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ABSTRACT

This study examined the impact of biochar concentration variability and soaking duration in LOF on the chemi-
cal properties of Spodosols and ultisols. The biochar was applied at percentages of 0, 2, 5, 10, 20, 25, and 100%,
with soaking times of 0, 1, 12, and 24 hours. The results indicated significant improvements in the soil pH, organic
carbon, total nitrogen, phosphorus, potassium, and cation exchange capacity in both soil types. Applying biochar
at the 100% application rate resulted in the most significant improvement in the soil chemical properties, but
the application rate of 10-25% was optimal for agricultural soils, indicating economic feasibility and increased
sustainability. The optimal dosage and soaking time varied for Spodosols; a 12-hour soaking period was best for
pH improvement, whereas 24 hours maximized organic carbon and total nitrogen. In the ultisols, no soaking was
necessary for the optimal pH, whereas 1 hour was ideal for organic carbon and total nitrogen. Available phos-
phorus and potassium were maximized at 24 hours for both soils. In the case of CEC, it was best improved, with
12 hours for Spodosols and 24 hours for ultisols. Thus, the results of this work demonstrated the effectiveness of
individually selected biochar treatments for improving the soil pH, structure, and fertility, which is crucial for the
sustainable use of soil in agriculture. Further studies should help confirm these results in long-term field tests and
evaluate their economic feasibility for extensive applications.
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INTRODUCTION

Ultisols and spodosols can be problematic for
crop planting and growth because of their inher-
ent properties. Ultisols are primarily associated
with low pH, low nutrient availability, high Al
toxicity, and low cation exchange capacity. On
the other hand, Spodosols are characterized by
low soil pH, low nutrient values, and poor water-
holding capacity. These properties reduce plant
growth and agricultural yields in areas where
these soils dominate.

The above-discussed studies have sought to
overcome these soil limitations in different ways.
Past practices, which include liming and the ap-
plication of heavy fertilizers, have discouraged

the achievement of low yields, high costs, or
negative impacts on the natural environment.
Consequently, more recent studies have focused
on organic amendments; however, the use of or-
ganic amendments poses some challenges since
no single solution can satisfy all the conditions of
ultisols and spodosols.

In the search for improved and efficient
methods of soil management, two of the potential
options that have been hailed are biochar and lig-
uid organic fertilizers. Biochar, produced through
the pyrolytic conversion of organic compost, has
demonstrated enhancements in both the physical
and chemical characteristics of soil, including the
cation exchange capacity (CEC), the concentra-
tion of organic carbon, and the soil’s ability to
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modulate its pH levels (Singh et al., 2022). The
research has demonstrated considerable potential
for enhancing the accessibility of essential nutri-
ents, particularly phosphorus; consequently, it is
likely applicable to various soil classifications,
including ultisols and Spodosols (Fernandes et
al., 2018). However, the positive influence of bio-
char can change depending on the dose and type
of soil in which it is used (Li et al., 2021).

Similarly, liquid organic fertilizers, particularly
those produced from pineapple waste, have a con-
structive impact on the fertility of the soil, as well as
the growth of plants (Sutikarini et al., 2023). These
fertilizers can impact such chemical modifications
of soil by increasing plant nutrient acquisition, thus
changing the physical properties of the soil as well
as the biomass and yield traits (Kaya et al., 2022).
Research has shown that liquid fertilizers, specifi-
cally organic fertilizers, can improve the soil’s bio-
chemical and microbial status, which is good for
the soil’s overall health (Wu et al., 2020).

New studies have revealed that biochar and
liquid organic fertilizers are favorable for individ-
ual plants. In accordance with earlier studies, the
study by Gu et al. (2022) indicated that the effects
of biochar use on the reaction of the soil increased,
as did the water-holding capacity and rate of diffu-
sion of nutrients in the rhizosphere. In the study by
Lévesque et al. (2022), the effects of biochar on the
number of nutritional microorganisms and bacteri-
al diversity of growing media were noted. Accord-
ing to Zhivanov et al. (2020), the authors claimed
that applying biochar remarkably improved phos-
phorus solubility. Concerning liquid organic fertil-
izers, Arthagama et al. (2021) reported changes in
the chemical properties of growing media, plant
growth, and physiological perturbation.

However, there is a dearth of information on
the effects of biochar on the availability of liquid
organic fertilizers, particularly when it is applied
to problematic soils, namely, spodosols and ulti-
sols. Most of the previous studies have addressed
these amendments in isolation, and little is known
about the impact of these compounds. This knowl-
edge gap allows for identifying other mutualizing
effects that could more effectively address the
multiple constraints of these problematic soils.

Thus, the present study intends to fill this area
of research by evaluating the physical and chemi-
cal changes in spodosols and ultisols in response
to biochar application in combination with liquid
organic fertilizers. To this end, this research aims
to determine the extent of the treatment of these
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soils with various biochar concentrations and lig-
uid organic fertilizer soaking times to establish the
most suitable treatment regime for enhancing the
fertility of the soils. This study reveals how these
factors influence the pH of the soil, the amount
of organic carbon and total nitrogen, the status of
phosphorus and potassium, and the capacity for
exchange and cation exchange. The novelty of this
research lies in the ability to assess the chemical
composition of spodosol and ultisol soils in terms
of the effects of biochar and liquid organic fertil-
izers, both individually and in combination, which
are currently unknown in the literature.

The knowledge gained in this study should
be helpful for sustainable agriculture and envi-
ronmental conservation. Therefore, this research
contributes to enhancing the innovation of better
practices involving biochar and liquid organic
fertilizers to promote better soil health. Such
knowledge might be more helpful for farmers and
land owners struggling with managing ultisols
and spodosols, as increasing crop yield and more
efficient use of land resources in regions where
these dominant soil types could be achieved.

MATERIAL AND METHODS

Study area

Growth media preparation, including ar-
rangement and tests, was carried out at The Silvi-
culture Laboratory, Soil Science and Forest Nu-
trition Research Group, Faculty of Forestry, Mul-
awarman University, Samarinda, Indonesia. This
research was part of nursery seedling research on
Anthocepalus cadamba, conducted before pre-
paring the planting media. The research period
included three months of observation, including
the preparation of materials and equipment, the
collection of spodosol and ultisol growth media
samples, the generation of biochar and liquid
organic fertilizers, the soaking of biochar with
liquid organic fertilizers, the testing of samples
in the laboratory, and the collection, processing,
and analysis of data.

Procedure

Experimental design

The research design was a randomized com-
plete block design with the biochar application
rate set as the research factor and the duration of
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biochar soaking in liquid organic fertilizers set
as the research block. Each block consisted of 3
units whose soil properties were observed. The
biochar treatments (A) had six levels: 0%v (A0),
2%v (A2), 5%v (AS5), 10%v (A10), 25%v (A25),
and 100%v (A100). The soaking durations of the
blocks (B) in the liquid organic fertilizers were
four levels: without soaking (B0) and soaking
for 1 hour (B1), 12 hours (B12), or 24 hours
(B24). All these treatments were applied to the
spodosol and ultisol growth media, which were
tested separately.

The spodosol soil used for the planting me-
dia in this research was collected from nearby
degraded spodosol soil 40 km northeast of Sa-
marinda, specifically in the Muara Badak Dis-
trict, Kutai Kartanegara Regency, East Kaliman-
tan. In contrast, the ultisols originated from Bu-
kuan village, Palaran District, Samarinda city,
East Kalimantan. These two soils were selected
because of their very different textures. Spodo-
sols have a coarse texture, whereas ultisols have
a fine texture.

Biochar was manufactured using a retort
production technique (shown in Figure 1). The
source material consisted of wood from stems and
branches of Vitex pinnata, which was collected as
waste from nearby plantations. The process began
by placing these materials into a sealed kiln drum
to prevent oxygen from entering. The drum was
initially heated using liquid natural gas as an ex-
ternal fuel source until the materials began releas-
ing gases. At this point, the external fuel was cut
off, and the process continued using only the gases
emitted from the source material. The production
was considered complete once these gases were
fully depleted. The materials were maintained at

peak temperatures between 400—500 °C for a pe-
riod of 30—60 minutes. The chemical properties
of the resulting biochar were analyzed according
to methods described in research by Syahrinudin
et al. (2019). The liquid organic fertilizers used
in this work were derived from the anaerobic
fermentation of vegetable wastes from the local
traditional market. The vegetable scraps were
chopped into approximately 1 cm pieces, put into
a gunny sack, and placed in a composter tube.
Sugarcane syrup, water, and EM4 bioactivator
solution were then added. The ratio of water, EM-
4, and sugarcane syrup was 15 liters:1 liter: 0.5
kg for every 5 kg of waste. The mixture was then
stirred until evenly distributed, and the mouth of
the sack was tied with a raffia string before finally
closing the composite tube. The mixture was left
to ferment for approximately 15 days before be-
ing harvested as a liquid organic fertilizer. The
sack was opened daily to prevent the mixture’s
temperature from rising too high, disrupting the
fermentation process, as the mixture’s tempera-
ture was measured daily. The temperature of the
mixture was maintained below 60 °C.

Biochar soaking treatment in liquid organic
fertilizers

Before being soaked in fertilizer solution, the
biochar was ground into powder, passed through
a2 mm sieve, and placed in bags (Figure 2). The
bags containing biochar were put into containers
used for soaking and then doused with fertilizer
solution until the bags containing biochar were
fully submerged. The samples were soaked for
different durations (0 hours, 1 hour, 12 hours,
and 24 hours). After being soaked for the prede-
termined time, the bags containing biochar were

-
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Figure 1. Making biochar using a closed double ring drum (retort): (a) the placement of wood in the double ring
drum, (b) the combustion process, (c¢) biochar produced using the retort method
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b)

Figure 2. Biochar sieving before soaking in fertilizer solution: (a) biochar sieving, (b) sieved biochar; va, vl, 1,
m, h, and vh are very acidic, very low, low, moderate, high, and very high.

drained until the liquid organic fertilizers no lon-
ger dripped; the biochar was left overnight until
it was ready to be applied to the growing media.

Biochar application to planting media

Before being applied to each planting medi-
um (spodosols or ultisols), the volume of biochar
soaked in liquid organic fertilizers for different
durations was measured according to the predeter-
mined concentration rate (0%v, 2%v, 5%v, 10%v,
25%pv, or 100%v). The biochar concentration rate
volume measurements were carried out in tripli-
cate for each treatment for each planting medium.
The concentration rate of biochar was calculated
based on the volume of the polybags used, which
were 10 cm in diameter and 15 cm in height. Fur-
thermore, the biochar was mixed thoroughly with
the planting media, put into polybags, and incu-
bated for 1 week before samples were taken for
laboratory testing. During the incubation period,
the moisture content of the growing media was
maintained by watering daily until the planting
media appeared wet.

Data collection

In this study, the chemical properties measured
were the soil acidity level (pH), organic C, total
N, available P and K, CEC (cation exchangeable
capacity), and EC (exchangeable cation) (Ca™,
Mg, K¥, AI""and H"). A total of 3 (three) plant-
ing media samples were taken from each group in
each treatment and then composited, after which
the chemical properties of the composite planting
media samples were tested. The analysis methods
for each soil chemical property are presented in
Table 1.

Data analysis

The data collected in this research were tested
and adjusted to a normal distribution (Rocha et
al., 2019) using analysis of variance and mean dif-
ference tests with the help of SPSS software. To
determine the effects of fundamental differences
in variables due to treatment and interaction, the
least significant difference (LSD) test was used
(de Mendiburu, 2020).

Table 1. The analysis methods for each soil chemical property (Sulaeman et al., 2005)

Soil chemical properties

Soil analysis method

pH H,0 and KClI

Ratio of soil and solution (H,0 or KCI 1 N) = 1:3

Organic C

Walkley-Black dichromate method

Total N Kjeldhal method

Available P and K Bray |

CEC

It was determined by the calorimetric method, which is saturation with 1 N NH,OAc
at pH 7, followed by measurement using distillation and titration

EC (Ca*™, Mg*, K*)

Saturation with 1 N NH,OAc at pH 7.0

Al

Saturation with 30% KClI, then followed by titration using 0.1 N HCI

H* Saturation with 30% KCI, then followed by titration using 0.02 N NaOH
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RESULTS AND DISCUSSION

Chemical characteristics of the spodosols and
ultisols

Table 2 comprehensively compares the chem-
ical characteristics of the spodosols and ultisols.
The data indicate that both soil types present
very acidic pH values, with spodosols having a
slightly higher pH in water (4.45) than ultisols
(4.12). When measured in kcl, both soils have
very similar pH values, with 3.80 for spodosols
and 3.79 for ultisols. The organic carbon content
significantly differed, with spodosols containing
only 3.98% (high) organic carbon and ultisols
containing 1.11% (low) organic carbon. The total
nitrogen content also varies markedly, with spo-
dosols accounting for a more significant percent-
age (0.69%) than ultisols (0.03%).

Regarding plant-available nutrients, spo-
dosols have slightly higher phosphorus levels
(13.37 ppm) than ultisols (11.46 ppm), although
both are low. Potassium levels are moderate in
both soils, with spodosols at 34.30 ppm and ul-
tisols at 32.42 ppm. The CEC is significantly
greater in ultisols (10.02 cmol kg!) than in spo-
dosols (3.19 cmol kg™).

The EC also shows notable differences. Spo-
dosols have very low levels of calcium (1.12
cmol kg!), magnesium (0.89 cmol kg'), and po-
tassium (0.08 cmol kg'), whereas ultisols have
slightly higher levels of calcium (1.84 cmol kg!)
and magnesium (1.07 cmol kg') but lower potas-
sium (0.06 cmol kg™'). Both soil types have very
low levels of aluminum and hydrogen cations.

The pH values recorded for the Spodosols and
Ultisols are consistent (Table 2) with those report-
ed in earlier studies. Spodosols are characterized
by their marked pH gradient, which varies from
ultra to extremely acidic at the upper horizons
(April et al., 2004). Ultisols, with pH values rang-
ing from 4.5 to 5.5, are also more acidic, which
affects the surface charge and nutrient solubility
(Céceres et al., 2010). These critical pH values are
generally more significant than those for crop nu-
trient availability, especially phosphorus, suggest-
ing that these soils may not support agricultural
production effectively (Baquy et al., 2016).

Since ultisols contain small amounts of organ-
ic carbon, these soils are less fertile, and certain
adjustments must be made to increase soil qual-
ity (Purwanto et al., 2023). The ultisols imply a
slightly more significant potential for the support
of plant growth while remaining relatively low.
These outcomes underscore soil improvement’s
importance in improving organic matter’s content
and nutrient status (Moretti et al., 2017).

The total nitrogen content is thus higher in
spodosols than in ultisols, which have very low
values. These variations are essential for plant
growth, especially nitrogen, since it is a nutrient.
These deficiencies could be addressed by using or-
ganic fertilizers and incorporating biochar to im-
prove the nitrogen content and fertility of the soil
(Harahap et al., 2022). These differences in chem-
ical properties affect aspects such as soil manage-
ment and agricultural production between spodo-
sols and ultisols. The pH of both soils is highly
acidic, which hinders the release of essential

Table 2. Chemical characteristics of the spodosols and ultisols

Chemical properties Units Spodosols Ultisols
Av. Status Av. Status
pH (H,0) 4.45 va 412 va
pH (KCI) 3.80 va 3.79 va
Organic C % 3,98 h 1.1 |
Total N- % 0.69 h 0.03 vl
P (P,0,) ppm 13.37 I 11.46 h
K (K,0) ppm 34.30 m 32.42 m
CEC cmol.kg™ 3,19 vl 10.02 |
Ca*™ cmol.kg™ 1.12 vl 1.84 |
Mg** cmol.kg™ 0.89 | 1.07 |
K* cmol.kg™ 0.08 vl 0.06 |
Al cmol.kg™ 1.04 vl 6.16 |
H* cmol.kg™ 0.06 - 0.38
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nutrients such as phosphorus, which is very im-
portant for the growth of plants. Additives such
as lime or biochar can increase the pH to those
that are more suitable, thus increasing the nutrient
solubility and quality of the soil (Yin et al., 2021).
The study’s notably low levels of organic car-
bon suggest that adding organic matter can en-
hance soil structure and fertility. Integrating bio-
char and liquid organic fertilizers could elevate
the organic carbon content, thereby improving
the soil’s physical appearance, structure, and mi-
crobial activity (Sutikarini et al., 2023). In addi-
tion, the cation exchange capacity of Spodosols is
extremely low, which justifies the use of applied
amendments to help with the cycle of essential
nutrients. However, the somewhat higher CEC in
ultisols indicates a lower but potentially more suit-
able ability of the soils to physically and chemi-
cally retain nutrients when augmented by biochar
and organic sources of nutrients (Gu et al., 2022).
In conclusion, in the two soil types studied,
namely, spodosols and ultisols, there was a signifi-
cant improvement in pH levels and nutrient avail-
ability; hence, specific soil management strategies
need to be implemented. Therefore, applying bio-
char and liquid organic fertilizer could be seen as
the key approach for improving the chemical char-
acteristics of these types of soils to improve the
growth of plants and sustainable agriculture.

The impact of the biochar rate and soaking
duration on the soil chemical properties of
spodosols and ultisols biochar rate variability

Table 3 shows the analysis of variance for the
effects of changes in biochar dosage on the chem-
ical properties of the spodosols and ultisols. The
study revealed a range of impacts on indicators
such as pH, C-organic, N-total, P-available, K-
available, and CEC. For pH, all the biochars and
the higher dosages led to higher soil pH values
for both soil types, with the ultisols being more

responsive. The C-organic content increased sig-
nificantly with increasing biochar dosage in the
spodosols and ultisols. The total N content in-
creased with increased biochar dosage, implying
better nitrogen retention and availability. As ex-
pected, there was a significant increase in avail-
able phosphorus and potassium with increasing
biochar levels due to increased nutrient availabil-
ity. The CEC increased considerably in both soils,
especially the Ultisols, indicating improved nutri-
ent retention behavior.

The results of the ANOVA (analysis of vari-
ance) are consistent with those of previous studies
(Table 3) that investigated the effects of biochar
on soil characteristics. The higher soil pH with
increasing biochar dosage confirms that biochar
increases the soil pH, especially in ultisols and
spodosols. These results corroborate other stud-
ies showing that applying biochar can increase
organic matter in the soil by up to 40%, leading
to better soil structure and fertility characteristics
(Butnan et al., 2016).

This finding aligns with previous findings
showing that biochar enhances nitrogen avail-
ability in the soil through increased microbial ac-
tivity and reduced nitrogen leaching (Jing et al.,
2020). The increased availability of phosphorus
and potassium indicates that biochar can improve
nutrient accessibility because nutrient adsorption
on soil particles is reduced, and a direct nutrient
source is provided (Asri, 2022). Moreover, bio-
char enhances the CEC, as the high surface area
and functional groups enable better nutrient cap-
ture (Domingues et al., 2020).

The findings of this research also have consid-
erable prospects for soil management and practi-
cal production. The increasing trend in the soil pH
as influenced by biochar indicated that biochar
could be used as a soil conditioner to improve
the acidity of ultisols and spodosols and, in turn,
improve their nutritional and crop-yielding capa-
bilities. The increase in organic carbon content

Table 3. ANOVA of pH, EC, and soil nutrient element contents in spodosols and ultisols after biochar application

C- N- P " " . .
Source of | Para- | pH | pH | organic | total | (P,0, |K*:O)| CEC | Ca” | Mg KA H
. g 5
variation meter | (H,0) | (KCI) % opm omol kg
F-prob | 34.10 | 129.83 | 477.86 | 18,89 | 54.48 | 477.86 | 77.44 | 253.66 | 14.16 | 262.86 | 32.84 | 4.69
P 0.000 | 0.000 0.000 | 0.000 | 0.000 0.000 | 0.000| 0.000 |0.000| 0.000 |0.000 |0.009
Rate of Ultisols
biochar (A)
F-prob | 29.86 | 141.68 | 32.38 | 3.91 17.88 241 |[45.99|253.32 | 15.05 | 676.72 | 2711 | 7.1
P 0.000 | 0.000 0.000 | 0.018 | 0.000 | 0.086 |0.000| 0.000 | 0.000 | 0.000 |0.000 |0.001
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with increasing biochar application rates suggests
that this amendment can potentially enhance soil
health and fertility, thus leading to sustainable ag-
ricultural production (Putra et al., 2023).

The changes in total N, P and available K sug-
gested that the application of biochar increased
the nutrient-holding capacity of the soil, thereby
increasing plant nutrition and productivity. Over-
all, these studies present biochar as a promising
and environmentally friendly option for synthetic
supplements to improve nitrogen content in soil
instead of chemical fertilizers (Gtinal et al., 2019).

Based on the observed change in the CEC
with biochar application, adding biochar can help
increase the nutrient stocks in the soil and thus
lower nutrient losses. This is especially relevant
for low-fixing capacity groups of soils, such as
spodosols and ultisols, in which nutrient retention
directly impacts soil productivity (Domingues et
al., 2020). Therefore, the evidence from this study
suggests that biochar is a significant additive for
enhancing the chemical characteristics of soil for
sustainable agricultural practices. Effect of bio-
char rate on chemical properties of spodosols and
ultisols soils can be seen in Figure 3.

The duration of soaking of the biochar in the
liquid organic fertilizers

Table 4 presents the ANOVA results for the
effects of variations in the amount of biochar
soaking in LOF on the soil chemical properties of
the spodosols and ultisols. The analysis revealed
that the soaking time significantly affects several
parameters. In Spodosols, significant effects (p
< 0.05) were observed for pH (H,0), pH (KCI),
total N, and P (P,O,). Organic C and K (K,0)
had no significant effect, with p-values of 0.202
each. For CEC, the effect was not substantial (p
=(.185). The levels of calcium (Ca), magnesium
(Mg), potassium (K), and hydrogen (H) also var-
ied significantly, with the most notable being Ca
(p =0.049) and H (p = 0.046).

In the ultisols, significant effects were ob-
served for pH (H,0), P (P,0,), K (K,0), and CEC,
with p values of 0.048, 0.003, 0.000, and 0.017,
respectively. The organic C content showed a non-
significant trend, with a p-value of 0.075. Simi-
larly, total N and other cations (Ca, Mg, Al, and H)
did not significantly affect the soaking time.

The significant increase in soil pH with in-
creasing biochar soaking time in liquid organic
fertilizers aligns with the findings of Mukhina et

al. (2019), who reported short-term increases in
soil pH following biochar application. This effect
is crucial for acidic soils, including spodosols and
ultisols, where improving the soil pH can improve
nutrient availability and productivity (Zheng et
al., 2020). An increase in pH might enable plants
to absorb more nutrients and alleviate the prob-
lem of soil acidity, which provides evidence for
the positive effects of the use of biochar-enriched
fertilizers reported by Syahrinudin et al. (2019)
and Liu et al. (2022).

The effect of biochar soaking time on organic
carbon accumulation was relatively low. It was
still associated with the biochar’s inherent char-
acteristics and the soil matrix’s nature. This stands
in juxtaposition with a finding highlighted by Pu-
tra (2023), who observed success in increasing the
content of organic matter with biochar and noted
that factors such as the type of biochar and condi-
tions of the soil might also determine its results.

For nutrient elements/discriminated param-
eters such as total N, P (P,0,), and K (K,0), the
results indicate a fluctuating trend influenced by
soaking time. It is supported by a higher total N
content in the total N in spodosols, with studies
implying that incorporating biochar increases ni-
trogen retention and decreases leaching (Xu et al.,
2016). The relatively high P availability, especial-
ly in the ultisol, has been supported by Tessfaw
et al. (2021), who reported improved phosphorus
absorption due to reduced soil weight and better
soluble P status due to biochar.

The results of this study indicate that the
biochar soaking process variable with liquid or-
ganic fertilizer that has the most significant im-
pact on the soil chemical characteristics is the
soaking time in liquid organic fertilizers, where
positive effects are observed on the pH, nutrients,
and CEC values. These enhancements have sig-
nificant implications for soil vitality and manage-
ment, especially in soils such as spodosols and
ultisols, which are acidic. This is where the modi-
fication of biochar soak time in organic fertilizers
can be effective in helping to manage the pH lev-
el of soil and other nutrients, thus enhancing the
productivity of crops as well as the health of the
soil (Zheng et al., 2020). The increased availabil-
ity of phosphorus and potassium with increasing
biochar treatment indicates that specific biochar
recipes could target the availability of various nu-
trients in the soil, helping to improve soil health
and strongly supporting sustainable agriculture
(Syahrinudin et al., 2019). This approach forms
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Figure 3. Rate of biochar effect on chemical properties of spodosols and ultisols soils; Points on the curve
represent mean observation values while vertical lines represent their standard deviation; mean values with the
same notation are not significantly different at o = 0.05

part of the larger plan of enhancing soil organic
matter to support/ameliorate the environment
through the reduced use of chemical fertilizers.
Nevertheless, such fluctuations in the changes
in organic C content and other cations indicate
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that more studies are needed to ensure a detailed
understanding and prediction of biochar behavior
under various soil types and climate conditions
and to fine-tune biochar recipes. Further experi-
ments should refine these data together with the
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Table 4. ANOVA of the effects of liquid organic fertilizer application on the pH, EC and soil nutrient contents of

spodosols and ultisols

Source of | Para- | pH pH Orgcz;nic N- (PfO,,) K(K,0)| CEC | Ca™ | Mg™ | K Al H
variation | meter | (H,0) | (KCI) % opm cmol kg-

Soaking Spodosols

dl}irrantieon F-prob | 9.18 | 8.87 1.74 7.41 6.49 1.74 1.83 332 | 236 | 291 2.06 | 3.39
biochar in P 0.001 | 0.001 0.202 | 0.003 | 0.005 | 0.202 | 0.185 | 0.049 |0.113 | 0.069 | 0.149 | 0.046
in liquid Ultisols

organic

fertilizers | F-prob | 3.34 | 3.25 2.81 1.01 7.16 73.85 | 2.96 0.03 | 0.27 | 4.67 1.57 | 0.26

(B) P 0.048 | 0.052 | 0.075 | 0.416 | 0.003 | 0.000 | 0.066 | 0.993 |0.846| 0.017 | 0.238 |0.853

effects of biochar intercalation on other organic
and inorganic additives, contributing to the ulti-
mate application of biochar for soil restoration
and sustainable farming (Tessfaw et al., 2021).

Optimizing the chemical properties of
spodosols and ultisols through treatment

Biochar rate treatment

Table 5 provides an overview of the chemical
properties of spodosols and ultisols influenced by
varying dosages of biochar. The minimum, maxi-
mum, and average values for each parameter are
recorded. The pH (H20) ranged from 4.45 to 6.75
in the Spodosols, whereas the pH (KCl) varied
from 3.80 to 6.30. The organic carbon content (C-
organic) increased significantly from 0.56% to
4.57%. The total nitrogen (N-total) content ranged

from 0.69% to 2.73%. The amount of available
phosphorus (P,O,) significantly increased from
13.37 ppm to 96.71 ppm. Available potassium
(K,0) varied from 34.30 ppm to 575.30 ppm. The
cation exchange capacity (CEC) also notably in-
creased from 0.91 cmol kg'to 45.55 cmol kg,
In the Ultisols, the pH (H20) ranged from
4.12-6.75, and the pH (KCI) ranged from 3.79—
6.30. The organic carbon content increased from
1.11% to 4.57%. The total nitrogen content ranged
from 0.03% to 1.32%. The amount of available
phosphorus increased from 11.46 ppm to 120.77
ppm. Available potassium ranged from 32.42
ppm to 575.30 ppm. The CEC increased from
10.02 cmol kg! to 45.55 cmol kg!. The tendency
of the increase in soil pH with increasing biochar
application (Table 5) is consistent with the find-
ings of Frimpong et al. (2021), who reported that

Table 5. Chemical properties of Spodosols and Ultisols as influenced by the dosage of biochar applied

Dof)?ge PH (H,0) | pH (KCI) C-Ol;zanic '\I_E’/ﬂotal PE)EZrSS) Kégr?nO) cn?ollz.f(:g'1 cm%?.:g" cm’vlotlg.+l(+g'1 cmc}fl.kg'1 cmpc\)lli’lzg'1 cm(i)-:.+kg'1
bi(oozc)ar av | std | av | std| av |std| av |std| av | std av | std av | std | av | std | av | std | av |std av | std | av |std
Spodosols
0 [4.45%|0.00{3.80%|0.00{0.56% |0.00( 0.69%|0.00| 13.372 | 0.00 | 34.30° | 0.00 | 0.912 [0.00| 1.122 |0.00{0.892|0.00| 0.082|0.00| 1.04¢|0.00{0.062°(0.00
2 |4.78%°|0.28]3.83%|0.15[0.95%°|0.24/0.97°|0.30| 32.78° | 7.62 | 38.09° | 4.19 | 3.64* [2.23|2.28°°|0.54(0.922|0.08|0.19%|0.05| 0.94¢|0.26|0.07° 0.01
5 4.88°(0.44(4.022|0.25|0.97%°(0.26| 1.21° (0.47| 45.17° [18.27| 85.54° | 24.47 | 5.472 |1.49|2.33%|0.44|1.05|0.31|0.242°(0.02| 0.60°|0.11| 0.08" 0.02
10 [5.09°(0.41(4.21°(0.32| 1.04°|0.22[1.52"(0.45| 65.81° [17.49(133.32°| 25.90 | 6.60* (0.87| 3.23" |0.93(1.05°(0.16| 0.37°|0.10( 0.61°|0.14| 0.07" |0.01
25 |5.43°(0.27|4.58°|0.22|1.45(0.53| 1.76°|0.49| 88.97¢ | 9.42 |218.437| 24.48 | 6.60° |1.37| 5.63° [1.97|1.042|0.10| 0.65° [0.25| 0.35°|0.04{0.07° [0.01
100 |6.75?|0.76|6.30°|0.37|4.57°(0.71| 2.73°|0.78| 96.71¢ [10.42|575.30°| 22.07 | 45.55" |9.50|21.22¢(1.55|1.68°|0.19( 3.02¢ |0.28| 0.142(0.05| 0.05% [0.01

Ultisols
0 |4.122]|0.00|3.79%(0.00( 1.112 [0.00| 0.03%|0.00| 11.46* | 0.00 | 32.422 | 0.00 |10.022|0.00| 1.84%0.00|1.072{0.00|0.06% [0.00|6.16°(0.00|0.38*|0.00
2 4.54210.35(3.722|0.19|1.322°(0.27| 0.05% [0.01| 68.86° [21.92| 74.66° | 22.30 (14.12%|1.18|2.18%°|0.47|1.022|0.14|0.15°°(0.03|5.81*¢|1.02| 0.81° (0.43]
5 4.59%(0.35|3.82%|10.11( 1.282|0.28| 0.042 |0.01|71.13°¢|30.99| 86.50% | 28.35 [13.78%|1.20| 3.28° [0.93|1.002|0.09| 0.26° |0.04|5.18|0.44| 1.03° [0.28
10 [4.492|0.36(3.862°|0.05| 1.282 (0.20| 0.042|0.01(84.73(15.52(131.40°| 53.56 |15.26°°|4.17| 3.72° |0.82|0.972/0.16| 0.39° (0.03| 4.72°(0.66| 1.16° |0.43
25 |4.472(0.27|4.03°(0.21]1.99°|1.00| 0.062 [0.01| 95.71¢ |16.45|197.33°|106.98| 17.76" [2.73| 5.30° |0.49(0.972|0.13| 0.65° |0.14| 3.13°|1.80{0.462°|0.30
100 |6.75(0.76|6.30°(0.37|4.57¢[0.71{ 1.32"|1.29{120.77°|41.19|575.30°| 22.07 | 45.55°|9.50|21.229(1.55|1.68°(0.19 3.02¢ [0.28 0.142 0.05| 0.05% [0.01

Note: values followed by the same letter in a column are not significantly (p < 0.05) different.
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soil biochar increases the soil’s pH and organic
carbon content — in the case of Spodosols and Ul-
tisols, a dosage of 100% biochar resulted in the
most significant increase in pH.

These increases in organic carbon content
(Table 5) are well explained by the findings of the
studies carried out by Bolan et al. (2021), which
revealed that biochar improved the soil organic
C stock and overall soil health. The large amount
of organic C in the biochar treatment at the 100%
dosage highlights the possibility of storing and
enhancing the amount of organic C in the soil.

In the case of total N, the increase observed
due to biochar application is consistent with the
findings of Abbasi and Anwar (2015), who re-
ported that biochar improves N nutrition by in-
creasing nitrogen retention and availability. Thus,
the best dose seems to be 100%, which positively
affected the total N content, increased nitrogen
mineralization, and decreased nitrogen leaching.

The increased P,O, availability following
biochar application supports Okebalama et al.
(2022), who reported that biochar improved soil
P accessibility. Compared with the control treat-
ment, a dosage of 100% biochar improved soil P
retention and availability to the most significant
degree. The findings for potassium (K,0O) agree
with those of Bao (2024) and Li et al. (2019),
who reported that biochar enhances the potas-
sium content in the soil. The available potassium
content herein increased to the maximum value
with 100% biochar due to the increase in the soil
K content. The observed increase in cation ex-
change capacity with the application of biochar
also confirms the work of Bishwakarma et al.
(2022), where it was established that biochar op-
timizes the CEC because of the available surface
area and functionalization. Concerning the effect
of the biochar dosage on the CEC, the optimal
value was 100%, which increased the CEC in
both analyzed soils.

Based on the broad conclusions of this paper,
numerous application factors have considerable
impacts on soil concerning introductory biochar
use in agriculture. Therefore, the increase in pH,
organic carbon, nitrogen, phosphorus, potassium,
and CEC values signifies that biochar is a sub-
stantial soil amendment for improving soil fertil-
ity and productivity. The biochar at the one hun-
dred 100 full mark resulted in the most significant
increase in all the parameters; hence, a relatively
high biochar concentration increased the soil’s
fertility and nutrient value.
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According to the results of the present study,
only the most significant improvement in the soil,
as reflected by its chemical characteristics, such
as pH, organic carbon, total nitrogen, available
phosphate, available potash, and cation exchange
capacity, was obtained when the biochar was ap-
plied at a rate of 100%. This infers that if no soil
or other growing media are included, then it is
possible for 100% pure biochar to be used as an
effective nursery media for seedlings. However,
adequate additives for enhancing the soil’s chem-
ical properties should be between 10 and 25%
biochar for agricultural soils with mixed soil. No-
tably, within this dosage limit, all the previously
mentioned properties of biochar can be deemed
valuable for improving the conditions within the
ground. However, the degree of their manifesta-
tion would be best determined experimentally.
Hence, for applying biochar on agricultural land
or after using a soil mixture, a 10-25% dosage is
optimal for enhancing the chemical nature of the
soils and sustainable farming practices.

The observed changes in pH, organic carbon,
and nutrient content and availability in the pres-
ent study align with the results of other studies.
Rogovska et al. (2014) established the ability of
biochar to increase the chemistry of soil by in-
creasing the pH as well as the carbon content pres-
ent in the soil. However, to achieve the most sig-
nificant improvement in the pH level, according
to the study conducted by Frimpong et al. (2021),
the application should be between 10% and 25%
because it enhances the soil pH in spodosols and
ultisols. This finding is further supported by Li et
al. (2021) and Bolan et al. (2021), who reported
that biochar application can strongly influence the
organic carbon content of SOC and its stock. This
study showed that applying 10-25% biochar is
suitable for increasing organic carbon within soil
types, resulting in improved soil quality and in-
creased carbon storage.

The enhancements for total nitrogen align
with Abbasi and Anwar (2015) and Nguyen et
al. (2017). Among the Spodosols and Ultisols,
10-25% were the best for increasing the N-total,
availability, and retention rates. The changes in
available phosphorus in this study with biochar
marginally increased; this finding corresponds
with the studies conducted by Okebalama et al.
(2022) and Zhang et al. (2022). Applying 10—
25% improved the P availability; the results were
similar for both soil types. The results corroborate
Bao (2024) and Li et al. (2019), affirming that P
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availability increases the K content. The effective
range of the nutrients that enhanced K solubil-
ity was 10-25%. According to Domingues et al.
(2020) and Bishwakarma et al. (2022), CEC im-
provement with biochar is actual. In the case of
Spodosols, the authors reported that the most ef-
fective concentration varied between 10 and 25%
of the CEC enhancement.

The findings of this study provide relevant
intervention solutions for soil management prac-
tices that seek to enhance soil health and fertility
status. The desirable level of biochar application
to increase Spodosols and Ultisols’ properties is
within 10-25% of the biochar solution, making
it the most effective and realizable soil improve-
ment method.

Soils made more alkaline using biochar will
also benefit from improved nutrient access in the
Spodosol and ultisol classes of soils, where the
use of biochar is encouraged to improve crop
yields (Rogovska et al. 2014; Frimpong et al.,
2021). A better soil organic carbon status enhanc-
es the sustainability of the soil structure and fertil-
ity concerning the maintenance of intensive agri-
culture in addition to carbon sequestration (Li et
al., 2021; Bolan et al., 2021). Ideal biochar doses
in soils can increase the contents of hormone-like
substances, nitrogen, phosphorus, and potassium,
increasing plant nutrient uptake. It eventually
reduces the use of chemical fertilizers for im-
proved environmental management (Abbasi and
Anwar, 2015; Nguyen et al., 2017; Okebalama et
al., 2022; Zhang et al., 2022; Bao, 2024). The in-
crease in the cation exchange capacity increases
the nutrients and fertility of the soil, suggesting
that biochar is a potent option for improving the

productivity of the soil (Domingues et al., 2020;
Bishwakarma et al., 2022).

Overall, the studies indicated that biochar can
enhance the most important chemical characteris-
tics of the soil. The suggested range of the biochar
rate, 10-25%, also benefits from the optimality of
the biochar application, standing at the same time
for realistic economic feasibility and affordability
for farmers and land stewards. The effect of rate
of biochar on the chemical properties of Spodo-
sols and Ultisols soils can be seen in Figure 3.

The duration of soaking of liquid organic
fertilizer-treated biochar

Table 6 lists the chemical properties of the
spodosols and ultisols influenced by the different
soaking times of the biochar in the liquid organic
fertilizer. The minimum, maximum, and average
values for each parameter are recorded. In the
spodosols, the pH (H,O) ranged from 4.94 at 1
hour to 5.67 at 12 hours, with an average of 5.23,
and the pH (KCl) ranged from 4.29 at 1 hour to
4.72 at 0 hours, with an average of 4.45. The C-
organic content increased from 1.17% at zero h to
1.91% at 24 h, with an average of 1.59%. The N-
total ranged from 1.03% at zero h to 1.83% at 24
h, with an average of 1.48%. In the Ultisols, the
pH (H,0) ranged from 4.46 at 1 hour to 5.08 at 0
hours, with an average of 4.82, and the pH (KCI)
ranged from 4.07 at 1 hour to 4.33 at 12 hours,
with an average of 4.25. The C-organic content
ranged from 1.58% at zero h to 2.35% at one h,
with an average of 1.92%. The N-total ranged
from 0.08% at 12 hours to 0.55% at 1 hour, with
an average of 0.26%. The spodosols’ p-available

Table 6. Chemical properties of spodosols and ultisols as influenced by time in liquid organic fertilizer

S?;!:L”Q PH (H,0) | pH (KCI) C-o[’ianic N-g/ootal P;(szs) K;EﬁnO) cr'ri)llz.f(:g" cmct::fll.:g'1 cmwcl)glg.;:g'1 cmt!fl.*kg'1 cmAt::I'.;g‘1 cm(::.’kg'1
d(ur:'zfli;n av |std| av [std| av [std| av |std| av std av | std av | std | av |std| av |std| av [std| av [std| av | std
Spodosols
0 [5.33°(0.49|4.72°|0.50|1.172|0.59( 1.032 [0.17( 45.83% | 14.13 | 194.85°|100.85| 8.96° | 6.81 (5.55°|3.70|1.102(0.19(0.712(0.54|0.542|0.16| 0.06° [0.006
1 4.94°/0.31]4.292(0.42(1.67°|0.73]|1.33%°|0.46| 68.26° | 16.93 | 181.492|104.30|10.48?| 6.91 |5.232(3.56|1.08°|0.18/|0.65°|0.51(0.642(0.19| 0.0° |0.005
12 [5.67°(0.53|4.512°|0.54|1.61°|0.83| 1.73° [0.43(56.53°| 17.52 | 172.46°|108.05(13.36°| 9.98 (6.29°|4.21|1.082/0.12(0.832(0.63|0.692|0.21|0.07%°[0.006
24 14.972/0.32(4.30%|0.44|1.91°|0.84| 1.83" [0.42( 57.92°| 18.07 | 174.522 | 97.88 |13.06°10.04|6.80°|3.83(1.2320.13|0.85%|0.57|0.572|0.16| 0.08" (0.007

Ultisols
0 5.08°(0.53| 4.322|0.56(1.582|0.50| 0.30% [0.31]| 49.812 [14.528| 147.112 | 105.54|16.85%| 4.94 |6.342(3.49|1.112|0.19|0.722(0.54|4.202(1.17| 0.6° | 0.3
1 4.4620.40|4.072(0.45|2.352|0.67| 0.55% |0.61|75.66°|16.419|178.04%°|103.03|17.542| 5.19 |6.252|3.34(1.112|0.18|0.682|0.51(4.482|1.13| 0.72 | 0.2
12 |4.92°(0.67|4.332|0.56(1.8320.77|0.082 (0.06| 81.31° [19.528|187.72%|101.79|20.65°| 8.18 |6.202(4.22|1.1620.09(0.85°|0.63|4.512[1.18| 0.6 | 0.1
24 |4.83°(0.34]4.29|0.44(1.942|0.80( 0.10% [0.06| 94.00° |26.549| 218.86" | 98.04 |22.622| 7.94 (6.247|3.84/1.092(0.12(0.772(0.58|3.56°|1.26| 0.72 | 0.3

Note: values followed by the same letter in a column are not significantly (p < 0.05) different.
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Figure 4. The effect of soaking time of biochar in liquid organic fertilizer on the chemical properties of
spodosols and ultisols; Points on the curve represent mean observation values while vertical lines represent their

standard deviation; mean values with the same notation are not significantly different at o = 0.05

(P,O,) concentrations ranged from 45.83 ppm at 0
hours to 68.26 ppm at 1 hour, with an average of
57.64 ppm. In the ultisols, the p-available (P,O,)
concentration ranged from 49.81 ppm at 0 hours
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to 94.00 ppm at 24 hours, with an average of
75.70 ppm. The K-available (K,0) in spodosols
ranges from 172.46 ppm at 12 hours to 194.85
ppm at 0 hours, with an average of 180.83 ppm.
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In the ultisols, the K-available (K,O) content
ranged from 147.11 ppm at 0 hours to 218.86 ppm
at 24 hours, with an average of 182.93 ppm. The
CEC of the spodosols ranged from 8.96 cmol kg
at 0 hours to 13.36 cmol kg! at 12 hours, with an
average value of 11.22 cmol kg'. In the ultisols,
the CEC ranged from 16.85 cmol kg at 0 hours
to 22.62 cmol kg at 24 hours, with an average
value of 19.92 cmol kg

The optimal soaking times for improving
various soil chemical properties align with find-
ings from previous studies. Raden et al. (2017)
suggested a 40-day soaking period for soil pH
improvement. Still, this study indicated that for
Spodosols, 12 hours resulted in the highest pH
(5.67), whereas for ultisols, 0 hours resulted in
the highest pH (5.08). Utami et al. (2021) re-
ported that the organic carbon content increased
with an increasing soaking period. In this study,
the optimal soaking time for Spodosols was 24
hours (1.91%), whereas for ultisols, it was 1 hour
(2.35%). Concerning total nitrogen, Listyarini
and Prabowo (2020) highlighted a 40-day soak-
ing period. However, this study revealed that 24
hours was optimal for Spodosols (1.83%), where-
as 1 hour was optimal for ultisols (0.55%). The
improvement in available phosphorus aligns with
the findings of Norhalimah et al. (2022), who
noted significant increases with specific soaking
times. The optimal soaking time for the Spodo-
sols was 1 hour (68.26 ppm), whereas for the ulti-
sols, it was 24 hours (94.00 ppm). Concerning po-
tassium availability, Zhang et al. (2017) reported
that longer soaking times increase the K content.
This study revealed that zero h was optimal for
Spodosols (194.85 ppm), whereas 24 h was op-
timal for Ultisols (218.86 ppm). Prasetyo et al.
(2021) highlighted improvements in CEC with
longer soaking times. In this study, the optimal
soaking time for Spodosols was 12 hours (13.36
cmol kg'), whereas for Ultisols, it was 24 hours
(22.62 cmol kg™).

The findings shown here confirm that the
soaking time in LOF influences systematic
changes in biochar physical characteristics; there-
fore, the optimal soaking time for spodosols and
ultisols is determined. Recommendations con-
cerning the length of time the two soil samples
should be soaked include 12 hours for spodosols
and no soaking for ultisols to consider soil pH ad-
justment. Therefore, these studies indicate that an
enhanced understanding of the best way to soak

biochar could provide a way to improve methods
for correcting soil acidity.

For WT slurries, longer soaking times (24
hours for spodosols and 1 hour for ultisols) are
preferable regarding the organic carbon content.
It shows that to increase the level of soil organic
matter, increasing the time required for soaking is
necessary. Consequently, the total nitrogen con-
tent was excellent at 24 hours of soaking for the
spodosols, whereas it was most significant at one
hour for the ultisols. The results below shed light
on this issue by comparing various soil forms in
response to biochar application.

For the available phosphorus, the optimal rate
of decision-making was one hour for the spodo-
sols but 24 hours for the ultisols. It means that the
soaking period should be reviewed according to
the type of nutrient in the soil for optimal uptake.
The abovementioned hours of soaking for spodo-
sols and 24 hours for ultisols help attain maximum
potassium availability. It makes one conclude that
some soils may require simple, practical applica-
tions to contain and stabilize contaminants effec-
tively. In contrast, others may need more time to
soak in order to enhance efficiency. The enhance-
ment of the CEC was optimized at 12 hours for
Spodosols and 24 hours for Ultisols. It highlights
the importance of customizing biochar treatments
to improve soil nutrient retention. The effect of
soaking time of biochar in liquid organic fertil-
izer on the chemical properties of spodosols and
ultisols can be seen in Figure 4

These findings provide valuable insights for
optimizing biochar application in agriculture,
promoting improved soil health and sustainable
farming practices. Further research should focus
on long-term field trials to validate these results
and explore the economic feasibility of these
treatments on a larger scale.

CONCLUSIONS

This study investigated the effects of biochar
dosage and soaking time in liquid organic fertiliz-
er (LOF) on the chemical properties of spodosols
and ultisols. The results indicate that both biochar
dosage and soaking time significantly influence
soil pH, organic carbon content, nitrogen, phos-
phorus, potassium availability, and cation ex-
change capacity (CEC). Optimal biochar dosages
of 25% were found to enhance soil pH, organic
carbon content, nitrogen, phosphorus, potassium,
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and CEC in both spodosols and ultisols. The opti-
mal soaking periods for soil improvement varied
between spodosols and ultisols. Generally, spo-
dosols require a longer soaking time to improve
pH, organic carbon, and total nitrogen. However,
for available phosphorus, no soaking is necessary,
and available potassium reaches optimal levels
without soaking. Conversely, ultisols typically
reach optimal conditions with shorter soaking
times or even no soaking for some parameters.
For both, it is recommended to soak the biochar
for 24 hours with LOF, which is expected to im-
prove soil properties.

These findings highlight the importance of
tailoring biochar application and soaking times to
specific soil types and desired soil properties. The
use of biochar as a soil amendment offers a sus-
tainable strategy to improve soil health, enhance
nutrient availability, and promote sustainable ag-
ricultural practices. Further research should focus
on long-term field trials to validate these results
and explore the economic feasibility of large-
scale biochar applications
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