized more from FePO , than from AIPO,. All the cited isolates excepting
ACB; (B. firmus B-7650) proéuced oxalic acid (Table 4), highest being by ACF,
(A. fumigatus). In addition citric and tartaric acids were produced by ACF,
tartaric acid by ACF, and succinic and an unidentified one by ACB¢. ACB;
produced succinic acid and a lesser amount of 2-ketogluconic acid. USSR
superstrain B. megatherium var. phosphaticum (BKM) produced the cited
unreported organic acid only.

Ability of solubilizing rock phosphate (containing 4.85% phosphorus) was in
the order by ACF,, ACF,, ACB;, ACBy and ACS, and that of cellulose
decomposing ability by ACB,, ACF, and ACF, as evidenced from the
deterioration of the filter paper strips (Table 5). The presented sequence in the
text would denote the order. ACB; gave a mucoid growth, ACB a turbid and
mucoid, ACS submerged pellicle, and the ACF, and ACF, a myccllial pad with
black spore in sucrose-rock phosphate broth. None produced H,S or possessed
any antibiotic activity.

The available phosphorus content of partially sterilized soil was more than
that of the non-sterile soil under control untreated and uninoculated series
(Table 6). Presence of FYM or RS significantly increased the available
phosphorus content of both the soils irrespective of any inoculation. This was
true for RS + RP in the case of non-sterile soil. The effect of FYM in non-sterile
soil was enhanced with the inoculation of ACB; (B. firmus B-7650) and ACF, -
(A. fumigatus); that of RS in partially sterilized soil with the inoculation of ACF,
(A. candidus), ACF ;, ACBs and ACB (B. firmus B-7651); and that of RS + RPin
non-sterile soil with the inoculation of ACF,, ACB4 and ACF,. A significantly
increased amount of available phosphorus was also accumulated in partially
sterilized soil under RS + RP when inoculated with ACF,. RP alone or with
FYM decreased the available phosphorus content of the soil which was reversed
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Table 4. Organic acids produced in sucrose-calcium phosphate broth after ten days incubation by the
micro-organisms

Organisms Organic acids produced
Coded Identified Identified Amount in mg/0.15¢
as as as sucrose
ACB, Micrococcus sp. Oxalic 6.750
ACB, Arthrobacter sp. Oxalic 4950
Malonic 2.925
ACB, Bacillus sp. Oxalic 4.875
Succinic 3.188
Unidentified-I -
ACB, -do~- Oxalic 4.613
Succinic 4238
Unidentified-1 -
ACB;, Bacillus firmus 2-Ketogluconic 4.500
(B-7650)** Succinic 4.725
ACBy Bacillus firmus Oxalic 5.100
(B-7651)** Succinic 5.363
Unidentified-I -
ACS, Streptomyces sp. 2-Ketogluconic 0.300
Unidentified-I -
ACS, —do- 2-Ketogluconic 1.500
Tartaric 0.300
ACS, -do~ Oxalic 4725
ACS, -do- ~do - 4.538
ACS; ~-do- -do- 3.713
ACS, -do- -do- 2.288
ACS, -do-~ Oxalic 5.250
Succinic 2175
Unidentified-1 -
ACSg -do- Oxalic 3.750
Tartaric 1.350
ACF, Aspergillus fumigatus Oxalic 6.063
Tartaric 2.625
Citric 3225
ACF, Aspergillus candidus Oxalic 1.613
Tartaric 1.575
ACF, Aspergillus sp. Oxalic 1.650
Citric 4575
ACF, —-do- Oxalic 6.975
ACF; —do - —do - 3.900
ACF¢ Penicillium sp. —do - 5400
BKM* Bacillus megatherium
var phosphaticum Unidentified-I -

Unidentified-I — bromocresol green positive substance — Rf between 2-Ketogluconic acid and
Tartaric acid, — Amount could not be measured; * and ** See Table 3.
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with the inoculation of ACS¢ (Streptomyces sp.) in partially sterilized soil
supplemented with FYM + RP. Although, comprising all the manurial
treatments, inoculation of the isolates alone had no overall significant effect on
the available phosphorus content of the soil, the performance of ACF,
(Aspergillus candidus) and ACBg (Bacillus firmus B-7651) was better than the
others, in this respect.

Discussion

The proportion of soil bacteria capable of solubilizing Ca,(PO,), were well
within the range reported earlier? (Table 2). The greater heat resistance of the
actinomycetes, as compared to the other microflora, was evidenced from the
greater survival of the general actinomycetes after partial sterilization by
autoclaving (Table 2). But it was not so with the phosphate-solubilizing ones
which succumbed to the process along with the earlier reports>. The phosphate-
solubilizing bacteria which survived were sporeformers. Like earlier
observations!-'? species of Aspergillus and Penicillium among the fungi,
Bacillus, Arthrobacter and Micrococcus among the bacteria and Streptomyces
among the actinomycetes were active in the conversion.

The solubilization by the isolates was not restricted to Ca,(PO,),, on which
they grew in agar plates, as aluminium and ferric phosphate were also solubilized,
of course to a lesser extent, by them, (Table 3), suggesting a relatively more
adaptive nature of the enzymes responsible for solubilizing the latter phosphates.
In conformity with the views of Sen and Paul'®, some native Indian strains of soil
microflora, Aspergillus candidus, A. fumigatus quite capable of solubilizing
adequate amount of insoluble phosphates, next to which come Bacillus firmus (B-
7650, and B-7651). The higher potentiality of the molds in a soil having a neutral
reaction (Table 1) might appear to be curious but not surprising as they could
make the environment favourably acidic by producing greater amount of
polybasic organic acids (Table 4).

The isolates producing oxalic acid and tartaric acids with or without citric acid
showed higher ability of solubilization. In the case of bacterial isolates, those
producing succinic acid in addition to oxalic or 2-Ketogluconic acid were
efficacious. These depict along with earlier reports'® 316 that organic acid with
dissimilar carbon atoms possessed better activity of phosphate solubilization
and oxalic acid and 2-Ketogluconic acid were active by virtue of their ability to
form chelate with Ca* 2 ion in addition to producing H* ions. However, a lack of
correlation between the organic acid production and phosphate solubilization
suggests that there might be some undeterminable factors for solubilizing
inorganic insoluble phosphatic compounds other than production of organic
acids which has been thought to be the major microbial means for execution
process.
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Solubilization of rock phosphate by the bacterial isolates appeared to be
related with their growth type in broth, as ACBs (Bacillus firmus B-7650)
producing an orthodox mucoid growth found to be a better solubilizing agent
than ACBg (B. firmus B-7651) producing a turbid and mucoid growth (Table 1).
Contrary to the earlier findings® %!, solubilization of phosphorus by the fungi,
ACF, (Aspergillus fumigatus) and ACF, (A. candidus) was intensified with
sporulation, which was also true for ACSg (Streptomyces sp.). This may be
ascribed to the greater demand of phosphorus during sporulation and hence
more solubilization.

The universally higher average accumulation of available phosphorus, in the
non-sterile as compared to that in the partially sterilized soil, in the inoculated
series (Table 6) indicates that the soil organisms were basically proto cooperative
possibly in providing some growth factors? beneficial for the phosphate
solubilizers. FYM is known to supply not only the nutrients to the soil organisms,
but also other growth substances which was appeared to be sure for RS too, after
decomposition in soil. The higher accumulation of available phosphorus under
these treatments were, therefore, indeed significant”. Although the inoculated
organisms, in general, could not essentially enhance the accumulation of
available phosphorus in soil, supporting earlier findings with Indian soils**2,
inoculation of native aspergilli and Bacillus firmus provided some promising
expectation, especially with FYM. This might presumably be due to an increase
in the proliferation and activity of the phosphate solubilizers with the
manure' ! 2%, The ability of the inoculated organisms of utilizing cellulosic
materials could not initiate accumulation of available phosphorus in the series
under RS. It can be surmised along with Rao and Mikkelson '® that toxic organic
acids or other toxic metabolites liberated during decomposition of rice straw (RS)
by soil microorganisms might have produced adverse effect on the activity of
phosphate solubilizers as an increased accumulation of available phosphorus
was obtained in the similar series under partially sterilized condition. The
decrease in accumulation in the series under rock phosphate {RP) with or without
FYM remained obscure. However, it may be presumed that the impurity in the
RP variety caused liberation of some toxic metal ions which might have
produced adverse effect on solubilization of phosphate from soil by the micro-
organisms.

From the foregoing discussion, it may be concluded that judicial use of
manurial amendments supplemented with inoculation of efficient native
phosphate-solubilizing organisms would be able to improve the available
phosphorus status of soil even in the absence of vegetation.

Acknowledgement The authors thank the Council of Scientific and Industrial Research, India for
providing necessary financial facilities.
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