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Alleviation of aluminum and cadmium toxicity by biochar and its
potential toxicity to sorghum

Mitigacao da toxidez por aluminio e caAdmio por biochar e seu
potencial toxico para o sorgo
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Highlights:

Use of biochar to mitigate soils contaminated by trace elements.
Pyrolysis as an alternative to sewage sludge disposal in the environment.
Some mechanisms involved in the alleviation of soil acidity by biochar.
A rapid and simple test to assess biochar toxicity.

Biochar as a strong and effective sorbent for aluminum and cadmium.

Abstract

Biochar has been used as an alternative in organic wastes management and to alleviate trace elements
toxicity. The aim of this research was to use a rapid and simple test to detect the potential toxic
effects of biochar and its ability to alleviate aluminum and cadmium toxicity to seeds and seedlings
of Sorghum bicolor L. Two experiments were carried out in Petri dishes with two different biochars
where sorghum seeds were exposed to aluminum (experiment 1) and cadmium (experiment 2) solutions.
The experimental designs were completely randomized, with five doses of aluminum or cadmium in
aqueous solution (0, 0.5, 1, 2, and 4 mmol/L of Al or Cd), combined with or without the addition of
0.25 g of biochar from sugarcane bagasse or from sewage sludge. Compared to treatments without
biochar, in the treatments with biochar, higher seed germination rate and growth of sorghum seedlings
were obtained. Moreover, the biochars were not toxic to sorghum and they decreased the toxicity of
aluminum and cadmium, mainly the biochar from sewage sludge that presented higher pH and greater
occurrence of functional groups in its particles.
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Resumo

O biochar tem sido utilizado como uma alternativa para o manejo de residuos organicos e na remedi¢ao
da toxidez por elementos tracos. Objetivou-se com essa pesquisa usar um teste rapido e simples para
detectar os potenciais efeitos toxicos do biochar e sua capacidade de minimizar a toxidez por aluminio
e cadmio para sementes e plantulas de Sorghum bicolor L. Conduziu-se dois experimentos em placas de
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Petri com dois diferentes biochars onde as sementes de sorgo foram expostas as solu¢des de aluminio
(experimento 1) e cadmio (experimento 2). Os delineamentos experimentais foram inteiramente
casualizados, com cinco doses de aluminio ou cadmio na solugao aquosa (0, 0,5, 1, 2 e 4 mmol L-1 de
Al ou Cd), combinados com ou sem a adi¢@o de 0,25g de biochar de bagago de cana-de-actcar (BB) ou
de lodo de esgoto (BS). Nos tratamentos com biochar, obtém-se maior percentagem de germinacao de
sementes e crescimento de plantulas de sorgo em relacao a auséncia de biochar. Além disso, os biochars
nao sao toxicos para o sorgo e minimizam a toxicidade por aluminio e cddmio, principalmente o BS que
apresenta maior pH e maior ocorréncia de grupos funcionais em suas particulas.

Palavras-chave: Sorghum bicolor. Elementos tragos. Acidez do solo. Pirolise. Residuos organicos.

Introduction

Sorghum is a C4 plant widely used as a forage
crop and it is the fifth most important cereal in
the world (Soudek, Petrova, Vainkova, Song, &
Vanék, 2014). In the Brazilian Savannah region,
this species is widely used for forage production
owing to its greater tolerance to drought and heat
than the corn crop. Although it is a relatively hardy
cereal, sorghum yields are significantly reduced by
aluminum stress, resulting in a poorly developed root
system that makes the crop vulnerable to drought
and limits nutrient uptake (Samac & Tesfaye, 2003).

To solve the problem of both aluminum toxicity
and the disposal of organic waste in the environment,
an alternative is the use of biochar as a soil
conditioner (Penido etal., 2019). The transformation
of sewage sludge into biochar eliminates pathogenic
microorganisms, significantly reduces the volume of
waste, and incorporates a more recalcitrant carbon
source into the soil (Paz-Ferreiro, Nieto, Mendez,
Askeland, & Gasco, 2018). Although biochars
from sewage sludge may have high concentrations
of trace elements, sorghum plants are relatively
tolerant to high cadmium concentrations in the
growing environment (Soudek et al., 2014).

Biochar is a solid material, rich in carbon,
resulting from the pyrolysis of organic waste
(Lehmann & Joseph, 2015). The use of biochar in
agriculture or in remediation of soils contaminated
by trace elements is justified by recycling large
quantities of organic waste (Abdelhafez et al.,
2014) and reducing the contamination associated
with such waste (Gwenzi, Chaukura, Mukome,

Machado, & Nyamasoka, 2015; Waqas et al., 2015;
Ahmad et al., 2014).

In the remediation of soils contaminated by
trace elements, biochar is considered a strong and
effective sorbent owing to its high aromaticity and
surface area, with the potential to reduce pollutant
bioavailability (Chai et al., 2012). However, some
sewage sludge might have high concentrations of
trace elements and other contaminants and even
after pyrolysis, they may remain in the derived
biochar (Paz-Ferreiro et al., 2018; Kim, Ok, Choi,
& Park, 2015).

According to Solaiman, Murphy and Abbott
(2012), there have been few studies reporting the
influence of biochar on seed germination and
seedling growth. In addition, an experiment in
the Petri dish is a rapid eco-toxicological test for
preliminary assessment of biochars. The objective
of this work was to use a rapid and simple test to
detect the potentially toxic effects of biochar and its
ability to alleviate aluminum and cadmium toxicity
to plants.

Materials and Methods

Two experiments were carried out in Petri
dishes with two different biochars where sorghum
seeds were exposed to aluminum (experiment 1)
and cadmium (experiment 2) solutions. For both
experiments, the methodology described by Soudek,
Rodriguez Valesca, Petrova, Song and Vanek (2016)
was used to evaluate the toxicity of heavy metals in
seed germination.
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The experimental designs were completely
randomized, with five
(experiment 1) and cadmium (experiment 2) in the
aqueous solution (0, 0.5, 1, 2, and 4 mmol L' of Al
or Cd), combined with or without the addition of
0.25 g of biochar from sugarcane bagasse (BB) and
sewage sludge (BS), with seven replicates. In each
Petri dish of 10 cm diameter (experimental unit), ten
sorghum seeds (Sorghum bicolor L.) were packed,
filled with specific paper to test seed germination,
and moistened with 5 mL of aqueous solution with
Al or Cd doses, with or without biochar.

doses of aluminum

The Petri dishes containing seeds with different
doses of Al or Cd and BS or BB were covered with
plastic film and kept in a germination and growth
Biological Oxygen Demand type chamber at 25 +
1 °C in the absence of light for ten days. After this
period of ten days in the dark, the Petri dishes were
placed in an environment with artificial light and on
the 14th day, the number of germinated seeds and
normal seedlings per Petri dish were evaluated and
the abnormal seedlings were eliminated. On the 20th
day after the experiment setup, the normal seedlings
were separated into shoot and roots and oven-dried
at 65 °C for the determination of the dry matter.

The sludge was obtained after sewage processing
the
oxidation,

using following procedures: biological

sedimentation, and centrifugation
treatments. The sugarcane bagasse was obtained
after mechanical extraction of the juice. Sewage
sludge biochar (BS) and sugarcane bagasse biochar
(BB) were produced by slow pyrolysis and the
temperature was elevated at a rate of approximately
5 °C/min until 450 °C for BS, and until 350 °C for
BB (temperature was controlled by a thermocouple
inserted in the center of the carbonized mass) with

a residence time of 30 min.

The biochars were ground and passed through
a 0.5 mm mesh sieve and collected using another
0.0635 mm mesh sieve for further experiments and
characterization. Biochar yield was estimated by the
ratio between pyrolyzed biochar (dry weight) and

unpyrolyzed feedstock (dry mass). The electrical
conductivity, pH, Cation Exchange Capacity (CEC),
bulk density, and moisture content were calculated
using methods described by Rajkovich et al. (2012)
and ash content was measured using the D1762-
84 procedure (American Society for Testing and
Materials [ASTM], 2013).

Total C and N were determined using an
elemental analyzer. Nutrients and trace elements
were determined via ICP-MS/MS, after microwave
digestion with concentrated nitric acid using
the method 3051 (United States Environmental
Protection Agency [USEPA], 2007). The ICP
performance for trace elements analysis was
verified using protocols from the National Institute
of Standards and Technology (NIST), Standard
Reference Material (SRM) 1640 in water, and the
reference material (LPC1-100/500) from SPEX.

Fourier transform infrared spectroscopy (FTIR)
analysis was performed between 4000-400 cm’,
with 64 scans per sample and a resolution of 2 cm’!
with the KBr pressed-pellet technique by mixing 1
mg of dried biochar with 100 mg of pre-dried and
pulverized spectroscopic-grade KBr.

The data are presented as the means + confidence
interval (#-tests, p < 0.05). In the figures, vertical
bars indicate the confidence interval for the mean.

Results and Discussion

The biochar from sewage sludge (BS) had
significantly higher pH, density, and CEC than the
biochar from BB (Table 1). The higher pH of BS is
correlated with its ash content as ash is rich in alkali
metal oxides and hydroxides (Silva et al., 2017;
Glaser, Lehmann, & Zech, 2002; Steenari, Karlsson,
& Lindqvist, 1999), while the CEC can be explained
by peaks of functional groups (Tang, Zhu, Kookana,
& Katayama, 2013) (Figure 1). In contrast, BB
presented higher yield and total carbon and lower
total nitrogen (Table 1). Feedstock like sugarcane
bagasse present long-chain carbon compounds
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(such as lignin and cellulose) and usually produce
biochars with higher yield and total carbon content
(Lee et al., 2013). In addition, biochars generally
present organic carbonaceous phases, like H, C,

N, O, and S, rich in surface functional groups that
contribute to the high pH, cation exchange capacity,
and surface complexation for trace elements
(Mukherjee, Zimmerman, & Harris, 2011).

Table 1

Characterization of biochar from sewage sludge (BS) and from sugarcane bagasse (BB). Values represent the
means * confidence interval (7 fests, p < 0.05). n =4

Characteristic BS BB Characteristic BS BB

Yield (%) 47432 59+1.8 Mg (mg kg™) 263+15.6 5.6+67.4
pH 7.0+0.3 6.5+0.2 Fe (mg kg™) 29.942.5 2,3+45.8
EC (mS cm™) 0.99+0.13 0.90+0.05 Ba (mg kg™) 320+19.4 27.9+2.1
Density (g cm™) 0.60+0.21 0.28+0.02 Al (mg kg™) 2.0+£0.5 0.18+0.04
Porosity (%) 68.8+7.9 75.3+4.6 Zn (mg kg™) 187+8.3 26+3.6
Ashes (%) 59+4.8 30+2.9 Mn (mg kg™) 466+17.4 84+5.7
CEC (mmol kg™) 336+12.4 208+8.3 Cu (mg kg") 456+9.5 145£11.4
Total C (g kg™) 156.7+16.3 283+9.5 Cr (mg kg™h) 31.8+1.5 <0.001
Total N (g kg™") 26.8+3.2 12.3+1.3 Ni (mg kg!) 6.0+0.5 0.03+0.01
C/N 5.8 23.14£2.8 Cd (mg kg™) <0.001 <0.001

P (gkgh 240+14.5 23.2+1.6 Pb (mg kg™) <0.001 <0.001

K (gkgh 4.08+0.8 4.3+0.6 As (mg kg) 0.43+0.06 0.05+0.03
S (g kgt 6.39£19.5 1.2+0.4 Hg (mg kg™) <0.001 <0.001
Na (mg kg™ 449+12.9 0.53+0.02 Mo (mg kg') <0.001 <0.001
Ca (mg kg™ 362+13.4 18,200+98.4 Se (mg kg™') <0.001 <0.001

Figure 1. Sorghum seedlings grown in medium without biochar (A), in medium with biochar from sewage sludge
(B) and in medium with biochar from sugarcane bagasse (C).
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Organic and inorganic contaminants and
pathogenic organisms are the main limiting factors
for the agricultural use of sewage sludge and
derived products (Resolugao N° 375, 2006). The
BS had higher nutrients and trace elements than
BB, but the concentrations were considered lower
than the respective maximum values established by
Brazilian legislation (Resolugdo N° 375, 2006) for
sewage sludge and derived products for agriculture
use: Ba, 1300 mg kg!; Zn, 2800 mg kg'; Cu, 1500
mg kg!'; Cr, 1000 mg kg™'; Ni, 420 mg kg'; Cd, 39
mg kg'; Pb, 300 mg kg, As, 41 mg kg'; Hg, 17
mg kg'; Mo, 50 mg kg'; and Se, 100 mg kg Tt
should also be considered that biochar nutrients are
not fully available to plants and may take decades
before entering the biological life cycle (European
Biochar Certificate [EBC], 2012). For example,
the amount of phosphorus available from biochars
is only 15%, 1% for nitrogen, and up to 50% for
potassium in the first year (Camps-Arbestain et al.,

2015).

According to the results of the chemical
characterization of BS and BB (Table 1), the
transformation of sewage sludge into biochar
may be a viable alternative for agricultural use
owing to the low levels of trace elements and
elimination of pathogenic microorganisms during
the pyrolysis process. Similar results were obtained
by other authors for biochars from sewage sludge
(Wesenbeeck, Prins, Ronsse, & Antal, 2014).

Generally, except for some elements that are
volatile at the pyrolysis temperature, trace elements
concentrations in biochars are higher than in the
original feedstock owing to volatilization of some
compounds. Despite higher concentrations than the
original feedstocks, biochar is able to immobilize
significant amounts of trace elements in its matrix
(Mosa, El-Ghamry, & Tolba, 2018).

The maximum permitted trace elements values
for premium quality grade biochar according to the
Swiss Chemical Risk Reduction Act are: Pb < 120
mg kg'; Cd <1 mg kg'; Cu< 100 mg kg'; Ni <30

mg kg'; Hg < 1 mg kg'; Zn <400 mg kg!'; Cr <80
mg kg'; and As < 13 mg kg' (EBC, 2012). In the
present study, except for copper, BS and BB could
be classified as premium quality grade biochar.

Although BS and BB have low concentrations
of trace elements, organic contaminants may be
present. The thermochemical conversion process
used to make biochar can produce polycyclic
aromatic hydrocarbons, dioxins, and furans
(International Biochar Initiative [IBI], 2012). In
this study, the possible organic pollutants associated
with the feedstocks and their respective biochars
were not evaluated.

The FTIR spectra for BS and BB presented in
Figure 2 displayed the transmittance bands in the
regions 3018-2993 c¢cm! (C-H), 1603 cm (C=0),
and 1021 cm™ (C-O) according to the interpretation
of Parikh, Goyne, Margenot, Mukome and Calderon
(2014) and Silverstein Webster, Kiemle and Bryce
(2014). BS showed a considerably larger peak at the
1021 cm! band. In contrast to each other, SB showed
aband at 3700 cm™, which may be attributed to N-H
or O-H as proposed by Hossain et al. (2011) and at
1423 cm™ to C=C, while BB showed a band around
3480 cm (O-H) and 1370 cm™! (aromatic C-O and
C-H in CH3 and CH2).

Overall, both biochars contained numerous
surface functional groups, which is expected
for biochars obtained at relatively low pyrolysis
temperature (450 °C). For example, Koetlisi and
Muchaonyerwa (2017)
produced from latrine waste had N-H functional
groups at 350 °C (3694.07 c¢cm) and 550 °C
(3691.69 cm™) but not at 650 °C. BS was enriched
in amino functional groups and comprised 1.8% N
(Table 1). SB had peaks at 550-450 cm™ that can
also be an indication of metal-oxides.

showed that biochars

At pyrolysis temperatures below 800 °C, the
organic phase of biochars generally comprises
carbonized organic matter (more aromatic and
stable carbon) and non-carbonized organic matter
(relatively aliphatic and less stable carbon), which
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may influence their adsorption capacity of metals
(Qi et al., 2017b). In this study, biochars were
produced at moderate pyrolysis temperatures (450
°C for BS and 350 °C for BB). Thus, BS and BB
are constituted by carbonized and non-carbonized
organic matter with the capacity to immobilize trace
elements.

In the Petri dish tests, the biochar did not
present any toxicity to the sorghum seeds and
a higher seed germination rate and growth of
sorghum seedlings were observed in treatments

with biochar addition (Figure 2). Biochar produced
from biosolids such as sewage sludge has been
reported to contain high concentrations of trace
elements and toxic substances (e.g., crystalline
silica, dioxin, furans, polyaromatic hydrocarbons,
and phenolic compounds) which might reduce
the seed germination and seedling growth, with
consequent effects on crop establishment and yield
(Free, McGill, Rowarth, & Hedley, 2010). However,
these authors did not verify negative effects on seed
germination and seedling growth of maize with the
use of biochar from sewage sludge.
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Figure 2. FTIR spectra of sewage sludge biochar (BS) and sugarcane bagasse biochar (BB).

According with Solaiman, Murphy and Abbott,
(2012), some compounds in biochars have the
potential to either inhibit or stimulate seed
germination and seedling growth. These authors
verified that small doses of biochar in Petri dishes
contributed to the germination of wheat seeds, and

recommended Petri dishes bioassay as a rapid and
simple preliminary test to identify potential toxicity
of biochars on seed germination and early plant
growth before biochar application to the soil.

In both Petri dishes and soil, trace clements
and nutrients concentrations present in biochars
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influence seed germination and seedling early growth
(Gaskin, Steiner, Harris, Das, & Bibens, 2008). In
Petri dish bioassays, inhibition of seed germination
or reduced root growth is generally observed at high
doses of biochar owing to increasing amounts of
trace elements (Thies, Rillig, & Graber, 2015). In
addition, differences between plant species should
be considered for biochar application (Solaiman,
Murphy, & Abbott, 2012).
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In general, the increase in aluminum (experiment
1) or cadmium doses (experiment 2) decreased
sorghum seeds germination. In experiment 1,
there were no significant differences between the
treatments with biochar addition (BB and BS) and
the control treatment (CT) and without aluminum
in solution (Figure 3). In contrast, for the cadmium
experiment, in the control treatment there was
greater seed germination with the addition of BS
(Figure 2B).
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Germination (%)

0 0.5

Cadmium doses (mmol L-")
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0 0.5
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Figure 3. Germination rate of sorghum seeds exposed to doses of aluminum (A) or cadmium (B) without biochar
(control) or biochar from sewage sludge (BS) or biochar from sugarcane bagasse (BB). Rate of normal sorghum
seedlings exposed to doses of aluminum (C) or cadmium (D) without biochar (control) or BB or BS. Means

(vertical bars) and 95% confidence intervals (solid, capped lines).

There were significant effects of aluminum or
cadmium (Figure 3) doses on the percentage of
normal seedlings. However, aluminum was more
damaging to sorghum seedlings than cadmium and
BS was more efficient in mitigating the toxic effects
of these elements to the seedlings.

Some hypotheses can possibly explain the
effects of biochars on alleviation of aluminum and
cadmium toxicity to sorghum seedlings, especially
in the treatments with BS, such as increase in the pH
of the medium and adsorption of metals by biochar
functional groups.
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The high pH values of the biochars may have
contributed to reducing the more toxic forms of Al
and Cd (Tang et al., 2013), especially with BS which
presented higher pH than BB (Table 1). With the
increase in pH, Al and Cd species were probably
altered and consequently reduced the bioavailability
and toxicity of these elements to the plants. Qian,
Chen and Hu (2013) investigating the alleviation
of aluminum phytotoxicity to wheat plants in a
hydroponic system, verified that AI*" was converted
to AI(OH)*, AI(OH),", and Al(OH), owing to the
increase in pH solution by biochar. The monomers
Al(OH)** and AI(OH),” were strongly adsorbed by
biochar and in addition, these aluminum species were
less toxic to the plants than Al (Qian et al., 2013).

Another hypothesis is that the aluminum and
cadmium reacted with the functional groups present
on the biochar surface forming complexes between
the metal and these groups. Different species of
aluminum can be absorbed by biochar and this
adsorption is dominated by the surface complexation
of the carboxyl groups with AI(OH)** and Al(OH),"
(Qian et al., 2013; Tang et al., 2013).

Biochar has been shown to act as an efficient
sorbent for various contaminants, such as organic
and inorganic, because of its high surface area and
special structure and functional groups (Tang et al.,
2013). The amphoteric nature of biochar provides
acidic and basic functional groups that can adsorb
metals (Lehmann & Joseph, 2015; Uchimiya,
Chang, & Klasson, 2011). The FTIR spectra for
BS and BB (Figure 1) showed the occurrence of
various functional groups that may have adsorbed
both aluminum and cadmium. The mechanisms
involved in the adsorption of metals by biochar
functional groups are described as faster and weaker
interactions accompanied by slower and stronger
interactions (Limousin et al., 2007).

Similar to the mechanisms described for
alleviating aluminum toxicity, increasing the pH of
the culture medium and adsorption reactions with

functional groups may explain the lower toxicity

of Cd (Beesley & Mirmiroli, 2011) to sorghum
seedlings in the presence of BS or BB.

The mechanisms described for aluminum and
cadmium toxicity alleviation certainly do not act
separately. The reactions between the functional
groups (e.g., carboxylic, alcohol, and hydroxyl)
on the surface of biochars depend on the pH of the
medium (Tang et al., 2013). At a higher pH, more
carboxylic groups on the surface of the biochar
deprotonate (i.e., H+ ions dissociate), therefore,
there are fewer protons in competition for the same
sites (Lu et al., 2014). In addition, the presence of
other elements such as K, Na, Ca, and Mg (Tang et
al., 2013; Qi et al., 2017a); surface area; porosity;
and surface charge (Li et al., 2017) are involved
in the mechanisms of metal immobilization by
biochars. Thus, other mechanisms not described in
this research may have occurred as suggested by
Tang et al. (2013) for sorption of lead by biochar.

The mineral components of biochars, such
as calcite (CaCO,) and quartz (SiO,), can also
alleviate the toxicity of metals such as cadmium and
aluminum by electrostatic reaction, ion exchange,
surface complexation, and formation of metallic
precipitates with phosphate, carbonate, and sulfate
ions (Li et al., 2017; Zhang, Sun, Yu, & Sun, 2013;
Tsai, Liu, Chen, Chang, & Tsai, 2012). As seen
in Table 1, BS presented higher ash content and
therefore, higher content of mineral components
in relation to BB. Thus, considering only the
mineral components, BS would be more efficient in
alleviating cadmium and aluminum toxicity.

In addition to the processes described above,
several others mechanisms are used to explain
immobilization of metals by biochars, mainly
cadmium, generally present in sewage sludge, such
as: surface precipitation with minerals (e.g., PO,*,
CO,”, and SiO;*), surface complexation with
functional groups (e.g., C=N and C-S), and physical
sorption with electrons on biochar’s graphene-like
structure (e.g., C=C and C=C) (Li et al., 2017, Tan
et al., 2015; Wiedemeier et al., 2015).
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Two main groups of mechanisms explain the
tolerance of plants to toxic aluminum; external
mechanisms, in which plants release organic acids
from the root, usually citrate and malate, that bind to
aluminum forming stable complexes and preventing
absorption by the plant and internal mechanisms in
which aluminum is absorbed by the plant and is
inactivated by some enzyme or isolate within the
vacuole (George, Horst, & Neumann, 2012). In the
present study, in addition to biochar immobilization
of aluminum, some compounds or elements present

(e2e]
e}
)

OControl OBB EIBS

A

D
(e
1

[\
(=)
1

Dry matter of shoot (mg)
N
[e]

(=]
a_|

0 0.5 1 2 4
Aluminum doses (mmol L)

C OControl OBB EBS

20

Dry matter of roots (mg)

(=

0 0.5 1 2 4
Aluminum doses (mmol L)

in the biochar may have favored, for example,
aluminum complexation by organic compounds
produced by sorghum plants.

The highest values of the shoot and roots dry
matter yields of sorghum seedlings were obtained in
BS treatments (Figure 4). These results are consistent
with those presented in Figure 1. It was also verified
that in the treatment without application of Al or Cd,
the highest dry matter yields were obtained when
biochar was added to the medium.
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Figure 4. Dry matter of shoot of normal sorghum seedlings exposed to doses of aluminum (A) or cadmium (B)
without biochar (control) or biochar from sewage sludge (BS) or biochar from sugarcane bagasse (BB). Dry
matter of roots of normal sorghum seedlings exposed to doses of aluminum (C) or cadmium (D) without biochar

(control) or BB or BS. Means (vertical bars) and 95% confidence intervals (solid, capped lines).

As the decrease in
aluminum and cadmium toxicity by different
mechanisms owing to the addition of biochar
explains the higher yields of dry matter by sorghum
seedlings in the BS and BB treatments. Other

authors working with wheat (Abbas et al., 2017),

discussed previously,

rice (Rizwan et al., 2016), and sorghum (Soudek et
al., 2016) found higher dry matter yield and lower
Cd concentrations in seedlings grown in treatments
with biochar, consistent with the results obtained in
this study.
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Compared to the limestone and organic sorbents
effects, biochar can be a sustainable alternative for
the alleviation of soil acidity and metal toxicity.
Therefore, the biochar amendment appears to be
a novel approach for aluminum detoxification in
acidic soils (Qian et al., 2013) and remediation of
soils contaminated by trace elements (Penido et al.,
2019; Li et al., 2017). In addition to the effects on
the immobilization of toxic metals, biochars are
sources of nutrients for plants (Table 1) and high
levels of zinc present in some biochars may decrease
the cadmium uptake by plants through inhibition
mechanisms (Rizwan et al., 2016).

The biochars used in this study were non-toxic to
plants and contributed to the reduction of aluminum
and cadmium toxicity and to the growth and
development of sorghum seedlings. The increase
in pH and sorption reactions are mechanisms that
can explain the alleviation of the soluble aluminum
and cadmium by biochar. Although the presence
of dioxin, furans, polyaromatic hydrocarbons, and
phenolic compounds has not been evaluated, we
believe that the concentration of these compounds,
if present in BS and BB, did not negatively affect
seed germination and initial growth of sorghum
seedlings.

In addition to using the soil-less Petri dish
bioassay as a preliminary ecotoxicological test for
biochar screening (Solaiman, Murphy and Abbott,
2012), we recommend this procedure to evaluate
the ability of the biochar to reduce aluminum and
cadmium toxicity to plants.

Conclusions

Biochars from sugarcane bagasse and sewage
sludge do not present potential for toxicity to
sorghum seeds and seedlings. The effects of
aluminum and cadmium toxicity are lower when
biochar is added to the culture medium. The biochar
from sewage sludge is more efficient in alleviating
aluminum and cadmium toxicity than the biochar
from sugarcane bagasse.
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