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Abstract: Laboratory and soil incubation studies were carried out to evaluate the potential of soybean and
cowpea thizobia as well as Bacillus subtilis and Aspergillus niger to release phosphorus (P) from Ogun
Rockphosphate (ORP) both in broth and m soil. In the broth, the quantum of P released increased as the
rhizobial inoculum rates increased. The potential for P release declined ( r*=0.72 at day 1 to r*=0.45 at day 15)
as the solubulization time increased. In the soil however, the potential to release P was strong at 10 days after
moculation. Mixed culture of Bacillus subtilis and Aspergillus niger n broth increased P solubulization earlier
than cowpea and soybean thizobia. There was, however, a decline in the potential of the 2 microorganisms to
solubulize ORP as the microbial cells aged (" of 0.58 at day 5 to ’=0.16 at day 15). In the scil, the potential of
the mixed culture of Bacillus and Aspergillius niger to solubulize ORP became stronger at day 5 and 10 with the
respective 1° values of 0.309 and 0.420 from its initial value of 0.01 at day 1. Generally, Ogun rock phosphate
solubulization was optinum between the 5th and 15th day after microbial inoculation. Legumes will benefit from
this process because the period marks the beginning of nodule initiation, nodule formation and nitrogen

fixation.
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INTRODUCTION

Acidulation process, using mineral acid or through
the biological method will yield phosphate but in
different quantities depending on the process. Although
acidulation process using mineral acid is faster,
microbial solubilization 1s natural and environment-
friendly. Generally, acidulation of rock phosphate (RP)
before use had been found to be beneficial to crops.
Paulraj and Velayudham [1] worked on direct and residual
effect of Mussorie RP, organic manure and phosphorus
and found that rice yield although
highest when single superphosphate was used, did not
significantly differ from yield of rice fertilized with MRP
enriched with manure and bacteria. Singh and Kapoor [2]
assessed the effect of inoculation of phosphate

bacteria in rice

solubilizing microorgamsms (PSM), Bacillus circulans
and Cladosporium herbarwm and Arbuscular (AM)

fungus, Glomus fasciculatum with or without MRP in a
phosphorus  deficient natural non-disinfected sandy
soil on Vigna radiate. Results showed that AM levels
increased following the addition of MPR or inoculation
with PSM or G. fasciculatum. Improved nitrogen (N)
and phosphorus  (P)  uptake
treatment with combination of B. circulans, C. herbarum
and G. fasciculatum in the presence of MRP.

Similarly, Manjaiah et al., [3] reported highest pod
yield of 1.98 t ha™ of groundnut when MRP, FYM were
mixed with dspergillus awamori when compared with
SSP and MRP alone. The authors studied the influence of
MRP and organic amendment with or without P solubilizer
bacteria (Pseudomonas straita) and fungus (4. awamori)

was recorded after

on the nutrient status of an acid sandy soil and found
that a combination of organic amendments and P
solubilizer with MRP made N, P, K and S available.
Kole and Hajra [4] reported increased availability of P,O.,
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dry matter yield of Phaseolus aureous and total P uptake
mn an acid terai soil when compared with the un-mmoculated
control.

Preliminary studies indicated that Ogun Rock
Phosphate (ORP), similarly enhanced plant growth and
crop yield [5]. Various application methods such as direct
application and pre-application acidulation gave varying
results. There is therefore, the need to evaluate P yield
in-vitro and within the soil environment as influenced
by scil microorganinsms to enable the adoption of a
better approach in ORP application for enhanced crop
production.

This
solubilization of ORP prior to application to soil and
in-situ 501l solubilization of the phosphate using some
microbes.

study  therefore, examined microbal

MATERIAL AND METHODS

Laboratory and scil incubation studies
carried out to measure the amount of phosphorus (P)
released from ORP. In the laboratory, Bradyrhizobium
Japonicum, TRj 284 and a cowpea rhizobium TR¢ 252 were
used as mixed culture to solubilize ORP in one of the
laboratory experiments. Ammonium sulphate-yeast extract
glucose (AYG) medium [6] was used with ORP powder
~240 mesh size) as a source of msoluble phosphate. The
medium contamed: glucose, 20.0 g, (NH4),30,. 1.0 g;
MgS0,.7H,0, 0.5 g; yeast extract, 0.2 g; FeCl,, 2.0 mg;
MnSO,H,O, 4.0 mg in 1 htre of distilled water. After
dissolving the materials, the pH of the medium was
adjusted to 6.8 using standard buffer (pH 7) before
dispensing into a munber of 200 mL flasks at 100 mL per
flask. Following autoclaving, at 121°C for 15 minutes,
the flasks were inoculated with the individual isolates in
each case and incubated for 3 days on a rotary shaker at
28°C. Three flasks were used for each microbial isolate

Wwere

and three for un-inoculated control. The contents of the
culture flasks at the end of incubation period were
centrifuged at 15000 g for 20 minutes to remove biomass
and un-solubulized matter. Samples were taken at 1, 5, 10,
15 and 20 days after inoculation. The seluble phosphates,
expressed as equivalent phosphorus (P), were determined
as a measure of the extent of solubulization of rock
phosphate [6].

In the second laboratory study, a mixed culture
of Bacillus subtilis and Apergillus niger were used. The
broth was carefully formulated to accommodate the
nutritional requirements of the 2 microorganisms and
ORP was used as the main source of P. Thus, 1 g mL ™" of
distilled water, 2 g of yeast extract and 5 g each of
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Table 1: Pre-cropping soil physico-chemical analysis

Parameters Values
Sand %% 82.00
Silt %o 12.00
Clay % 6.00
%N 0.11
% C 1.28
Ca (meq 10071 2.60
Mg 1.73
K 0.21
Na 0.66
H+ 011
CEC 5.31
Base (%) 98.00
Av.P{mgkg™" 1.46
pH 5.5
Microbial population (CFU) 7.2x10°

peptone and sodium chloride per L litre were combined
with 4 g of potato extract and 20 g of dextrose and were
dissolved in 1 L. of water. The cultures were similarly
centrifuged after the incubation periods and P determined
on a spectro-20 electro photometer following the
procedure described by Jackson [7].

In the soil mcubation study, soil samples for the
mcubation experiment were analyzed for their nutrient
status, microbial population and results are presented
in Table 1.

The mixed culture was mixed with ORP before
application to 1 kg soil at the rate of 45 kg P,O, ha™
(18 mg P,O.Pot™). Sampling was also done at 1, 5, 10,
15 and 20 days after inoculation. Microbial inoculation
in the broth was between 0 and 5% while soil inoculation
was made at 0 to 20%.

All data generated were subjected to regression
analysis.

RESULTS AND DISCUSSION

Microorganisms  bring about number of

transformations of the chemical element such as P in soil.

a

One of these transformations is the oxidation or reduction
of inorganic phosphorus compounds. Tn the process,
some amounts of P in excess of the required amount
are released into the soil environment. They convert
considerable amount of the element for their use by the
process This  process
availability of such element for plant use. The efficiency
of the process depends on the population of the
organisms, time of introduction of such compounds and
other environmental factors. In this study and as shown
in Fig. 1, the phosphorus (P) in broth increased as the
inoculum size of the mixed culture of TRj 284 and TRc 252
increased. The quantum at each point of release may be

of 1mmobilization. reduces
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Fig. 1: Amount of phosphorus (mg) released mto broth as influenced by varying rates of rhizobium moculum
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Fig. 2: Amount of P released in response to increase in
inoculum rates

regarded as an excess of the specific amount required for
microbial cell formation and growth. The percentage of P
released at day 1 was expectedly lower than the values
obtained at later dates (Fig. 1). The highest P value was
obtained at the 15th day after moculation, the sigmficant
correlation coefficient (r'= 0.45) at that period was,
however, the lowest indicating that the potential to
release P through microbial solubulization process at
that period had become reduced when compared with
strong P release potentials at 1st, 5th and 10th day
after inoculation. Generally, as the inoculum volumes
mncreased, there was a concomitant increase m P released
from ORP (Fig. 2). However, at more than 2.5% mnoculum
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volume, a decline in P release was observed suggesting
that a maximum value of between 2.5 and 3.0% might be
an ideal value for optimum P release in the broth.

In the soil incubation study, the highest P release
was obtained a day after inoculation when 12.3%
moculum rate was used (Fig. 3). There was a general
decline m so1l P availability at 5th, 10th, 15th and 20th day
after inoculation. The coefficient of correlation (r*) at
these periods (0.28, 0.59, 0.37 and 0.20, respectively) were,
however stronger than the value obtamned at day 1
(r*=0.03). This observation suggests that although,
there was immobilization of P as ORP stayed longer in
the soil, there might be some consistency in P release
through microbial process as the rock phosphate got
older in soil. Some leguminous crops such as cowpea
(Vigna unguiculata) and Soybean (Glycine max) will
undoubtedly benefit from the P flux at these periods
since the time mark the begmning of nodule formation
and symbiotic nitrogen fixation. Substantial amount of
P released might however, not be available for crop
uptake because of its mmmobilization. This was expected
m view of the complex natwe of socil environment,
principal of which 1s the capacities of both clay minerals
and organic compounds (humic and fuvic acids) to fix-up
P in soil solution. In the soil used, the mnitial P value was
low (1.46 mg kg™") (Table 1) indicating that considerable
amount of P is required to meet the soil biological and
crop P demands.

In the broth containing Bacillus subtilis and
Aspergillus niger, the peak of P release was attained
when the volumes of moculum were between 2.5 and 3%
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Fig. 3: Amount of P released into soil from Ogun RP at various days after inoculation with Rhizobium inoculum
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Fig. 41 Amount of P released into broth from Qg RP by a mixed culture of Bacillus sp and Aspergilius niger at various days of
incubation
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Fig. 5. Amount of P released into soil from Ogun RP at various sampling period by combined Bacillus sp. and

Aspergillus niger

(Fig. 4), subsequent P release at higher rates were lower
than the values of P obtained at the peak. A similar
observation was made when rhizobia were used in the
laboratory study. The results showed that as the microbial
population increased and the cells got older, there were
declining releases at the 5th and 10th day after
moculation. This observation suggests that there was
microbial immobilization of P at these periods of time.
Several reasons may be adduced to this observation. The
first is that biochemical alterations in the growth medium
might have altered P availability, reduction in population
of viable cells and mability of the aging cells to effectively
and efficiently carry out their biochemical functions of
P recycling. Sarhan [&] obtained a relationship between
the rate of selubulization of rock phosphate and the
extra-cellular exudates including organic acids, alkaline
and acid phosphatases in the growing medium. Tt should
be noted that solubulization of ORP with mixed culture of
these microorganisms may not be a rational option of
producing P from ORP. This argument, does not however,
defeat the fact that bulk-soil microbes do impact markedly
and positively on P release either from the added RP
or from the less-available indigenous P sources as
observed in this study. This 1s corroborated by the report
of Toro et al., [9] that found phosphate-solubulizing
rhizobacteria, Enterobacter sp and Bacillus subtilis
mfluencing in a positive way, the biochemical P cycling.
Similarly,. Reyes [10] obtamed positive increase in
maize yield when a bacterium and Penicillum rugulosium
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strains were used on rock phosphate. The reports of
Burford et ol , [11], Didiek et ol , [12], Taiwo and Oso [13]
and Gull ef al., [14] are consistent with this positive effect
of microbes inrock phosphate solubulization.

In the seil, inoculation with Bacillus subtilis and
Aspergillus miger was best when the inoculum volume
was about 10% (Fig. 5). There was a general reduction in
P available in soil when the inoculum rate was more than
that rate. The P release at day 1 might be considered to be
spontaneous (r’=0.01) and not as a result of inoculation
but possibly 1n response to soil pH (5.9) which tends to
acidity. Although, there was reduction in P release
as the cells aged, there might be some consistency in
solubulization process as long as ORP was available.
From this study, the optimum P yield from microbial
process was at day 10 ("=0.42). Censiderable amount of
P might also be obtained at day 15 and 20, but this would
depend on other environmental factors.

Generally, microbial inoculation of rock phosphate
15 dependent on time of inoculation to the soil Late
application in the crop life cycle may not be of
considerable benefit to the crops but P release from
phosphate rock 1s generally enhanced by the microbes.

CONCLUSIONS

Inthis study, a general mcrease in P solubilized from
ORP by all the microorgamsms was observed. However,
the consistency in phosphate rtock solubulization
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declined as the microbial cells aged. Ogun rock phosphate
solubulization was optimum between the 5th and 15th
day after moculation Solubulization of ORP m the soil
using Bacillus subtilis and A. niger, may be a rational
option of P production from ORP especially before 1t 1s
20th day old in soil. Legumes will no doubt, benefit from
this process because the period mark the beginning of
nodule initiation, nodule formation and nitrogen fixation.
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