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Phosphate Solubilizing Bacteria is one way to increase the availability of P

element in the soil. The application of phosphate solubilizing bacteria requires Mmaterial, phosphate

a carrier material that can maintain the viability of the inoculum and its solubilizing

metabolic activity within a certain period of time. This study aims to determine bacteria, phosphate

the activity of native phosphate solubilizing rhizobacterial isolates on biochar ~solubilization

carriers and different storage times. The experimental design used was a index,

completely randomized design with two factors and two replications. The first
factor is the type of biochar, namely M1=coconut shell biochar and M2= palm
shell biochar. The second factor consisted of RO = without phosphate
solubilizing bacteria isolates, R1 = BP1 isolates, R2 = BP2 isolates, and R3 =
BP1 + BP2 isolates. The results showed that biochar can be used as a carrier
for phosphate-dissolving rhizobacteria without losing its activity in dissolving
phosphate. Coconut shell and palm shell biochar did not give a significant
difference in the phosphate solubility activity of isolates BP1 and BP2, as well
as the BP1+BP2 consortium until the shelf life was 90 days. Phosphate

Dissolving Index values range from 2.25 to 2.88 in the medium category

INTRODUCTION group of bacteria capable of converting insoluble

Phosphorus (P) fixation in the soil causes the
availability of P to be low, while this element is a
macronutrient that is needed by plants in large
quantities. P fertilization becomes inefficient because
most of the P elements given to the soil are fixed. To
increase

the availability of soil P, phosphate

solubilizing bacteria (BPF) can be used, namely a

phosphate in the soil into a soluble form. The
mechanism of dissolving phosphate compounds by
phosphate solubilizing bacteria takes place chemically
and biologically for both organic and inorganic
phosphate forms. Phosphate solubilizing bacteria
produce a number of organic acids such as formic,

acetate, propionate, lactate, fumarate, oxalate, tartaric,
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glutamic and succinic [1]. These organic acids chelate
Al, Fe, and Ca which makes phosphate released from
the AIPO4.2H20, FePO4.2H20, and Ca3(PO4)2
bonds, so that the level of phosphate (dissolved) in the
soil increases [2]. Biological dissolution of phosphate
occurs because these microorganisms produce several
[3] and

Phosphatase enzymes can

enzymes, namely phosphatase enzymes
phytinase enzymes [4].
decompose phosphate bound by organic compounds
into available forms.

The application of phosphate solubilizing
bacteria requires a carrier material, namely a material
that can be used as a habitat or place for inoculum life
before being applied with the aim of maintaining the
viability of the inoculum for a certain period of time.
The carrier material used must have the ability to
activate microbes so that they can grow and develop
when used. The carrier material can be solid or liquid.
A good carrier material must be non-toxic, have a high
water holding capacity, be available in large quantities,
be easy to produce, and be able to maintain the growth
and survival of bacteria [5].

Biochar can be used as a carrier for phosphate
solubilizing bacteria. As a carrier material, biochar can
provide a good habitat and increase the activity of
microorganisms [6]. Biochar can be obtained from
various sources of materials, such as palm shells and
coconut shells. The results of the study [7], oil palm
shell biochar as a carrier material is suitable as a habitat
for bacteria and can maintain bacterial populations
during a shelf life of 3-9 months. Coconut shell biochar
was able to maintain phosphate-solubilizing microbial

populations in a 3-month shelf life compared to corn

cob and rice husk biochar [8].

The activity of phosphate solubilizing bacteria is
influenced by the type of carrier and shelf life. Testing
of phosphate dissolving activity on a laboratory scale is
indicated by the formation of a clear zone (holozone).
The larger the holozone formed, the stronger the ability
of the bacteria to dissolve bound phosphate (P) [9]. This
study aims to determine the activity of indigenous
phosphate solvent rhizobacteria isolates on biochar
carrier materials and different storage times. Phosphate
solubilizing rhizobacterial isolates used were the
results of previous studies, namely BP1 and BP2

isolates.

METHOD

The research was conducted at the Laboratory of
Plant Protection, Faculty of Agriculture, University of
Borneo Tarakan. The main ingredients used in this
study were phosphate-solubling rhizobacterial isolates,
namely BP1 and BP2, palm shell and coconut shell
biochar, NB and Pikovskaya media, physiological
solution (0.85% NaCl), distilled water and 70%
alcohol. The main tools in this research are Laminair
Air Flow, autoclave, spectrophotometer, petridish. The
experimental design used was a two-factor completely
randomized design with 2 replications. The first factor
is the type of biochar, namely MIl=coconut shell
biochar and M2=oil palm shell biochar. The second
factor consisted of RO = control, R1 = BP1 isolate, R2
= BP2 isolate, and R3 = BP1 + BP2 isolate. In order to
obtain 8 treatment combinations.

The research implementation began with the
preparation of biochar as a carrier, preparation of
inoculums (BP1 and BP2 isolates), inoculation,

parameter observation and data analysis. Coconut shell

biochar and palm shell biochar are processed by
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pyrolysis method at 400°C. The biochar is mashed and
filtered using a 100-200 mesh sieve, then put into heat-
resistant plastic, each weighing 35 grams. Biochar was
sterilized using an autoclave at 121°C and 1 atm
pressure for 15 minutes.

Preparation of inoculum and inoculation of
carrier material. First inoculate each bacterial isolate
from NA medium aseptically as much as 1 ose into a
250 mL Erlenmeyer flask containing 200 mL of sterile
Nutrient Broth (NB) medium, then incubate in a shaker
at 150 rpm, temperature 28°C, for 2 x 24 hours. Carrier
inoculation was carried out by injecting 15 ml of
phosphate-dissolving rhizobacterial isolate according
to treatment. Biochar that had been inoculated with
phosphate solubilizing rhizobacterial isolates was
stored at 28°C with a shelf life of 7, 30, 60, and 90 days.

Observations were made on all treatment
combinations for the Phosphate Dissolving Index
parameter as an indicator of the activity of phosphate

solubilizing rhizobacteria at storage periods of 0, 7, 30,

The results

rhizobacterial isolates BP1, BP2 and BP1+BP2 were

showed that phosphate solubilizing
able to qualitatively dissolve phosphate in solid
pikovskaya media, as indicated by the presence of a
clear zone. Whereas in the treatment without phosphate
solvent rhizobacteria isolate, there was no clear zone.
The holozone (clear zone) occurs when organic acids
are excreted by bacteria which then bind to Ca ions
from Ca3(PO4)2 sources in Pikovskaya media and
liberate phosphate ions (H2PO4-, HPO42-, and PO43-
) to form a clear colored area [10].

The activity of phosphate solubilizing bacteria is
influenced by the type of bacteria, carrier material and

storage time. At all shelf lives, the carrier material (type

60 and 90 days. Testing the solubility index of
Phosphate (P) by bacteria was carried out by placing
one ose of bacterial colonies on Pikovskaya Agar
media. Observations were made after incubation for 72
hours at room temperature. The ability of the isolates to
dissolve Phosphate (P) was tested qualitatively based
on the size of the clear zone formed around the colony.

The following is the calculation of the Phosphate
Dissolving Index (PDI):

_ Holozone Diameter+Colony Diameter

PDI X 100

Colony diameter

Data obtained in the Data Normality Test,
Analysis of Variance (ANOV A) and continued with the
Duncan Multiple Range Test (DMRT) at the 5% level
of confidence. Data analysis using the SPSS 26.0

program.

RESULT AND DISCUSSION

of biochar) did not provide a significant difference in
the ability to dissolve phosphate for all isolates of
phosphate-solubling rhizobacteria except for the shelf
life of 30 days (Table 1). The ability of bacteria to
dissolve phosphate is indicated by the Phosphate
Dissolving Index (PDI) value. Statistically, there was
no significant difference in the PDI values of the
isolates BP1, BP2 and the BP1+BP2 consortium with
coconut shell and oil palm shell biochar carriers for
almost all shelf lives. PDI values ranged from 2.25 to
2.88. The difference in PDI values was due differences
in the ability of phosphate solubilizing rhizobacterial
isolates to produce types and amounts of organic acids.

Organic acids produced by phosphate solubilizing
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bacteria include citric, glutamic, succinic, lactic, oxalic,

malic, fumaric and tartaric acids [11].

Table 1. Value of Phosphate Dissolving Index (PDI) Combination of Biochar Type and Phosphate Solubilizing

Rizobakteri Isolate Type

Treatment PDI PDI PDI PDI PDI

0 days 7 days 30 days 60 days 90 days
MI1RO 0,00 a 0,00 a 0,00 a 0,00 a 0,00 a
MIRI 2,43 b 2,52 b 2,47 be 2,450 2,250
MI1R2 2,44 b 2,61b 2,59 ¢ 2,420 2,44
MIR3 2,54 b 243D 2,88d 2,321 2,370
M2RO 0,00 a 0,00 a 0,00 a 0,00 a 0,00 a
M2R1 2,41 b 2,44 b 2,85d 2,33b 2,340
M2R2 2,63b 2,54 b 2,33 be 2,48Db 2,48Db
M2R3 2,36 b 2,590 2,31b 2,540 2,250

Note: numbers followed by the same letters are not significantly different based on the 5% DMRT Test.

There was an interaction on the Phosphate
Dissolving Index value at 30 days old, indicating that
the type of biochar will affect the ability of
rhizobacteria isolates in phosphate dissolving. At the
shelf life of 30 days the M1R3 and M2R1 treatments
showed the highest PDI value compared to the other

treatment combinations. But if you look at the PDI

value of each treatment combination at the ages of 0, 7,
30, 60 and 90 days (Figure 1), it shows that there was
no significant change in value. The PDI value of this
study is in the medium category. This is in accordance
with what was stated [12], the ability to dissolve
phosphate in the high category if it has a phosphate

solubility index value of >4, moderate 2-4, and low <2.
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Figure 1. Changes in the PDI Value for 90 days

The insignificant change in PDI value during the
shelf life of up to 90 days means that coconut shell

biochar and palm shell biochar can be good carriers for

The

characteristics of biochar with its fine particles have

phosphate solubilizing rhizobacteria.

greater availability of nutrients [13], the porous
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structure of biochar and high porosity provide a suitable
habitat for bacteria, so that the bacteria remain alive and

metabolically active for a long time [14].

CONCLUSION

Biochar can be a carrier for phosphate-dissolving
rhizobacteria without losing its activity in dissolving
phosphate. Coconut shell and palm shell biochar did
not give a significant difference in the solubility
activity of phosphate isolates BP1 and BP2, as well as
the BP1+BP2 consortium until the shelf life was 90
days. Phosphate Dissolving Index values range from

2.25 to 2.88 in the medium category.
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