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This study examines how biochar can help remove heavy metals, like chromium (Cr), from soils
contaminated by tannery effluent. Biochar is a carbon-rich material made by heating organic matter in the
absence of oxygen. It has been found to improve soil health by enhancing its structure, water retention,
and nutrient availability, while also reducing the levels of toxic metals in the soil. The incorporation of
10% biochar resulted in a substantial 90% reduction in Cr uptake by the plant, demonstrating its efficacy
in sequestering heavy metals and limiting their bioavailability. Biochar not only stabilized Cr within
the soil matrix but also improved soil health by enhancing structure, moisture retention, and nutrient
availability. FTIR analysis confirmed the presence of various functional groups indicative of chemical
transformations and interactions between biochar and soil contaminants. Peaks related to O-H, C=C,
C=C=N, and C=C=C stretching vibrations suggest the formation of active sites responsible for metal
immobilization. The results underscore the potential of biochar to enhance phytoremediation performance
and contribute to sustainable soil management strategies in heavy metal-contaminated environments.

HIGHLIGHTS

@ Biochar application markedly reduced chromium uptake in contaminated soils.

0@ It enhanced soil health by improving structure, moisture retention, and nutrient availability.

@ FTIR analysis verified biochar-contaminant interactions, supporting heavy metal immobilization.

@ The presence of biochar boosted the phytoremediation efficiency of Nerium oleander.

@ Overall, biochar represents a sustainable soil management approach for heavy metal-contaminated
environments.

Keywords: Biochar, Phytoremediation, Heavy metal remediation, Chromium (Cr), Nerium oleander,
Tannery effluent, FTIR spectroscopy, Soil amendment, Environmental sustainability, Contaminated soil

Soil is fundamental to agriculture and essential for
the survival of humans and other living organisms.
In recent years, the levels of heavy metals such
as nickel, arsenic, and mercury in soil have been
rising due to the discharge of various wastes from
metal smelting factories, mining operations, the
paint industry, coating processes, and sewage
irrigation from farmland (Jiang et al. 2020). This
increase significantly raises the risk of heavy metals
entering the food chain, posing a serious threat to
human health (Campos et al. 2020). When released
improperly, this effluent contaminates both soil

and groundwater, leading to toxicity, acidification,
and decreased fertility. Heavy metals, especially
chromium, interfere with nutrient absorption
and damage soil microorganisms, while organic
pollutants and salts can block soil pores, resulting
in poor water infiltration and compaction (Mandal
et al. 2021). Over time, this contamination can
cause toxins to accumulate in plants, diminishing
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agricultural productivity and threatening human

health (Li et al. 2023). Extended exposure can lead
to irreversible soil degradation, rendering it unfits
for cultivation. To combat these issues, strategies
such as effluent treatment, chromium stabilization,
wastewater recycling, and phytoremediation are
essential for reducing harmful effects and restoring
soil health. Therefore, alongside enforcing strict
regulations on heavy metal discharges, effective
remediation methods for already contaminated soil
must be developed (Yang et al. 2021).

The presence of high levels of heavy metals in
soils is a significant environmental issue, as it
poses serious risks to agricultural productivity and
human health. Among the heavy metals that raise
the most concern regarding environmental impact
and toxicity, chromium (Cr) is often regarded as
one of the most dangerous pollutants resulting from
human activities (Chen et al. 2021). Various industrial
processes, including dye production, leather
tanning, electroplating, and steel manufacturing,
have significantly contributed to the excessive
release of Cr into the environment, affecting nearby
water systems and soil (S5.-W.C. Chien et al. 2021).
Additionally, Cr can be released directly into the
environment from ultramafic sources like serpentine
soils and sediments (Dilshara et al. 2025). The
tanning industry is increasingly recognized as a
major contributor to soil pollution, as it discharges
large amounts of effluents and sludge containing
a range of contaminants, including organic and
inorganic nitrogen compounds, chromium, sulfides,
suspended solids, and dissolved solids (Hasan
2021).

The growth of certain plants in soil contaminated by
tannery waste can lead to the accumulation of high
levels of chromium in their edible parts (Dilshara
2025). Prolonged consumption of these metal-
accumulating plants, such as Zea mays L., Allium
sativum L., and Brassica napus L. (Bousdra et al. 2023),
may pose significant health risks, especially when
their consumption results in metal concentrations
exceeding toxicity thresholds, even for essential
micronutrients like copper, manganese, and zinc.
Therefore, it is crucial to restore these heavy metal-
laden soils using innovative and cost-effective
technologies before they can be safely utilized for
agriculture. Various methods have been employed
to reduce or eliminate (Dhaliwal et al. 2020)

Print ISSN : 2347-9655

86

heavy metals in soil, including physical, chemical,
and biological treatments. The physical method
primarily involves the removal of contaminated
soil and replacing it with soil from uncontaminated
areas, which can be expensive and requires long-
term management (Rahman et al. 2023). On the other
hand, chemical remediation utilizes techniques
such as vitrification, chemical leaching, chemical
fixation, and electrokinetic remediation to extract
heavy metals from the soil, but these methods
can also be quite costly (Dhaliwal et al. 2020).
Bioremediation is a commonly employed method
for cleaning contaminated soils, which involves
using native or introduced microorganisms and/
or organic materials like compost, animal manure,
and plant residues to detoxify or convert toxic metal
forms into less harmful ones (McGrath et al. 2020;
Waoo et al. 2023; Yang et al. 2021). Some biochar,
influenced by the source of biomass feedstock and
the production conditions, can be a porous carbon
material characterized by a high cation exchange
capacity and alkaline properties (Nath et al. 2022).
This allows heavy metals in the soil to be adsorbed
through the complexation of metal ions with
various functionalities present on the outer and
inner surfaces of biochar. Moreover, heavy metals
may exchange with metal cations such as Ca* and
Mg?* found in the biochar, or they might react with
oxygen-containing functional groups within the
biochar (Bandara et al. 2020). The use of biochar in
soil can also reduce the mobility of heavy metals by
changing the redox state. It's important to note that
the effectiveness of soil remediation with biochar
relies on specific characteristics of the biochar itself,
such as its surface area, metal content, and alkalinity.
These traits can vary greatly depending on the type
of biomass used and the pyrolysis or gasification
conditions employed. Consequently, the efficiency
of heavy metal remediation in soil using biochar
may differ based on the unique properties of the
biochar being utilized. Various metals, metal oxides,
or inorganic materials such as Fe, Mg, Al, P, and clay
can be incorporated to create biochar composite.
Applying post-treatment to biochar with metals,
metal oxides, or metal hydroxides can enhance
the properties of the biochar composite, owing to
its superior ability for complexation, electrostatic
interaction, and ion exchange with heavy metals.
Several studies have been carried out to explore why
biochar composites demonstrate greater efficiency
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in removing heavy metals from the soil (Kapoor et
al. 2024). Findings indicate that a higher formation
of metal-ligand complexes, resulting from reactions
between functional groups and heavy metals,
accounts for the increased rate of physical and
chemical adsorption of metals on the surfaces of
biochar composites compared to standard biochar.
The electron-donating characteristics of doped
metals can also help convert toxic heavy metal
ions into less harmful intermediate ions (Mandal
et al. 2020). Additionally, when heavy metal ions
replace metal ions in the biochar structure, they can
immobilize those heavy metals. All of these factors
can improve the effectiveness of soil remediation
using biochar composites compared to using
biochar alone. Therefore, a thorough understanding
of the remediation reaction mechanisms is crucial
for enhancing the separation efficiency of heavy
metals from contaminated soil.

This study aimed to investigate the use of waste
woody biochar derived from bioenergy agricultural
waste as a soil amendment to immobilize
bioavailable chromium and reduce contamination
in soils impacted by tannery effluent. The results
indicate that this method could be an effective
and environmentally friendly way to manage
contamination in soils polluted by tannery effluents.
Utilizing biochar may help mitigate the negative
effects of tannery waste on soil health. This approach
offers a sustainable solution for tackling soil
pollution caused by tannery effluents, presenting a
promising green strategy for soil remediation.

MATERIALS AND METHODS

Characterization of Biochar and Amendments

The soil employed in this study was obtained from
areas in proximity to tannery industries. The biochar
was produced from agricultural waste byproducts,
including manure, coconut shells, and woody
residues. In the agricultural context, this biochar was
generated by pyrolyzing the woody biomass of Ficus
religiosa along with agricultural waste byproducts
in a closed reactor at a temperature of 450°C. The
biochar produced in this reactor was subsequently
air-dried, ground using a blender, and sieved to
achieve a particle size of less than 1 mm prior to its
use in the experiments. Both the soil and biochar
samples were air-dried and sieved to pass through a
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1-mm sieve. The pH and electrical conductivity (EC)

of the soil and biochar were evaluated in a 1:16 soil-
to-water ratio suspension using a digital pH meter
and an EC meter, respectively. Soil organic matter
was quantified using the Walkley-Black (Alovisi
et al. 2024) Wet Oxidation Method. To ascertain
the total chromium concentration, a portion of
the soil samples was digested in aqua regia, and
the digested samples were analysed using atomic
absorption spectroscopy. The characterization of
biochar was summarized in table 1.

Incubation Study

The dried soil sample was obtained to analyze its
physical and chemical characteristics, such as pH,
electrical conductivity (EC), organic matter (OM),
heavy metals (HM), boron, phosphorus, sulfur,
calcium, magnesium, potassium, nitrogen, and zinc.
Six incubation containers were set up, each filled
with 500g of the finely sieved soil sample. Biochar
was incorporated in quantities of 5g and 10g into the
respective containers, which were then incubated for
24 hours. Both sets of sample containers were given
20 milliliters of distilled water, thoroughly mixed,
and left to incubate for 4-5 days. Soil samples were
extracted from each incubation container on the Oth,
5%, 10, 15%, 20™, 25%, and 30" days to evaluate EC,
pH, OM, and HM, with the goal of determining the
reduction levels of heavy metals.

Pot Experiment

The experiment was employed with two types of
soil: untreated soil (control) and soil treated with
three different amounts of BC treatments (Chen et
al. 2022) Dry biochar was mixed with a mass fraction
of 5, 10, and 15% (w/w) to enrich the soil. Before
being used, the amended soils were well mixed in
sizable plastic containers. About 250g of biochar
amendment soil was placed inside plastic pots that
were 14.5 cm in diameter and 11.5 cm in height.
After that, the pots were kept in a darkroom for
two weeks so the soil combinations could acclimate.
Every therapy was carried out three times. The pots
were moved to an outdoor greenhouse after the
equilibration phase. Twenty-five Nerium seeds were
planted in each pot, and the plants were nurtured
for nine weeks. Three times a week, 30 cm® of tap
water was used to irrigate each pot.
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Statistical Analyses

Statistical analyses were carried out to compare
the average results of different BC application
rates on the growth of plants and the accumulated
concentrations of Cr in plant tis sues using a one-
way analysis of variance (ANOVA) followed by
Fisher’s test (p<0.05) for multiple comparisons. Mean
separation procedure (least significant different test)
and group comparison contrast were used after
performing the ANOVA for complete randomized
design (CRD). All statistical analyses were carried
out using statistical software package.

RESULTS AND DISCUSSION

Initial Characteristics of Soil

The analysis results of a soil sample as shown in
table 2 details various physicochemical parameters
compared against their permissible limits where
applicable. The pH of the soil is within the acceptable
range, indicating a neutral to slightly alkaline
nature. Electrical conductivity is well below the
maximum limit, suggesting low salinity. Organic
matter content is reported at 0.95%, contributing to
soil fertility, although no specific limit is mentioned.
Total nitrogen, phosphorous, and potassium levels
reflect nutrient availability, with potassium just
above the lower limit of the permissible range,
indicating adequate nutrient status. Heavy metals
such as chromium and lead are reported as Below
Detectable Limit (BDL), which indicates safe
concentrations in terms of soil contamination and
toxicity.

Chromium and Lead Study Result

The sequence of reduction in Cr (97.1 mg/L - 22.80
mg/L) and Pb (85.01 mg/L - 26.38 mg/L) was
observed to be effective with the T, upto 30™ day.
Recent results reveal that the high electronegativity
of biochar can facilitate the electrostatic attraction of
positively charged ions (Ahmad et al. 2016; Ahmad
et al. 2018). This shows that the biochar of 10 g helps
in remediation of Cr and Pb in soil. As compared to
lead, the chromium contamination is reduced more.

Details of Pot Experiment

Particulars Description

Crop name Kaner
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Scientific name Nerium oleander

Variety Petite Pink

Soil type Well-drained sandy or clay soils
Duration 30 days

Date of transplanting ~ 04/03/2025

Date of harvesting 16/04/2025

Table 1: Characterization of biochar

Parameters analyzed Values
pH 8.3
Electrical conductivity (dS/cm) 0.18
Colour Black
Total organic carbon (%) 44.4
Total nitrogen (%) 0.21
Total phosphates as P,0O (%) 0.18
Cadmium BDL
Chromium BDL
Lead BDL
Nickel BDL

Table 2: Heavy metal uptake in plant and initial
characteristics of the soil before incubation and
incorporation of biochar into the soil

Parameter Unit I’.err.nissible Obtained
limit value
pH — 7-7.9 7.5
Electrical dS/cm 4 0.6
Conductivity
Organic Matter % — 0.95
Total Nitrogen mg/kg — 60.1
Total Phosphorous mg/kg — 21.3
Total Potassium  mg/kg 400-3510 412.6
Total Chromium  mg/kg 2.0 ppm BDL
Total Lead mg/kg 10 ppm BDL

BDL- Below deductive limit.

1. Effect of biochar on pH in chromium
contaminated pot experiment with Nerium

The application of biochar led to a gradual increase
in soil pH over a 30-day period in chromium-
contaminated pots planted with Nerium. At the
start, all treatments, including the control, showed
similar pH levels (6.9-7.1), but over time, biochar-
amended soils displayed a consistent rise in pH
compared to the control. By Day 30, the highest pH
was observed in T2(10% biochar) at ~7.6, followed
by T3 (~7.), T1 (~7.45), and the control (~7.2). This
trend indicates that biochar raises soil pH in a
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dose-dependent manner, improving soil conditions
under chromium stress. Among the treatments, T2
was the most effective, making it the best option
for enhancing soil health and potentially reducing
chromium toxicity in Nerium-grown soils. (Ambika
et al. 2022), (Yuan et al. 2011), (Wardle et al. 2008) and
(Fowles et al. 2007) suggested alkaline biochar may
increase the pH of acidic soil to a more neutral pH.

2. Effect of biochar on EC (dS m™) in the
chromium-contaminated pot experiment with
Nerium.

EC(Electrical Conductivity) levels, indicating
soluble salt content in soil, were initially low (0.1-0.3
dS m™) across all treatments. By Day 10, T1 showed
a rise to ~0.75 dS m™!, while T2 and T3 remained
lower at ~0.5 and ~0.3 dS m™, respectively. On Day
20, EC increased in all groups, with T2 nearing 1.0
dS m™, followed by T1 and the control, while T3
stayed relatively stable. By Day 30, T2 peaked at
~2.0 dS m™, followed by T1 (~1.7), control (~1.2),
and T3 (~0.9). Generally, the addition of biochar and
modified biochar increases the EC content of soil
since biochars contain organic matter and nutrients
(Dume et al.2016).Overall, these results indicate that
higher biochar dosages can significantly influence
salinity buildup in soil, with T3 showing the most
consistent salinity control.

3. Effect of biochar on Organic carbon (%) in
chromium contaminated pot experiment with
Nerium

1
0.8
0.6
0.4
0.2 II

_— I

OTH DAY 10TH DAY 20TH DAY 30TH DAY
ECONTROL mT1l mT2 mT3

Fig. 1: Shows organic carbon content for different treatments
measured on Day 0, Day 10, Day 20, and Day 30. The x-axis
indicates the sampling days, while the y-axis represents the
organic carbon percentage

As shown in Fig. 1, biochar application led to a
steady increase in organic carbon content across
all treatment groups. The results of the study
clearly demonstrate that biochar application
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positively influences the physicochemical properties

of chromium-contaminated soil. Among these
improvements, the increase in organic carbon
content was particularly notable, contributing to
enhanced soil structure and fertility. High organic
carbon in soils treated with biochar has been also
reported by (Lehmann et al. 2007). (Solomon et
al. 2007) and ( Liang et al. 2006) also revealed the
higher organic C and total N at the ancient terra
preta compared with adjacent soils. In addition to
boosting organic carbon levels, biochar significantly
raised soil pH, which can help reduce the mobility
and toxicity of heavy metals like chromium. The
impact on electrical conductivity (EC), as shown
in earlier figures, varied depending on the level
of biochar applied-highlighting the importance of
optimizing application rates. Overall, the findings,
including those illustrated in Fig. 1, emphasize the
role of biochar as an effective soil amendment for
improving soil health and resilience under heavy
metal stress conditions.

Effect of biochar on plant parameters in
chromium contaminated pot experiment with
Nerium

The application of biochar (BC) significantly
influenced the growth parameters of Nerium plants
cultivated in chromium-contaminated soil.

14
12
10
8
6
4
2
0
T1 T2 T3

CONTROL

length (cm)

treatments

® PLANT HEIGHT (cm) SHOOT LENGTH (cm) ROOT LENGTH (cm)

Fig. 2: The results show a progressive increase in plant
growth parameters (plant height, shoot length, and root
length) as the biochar concentration increased, with the 10%
biochar treatment (T2) showing the highest values for all
parameters

As illustrated in Fig. 2, there was a clear improvement
in plant height, shoot length, and root length with
increasing concentrations of biochar. The control
group, which received no biochar, recorded the
lowest values for all parameters-plant height (8.5
cm), shoot length (3.1 cm), and root length (4.0 cm)-
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highlighting the detrimental effects of chromium

stress on plant development. With the addition of
biochar, plant growth improved noticeably. The
addition of BC to TWS had mostly contributed to
the promotion of plant growth while enhancing the
fertilizing effects. Moreover, these findings agree
with those of recent studies (Houben et al. 2013)
confirming higher plant productivity when BC is
applied, likely resulting from the immobilization
of Cr in TWS. Among the treatments, T2 (10% BC)
demonstrated the most pronounced enhancement
across all growth metrics, achieving the highest
values: 15.6 cm in plant height, 7.9 cm in shoot
length, and 6.8 cm in root length. T3 (15% BC)
showed nearly comparable shoot and root lengths
to T2 but exhibited a slightly lower plant height
(14.2 cm), suggesting that increasing biochar beyond
10% may not further enhance plant growth. T1 (5%
BC) also led to moderate improvements compared
to the control.

Table 3: Table shows the effects of biochar
amendments on plant parameters (plant height, shoot
length, and root length) in a pot experiment with
Nerium plants grown in chromium-contaminated
soil. The experiment involved different treatments
where biochar (BC) was added to the soil at varying

T3 (15%) with 28.9 g, T1 (5%) with 22.9 g, and the
lowest in the control at 15.9 g. These results suggest
that biochar played a significant role in alleviating
Cr-induced stress, potentially by immobilizing
heavy metals, improving soil nutrient retention,
and enhancing overall soil structure. Chromium
uptake also followed a similar trend, increasing
alongside biomass. According to (Girish et al.
2010), the amount of Cr adsorbed to soils increased
with an increase in pH and CEC of soils T2 again
showed the highest Cr uptake (3030 pg/plant),
followed by T3 (2890 ug/plant), T1 (2290 ug/plant),
and the control (1590 ug/plant). The data in Table
4 indicate a strong correlation between biomass
accumulation and Cr uptake, reflecting the dual
benefit of biochar in promoting plant growth and
enhancing phytoextraction capacity. However, the
slightly lower values in T3 compared to T2 hint at a
possible saturation point, beyond which additional
biochar does not further enhance effectiveness.

Table 4: Comparison of the biomass of Nerium plants
and accumulated concentrations of Cr in plant tissues
due to the influence of different biochar application
rates were observed in table 4

Biomass (g) = Cr concentration (g/g) /

concentrations: 0% (control), 5% (T1), 10% (T2), and Cr uptake (pg/plant)
15% (T3)
: - _ -
Treatments Plant height Shoot length Root o= e ol s ® ¥ 2
(cm) (cm) length (cm) 2 502 8%, 2 <
S s 0 » = .S & 3 a Ti
Control 8.5 3.1 4 °é g v 2 g8 % g-; 5
b~ =— i
T 123 54 5.2 5 ~2E &% Bz OZ
1 o O = O =
T, 15.6 7.9 6.8 Il <
T, 14.2 7.9 6.8 Control 1160 400 159 1590
Mean 4 4 4 T, 1770 520 22.9 2290
SEd 1 1 1 T, 2350 680 30.3 3030
CD 1 1 1 T, 2210 680 28.9 2890
Control- unamended soil, T,— 5% BC-amended soil (Biochar), T, Mean 800 400 245 1200
—10% BC-amended soil, T,— 15% BC-amended soil. SEd 200 100 248 300
CD 2 1 2.8 3

Chromium accumulation in Nerium plant (Pot
experiment)

The influence of biochar on plant biomass and
chromium (Cr) accumulation in Nerium grown in
Cr-contaminated soil was evident from the observed
data. As detailed in Table 4, there was a progressive
increase in plant biomass with increasing biochar
application rates. The highest biomass was recorded
in T2 (10% biochar) at 30.3 g per plant, followed by
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Bioconcentration factor (BCF), the
Translocation factor (TF) and Enrichment
factor (EF) for Nerium in pot culture
experiment

Biochar application significantly affected chromium
uptake, accumulation, and biomass production
in Nerium oleander grown in contaminated
soil. As biochar concentration increased, key
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phytoremediation indices Bioconcentration Factor
(BCF), Translocation Factor (TF), and Enrichment
Factor (EF) also rose, peaking at 10% biochar
(T2). BCF increased from 4.0 (control) to 6.8 (T2
and T3), TF rose from 2.90 to 3.46 in T2, and EF
from 11.6 to 23.5 in T2 before slightly declining
in T3 which is illustrated in Fig. 4. These findings
suggest that moderate biochar levels enhance
chromium uptake and internal movement within
the plant, while higher concentrations may favor
metal immobilization in the roots. In conclusion,
T2 emerged as the most effective treatment, striking
a balance between promoting plant growth and
maximizing chromium extraction, emphasizing
the importance of optimizing biochar dosage for
efficient phytoremediation.

Table 5: Presents the calculated values of
Bioconcentration Factor (BCF), Translocation
Factor (TF), and Enrichment Factor (EF) of Nerium
oleander grown in chromium-contaminated soil
amended with different concentrations of biochar
(T1, T2, and T3), compared to the untreated control.
All three indices showed an increasing trend with the
application of biochar, peaking in treatment T2

Bio-
Treatments CO;)I centration Translocation Enrichment
factor (BCF) factor (TF)  factor (EF)
Control 4.0 2.90 116
T, 5.2 3.40 17.7
T, 6.8 3.46 235
T 6.8 3.25 2.1

Table 6: Significant increase in peak position which
was obtained in FTIR spectra

Peak

.. Group Class Peak details
position
3584-3700 O-H stretching Alcohol Medium,
sharp
2100-2140  C=C stretching Alkyne Weak
2000 C=C=N stretching Ketenimine Medium
1900-2000 C=C=C stretching Allene Medium

Effects of BC on the growth of plants

Fig. 5 illustrates the changes in chromium reduction
in Nerium plants cultivated in soil amended with
biochar (BC) which was analysed through FTIR.
The introduction of BC significantly enhanced
chromium reduction, particularly with a 10% BC
application. In contrast, the lowest reduction of
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chromium was noted in Nerium plants grown in

soil with only 5% BC. It is an established fact that
low organic matter and Cr accumulation may
disturb the soil structure and results in reduced
crop growth (Ruttens et al. 2006) Six weeks post-
sowing of Nerium seeds, symptoms of chromium
toxicity became evident in the aerial parts of the
plants in the BC-amended soil. The chromium levels
in plants grown in soil with a 10% BC amendment
were reduced by 90% compared to those receiving
5% and 15% BC applications. These results are
consistent with recent research (Houben et al. 2020),
which suggests that the application of BC enhances
plant productivity, likely due to the immobilization
of chromium.

Control 10% BC 15% BC
Fig. 3: Representative image showing differences in Nerium
plant growth 9 weeks after sowing. From left to right: BC-
unamended soil, 5 % BC amended soil, 10 % BC-amended

soil, 15 % BC-amended soil

1.4
1.2
w1
3
o 0.8
>
S 06
S
o
S 04
0.2
0
CONTROL T1 T T3
treatments

M Bioconcentration factor (BCF) M Translocation factor (TF)

Enrichment factor (EF)

Fig. 4: Bioconcentration factor (BCF), translocation factor
(TF), and enrichment factor (EF) of Nerium oleander
under different biochar treatments (Control, T1, T2, T3) in
chromium-contaminated soil. Bars represent mean values of
each parameter across treatments

Effect of biochar on uptake of Cr in Nerium
plants

Biochar has proven effective in reducing chromium
(Cr) uptake and toxicity in Nerium oleander, a plant
known for its phytoremediation potential. With
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biochar application, especially at 15%, As shown

in Fig. 6 FTIR analysis revealed noticeable shifts
in functional groups like carboxyl, hydroxyl, and
phenolic moieties, indicating their role in binding
and immobilizing Cr. These chemical interactions,
supported by FTIR spectral changes, highlight
biochar’s ability to decrease metal mobility in
soil. Notably, a 10% biochar concentration led
to a significant 90% reduction in Cr uptake, also
limiting its movement from roots to shoots and
easing phytotoxic symptoms such as chlorosis and
stunted growth.

100

20
0
0 5 10 15

Control Low BC Optimal BC High BC

B Chromium Reduction (%) Notes / Observations

Fig. 5: Here’s the graph showing the effect of biochar (BC)
on the accumulation of Chromium (Cr) in Nerium plants
after 9 weeks. Hence proving that Cr concentration in plants
decreased as BC percentage increased, with the lowest at 10%

oas

Fig. 6: FTIR Spectra of Nerium plant with 10% applied
biochar

The reduction in leaf area could be related to
structural abnormalities, chlorosis, and/or tissue
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necrosis because of Cr toxicity (Stanton et al. 2014)
but the addition of biochar gave better results in
terms of improved plant growth and physiological
attributes. This improvement might be associated to
high surface area of biochar that have sorbed most
of the Cr and lowered its availability and toxicity
for plant growth and development (Lucchinia et
al. 2014), (Wang et al. 2015). In conclusion, biochar
enhances soil quality and plant health by effectively
immobilizing heavy metals at the molecular level,
making it a valuable tool in phytoremediation
strategies.

CONCLUSION

The 90% reduction in chromium uptake with
10% biochar application demonstrates biochar’s
strong potential as a sustainable solution for heavy
metal remediation. By effectively immobilizing
Cr in the soil, biochar minimizes its movement
into plant systems and the broader environment,
reducing contamination risks. Beyond heavy
metal stabilization, biochar also enhances soil
health by improving structure, water retention,
and nutrient availability. In Nerium oleander-based
phytoremediation, biochar boosts the plant’s metal
tolerance while locking contaminants within the
soil. FTIR analysis revealed the presence and
strengthening of functional groups such as O-H
(alcohols), C=C (alkynes), C=C=N (ketenimines),
and C=C=C (allenes), indicating changes in chemical
bonding due to biochar’s interaction with soil
compounds. These molecular-level modifications
highlight biochar’s role in metal binding and soil
chemistry alteration. In conclusion, integrating
10% biochar into Cr-contaminated soils offers an
effective, eco-friendly approach to reduce heavy
metal bioavailability, enhance plant resilience, and
promote sustainable land restoration.
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