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Abstract
Soil contamination by heavy metals is a global problem that threatens human health and environmental sustainability.
Biochar as an environmentally friendly soil amendment combined with bioremediation (heavy metals tolerance bacteria)
as an effective and emerging strategy for sustainable remediation of heavy metals contaminated soil. Thus the objective of
this research was to explore the potential of Alcaligenes Pakistanensis sp. Nov (NCCP-650) bacteria combined with biochar
for remediation of cadmium (Cd) and lead (Pb) contaminated soil and its effect on lettuce growth. Biochar was applied at
0, 1, 2, 4% to Cd and Pb contaminated soil with and without bacteria in pots using lettuce as a test crop. The results of
soil were recorded by analyzing different soil traits like pH, ECe, SOM, soil total N, P, K, Cd and Pb. The results revealed
that, compared to single biochar amendment, biochar combined with bacteria inoculation at 4% significantly (p< 0.05)
reduced the bioavailable soil AB-DTPA extractable Cd and Pb and improved lettuce growth. The highest immobilization
index of Cd and Pb was 55 and 46% in biochar treatment at 4% combined with bacteria. Similarly, Cd, Pb content in shoot
and root, bioaccumulation factors values of Cd, Pb were reduced with 4% biochar applied with bacteria inoculation. The
results depicted that bacteria inoculated biochar at 4% not only reduced the bioavailable fractions of Cd and Pb in soil but
also positively improved plant growth and soil properties. It is concluded that biochar combined with heavy metal tolerant
bacterial inoculation Alcaligenes Pakistanensis sp. Nov (NCCP-650) was most effective in reducing Cd and Pb availability
to plants and enhancing plant growth compared to sole application. Hence, the application of biochar at the rate of 4%
combined with Alcaligenes Pakistanensis sp. Nov (NCCP-650) inoculation is recommended for sustainable remediation of
heavy metals contaminated soil.
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Introduction

Human health and environment have been adversely af-
fected by the entrance of heavy metals into the soil (Naveed
et al. 2020). The primary source of soil contamination is
hazardous heavy metals and other organic contaminants,
including pesticides, pharmaceuticals, petroleum, and sur-
factants. Although significant fractions of these contami-
nants were exhausted in soil environment by various ways
like weathering, deposition of contaminants released from
the eruption of volcanoes, sludge or wastewater from indus-
tries, and mining activities (Shah et al. 2010; Khan et al.
2008). The bioavailable fractions of heavy metals in plants
can cause several human health disorders (Liu et al. 2018;
Khan et al. 2013; Ali et al. 2013). These high-level toxic
metals are unsafe for the environment because they are not
decomposable and stay for a long time in nature (Rad-
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wan and Salama 2006; Muhammad et al. 2011; Khan et al.
2010). Mitigating these toxic elements is considered a tar-
get for achieving sustainable environmental goals (Naveed
et al. 2020).

Heavy metals, for example, Cd and Pb, are one of the tar-
get metals; they are non-degradable, toxic, and nonessential
elements for plants (Naveed et al. 2020). Because of their
high toxicity and mobility, Cd and Pb are accumulated in
crop grain from agricultural contaminated soil (Zhu et al.
2014), reducing the chlorophyll formation and adversely
retarding the physiological and biochemical functions in
plant, affecting plant height and crop yield (Rizwan et al.
2016; Kamran et al. 2019; Naveed et al. 2020). The con-
tinual uptake of theses heavy metals from food by humans
can cause health problems (Alkorta et al. 2004; Huang et al.
2011). Heavy metals are persistent and difficult to remove
or degrade once introduced into soils. For this reason, it is
necessary to stabilize the Cd and Pb contaminates in the
soils to recover the natural functioning of such soils by
feasible measures (Naveed et al. 2020).

Among various organic amendments, biochar application
is very prominent for heavy metals stabilization. Biochar is
formed from the breakdown of carbon-rich biomass through
high temperatures and a limited oxygen supply (Lehmann
et al. 2006). From the last few decades biochar gained sig-
nificant attention for heavy metals stabilization due to their
unique properties like higher surface area, ion-complexion,
ion-exchange and electrostatic interaction that help in metal
fixation and surface adsorption (Abbas et al. 2017; Lee et al.
2013). Besides, soil type, biochar surface, temperature (py-
rolysis), and applying rate play a significant role in heavy
metals stabilization (Rehman et al. 2016; Shen et al. 2016).
A glass house pot experiment demonstrated that biochar de-
creased cadmium and lead by 71% and 92%, respectively
(Houben et al. 2013). Furthermore, biochar increased soil
pH, EC, and cation exchange capacity (CEC), ultimately
change the heavy metals bioavailability (Fellet et al. 2014).

Mixing biochar with different treatments, like heavy
metal-tolerant microbial organisms such as bacteria can
enhanced their efficiency, cost-effectiveness and ecolog-
ical preservation (Naveed et al. 2020). Plant-developing
bacteria are often used to improve crop yield and are ap-
propriate to various agricultural settings (Mustafa et al.
2019). The rhizosphere soil along with metal-tolerant mi-
crobial organisms can be used as it is more conceivable
and efficient in enhancing plant development because they
are beneficial to plant tissues (Naveed et al. 2014). Besides
growth promotion, these microorganisms may improve the
immunity of plants against harmful organisms, dry spells,
and hazardous heavy metals (Ryan et al. 2008). Such mi-
croorganisms (bacteria) make colonies with plant roots and
improve their growth by numerous methods. When applied
to polluted soils, these bacteria diminished bioavailabil-

ity, resulting in low heavy metals ingestion in the root
regions (Du et al. 2016; Ojuederie and Babalola 2017).
The microorganisms (bacteria) may mitigate heavy metals
by producing exopolysaccharides, siderophores, and metal
phosphates or through improved rhizosphere acidification
(Rajkumar et al. 2012; Ali et al. 2017).

In Pakistan, crops are primarily grown in regions where
irrigation water is often contaminated with heavy metals
(Qadir et al. 2000; Hossain et al. 2010). One plant species
considered to be a bioindicator of heavy metals is lettuce
(Lactuca sativa L.), which is used fresh by the population
and it is in the edible part (leaves) where the highest con-
centration of these elements accumulates. The uptake of
metals from soil into plants is affected by soil chemistry,
metal speciation (i.e., inorganic and organic complexation),
and molecular transport and storage processes in plants
(Clemens et al. 2009). Some plants, such as lettuce can
hyper-accumulate metal ions because of specialized mecha-
nisms of absorption and transport of internal ions. These let-
tuce can tolerate high concentrations of toxic metals in soil,
and may also have potential for phyto-remediation in con-
taminated soils (Clemens et al. 2009; Memon et al. 2009).
However, edible plants grown in contaminated soils may
also accumulate elevated levels of metals that may, when
consumed, increase exposures to humans.

Therefore, there is a critical need to investigate proce-
dures for limiting the bioavailability of heavy metals in
plants, primarily edible crops (Naveed et al. 2020). There is
preliminary work on the effect of biochar and metal-tolerant
bacteria to alleviate the unfavorable effects of heavy met-
als on plants. Likewise, the impact of the collective use of
bacteria and biochar on plants enhancement, physiochem-
ical properties, and nutrient concentrations needs further
examination.

Materials andMethods

Bulk Soil Sampling

A field previously utilized for growing different crops was
selected in a research farm at The University of Agriculture,
Peshawar, for bulk soil sampling. A bulk soil sample was
taken from the field at 0–20cm depth and was brought to
the Soil and Environmental Sciences glass house for a pot
experiment. The bulk soil was cleaned from crop residue,
plastics, small pebbles, etc. After air drying, the soil was
sieved through a 2mm sieve. Before the pot experiment, the
bulk soil was analyzed for various physicochemical char-
acteristics.
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Experimental Setup

A pot experiment in the glass house of the Department of
Soil and Environmental Sciences, The University of Agri-
culture, Peshawar, was conducted for assessment of biochar
applied alone or in combination with heavy metal tolerant
bacteria on Cd and Pb remediation. Furthermore, the tol-
erance of lettuce plants was evaluated under biochar and
bacteria application. The bulk soil used in the experiment
was completely air dried and was passed through a 2mm
diameter sieve. All pots were filled with 10kg of soil and
were spiked with Cd and Pb at the rate of 20 and 30mg kg–1

irrigated by achieving field capacity. Biochar was applied
at the rate of 1, 2, and 4%, with and without bacteria. The
pots were kept for two weeks in a controlled environment.
During that time field capacity was maintained by applying
water when needed. After two weeks, ten seeds of lettuce
were sown in each pot. As a basal dose, 60 and 90kg ha–1

N and P fertilizers were applied at sowing time. Another
60kg ha–1 N was applied after 30 days. Irrigation was done
using tape water according to the crops requirement. The
experiment was carried out in a factorial design replicated
three times. The crop was harvested from pots after 70 days
of crop growth and plant samples were used for lab analy-
sis. After crop harvesting, soil sample was taken from each
pot for soil lab analysis.

Bacteria

The bacteria used for the pot experiment was Alcali-
genes Pakistanensis sp. Nov (NCCP-650) is known to be
a heavy-metal tolerant Novel Bacterium collected from
National Agriculture Research Center (NARC), Islamabad.
The strains are gram-negative, strictly aerobic, motile short
rods, and tolerant to heavy metals (Cd, As, Pb and Cu)
(Abbas et al. 2015). Lettuce seeds were treated with bacte-
rial culture according to the standard procedure of Surette
et al. (2003). Seeds were soaked adequately in bacterial
solution and then air dried and sown in pots.

Biochar

The biochar used an experiment was prepared from wheat
straw at 500°C through pyrolysis process in a furnace. The
biochar was grounded and sieved through 1mm mesh.

Soil Analysis

After harvesting, soil samples were collected from each ex-
perimental unit and used for soil chemical analysis determi-
nation. The fraction of Cd, Pb, P and K in soil was analyzed
by AB-DTPA extractable method porposed by Soltanpur
and Schawab’s (1977). The pH of the soil was determined

by the method of McLean (1983). The method of Richard
(1954) was used for determination of soil electrical con-
ductivity. The Bremner and Mulvaney (1996) standard pro-
cedure was used to find the total nitrogen concentration in
soil. For the determination of soil organic matter, Nelson
and Sommers’s (1996), method was followed.

Plant Analysis

Laboratory

The Cd and Pb content in plant leaves and roots were de-
termined by AOAC method of wet digestion (1990).

Agronomic

After cutting the plants, shoot and roots were kept in open-
air for 2–3 days to become dry. For complete drying, it
was kept in an oven at 70°C for 48h. Data on shoot and
root biomass was measured by taking the weight of five
different plant shoots with a balance meter and the average
was noted.

Phyto-Extraction Keys

Cd Immobilization index.%/

=
.Cd control − Cd in the sample/

.Cd control/
� 100

Pb Immobilization index.%/

=
.Pb control − Pb in the sample/

.Pb control/
� 100

Modified from (Lee et al. 2013)

Cd Bioaccumulation Factor.BAF/ =
Cd in plant tissue

.Cd in soil/

Pb Bioaccumulation Factor.BAF/ =
Pb in plant tissue

.Pb in soil/

Modified from (Shin et al. 2002; Arifin et al. 2012)

Statistical Analysis

A two-way analysis of variance was done for experimental
treatment. The resulting data were expressed as the means,
while the standard deviation was calculated as the means.
The least significant test (LSD) was done using the statisti-
cal package Statistix 8.1 (Steel 1997).
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Table 1 Physicochemical properties of soil used in pot trail

Characteristics Units Values

Sand % 30

Silt % 50

Clay % 20

Texture – Silt loam

pH – 7.51

EC dS m–1 0.16

Organic Matter % 0.50

Total Nitrogen % 0.23

AB-DTPA Phosphorus mg kg–1 1.15

AB-DTPA Potassium mg kg–1 42.5

AB-DTPA Cadmium mg kg–1 0.17

AB-DTPA Lead mg kg–1 0.13

Results

Physicochemical Properties of Soil Used in Pot Trail

The soil used in pot trial was analyzed for physicochemical
properties before the experiment. The results are illustrated
in Table 1. The soil texture class was silt loam, slightly
alkaline (pH 7.51). The electrical conductivity (EC) was
1.16dSm–1, organic matter was 0.50%, and total nitrogen
content was 0.23%. The AB-DTPA extractable P, K, Cd,
and Pb were 1.15, 42.5, 0.17, and 0.13mg kg–1, respectively.

Plant Height

The data regarding plant height is shown in Fig. 1. Applying
biochar with and without bacteria inoculation significantly
increased plant height compared to control in Cd/Pb-con-
taminated soil. Sole biochar application at a 4% rate in-
creased plant height from 14cm (control) to 27cm. In com-
parison, biochar combined with bacteria applied at a 4%

Fig. 1 Effect of biochar alone and combination with bacteria on plant
height (Ck Control, Bt Bacteria)

rate increased plant height to 33cm as compared to con-
trol. This indicates that the sole application of biochar and
bacteria improved plant height. The lowest plant height in
control showed that Cd and Pb stress adversely affected
plant height.

Shoot Dry Weight

The data regarding lettuce shoot dry weight is presented in
Fig. 2. The sole application of biochar and bacteria inocula-
tion significantly enhanced the shoot’s dry weight. The dry
shoot weight of lettuce plants was significantly increased
to 11g per pot compared to control with sole application
of biochar at a 4% rate. While combined application of
biochar and bacteria at 4% increased, shoot dry weight to
15g compared to control. These results demonstrate that
lettuce growth was improved using biochar or biochar com-
bined with bacteria in Cd and Pb spiked soil. The significant
improvement in lettuce growth compared to control by use

Fig. 2 Effect of biochar alone and combination with bacteria on shoot
dry weight (Ck Control, Bt Bacteria)

Fig. 3 Effect of biochar alone and combination with bacteria on AB-
DTPA extractable Cd (Ck Control, Bt Bacteria)
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Fig. 4 Effect of biochar alone and combination with bacteria on AB-
DTPA extractable Pb (Ck Control, Bt Bacteria)

of biochar or bacteria shows that Cd or Pb were stabilized in
soil and unavailable to plant, adversely affecting the growth
of lettuce.

AB-DTPA Extractable Cd and Pb

The application of biochar alone or combined with bacte-
ria inoculation significantly decreased soil Cd compared to
control (Fig. 3). The Cd concentration was reduced from
18.9mg kg–1 to 8.5mg kg–1 with the application of biochar
combined with bacteria at a 4% rate. The results demon-
strated that bacteria inoculation enhanced the efficiency of
biochar to decrease Cd availability in the soil. Sole ap-
plication of bacteria also significantly reduced Cd in soil,
confirming its capability to minimize Cd concentration in
soil. The complete application of biochar or in combination
with bacteria inoculation significantly decreased Pb con-
centration in the soil compared to control (Fig. 4). The Pb
was reduced from 28.9mg kg–1 to 15.5mg kg–1 with the
application of biochar combined with bacteria at a 4% rate.
The result shows that increasing levels of biochar with-
out bacteria considerably decreased Pb content in the soil.
However, bacteria also helped increase biochar’s efficiency
in reducing Pb.

Immobilization Index of Cadmium and Lead

The immobilization index of Cadmium and Lead was in-
creased by the use of sole applied of BC or in combination
with heavy metal tolerant bacteria inoculation (Table 2).
The highest immobilization index of Cd and Pb was 55.0
and 46.3% in biochar treatment at 4% combined with bacte-
ria. The Cd immobilization index of sole biochar treatments
(1, 2, and 4%) were 13.22, 32.8 and 37.5%, while the same
application rates of biochar combined with bacteria resulted
in 34.3, 50.8 and 55.0% immobilization index. Similarly,

Table 2 Immobilization index of Cadmium and Lead as affected by
BC with and without bacteria

With bacteria Without bacteria

Treatments Cd % Pb % Cd % Pb %

Control – – 12.6 8.3

BC 1% 13.22 19.7 34.3 28.7

BC 2% 32.8 32.8 50.8 43.2

BC 4% 37.5 35.9 55 46.3

BC Biochar

the Pb immobilization index of sole biochar treatments (2%
and 4%) were 32.8 and 35.9% while the same application
rates of biochar combined with bacteria resulted in 43.2
and 46.3% immobilization index. These results confirmed
that biochar combined with bacteria was most effective in
immobilizing Cd and Pb and reducing their accessibility
to plants. The immobilization index results of Cd and Pb
were confirmed by plant Cd/Pb data, which significantly de-
creased in shoot or root by combined application of biochar
and bacteria.

Cd and Pb Concentration in Shoot

The sole application of biochar or in combination with bac-
teria inoculation significantly decreased Cd concentration
in the shoot compared to the control (Fig. 5). The Cd con-
centration in the shoot was reduced from 21.1mg kg–1 to
8.5mg kg–1 when biochar at 4% rate was combined with
bacterial strain. Similarly, the sole application of biochar or
in combination with bacteria significantly decreased shoot
Pb compared to control (Fig. 6). It was found that Pb in the
shoot was reduced from 32.2mg kg–1 to 12.5mg kg–1 with
biochar combined with bacteria at a 4% rate. In contrast,
sole biochar at the rate of 4% reduced Pb from 32.2mg kg–1

to 17mg kg–1. The result shows that biochar, whether ap-
plied sole or in combination with bacteria, caused a consid-

Fig. 5 Effect of biochar alone and combination with bacteria on shoot
Cd (Ck Control, Bt Bacteria)
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Fig. 6 Effect of biochar alone and combination with bacteria on shoot
Pb (Ck Control, Bt Bacteria)

erable reduction in the concentrations of both Cd and Pb.
While bacteria, when used in sole, slightly decreased Cd
and Pb contents.

Cd and Pb Concentration in Root

The sole application of biochar or in combination with
heavy metal tolerant bacteria inoculation significantly af-
fected the Cd and Pb concentration in the root (Fig. 7). The
Cd was reduced from 25.1mg kg–1 (control) to 11.5mg kg–1

with the application of BC combined with bacteria 4% at
rate. Similarly, the Pb was reduced from 40.4mg kg–1 (con-
trol) to 16.2mg kg–1 with the application of BC combined
with bacteria at a 4% rate (Fig. 8). Also, sole 4% biochar
reduced Cd and Pb from 25.1 to 15.5mg kg–1 and 40.4 to
24.5mg kg–1, respectively. Results revealed that the highest
reduction in Cd and Pb was caused by the combination of
biochar and bacteria at the rates of 2% and 4%, while in
control, the lowest reduction was noted. Besides, the ap-

Fig. 7 Effect of biochar alone and combination with bacteria on root
Cd (Ck Control, Bt Bacteria)

Fig. 8 Effect of biochar alone and combination with bacteria on root
Pb (Ck Control, Bt Bacteria)

plication of bacteria sole caused a slight decrease in the
concentrations of Cd and Pb.

Bioaccumulation Factor (BAF) of Cd and Pb

The bioaccumulation factor Cd and Pb are presented in
Figs. 9 and 10. The bioaccumulation factor results stated
that when biochar and bacteria were applied in combina-
tion to Cd and Pb, contaminated soil considerably reduced
the concentration. Compared to the application of biochar
alone, the combined application with bacteria highly re-
duced the Cd and Pb uptake by the plant, decreasing the
Cd and Pb translocation and accumulation in plant tissue.
The highest reduction in BAF of Cd and Pb was 1.01 and
0.81 in the treatment of biochar at 4% combined with bacte-
ria. The Cd BAF of alone biochar treatments (1, 2, and 4%)
were 1.06, 1.04 and 1.02, while the same application rates
of biochar combined with bacteria resulted in 1.05, 1.03
and 1.01. Similarly, Pb BAF of alone biochar treatments

Fig. 9 Effect of biochar alone and combination with bacteria on Cd
bioaccumulation factor (Ck Control, Bt Bacteria)
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Fig. 10 Effect of biochar alone and combination with bacteria on Pb
bioaccumulation factor (Ck Control, Bt Bacteria)

(2% and 4%) were 0.97 and 0.95, while the same appli-
cation rates of biochar combined with bacteria resulted in
0.83 and 0.81.

Soil pH, EC, and Organic Matter

The sole application of biochar combined with bacteria sig-
nificantly affected soil pH compared to control (Fig. 11).
The highest soil pH was recorded, which was amended
with 4% biochar without bacteria strain. Compared to con-
trol, pH ranged from 7.51 to 7.87 at the highest rate of
biochar (4%). The biochar with and without bacteria inoc-
ulation significantly affected soil EC. With the increase in
the level of biochar, the soil EC was significantly increased
(Fig. 12). The highest soil EC (0.51 dSm–1) was recorded
at 4% biochar with and without bacteria compared to the
control (0.32 dSm–1). The result revealed that the effect of
biochar alone and in combination with bacteria was the
same. The application of biochar with or without bacterial

Fig. 11 Effect of biochar alone and combination with bacteria on soil
pH (Ck Control, Bt Bacteria)

Fig. 12 Effect of biochar alone and combination with bacteria on soil
electrical conductivity (Ck Control, Bt Bacteria)

Fig. 13 Effect of biochar alone and combination with bacteria on soil
organic matter (Ck Control, Bt Bacteria)

inoculation has significantly affected the SOM compared
to control soil containing Cd and Pb (Fig. 13). The highest
SOM was recorded where biochar was applied alone at the
rate of 4% (1.26%) compared to control soil (0.62%). In-
oculation of bacteria sole showed (0.72%) SOM compared
to control. SOM was further increased when inoculation
was combined with biochar; the increase was 1.62% at 4%
biochar compared to control.

Soil N, P, and K Content

The sole application of biochar or in combination with
bacteria has significantly affected the total soil nitrogen
(Fig. 14). The application of 4% biochar without bacteria
significantly increased total soil nitrogen to 0.49%, and the
sole application of bacteria increased total soil nitrogen
to 0.45% compared to control (0.43%). The results show
that biochar has a significant nitrogen level, significantly
increasing with bacterial inoculation. Bacterial inoculation
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Fig. 14 Effect of biochar alone and combination with bacteria on soil
total N (Ck Control, Bt Bacteria)

helps make available the insoluble nitrogen to plants. The
soil phosphorus has been considerably affected by applying
biochar with and without bacteria (Fig. 15). Biochar ap-
plied alone in different doses has significantly increased the
soil P compared to control. The highest soil P was noted
at 4% biochar 5.1mg kg–1 compared to control, which was
2.9mg kg–1. While bacteria applied without biochar treat-
ment has also significantly increased soil P compared to
control. Further, compared to control, soil P was enhanced
when biochar was used in combination with bacteria. The
highest soil P was noted at 4% biochar (6.3mg kg–1) in
combination with bacteria. Applying biochar with and
without bacterial inoculation considerably increased the
soil potassium compared to control soil containing Cd
and Pb (Fig. 16). The soil AB-DTPA K was improved
from 60.3mg kg–1 (control) to 95.6mg kg–1 using biochar
combined with bacteria.

Discussion

Our results showed that growth parameters such plant
height and shoot dry weight were significantly improved
by application of biochar along with metals tolerance bac-
teria in heavy metals stress condition. The lettuce can
tolerate high concentrations of toxic metals in soil, and
may also have potential for phyto-remediation in contam-
inated soils (Clemens et al. 2009; Memon et al. 2009).
According to Abass et al. (2017) who reported that biochar
application significantly increased the shoot length of plant
compared to unamended soil. Glaser et al. (2002) and
Yamato et al. (2006) suggested that biochar is essential for
agricultural land that improved the degraded soil as it im-
proves soil properties, releases sufficient amount of plant
essential macronutrients and ultimately enhances plant
growth. Studies have shown that biochar can improve soils

Fig. 15 Effect of biochar alone and combination with bacteria on AB-
DTPA extractable P (Ck Control, Bt Bacteria)

physiochemical and biological properties, creating a suit-
able environment for plant roots, nutrient uptake, and plant
growth (Erdem et al. 2017; Arif et al. 2015). Previous re-
search showed that plant height and shoot, root, and grains
dry weight significantly increased with increasing levels
of biochar (Abass et al. 2017). Egamberdieva et al. (2020)
found that maize straw biochar at a 2% rate significantly
increased the dry shoot biomass of the lupin plant by 21
to 25%. Lua et al. (2014) found that shoot of lettuce plant
(Lactuca sativa) was increased by 89% when oak wood-de-
rived biochar was used. Jiang et al. (2008) reported that the
shoot dry weight of maize and tomato plants was increased
when the soil was inoculated with bacteria (Burkholderia
sp. J62) by 30% and 54% compared to uninoculated soil.
Naveed et al. (2020) reported that dry shoot weight and
dry root weights were increased when biochar was used
without bacteria (49%), while they were further enhanced
when biochar was applied together with bacteria (57%). It
has been widely documented that biochar has the potential
to remediate soil contaminated with heavy metals (Naveed
et al. 2020; Rehman et al. 2020; Muhammad et al., 2020).
Park et al. (2011) reported that poultry manure-derived
biochar notably decreased the Cd and Pb concentration by
88.4% and 93.5%, respectively, in artificially contaminated
soil, similarly green waste-derived biochar significantly
reduced Cd by 30.3% and Pb by 36.8% in spiked soil.
Irfan et al. (2021) reported Pb concentration in soil was
decreased by 89, 89, and 94% for 5, 10, and 50mg kg–1

Pb spiked by the application of 6% biochar. Naveed et al.
(2020) experimented that biochar and bacteria (Enterobac-
ter sp. MN17) in combination reduced cadmium by 42%,
while alone application of bacteria decreased Cd by 22%
in soil. Kader et al. (2013) argued that the stability and sur-
vival of bacteria that immobilize heavy metals are further
substantiated when combined with an immobilizing agent
such as biochar. De et al. (2008) added to soil mercury-
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Fig. 16 Effect of biochar alone and combination with bacteria on AB-
DTPA extractable K (Ck Control, Bt Bacteria)

resistant bacteria, i.e., Alcaligenes faecalis and Bacillus
pumilus to immobilize Cd and Pb in soil. It was found
that Alcaligenes faecalis immobilized Cd by 75% and 306
Bacillus pumilus immobilized Pb by 88% in contaminated
soil.

Biochar has been extensively recommended for dimin-
ishing metals obtainability to plants. Choppala et al. (2011)
found that GW (Green waste-derived biochar) was very ef-
ficient in decreasing the Cd and Pb availability in the mus-
tard shoot with increasing levels of GW biochar. The heavy
metals (HMs) reduction in the mustard shoot was 72, 79,
and 82% for Cd, and 74.4, 81.5, and 97.1% for Pb at dif-
ferent levels of BC (1, 5, 10%) addition, respectively. Lua
et al. (2014) experiment results showed that the Cd contents
in the shoot significantly decreased to 47% and 22%, re-
spectively, using bamboo and rice straw biochar. Similarly,
the Pb was reduced considerably with increasing rates of
rice straw biochar (RSB), i.e., at 5%, the uptake of Pb in
the shoot from 61 to 18mg kg–1. Naveed et al. (2020) re-
cently found that Cd contents in pea plant shoot decreased
by 52% by applying biochar and bacteria (Enterobacter.
MN17). Kamran et al. (2019) argued that decrease in the
uptake of Cd in biochar and bacteria-amended soil might
be due to the increased immobilization of Cd. According
to Hamid et al. (2018), when the soil was amended with
biochar in sole or combination with bacteria, the bioaccu-
mulation of Cd in rice shoots was significantly reduced by
67% and 72%, respectively. Similarly, the biochar sole or in
combination with bacteria, the Pb concentration in the shoot
of rice plant decreased by 90% by biochar and by 89% for
bacteria. These results revealed that integrated source of
organic amendments with micro-organisms such as metals
tolerance bacteria in reducing Cd and Pb bioaccumulation
in rice, which may be owing to improved immobilization
by biochar treatment and changes in soil HMs mobility.

An efficient and developing method for the long-term
restoration of polluted soil is the combination of biochar and
bioremediation using functional bacterial or fungal strains.
Numerous microbial strains with significant metal tolerance
or adsorption capacity were discovered and used as micro-
bial agents in the soil to remove heavy metals, either by di-
rect inoculation of free-living cells or by immobilizing cells
with a specific carrier material. Biochar, activated sludge,
zeolite, and diatomite are examples of natural materials that
can be used as carriers for microbial cell immobilization.
Synthetic macromolecular materials can also be used as
carriers, such as polyvinyl alcohol, polyurethane, and acry-
lamide. Artificial inorganic materials can also be used as
carriers, such as porous ceramics and activated carbon.

The Cd availability in biochar treatments may be reduced
due to sorption, complexation and precipitation (Bolan et al.
2003; Beesley et al. 2010; Zhang et al. 2013). Zheng et al.
(2012) reported that 5% straw biochar additions caused the
greatest decrease in Cd and Pb concentrations in rice roots.
Park et al. (2011) reported that poultry manure biochar
(PMB) and green waste biochar (GWB) significantly re-
duced the Cd and Pb concentration in Indian mustard roots.
The Cd concentration of roots was reduced by 53, 67 and
69% for PMB, and 28, 54 and 65% for GWB with 1, 5
and 15% of the application, respectively, compared to the
control. Similarly, the effect of biochar addition on HMs
concentration was more noticeable in the Pb case, showing
60, 84 and 88% reduced by PMB addition and GWB re-
duced Pb concentration in roots by 14, 29, and 63%, with
1, 5 and 15% application compared to control. Huang et al.
(2016) reported that different types of bacteria significantly
immobilize Cd in roots of green peas. The higher pH of
biochar could be due to the separation of alkali salts from
organic compounds during pyrolysis (Irfan et al. 2016). In
50 days incubation experiment, Shah et al. (2017) reported
that biochar application caused a considerable increase in
soil pH after its application. Yuan et al. (2011) reported
that biochar made from leguminous plant materials ampli-
fied soil pH compared to biochar made from non-legumi-
nous plant materials. The soil pH may increase or decrease
by using biochar, mainly depending on the salt contents
of applied biochar. The results agree with previous schol-
arly work that biochar increased soil electrical conductivity
(EC) and pH (Liang et al. 2006; Warnock et al. 2007).
The increase in soil EC with biochar amendments could
be due to salts in biochar (Shah et al. 2017). It is also im-
perative to know the EC value of biochar before applying
it to cropland to avoid creating a soil salt problem, which
would adversely affect plant growth. The EC value of Cono-
carpus biochar produced at 600°C was 9.03 dSm–1; when
applied to the soil, it may increase soil salinity and subse-
quently provide undesirable impacts on plant growth (Al-
Wabel et al. 2013). Rashid et al. (2016) noted that using
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bacteria in combination with organic fertilizer (biochar) or
without in combination significantly restored the fertility of
soil and OM content than the sole use of bacteria. Biochar
application increased SOM, phosphorus, potassium, sulfur
355 contents, and wheat’s shoot and root biomass (Bista
et al. 2019). Biochar is a key source of many nutrients; its
complex reaction with soil releases nutrients, making them
available for plant uptake over time (Biederman and Har-
pole 2013; Lehmann et al. 2015). Biochar made from wheat
straw can increase the content of soil total nitrogen (Feng
et al. 2017). Biochar has the potential that can improve N
recycling in agricultural soil-plant system (Gul et al. 2016).
Previousstudies showed that N2O emission was reduced
(Case et al. 2012), decreased nitrogen leaching (Güereña
et al. 2013) and accessibility of soil nitrogen, built crop ef-
ficiency, and promoted the activity of soil microorganisms
(Kim et al. 2014) by the application of biochar. Nelson
et al. (2016) reported that N cycling was much promted
by microorganisms activities. The total nitrogen was fur-
ther increased when biochar was applied in combination
with bacterial inoculation, which was 0.64% compared to
control. Rashid et al. (2016) suggested that bacteria and
fungi produce organic acids and siderophores; alternatively,
they promote nutrient bioavailability, including N fixation,
P and K mobilization. Chaer et al. (2011) further suggested
that bacteria and organic amendments (biochar) might be
a possible alternative use in integrated nutrient management
approach for degraded soils. Also, Ahemad et al. (2014) and
Owen et al. (2015) stated that introducing this inoculant can
exploit, translocate, mineralize, and mobilize soil P, K re-
serves, increase soil organic matter or fix nitrogen from
the atmosphere. Bacteria release various types of organic
acids to solubilize K in soil through various processes such
as acidolysis, chelation, complexolysis, and exchange re-
actions (Rashid et al. 2016). Biochar application increased
soil organic matter (SOM), soil pH, phosphorus (P), potas-
sium (K), sulfur (S) contents, shoot and root biomass of
wheat (Bista et al. 2019). There is a synergistic impact be-
tween both, as evidenced by the fact that applying bacteria
and biochar together generally had superior heavy metal re-
mediation outcomes than applying them alone. According
to this study, biochar combined with bacteria that immobi-
lize heavy metals is a viable in situ technique for remedi-
ating soil that has been contaminated by heavy metals.

Conclusions

The inoculation of metals tolerant bacteria enhanced the
efficiency of biochar to stabilize cadmium and lead in soil.
The concentration of cadmium and lead in both shoot and
root were significantly decreased by the application with
bacteria inoculation as compared to the sole application of

biochar. Plant growth was much improved by combining the
application of biochar and bacteria as compared to the sole
application of biochar. The availability of nutrients such as
N, P, K, and SOM were enhanced by bacteria inoculation
with BC as compared to the sole application of biochar. The
inoculation of heavy metal tolerant bacteria with biochar
is recommended to enhance the remediating efficiency of
biochar. Field experiments on contaminated soil are needed
to explore the potential of metal tolerant bacteria combined
with biochar.
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