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ABSTRACT
This study aims to study the physicochemical characteristics of biochar produced from
agricultural waste (palm kernel shells, empty fruit bunches and corn cobs), and its changes
after being treated with alginate-producing bacterial isolates. After inoculation of the alginate-
producing bacterial isolate coded KK1-40 for 28 days, biochar characterization was carried
out which included surface functional groups and biochar structures (porosity and crystal) using
FTIR and XRD, respectively. The results showed that the bacterial isolate KK1-40 changed the
surface of the biochar by shifting the value of the hydroxyl (O-H) carboxyl (C = O) band,
aromatic rings (C = C) and alcohol. Inoculation of bacterial isolates in biochar improved the
structure and aromatics of oil palm shell and empty fruit bunches and increased porosity through
hexagonal changes and 002 diffraction.From this study, it can be concluded that biochar
stabilization in the soil is influenced by alginate-producing bacteria introduced into biochar
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products. This study presents a new biochar structure modification through in-situ biopolymer-
based activation, so that it is more effectively used as a soil amendment that leads to improved

agricultural land.

Keywords: Amorphous; crystallinity; functional groups; polymer; porosity.

ABBREVIATIONS

CEC= Cation Exchanges Capability;
FITR= Fourier transform infrared spectroscopy;
XRD= X-Ray Diffraction.

INTRODUCTION

A new era of agricultural environmental
management based on various studies has revealed
the use of biochar as a sustainable approach in
improving soil quality [1]. Among the
mechanisms involved with biochar use are
increased soil aeration and water holding capacity,
increased microbial activity and nutrient status in
the soil, and changes in some important soil
chemical properties [2]. As a soil amendment
agent, biochar must have high binding capacity so
that it does not have a negative impact on soil
structure [3].

Biochar is generally made from agricultural waste
such as leftover oil palm or corn which is widely
available. The huge potential of biochar raw
material ~ provides opportunities for land
improvement, especially in dry land, by taking
into account the potential role of biochar
associated with its ability to increase water and
nutrient retention. Physical characteristics of
biochar, such as surface area, shape, structure and
porosity, play an important role in
groundwater retention [4,5], nutrient retention and
aeration [6].

Biochar has an influence on microbial abundance
[7]. Biochar pores play an important role as
habitat protection and are used as a carbon source.
Thus, it can support the microbial population and
its activities in the soil [8]. An increase in
microbial abundance occurs after being absorbed
onto the biochar surface, through hydrophobic
attraction, electrostatic forces and the formation of
deposits [9]. The level of microbial attachment is
determined by the surface area of the biochar,
while the pore structure is a shelter for soil
microbes [10].
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Several physical properties of soil, such as the
distribution of soil aggregates, are directly related
to bacteria. Soil aggregation requires adhesive
compounds, namely polysaccharides [11], which
are secreted by bacteria. Alginate is an important
component of exopolysaccharide [12] which helps
bacteria to overcome water pressure [13]. This
group of bacteria is known to have hydrophilic
properties that are able to bind water and have a
negative charge which in turn will affect the
potential for groundwater [14] are resistant to
drought and become a binding agent for nutrients
through chemical reactions [15].

Although many studies have reported the effect of
biochar in increasing plant growth, the use of
biochar that has been enriched by microbes, both
bacteria and fungi, is still lacking [16,17].
Nevertheless, the study of Tu et al. [18] have
demonstrated the potential use of biochar with
bacterial loads to improve soil physical and
chemical properties in stabilizing heavy metals in
contaminated soils. In addition, previous research
has also shown the important role of biochar and
alginate-producing bacteria in the efficiency of
water and nutrient use during the growth of maize
[19].

Microbial inoculants can recycle and increase the
efficiency of nutrient use in agricultural land,
thereby regulating soil and crop fertility. Thus it
can reduce abiotic stress in plants [20]. The
symbiotic relationship with microbes occurs
through the availability of nutrients formed from
various plant needs, such as increased carbon
supply with root exudation in the rhizosphere,
where carbon is a source of energy for
heterotropic microorganisms [7]. The diversity of
microbes with their various activities plays a role
in efficient nutrient transfer to plants and greater
nutrient retention in the soil [21].

Despite this, bacteria that colonize the surface of
the biochar can modify the physicochemical
characteristics of the biochar through degradation
of the organic matter. Therefore, physicochemical



characterization is a key factor in biochar
production and enrichment with bacteria as a soil
amendment to improve soil properties [21]. The
addition of bacteria such as alginate-producing
bacteria allows interactions that support microbial
growth [22]. However, investigations into the
nature of the interactions between biochar and
bacteria are needed to understand the possible
changes in the psychochemical properties of
biochar. Therefore, this research is aimed at
increasing the stability of biochar related to its use
as an efficient soil repairing formula for
agricultural land improvement, through the
addition of alginate-producing bacteria.

MATERIALS AND METHODS

Biochar and Alginate-producing Bacteria
Isolate Preparation

Biochar raw materials are derived from oil palm
shells, oil palm empty fruit bunches and corncobs,
which were burned using tools and procedures that
are easily adopted by farmers. All three types of
biomass were dried under the sun for three days
then burnt using a gas stove [23] for 4 hours with
a temperature range between 300°C-400°C [24].
After chilling, biochar were mashed using a
blender [25], then sieved using a 0.250 mm size
sieve.

For each type of biochar, 10 g of biochar (pH
7.54, 60% humidity) is placed in a glass bottle
then covered with aluminum foil and plastic. The
bottles are then put into an autoclave to be
sterilized for 45 minutes at a temperature of
121°C. After cooling, bacterial isolates (0.5 ml
with a density of 10° CFU / ml) were injected
into the biochar medium. The incubation
process lasts for 28 days at 28°C. The alginate-
producing bacteria isolate with code KK1-40 is a
private collection, isolated from the cocoa
rhizosphere and has been analyzed for
identification.

Fourier Transform
(FTIR) Analysis

Infrared Spectroscopy

Fourier transform infrared spectroscopy (FTIR)
analysis was performed by referring to the
procedure of [26,27]. Whereas FTIR spectrum
interpretation  [28,29,30,31,32], referred to:
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hydroxyl acid O-H (300-3690 cm™), alkane CH
(2927-2856 cm™,1446-1370 cm™), aromatic ring
C = C (1560-1600 cm™), carboxylic acid C = O
(1560 -1600 cm™), C-OH (1033 cm™). The FTIR
spectroscopy was performed on an IRPrestige-21
FT-IR (Shimadzu Corp) spectrometer, equipped
with a bright ceramic light source, KBr
beamsplitter, and tri-glycine sulfate doped with L-
alanine (DLATGS). Sample measurements were
collected in the range of 4000-600 cm™ and 16
additional scans. All FTIR spectra are in the
transmittance unit. For magnetic studies the
sample used a vibrating magnetometer (Oxford
Instruments, VSM 1.2 H).

X-Ray Diffraction Analysis

Spectra were collected in XRD spectroscopy
(Shimidzu 7000). X-ray diffractometers are
equipped with Cu-Ka Ni-filtered radiation (k =
1,5406 A) at an acceleration voltage of 40 kV and
an emission current of 40 mA to direct X-rays in
the sample. The range of X-ray diffraction
patterns was set from 10° to 70°. The analysis was
carried out for 30 minutes at 2.5°/ minutes. The
composition of sample elements was determined
by X-sinate spectroscopy (XRF, Thermo ARL
QANT'X EDXRF models) [33]. This analysis
observed the biochar structure and porosity
following method of Tahir et al. [34], using the
Deby-Scherrer equation:
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Where: D = crystal size, A = wave XRD, B =
FWHM (Full Width Half Maximum, 6 = large
angle from the highest peak intensity.

The lattice parameter for the hexagonal structure a
=b # c is determined from the equation:
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X-ray density (ps), biochar density (pb), and
porosity (P) of biochar and biochar after adding



alginate-producing  bacterial  isolates
determined using the equation, respectively.
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Where: n = 4, the number of molecules for carbon
for composites, is a weighted average value for the
number of molecules per unit of carbon of the
biochar and the bacteria loaded biochar. M =
molecular weight (carbon), N is Avogadro's
number (6.019 x 10%) a and c are lattice
parameters from XRD Spectra analysis, and Vcl =
is the unit cell volume calculated from lattice
parameters. Biochar density was calculated using
the biochar mass (m) used 0.15 g and volume (Vb)
= 0.489 determined from the analyzed biochar
sample.

Po

p= (1 ——] x 100%
P

where: ps = X-ray density, P = porosity (%), pp =
biochar density.

Data Analysis

Data from XRD analysis were plotted using
Matlab 2013b program to obtain the XRD
spectrum graph for biochar structures for further
interpretation.

RESULTS AND DISCUSSION
Biochar Surface Functional Groups

Table 1 shows the biochar FTIR spectra of the oil
palm shells, oil palm empty fruit bunches and
corncobs biochar produced with pyrolysis
temperature ranged 300-400°C. Hydroxyl (O-H)
bonds spectra appear on all biochar surfaces on
the broad band on 3200-3600 cm™. However, the
results of the spectra showed that the addition of
alginate-producing bacterial isolates resulted in a
shift in the wave number with a wider band (Fig.
1). The FTIR spectrum pattern of biochar
absorption from oil palm shells, oil palm empty
bunches and corn cobs changed after adding
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alginate-producing bacterial isolates (KK1-40),
with an incubation period of 28 days at 280C. The
change in spectrum in the form of shifted
absorption is shown by FTIR spectra. KK1-40
bacterial isolates were able to shift the alcohol
absorption band (C-O) to be smaller (1020.34 cm-
1 and 1022.27 cm-1). This has an effect on the
absorption of the hydroxyl acid (O-H) functional
groups, where there is a shift in the value to low,
respectively from 3442.9 cm-1 to 3421.72 cm-1
and 341593 cm™. Another case with the
absorption of the carboxyl acid functional group
(C = 0), it actually experienced a bigger shift in
value accompanied by an increase in absorption
intensity from the 1612.49 cm-1 band to 1701.22
cm-1; 1693.5 cm-1; 1693, 5 cm-1. Likewise, the
aromatic ring functional group (C = C)
experienced a larger value shift accompanied by
an increase in absorption intensity (from the band
1512.19 cm-1, to 1585.49 cm-1; 1591.27 cm-1
and 1597.06. cm-1). There was no change in the
carbon framework, where there was no shift in the
value of the alkane functional groups in the
2922.16 cm-1 band. The addition of bacterial
isolates resulted in a shift in the absorption band
of the biochar surface functional groups of oil
palm empty bunches, towards a lower value in the
fingerprint area. This occurs in alcohol (OH), from
1033.85 cm-1 to 1024.2 cm-1, as well as the
alkane band (CH) (from 1377.17 cm-1 to 1371.39
cm-1; 1369.46 cm-1; 1367.53 cm-1. On the
other hand, there was a shift in the aromatic
ring band towards a greater value (from the
band 1570.06 cm-1 to 1577.77 cm-1 and
157391 cm-1). carboxyl, alkanes and
hydroxyl acids do not experience a shift in the
value of the functional groups.On the other
hand, there was a change in functional group
changes on the surface of the corncob
biochar (Fig. 1). Changes occurred in
alcohol (O-H) by shifting the band values to be
lower (from 1163.08 cm-1 to 1022.27 cm-1;
1028.06 cm-1 and 1022.27 cm-1). This affects
the shift of the hydroxyl band with a lower
band value. In addition, there is a shift in the
band value to be lower in the aromatic rings
and carboxyl acids. However, there is no change
in the functional groups in the alkanes. This
means that bacterial isolates only use volatile
substances as an energy source and do not use
bound carbon.
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Table 1. Fourier transforms infrared (FTIR) spectra of surface functional groups for three types of
agricultural-waste biochar and following inoculation with alginate-producing bacterial isolates for

28 days at 28°C
Biochar Alcohol Alkanes Aromatic Carboxylic Alkanes Hydroxyl
(C-0) (C-H) (C=0) Acid (C-H) acid (O-H)
(C=0)
1. Biochar
Oil palm shells 1105 1456 1512 1695 2922 3443
Oil palm empty fruit bunches 1033 1377 1570 1695 2922 3416
Corncobs 1163 1456 1595 1697 2920 3447
2. Biochar +alginate-producing bacterial isolates
Oil palm shells 1020 1456 1585 1701 2922 3422
Oil palm empty fruit bunches 1024 1454 1578 1697 2922 3418
Corncobs 1022 1456 1566 1690 2920 3418
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Fig. 1. A.FTIR spectrum of biochar surface functional groups of (oil palm shells, oil palm empty
fruit bunches, corncobs) at pyrolysis temperatures of 300-400°C. B. FTIR spectrum of biochar
surface functional groups (oil palm shells, palm oil palm bunches and corncobs) after inoculated
with alginate-producing bacteria (KK1-40) incubation for 28 daysat 28°C

Characterization of the Biochar Structure

Pyrolysis biochar at a temperature range of 300-
400°C resulted in the highest level of porosity in
oil palm empty fruit bunches biochar of 94.84%
with a volume of 13.44 and lattice parameters a =
2.16 and ¢ = 7.365 (1 = 10-8 cm) compared to
corn cobs biochar (94.31%) and palm kernel shell
biochar (92.70) (Table 2). However, after adding
KK1-40 bacterial isolates, the porosity changed.
We found an increase in porosity of 1.68% in the
palm kernel shell biochar. However, there was a
decrease in porosity of 2.77% in corncob biochar
and 0.053% in oil palm empty bunches biochar.
The porosity of the biochar changes due to the
lattice parameter that changes the hexagonal
volume. Large changes occur in the distance of the
graphene sheets indicated by the value of ¢ which
changes the matrix to be shorter for each biochar.
In addition, there was a widening of the matrix in
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empty fruit bunches and corn cobs. On the other
hand, there was a narrowing of the palm kernel
shell biochar (value a).

The results of the spectra show that there isa shift
in the peaks of all biochar types due to the
addition of isolates KK1-40. The strongest peak of
oil palm shell biochar at 22.62°; 23.56°; 21.76°
(002) has shifted to 23.2°; 24.42° and 26.66°.
Likewise, the strongest peak of oil palm empty
bunches biochar at 44.07°; 37.83° and 39.54°
(100) to 23.32°; 24.96° and 44.03°. Meanwhile,
the strongest peak of corncob biochar was at
44.07°; 37.83° and 39.54° (100), experiencing a
peak shift to 24.24°; 25.56°; 25.84° (200) (Fig. 2).
The reflection peak of 26 = 20°-30° ignores the
aromatic layer arrangement [35] where the
reflection of graphite crystals shows carbon atoms
in  hexagonal-shaped layers.This causes a
crystallinity change in biochar.
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Table 2. Lattice parameters, hexagonal volumes and biochar porosity (oil palm shells, oil palm
empty fruit bunches, corncobs) pyrolysis at 300-400°C and following inoculation with alginate-

producing bacterial isolates for 28 days at 28°C

Biochar Lattice parameter (A) Hexagonal volume Porosity (%)
a c
1. Biochar results from pyrolysis at a
temperature of 300-400°C
= Palm shells 2.36 7.92 19.02 92.70
= Qil palm empty fruit bunches 2.16 7.37 13.44 94.84
= Corncob 2.15 7.90 14.81 94.31
2. Biochar +alginate-producing bacterial
isolates
= Palm shells 2.24 7.25 14.95 94.26
= Qil palm empty fruit bunches 2.25 7.25 13.54 94.79
= Corncob 2.73 6.72 21.64 91.69
Oil palm shell Oil paln shell
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Fig. 2. A XRD spectrum of biochar structures (oil palm shells, oil palm empty fruit bunches,
corncobs) at pyrolysis temperatures of 300-400°C, B. XRD spectrum of biochar structures (oil palm
shells, palm oil palm bunches and corncobs) following inoculation with alginate-producing bacterial

isolates for 28 days at 28°C

Carbonization results from the three types of raw
materials, namely oil palm shells, oil palm empty
fruit bunches and corn cobs, produced
crystallization in the form of amorphous and
crystals with different ratios (Fig. 3 and Fig. 4).
The incorporation of bacteria into the biochar
reduced the amorphous area of the oil palm shell
from 88.37% to 82.96%. On the other hand, the
area of oil palm empty fruit bunches biochar
actually increased from 82.06% to 85.97%.
Likewise for corncob biochar, increased from
79.30% to 82.96% (Fig. 3B). The carbon peaks of
the amorphous structure are regularly reflected by
the 002 diffraction peaks. The 002 band reflects
the height of the arrangement of the aromatic
layer, which is related to the crust formed by the
condensation of poly from the aromatic core,
aromatic crystals. The diffraction peak of 100
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reflects the level of aromatic ring condensation,
which concerns the size and layer of the aromatic
[36]. The biochar aromatic structure has various
forms including amorphous C which is dominant
in low pyrolysis which determines biochar
stability [37].

Discussion

The effect of combining biochar with alginate-
producing bacteria is expected to increase the
stability of biochar so that its joint application as a
soil enhancer can increase the ability of the soil to
hold water and nutrients. The preformation of
initial synthesis of the functional groups and
biochar structure to determine changes in the
surface conditions of the biochar after the
alginate-producing bacteria were added. This



condition is crucial, because biochar can change
the physicochemical properties of soil and is
resistant to microbial decomposition [38]. On the
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other hand, microbes can change the environment

by consuming resources and eliminating
metabolites of the biochar [39].
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Fig. 3. Biochar crystallization (oil palm shells, oil palm empty fruit bunches, corncobs) at pyrolysis
temperature of 300-400°C and following inoculation with alginate-producing bacterial isolates for

o
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The changes in surface functional groups in
biochar are occured. This shift is clearly seen in
corncob biochar. A shift from wave number 3447
cm™ to 3418 cm™ was detected. In addition, the
emergence of absorption of the alcohol functional
groups, was detected at wave numbers between
1000 and 1300 cm™, shows that hydroxyl acids
were formed into primary alcohols (ethanol).
Biochar from oil palm parts biomass (shells and
empty fruit bunches), produced a carbon skeleton
that is not affected by the activity of the alginate-
producing bacteria, was characterized by alkane
functional groups that did not experience changes
in wave numbers 2922 cm™ and was differed with
corncob biochar (2920-2922 cm™). This can be
seen after the addition of alginate-producing
bacterial isolates, the wave number did not
undergo regeneration. On the contrary in the corn
cobs biochar, a shift was observed (2862 cm™ to
2920 cm™). Nonetheless the carbon skeleton bond
between each biochar is still weak, characterized
by the alkane group on the stretching band 1340-
1470 cm™ with a weak intensity.

The activity of alginate-producing bacteria
changed the structure of the biochar carbon to be
more aromatic for oil palm shell and oil palm
empty fruit bunches biochars, but reduced
aromatic properties in the corncobs biochar. This
is indicated by an increase in intensity and shift in
the value of the carboxyl group (C = O) spectra.
This spectrum values increased in the biochar
from oil palm shells (1512-1585 c¢cm™) and oil
palm empty fruit bunches (1570-1578 cm™), but
decreased in the corncobs biochar (1595-1566 cm’
1), The stretching band of wave numbers from
1600 cm™ to 1800 cm™, reflecting the functional
groups of carboxyl acids, appears on all three
biochar surfaces. Bacterial activity is also seen in
the shifting of the wave number in the carbonic
acid functional groups. This means that during the
incubation process, bacteria utilize carbon sources
from biochar (See comparison of Fig. 1A with
Fig. 1B).

The results of changes in the biochar surface
functional group spectra found in the recent study
are similar to the results of the research of [40],
which found a stretch of the hydroxyl acid and
carboxyl acid in the biochar oil palm empty fruit
bunches, from 3300 cm™ to 1516 cm™ and 1560
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cm?, respectively. Whereas Liu et al. [41],
reported a hydroxyl acid spectra of corncobs
biochar on the 3408 cm™ band and the aromatic
ring at 1429-1601 cm™. Aromatic skeletal
vibrations (C = 0), found at 1597cm™ vibration
stretch (Su et al., 2017), are characteristic bands of
lignin [29].

The carbon framework shown by wave numbers
of 2700-3000 cm™ is an absorption characteristic
for alkane groups [31,32], while wave numbers of
1340-1470 cm™ are alkane groups with strong
intensity supporting the absorption of alkane
groups of wave number 2850-2950 cm™. The
alkane function group is an aliphatic structure that
dominates the formation of primary pores together
with the oxygen functional group [42]. This
relates to the formation of carbon frameworks by
alkane functional groups. Pyrolysis temperatures
of 300-400°C produce more diverse organic
characteristics, due to the formation of aliphatic
(alkane) and cellulose structures [43,44]. Based on
this, we can speculate that the biochar produced in
this study has the structure of carbohydrate
cellulose and hemicellulose. This is confirmed by
the study of Ghani et al., [45], that the band of
1600-1800 cm™ reflected the hydrocarbon
functional groups that can be attributed to the
carbohydrate  cellulose and  hemicellulose
structures. The physical of hemicellulose and
cellulose decomposed at pyrolysis temperature of
200-500°C [46]. Alkali condition of the biomass
promotes the formation of oxygen-containing
surface groups [47,48] such as carbonic functional
groups. The presence of oxygen-based organic
compounds on the surface of biochar significantly
influences the cation exchange capacity [49].
Whereas  high  aromaticity or  aromatic
condensation levels are useful indicators of
biochar structure [50]. The aromatic ring is an
aliphatic compound that functions as a bridge
connecting the layers of carbon to form a twisted
network of carbon structures [51]. The basic
concept of biochar as a means of carbon
sequestration is shown by the high organic C
levels stored in condensed aromatic rings [52].
Biochar which has aromatic characteristics has
high stability so that it rejects biological and
termochemical degradation [53], so that aromatics
in biochar can indicate biotic and abiotic
degradation of the biochar in soil [54].



Synthesis of functional group changes shows a
shift in spectrum and intensity bands. This
confirms that during the incubation process,
bacteria use the material present in biochar
as a source of food and energy, but will not
change the shape of the carbon skeleton.
This is reflected in the alkane functional groups
that do not change in the palm kernel shell biochar
and the empty palm fruit bunch biochar.
Meanwhile, for corn cobs biochar, an
improvement in the carbon framework was
observed which reduced porosity. This is
confirmed by the size of the lattice parameter
which increases the width of a = 2.15 to 2.73,
while the hexagonal height decreases from 7.90 to
6.72, this can be expected if there is a collapse in
the carbon framework.

The degree of condensation of the aromatic ring
concerns the size and aromatic layer characterized
by a peak of 100 (graphite crystal reflection),
carbon atoms in a hexagonal layer [35] and a peak
of 002 (attribute reflection), reflecting the height
of the aromatic layer arrangement, which is
associated with crystals formed by
polycondensation of aromatic nuclei, namely
aromatic crystals [55,56]. Biochar particles
consist of two main structural fractions,
namely stacked crystalline graphene sheets
and random amorphous aromatic structures [57].
The number of aromatic layers has a great
influence on the macropore and micropore
structures, which easily form between the
aromatic layer and the edge of the aromatic
structure [58].

Synthesis of functional group changes shows a
shift in spectrum and intensity bands. This
confirms that during the incubation process,
bacteria use the material present in biochar as a
source of food and energy, but will not change the
shape of the carbon skeleton. This is reflected in
the alkane functional groups that do not change in
the palm kernel shell biochar and the empty palm
fruit bunch biochar. Meanwhile, for corn cobs
biochar, an improvement in the carbon framework
was observed which reduced porosity This is
confirmed by the size of the lattice parameter
which increases the width of a = 2.15 to 2.73,
while the hexagonal height decreases from 7.90 to
6.72, this can be expected if there is a collapse in
the carbon framework.
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Crystallinity is affected by the reduced distance
between the aromatic layer (Lc = 002) and the
narrowing of the aromatic layer (La). This change
causes the low level of order (amorphous) to
become more regular (crystal) [59], The
significant difference between the amorphous
region and the crystal region indicates that the
biochar in the results of this study has an
unstable carbon structure. The conversion of
amorphous carbon to crystalline carbon
increases the number of micropores. This occurs
due to the loss of aliphatic and volatile
components, thereby increasing pore volume and
surface area [60,56].

Biochar pores play an important role as a
protective habitat for microbes, as well as a
source of carbon for nutrition. Like in the oil
palm shells, with low moisture, it forces
bacteria to release polymeric products such as
alginate into biofilms to help them deal with
drought. Bacteria release alginate with the aim of
forming thick structured biofilms and cyst
formation to survive drought [61]. The
resulting alginate is attached to the surface of the
biochar, because organic alginate increases the
number of pores on the biochar surface.
This is confirmed by the addition of several peaks
in the palm oil spectrum of palm oil, such as
carbonic acid, which reflects the addition of
carbon. In addition, bacteria need energy by
utilizing carbon which can be degraded from
biochar. The biocar mineralization or oxidation
itself is affected by changes in microbial
properties. However, this process depends on
several aspects, including the amount of available
C sources, absorption of organic C, easy
degradation, biochar bioactive that exists,
or their effects on pH and phenolic substances
in microbial communities [62,63]. This is
reflected in the top of the aromatic ring which is
almost lost in the palm kernel shell biochar. Thus,
it can be assumed that during the alginate
secretion process for biofilms and cysts for
dryness, bacteria use the volatile materials
found in biochar as a food source, so that
biochar becomes more aromatic, because the
pores are cleaner than volatile materials. This
synthesis initiates the incorporation of biochar
with alginate-producing bacteria as a soil
amendment to increase water and nutrient
retention.



CONCLUSION

It can be concluded that the inoculation of
alginate-producing  bacterial ~ isolates into
biochar changes its chemical properties in the
form of a shift in surface functional groups
which leads to the utilization of resources as
volatile substances. This causes a change in
hexagonal volume and diffraction of 002,
so that the porosity increases and is more
aromatic. Thus, the possibility of biochar
stabilization in the soil is influenced by alginate-
producing bacteria. Therefore this research
found a new way to activate biochar in situ
using alginate-producing bacteria. This
provides new hope for the improvement of
agricultural land through the addition of carbon-
based organic materials and natural polymers such
as alginates.
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