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The potential of biochar and organic fertilizer to enhance soil fertility, promote crop growth,
and increase yield is driving their growing popularity in modern agricultural practices. This
research investigated the effects of applying a combination of biochar and organic fertilizer on
soil physico-chemical properties and the growth attributes of soybean (Glycine max L.) in the
strong acidic soil of Taiwan. The study was conducted in a greenhouse using a pot experiment

Keywords . . . . ) .

arranged in a randomized complete block design with two factorial treatments, replicated
sRIC'Ie hujt biochar three times. Fifteen days after soil amendment, treatment BgsF140 had a significant increase in
oil acidity

soil pH of 5.54 compared to the control group. Similar treatment resulted in higher P available

Soil degradation . . a . . . .
in soil of 19.11 mg kg". In addition, 45 days after soil amendment, organic matter, available

Sustainable agriculture
potassium, calcium, magnesium, copper, and zinc increased by 19.59%, 236.36%, 38.39%,

112.76%, 7.01%, and 44.59% in the application of treatments B7oF 140, BasF 140, BasF 105, B7oF 140,
and BssF5o, respectively, compared to control. The tallest soybean plants were seen on the
application of treatment B7oF140With a maximum height of 112.75 cm, while treatment BasF140
produced many soybean plant leaves — 51 leaves per plant. Moreover, root hairs extensively

Soybean

grew on soybean plants grown on the amended soils than those of the control treatment. Con-
clusively, our findings have statistically demonstrated that the combination of biochar and
organic fertilizer can improve soil quality and soybean growth characteristics under condi-
tions of strongly acidic soil, as evidenced by a short-term pot and greenhouse study.

©2025 Agriculture and Environmental Science Academy

Citation of this article: Ngui, M.E., Lin, Y. H., & Blanco, S. D. (2025). Synergy of biochar and organic fertilizer improves soybean (Glycine
max L.) growth by alleviation nutrient stress in strongly acidic Taiwanese soil. Archives of Agriculture and Environmental
Science, 10(1), 59-66, https://dx.doi.org/10.26832/24566632.2025.100109

INTRODUCTION reduced risk of prostate and breast cancer (Jayachandran & Xu,
2019). Moreover, soybean products can be utilized in animal

Soybean (Glycine max L.) is a legume crop that is extensively cul- feed (Janochaetal.,2022). Soil erosion, organic matter loss,

tivated for its edible beans, which are renowned for their pro-
tein and oil content. They contain approximately 40% of protein
and 20% of non-cholesterol oil (Banaszkiewicz, 2011). Addition-
ally, soybeans serve as a rich source of vitamins B1, B9, and K1
(Agyenim-Boateng et al., 2023). The consumption of soybean
protein has been linked to various health benefits, such as renal
support, blood pressure regulation, diabetes management, and

acidification, and unbalanced nutrient composition have caused
moderate to severe soil degradation in 33% of all soils around
the world (Smith et al., 2024). The primary cause of this degrada-
tion is due to unsustainable management practices (Ferreira
etal., 2022). Furthermore, the evident degradation of soil fertili-
ty is related to the excessive use of inorganic fertilizers (Guo &
Wang, 2021; Sandrakirana & Arifin, 2021). Excessive use of
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chemical fertilizers over time on the same soil can lead to soil
degradation, loss of beneficial soil microorganisms and organic
matter, pollution of underground water, increased greenhouse
gas emissions, and reduced food quality (Jote, 2023). Moreover,
continuous application of inorganic fertilizers, like ammonia-
based fertilizers, drastically accelerates soil acidification in
agricultural soils (Singh et al., 2017). Strongly acid soils are
characterized by the deficiency of essential plant nutrients and
toxicity of metals such as aluminium (Al) and manganese (Mn)
(Carcamoetal., 2019).

Although biochar technology is still underutilized as a soil
amendment method in agriculture, it is still an inspiring tech-
nique in the field of agriculture (Gairhe et al., 2024; Ibrahim,
2022; & Wu etal., 2022). Biochar, a stable, carbon-rich material
produced by the thermochemical decomposition of biomass, is
currently considered a promising method for improving soil
quality—a critical factor for enhancing crop growth and yields
(Torabian et al., 2021). Biochar exhibits several properties that
make it desirable to use on agricultural lands. These include
ameliorating soil acidity, retaining a high capacity of soil nutri-
ents, promoting soil microbial activity, and enhancing soil water
retention capacity (Dejene & Tilahun, 2019). We conducted this
study due to the naturally strong acidic soil in our experimental
area that is known to limit soybean development. Plant nutrient
availability is strongly correlated with soil pH. The availability of
major plant nutrients, such as N, P, K, Mg, and Ca, is highly
reduced in acidic soils (Jing et al., 2024). Additionally, this study
investigated the effect of soybean growth (Glycine max L.), as
the crop tends to take up more cations from the soil, especially
when its nitrogen source relies solely on atmospheric N, fixa-
tion, which further increases soil acidity. Therefore, the main
objective of this study was to evaluate the effectiveness of com-
bining biochar and organic fertilizer in alleviating soil acidity,
enhancing nutrient availability, and improving soybean growth
in strongly acidic soil. Several studies have recommended
applying biochar in combination with inorganic fertilizers to
enhance its efficiency during plant development (Ibrahim, 2022;
Parker et al., 2021; Sikdar et al., 2023). However, there is limited
scientific information available regarding the synergistic effects
of biochar and organic fertilizer on soybean development.
Therefore, our objective was to provide practical advice on the
suitability of using biochar and organic fertilizer to soybean
producers, particularly in Taiwan, where the negative impacts of
strongly acidic soils have limited soybean growth and prevented
harvests from reaching their full potential.

MATERIALS AND METHODS

Experimental area and materials

This investigation was conducted in a greenhouse belonging to
the Department of Plant Industry at the National Pingtung Uni-
versity of Science and Technology (NPUST) located at 22.6433°
N, 120.6098° E. The study was carried out from September
2023 to February 2024, with a tropical monsoon climate charac-
terized by a temperature average of 26-32°C in the summer.

The soybean seed variety (Tainan 10) was obtained from the
Tainan District of Agricultural Research and Extension Station in
Taiwan. This particular soybean variety was selected because of
its favorable grain characteristics, widespread consumer prefer-
ence, and consequent high demand in Taiwan. Rice husk biochar
was prepared at Sin-Fong Rice Milling Factory under a pyrolysis
temperature of 600 °C for 24 hours. The organic fertilizer was
supplied by the Nancho Farmer's Association, Pingtung, Taiwan.

Soil sampling and biochar analysis

Soil samples were randomly collected on the entire soil collec-
tion area by using soil auger and spade. The depth of soil collect-
ed ranged from 0-20 cm and included both top and subsoils.
Each soil portion from each site was mixed to make a composite
soil sample. Thereafter, 1 kg of the collected composite soil sam-
ple was air-dried for seven days inside the laboratory. The soil
sample was ground and sieved through a 2 mm sieve. According
to laboratory soil analysis procedures, initial soil properties
were conducted before the amending of the soil using biochar
and organic fertilizer. On the 15 and 45 days after amendment
(DAA) of the strong acidic soil, soil samples were sampled for
analysis from each pot. The analysis was performed at the Soil
and Fertilizer Laboratory of NPUST. The soil pH at 1:5 (soil:
water) was measured using a glass electrode pH meter (McLean,
1982). In the EC determination, soil solution was filtered
through Whatman filter paper No. 5, and then using an EC
meter, the values of EC were recorded. A mixture of hydrochlo-
ric acid (HCI) and ammonium fluoride (NH4F) was used to
extract phosphorus and calcium-bound phosphorus (Bray &
Kurtz, 1945), then a spectrophotometer was utilized to deter-
mine its amount in soil solution. The modified Walkley-Black
method, described by (Nelson & Sommers, 1982), was applied to
determine soil organic matter. This method involved oxidizing
soil samples using dichromate and tetraoxosulphate (VI) acid.
Using 50 ml of Mehlich 3 Extractant, soil K, Ca, Mg, Cu, and Zn
were extracted from soil samples (Mehlich, 1978; Mehlich,
1984). Then, by using inductively coupled plasma atomic mass
spectrometry (ICP-MS), concentrations of available K, Ca, Mg,
Cu, and Zn in soil solution at wavelengths of 766.49 nm, 317.93
nm, 279.81 nm, 324.75 nm, and 213.86 nm, respectively, were
determined. Available P, K, Ca, and Mg in biochar were
determined by ICP-MS after digestion with HNO3-H,0, system
(Piash et al., 2021). Table 1 and 2 show the pre-amendment
physicochemical properties of experimental soil and the treat-
ments, respectively.

Experimental setup and preparation of experimental soil

A pot experiment was designed under greenhouse conditions
using a randomized complete block design (RCBD) with factorial
2 x 3 treatments (n=3). The treatment combination comprised
two rates of biochar (35 and 70 g/pot) and three rates of organic
fertilizer (35, 105, and 140 g/pot) (Table 3), resulting in a total of
21 experimental pots. The dimensions of each pot were
composed of a top diameter of 30 cm, a bottom diameter of 20
cm, and a height of 30 cm. Conditions in the greenhouse were
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Table 1. Pre-amendment soil properties.

Attributes pH EC OM Te)éttlre Available (mg/kg)
(H,O)  (mS/cm) (%) o P K Ca Mg Fe Mn Cu Zn
S-30%
_ 0
Value 5.11 0.08 4.04 E ggof 1503 6444 1,19824 2429 16994 821 051 258
- (]
EC-electrical conductivity, OM-organic matter, CL-clay loam, S- sand, C- clay, L-loam.
Table 2. Physico-chemical properties of rice husk biochar and organic fertilizer
Property Rice Husk Biochar Property Organic Fertilizer
pH (biochar: H,0) 1:5 9.89 pH (OF: H,0) 1:5 8.22
Available P (mg/kg) 4,455.47 OM (%) 61
Available K (mg/kg) 10,605.53 Total N (%) 25
Available Ca (mg/kg) 2,016.42 Total P (%) 2.3
Available Mg (mg/kg) 1,112.65 Total K (%) 2
C:N 20

OF-organic fertilizer.

Table 3. Treatments design details.

Treatment code Application rates (g/10.5 kg of soil in each pot)

CK = 0 g/pot Biochar + 0 g/pot Organic fertilizer
B3sF7o = 35 g/pot Biochar + 70 g/pot Organic fertilizer
B3sF 105 = 35 g/pot Biochar + 105 g/pot Organic fertilizer
B3sF140 = 35 g/pot Biochar + 140 g/pot Organic fertilizer
B7oF70 = 70 g/pot Biochar + 70 g/pot Organic fertilizer
B7oF 105 = 70 g/pot Biochar + 105 g/pot Organic fertilizer
B7oF 140 = 70 g/pot Biochar + 140 g/pot Organic fertilizer

CK-denotes unamended soil. The subscript numbers on B and F letters represent grams of applied biochar and organic fertilizer, respectively.

maintained using an automated rotating fan system to maintain
a temperature of 25°C at night and 30°C during the day. The
choice for a pot experiment under greenhouse conditions was
made to avert potential open field disruptions from unstable
weather conditions, such as typhoons, which frequently occur
annually between September and November, coinciding with
the soybean growing season in Taiwan. A total of 10.5 kg of ex-
perimental soil sample was thoroughly mixed with rice husk
biochar (RHB) and organic fertilizer (OF) and deposited into
each pot. The amalgamated soil was allowed to settle for 14
days before sowing soybean seeds. This method facilitated the
further integration between the biochar and organic fertilizer
into the experimental soil medium. Due to the dampness of the
soil, no water was supplied to the amalgamated soil throughout
a 14-day period. On 15 DAA, seven soybean seeds were sown in
each pot, spaced 5 cm apart, and planted to a depth of 2.5 cm.
Following the seeds germination and emergence of seedlings (7
-10 days later), the plants were thinned to two per pot. As a
result, a total of 42 soybean plants were retained. After seed
germination, soybean plants in each pot were regularly watered
throughout the growing period. Weed and pest management
were implemented during the growing season. By using tensi-
ometer, the soil moisture level was monitored. The plants in
each pot were irrigated with 400 mL of tap water during the
whole vegetative growth phase. The frequency of irrigation was
determined using the readings obtained from the tensiometer.

Observations

On the 15 and 45 DAA of strong acidic soils, soil samples (0-20
cm depth) were collected from each pot for analysis. Using a
tape measure, the heights of soybean plants were measured

from the soil's surface to the soybean plant's highest point;
measurements were done during the vegetative growth stage. A
total number of leaves on both soybean plants per pot was
counted and then averaged. This was done after the 2™, 4™ and
6™ weeks. After harvest, soybean plants were uprooted from
the soil. The root and stem were separated, and then, using tap
water, the root part was carefully washed to detach any soil
material. Thereafter, observation of root hair growth was done.
As previously mentioned, two distinct time intervals were
considered for soil sampling and analysis. This was due to the
amalgamated soil being left to settle for 14 days following the
amendment and prior to planting the soybean seeds. According-
ly, we investigated some of essential soil properties that are
significant in influencing early plant vegetative growth. As a
result, we analyzed soil pH, electrical conductivity (EC), and
available P on the 15 DAA. In addition, when the soybean plants
had reached 6 weeks since sown and were in full vegetative
growth, the second soil sampling and analysis were carried out.
It corresponded to 45 DAA. Analysis of soil properties on 45
DAA aimed to understand the extent to which the soil
properties were changed when soybean plants completed their
vegetative growth stage on 45 DAA.

Statistical analysis

The collected data were subjected to statistical analysis using
SAS version 9.4 (TS1IM6, Cary, NC, USA). Analysis of variance
(ANOVA) was performed to test the significance of the differ-
ences among the treatments. The means were compared using
the Least Significant Difference (LSD) test at a p< 0.05 level of
significance. Microsoft Excel was used for entering, organizing
data, and constructing graphs.
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RESULTS AND DISCUSSION

Effect of treatments on soil properties

The synergistic effects of biochar and organic fertilizer on soil
properties are shown in Tables 4 and 5. A significant change in
soil pH, observed at 15 DAA, demonstrates the efficacy of com-
bining biochar and organic fertilizer to alleviate soil acidity. Our
findings, which show an increase in soil pH due to biochar addi-
tion, align with those of Acharya et al. (2022) & Singh et al.
(2022). Biochar contains various functional groups, including
carboxylic and hydroxyl groups, formed during the pyrolysis
process. These functional groups play a significant role in metal
sorption (Li et al., 2017). Similarly, the organic fertilizer, with a
pH of 8.22, indicated that it was alkaline. Thus, the combination
of organic fertilizer and biochar (pH 9.89) results in a multitude
of acid-alkali reactions, neutralizing the strong acidity of the soil.
In contrast, the soil pH in the control group decreased by 0.39%
compared to the pre-planting pH. This decline in soil pH can be
attributed to the net efflux of H;O" ions from soybean roots into
the rhizosphere, which occurs when the plant relies solely on
nitrogen fixation from atmospheric N,. Additionally, soil electri-
cal conductivity (EC) in all amended soil significantly increased
compared to the control (CK) group (Table 4). Treatments
B3sF140 and B7oF 140 resulted in a significant 158.33% increase in
EC compared to the CK treatment. EC is a key indicator of soil

salt content and an important measure of soil health, influencing
soil microbial activity, crop growth, quality, and nutrient availa-
bility. High soluble concentrations (>2.5) can create reverse
osmosis pressure, leading to root desiccation. However, since
the EC values in all treatments were below 2.5, this indicates a
normal salt concentration, promoting a healthy root system.
Organic matter content in the soil enhances water retention
capacity, nutrient retention, and availability while promoting
soil aggregation. At 45 DAA, treatments B3sF 105 and B7gF 140 had
significantly higher soil organic matter compared to other treat-
ments. The increase in organic matter content was definitely
attributed to the addition of biochar and organic fertilizer in the
strong acidic soil because the organic fertilizer used in our study
was a compost mixture of cattle, chicken, pig manure, sawdust,
and soybean crop residues.

The combination of biochar and organic fertilizer in our study
significantly increased soil available phosphorous (Table 4),
aligning with findings by Liu et al. (2022). Plants predominantly
require phosphorous for photosynthesis, as it is a key compo-
nent of the energy carrier molecule adenosine triphosphate
(ATP). In addition, the growth and development of plant roots
are strongly fortified by the availability of phosphorous in the
soil. In contrast, the lowest phosphorus levels were found in the
CK sail, likely due to phosphorus fixation caused by increased
solubility of aluminium (Al) and manganese (Mn) in acidic soils.

Table 4. Soil pH, EC, available phosphorous at 15 DAA, and organic matter content at 45 DAA by using a combination of biochar and

organic fertilizer.

15 DAA
Treatments Soil pH EC P OM-45DAA
(1:5 soil: water) (mS/cm) (mg/kg) (%)

CK 5.11° 0.12 15.55%° 4.39°
BssF7o 5.40 0.26 16.14%® 4.79°
BasF10s 5.48" 0.23 17.00® 5.19°
BssF140 5.54° 0.31¢ 19.11° 4.68°
B-oF0 5.44%¢ 0.22° 16.63%® 4.64°
B-oF 105 5.29% 0.30° 15.10° 4.47°
B-oF 140 5.52¢ 0.31¢ 18.83° 5.25°

Means with the same superscript lower-case letter within the column do not significantly differ (p < 0.05) by the least significant difference (LSD). CK
denotes unamended soils. DAA-days after amendment, EC-electrical conductivity, OM-organic matter. The subscript numbers on B and F represent

grams of applied biochar and organic fertilizer, respectively.

Table 5. Soil-available potassium (K), calcium (Ca), magnesium (Mg), copper (Cu), and zinc (Zn) on 45 DAA by using a combination of

biochar and organic fertilizer.

Treatments 45DAA
K (mg/kg) Ca(mg/kg) Mg (mg/kg) Cu (mg/kg) Zn (mg/kg)

CK 144.92° 1,152.95° 76.91° 1.57¢ 7.58°
BasF7o 343.77° 1,575.91° 135.02° 1.68¢ 10.96°
BasF1os 467.30% 1,595.51° 149.12° 1.09° 10.03°
BasF 140 487.46° 1,536.84° 149.50" 0.52% 9.20%
BsoF70 450.99° 820.59? 131.57° 0.88%¢ 9.95P
BsoF 105 453.34“ 902.52° 148.91* 0.46® 9.94°
ByoF 140 449.92%% 1,440.76° 163.63° 0.32° 9.26%

Means with the same superscript lower-case letter within the column do not significantly differ (p < 0.05) by the least significant difference (LSD). CK-
denotes unamended soils. DAA- days after amendment. The subscript numbers on B and F represent grams of applied biochar and organic fertilizer,

respectively.
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According to Bader et al. (2021), the decomposition of organic
matter by soil bacteria releases organic acids such as humic and
fluvic acids. These organic acids aid in dissolving soil minerals,
especially those of potassium (K) content (Al-Jabori etal., 2011).
The biochar used in the study was rich in available potassium (K),
which it released directly into the soils. As a result of this release
and the additional K resulted from the decomposition of organic
matter due to added organic fertilizer, the amount of available K
in the amended soils significantly increased. This increase aligns
with findings from Du et al. (2024) and Gairhe et al. (2024). This is
highly important as potassium plays a fundamental role in stoma-
ta-opening control, allowing gas exchange and water fluxes in
plants (Andrés et al., 2014; Trankner et al., 2018). Our findings
show that the lowest soil calcium levels were in treatments CK,
B-oF70, and B7oF 10, likely due to their related soil pH of less than
5.5, which increased the solubility of aluminium and iron, com-
peting with calcium for binding sites. This significantly reduced
calcium availability by displacing calcium ions from soil particles
and forming insoluble compounds. Calcium is essential for plants
as it plays a major role in cell growth and development (Jing et al.,
2024).

The combination of biochar and organic fertilizer significantly
increased soil magnesium levels. Magnesium is essential for
plants as it contributes to chlorophyll synthesis (Ishfaqg et al.,
2022), enzyme activation (e.g., Rubisco) (Shao et al., 2021), and
electrostatic activation of substrates, such as ATP (Nam et al.,
2024). Furthermore, it has numerous essential functions in plant
physiology, growth, development, production, and stress toler-
ance (Bin etal., 2023 & Hamedeh et al., 2022). On 45 DAA, treat-
ment BssF79 showed a 425% increase in available copper (Cu)
compared to treatment B;oF140. Additionally, the available Cu in
the former treatment was significantly higher than those in
treatments B35F140, B70F70, and B70F105. In the CK soil
group, the concentration of available copper (Cu) was greater
than that in the B70F 140, which can be attributed to its lower
pH level. While acidic soils increase the solubility of Cu and zinc
(Zn), they also make these elements less available as soil pH rises
due to the binding of soil particles. Surprisingly, treatment BssF7o
resulted in a significant 44.59% increase in available Zn com-
pared to the CK soil group. Both copper and zinc are crucial for
plant growth, influencing processes like chlorophyll biosynthesis
and hormone regulation (Chen et al., 2022). Zn is renowned for
increasing the production of cytochrome, regulating auxin hor-
mone, stabilizing CO, in mesophyll, and restoring PS-11 (Gupta et
al., 2016). Lastly, the biomass of organic residues contains all
essential plant nutrients (N, P, K, Ca, Mg, Cu, and Zn) that are
released into the soil during mineralization, supporting plant
growth (Brempong & Addo-Danso, 2022).

Effect on plant height

The impact of treatments on plant height is highlighted in Figure
1. Our findings have illustrated poor soybean plant growth under
the control soil group (CK), while those grown in amended soils
showed a significant increase in plant height. By the second and
fourth week, soybean plants grown in treatments BssFo, B3sF 140,

and ByoFi4resulted in the tallest plants, with heights signifi-
cantly greater than CK. By the sixth week, treatments BssFo,
B3sF 105, BasF140, B7oF 105, and B7oF 140 resulted in the tallest soy-
bean plants compared to CK. The increase in plant height in our
study is consistent with the findings of Liu et al. (2022) & Parker
et al. (2021). The improved plant growth in amended soils re-
flects the positive influence of biochar and organic fertilizer on
soil nutrients essential for soybean development. Poor plant
growth in the CK treatment was likely caused by root growth
inhibition due to H" influx under low soil pH stress. As noted by
Lukin et al, (2019), soil acidity affects mineral nutrition and
growth, with most legumes thriving in moderately acidic to

neutral soils.
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Figure 1. Average soybean plant height on applied treatments. Error bars
sharing the same lowercase letters are not significantly different as deter-
mined by Least Significant Difference (LSD) at a significance level of p< 0.05.
Numbers preceding the letters B and F represent grams of biochar and organ-
ic fertilizer applied, respectively. CK represents unamended soil. WAS- weeks
dfter sowing .
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Figure 2. Average number of soybean plant leaves on applied treatments.
Error bars sharing the same lowercase letters are not significantly different as
determined by Least Significant Difference (LSD) at a significance level of p<
0.05. Numbers preceding the letters B and F represent grams of biochar and
organic fertilizer applied, respectively. CK represents unamended soil. WAS-
weeks after sowing.
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Synergistic effects of biochar and organic fertilizer on the
number of soybean plant leaves

The average number of soybean plant leaves is depicted in
Figure 2. Plant leaves are essential components of plants due to
their key role in photosynthesis. Given that adequate amounts of
essential plant nutrients (N, P, K, Ca, and Mg) are necessary for
plant growth and development (Jing et al., 2024), in light of the
applied treatment, we confirmed its association with the number
of leaves that were formed on each plant. Soybean plants grown
in treatments B3sF140 and BsgF 140 produced more leaves by the
second week after sowing, compared to CK and BssFsptreat-
ments (Figure 2). By the fourth week, treatments BssFo, BasF 140,
B-oF 105, and BsoF 140 showed a significant increase in leaf number
compared to CK treatment. By week six, all amended treatments

Figure.3a. Soybean roots in CK

Figure.3c. Soybean roots in B3sF7g Figure.3d. Soybean roots in B3sFi40

Figure.3e. Soybean roots in ByoFro Figure.3f. Soybean roots in BsoFi40

Figure.3g. Soybean roots in B7F 05

resulted in significantly more leaves than the CK group (Figure
2). These findings align with Nurmalasari et al. (2024). Overall,
soybean plants grown under the CK soil group had the fewest
leaves, the shortest growth, and fewer root hairs than those
grown in amended soils. This is likely due to the CK soil’s high
acidity which limited nutrient availability for growth.

Soybean root hair growth as influenced by the synergy of
biochar and organic fertilizer

The synergy of biochar and organic fertilizer increased soil
phosphorus and calcium availability, promoting root growth and
development (Khan et al., 2023). In some of the treatments, the
available phosphorous and calcium were significantly increased
after the amendment of strongly acidic soil using a synergy of
biochar and organic fertilizer (Tables 4 & 5). Because of this,
there was more extensive root hair growth in the soybean
plants grown in the amended soils (Figure 3b-g) compared to
those grown in the CK soil group (Figure 3a). Improved soil pH
in these treatments made more nutrients available for root
absorption. Wu et al. (2022) also reported positive effects of
biochar on soybean root morphology. Root hairs are essential
for a plant's ability to absorb water and nutrients from the soil,
and to anchor the plant in the soil. They also increase the
surface area of the root and interact with soil microorganisms.
One hundred DAA, soil pH shifted from strongly acidic to
moderately acidic facilitating nutrient availability, particularly
P, K, Mg, and Ca (Ngui et al., 2024). In contrast, the high acidity
in CK soil hindered root growth causing aluminum toxicity that
damaged the roots. This prevented the elongation and division
of root cells and limited nutrient uptake of P and Ca?".

Linear regression relationships

Figures 4(a-l) below show a linear regression relationship
between various soil parameters. Following the amendment of
strong acidic soil through the combination of biochar and organ-
ic fertilizer, we found a correlation of (R? = 0.6455), (R? =
0.7954), (R* = 0.221), (R* = 0.7175), (R* = 0.5235), and (R* =
0.2726) between soil pH and available phosphorous (P), potassi-
um (K), calcium (Ca), magnesium (Mg), EC, and available zinc
(Zn) (Figure 4a, 4b, 4c, 4d, 4e, and 4f respectively). This meant
that the addition of biochar and organic fertilizer to strong acid-
ic soils could give rise in soil pH, and lead to the increase of soil
available P, K, Ca, Mg, EC, and Zn in the amended soils. In con-
trast, our results found a negative correlation between soil pH
and available Cu (Figure 4g). This indicated that a rise in soil pH
resulted in to decrease in soil available Cu levels. Cu is among
the microelements, meaning that its solubility increases with a
decrease in soil pH. Positive correlation between organic mat-
ter content and soil available Zn (R* = 0.1116), Ca (R* = 0.3959),
K (R? = 0.3071), and Mg (R? = 0.4511) was determined (Figure
4h, 4i, 4j, and 4k respectively). The linear regression relationship
between organic matter and soil-available copper, as it was
found in soil pH, was negatively correlated (Figure 4l).
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Figure 4. Linear regression relationships.

Conclusion and future perspectives

Statistical analysis shows that the amendment of strong acidic
soil with rice husk biochar and organic fertilizer significantly
improved soil physicochemical properties. Soybean plants grown
in amended soils showed a notable improvement in height, leaf
development, and root hairs, reflecting the enhanced soil quality.
These results demonstrate that adding biochar and organic ferti-
lizer to acidic soils can boost both soil health and soybean

growth. However, our study focused on the short-term effects
of the combination of biochar and organic fertilizer on soil prop-
erties and soybean growth traits in a greenhouse pot experi-
ment. Further research is needed to evaluate the long-term
impacts and cost-effectiveness of biochar application in field
conditions. Therefore, we recommend that future studies
should aim to optimize biochar production at a lower cost while
preserving its beneficial properties.
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