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Abstract

Heavy metals are a growing global problem that is released into the environ-
ment by both natural and human sources, including Lead (Pb). Lead is the most
prevalent heavy metal contaminant in the environment and causes poisoning
that not only limits plant growth but also creates health problems for animals
and human beings. High Pb concentrations cause plants to produce less bloom
and negatively impact the growth of cereal crops, such as rice, wheat, and maize.
Various methods have been adopted to minimise the impact of these metals on
nutrients that lead to health issues. In the current research, to lessen the harm-
ful impacts of deadly heavy metals, organic treatments such as compost, ma-
nure, and biochar are used. The effects of applying varying rates of biochar
(BH) from wood bark, rice straw, and soybean stubble will be evaluated on soil
contaminated with Pb. The under-studied groups like RSB + WBB, RSB + SSB,
and WBB + SSB resulted in the tallest plants, the highest dry weights of roots
and shoots, and the highest quality output. When compared to the control
group, we found that the use of RSB, WBB, and SSB significantly affected the
attributes of plant growth characteristics, including plant height, shoot dry
weight, and root dry weight in maize plants. However, outcomes were signifi-
cantly more meaningful in the treatment options of RSB + SSB, WBB + SSB,
and RSBB + WBB + SSB. The results suggested that immobilizing agents, in-
cluding biochar derived from wood bark, rice straw, and soybean stubble, may
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immobilize lead (Pb) in soil. This would limit the amount of lead that can be
recovered using DTPA and suggest a lower level of Pb immobilization for maize
crops.
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1. Introduction

Heavy metals (HMs) from industries and subsequent collection in crops and soil
have turned into a global issue for both natural and human well-being [1]. Pollu-
tion due to HMs in soil medium is one of the emerging concerns worldwide.
The chronic impact of heavy metals, especially the higher concentration impact
of lead, is increasing in agricultural land. Pb-contaminated soil usually exists in
urban and semi-urban areas because of Industrialization [2]. Both natural and hu-
man sources can discharge the HMs contaminants into the environment and they
can end up in the air, soil, or water. Pb pollution is a complicated environmental
problem also, and its contamination is, for the most part, brought about by differ-
ent anthropogenic exercises like mining, refining, and horticulture exercises like
pesticides and fertilizers, paints and preservative substances [3]. Heavy metals
cause the crucial immobilization process, which reduces the toxicity and mobility
of organic contaminants that can be eliminated. Immobilization, with regards to
HM treatment, can be characterized as the most common way of utilizing a sub-
stance response to hold something. The immobilization strategies depend on the
straightforward rule that a reduction in the centralization of the metal’s versatile
structures [4]. The key benefits of immobilization are minimum site disturbance,
simplicity, and quickness, comparatively less expensive than alternative corrective
measures, addition of nutrients to the polluted site is very acceptable to the general
public, effective against a wide range of inorganic pollutants, and less likely to spread
contamination. Because it requires less work and energy, this technique is very pop-
ular today [5].

Organic treatments such as biochar, manure, and compost are the most com-
petent, suitable, and economically beneficial methods to decrease the damaging
effects of lethal heavy metals. Some remediation approaches have been used for
the treatment of trace metal polluted sites, which are phytoremediation and phys-
ical treatments. Some organic soil additives, such as biochar, farmyard manure,
and poultry manure, have been acknowledged at the same time as HMs immo-
bilizing agents because of their capacity to restrict HMs in various ways [6]. Bio-

char has garnered significant attention for its potential to enhance plant growth and
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remediate heavy metal-contaminated soils, including those contaminated with Pb.
Its unique properties contribute to its effectiveness in immobilizing lead and pro-
moting plant health. The physical adsorption mechanism is crucial in preventing
lead uptake by plant roots. Additionally, biochar’s hydrophobic nature can reduce
the leaching of lead from the soil into groundwater and can improve soil physical
properties by increasing its aggregation and porosity. This enhanced soil structure
promotes better water infiltration, aeration, and root growth. Additionally, bio-
char can help to improve soil fertility by retaining essential nutrients, such as ni-
trogen and phosphorus [7]. By immobilizing lead and improving soil conditions,
biochar indirectly benefits plant growth. Reduced lead uptake by plants minimizes
the toxic effects of lead on plant physiology, including inhibition of photosynthe-
sis, nutrient deficiencies, and oxidative stress. Moreover, biochar’s ability to im-
prove soil structure and nutrient availability can enhance plant root development
and overall vigor. The mechanisms by which biochar immobilizes lead in soil are
complex and multifaceted. Physical adsorption, chemical complexation, and cat-
ion exchange are the primary processes involved. Additionally, biochar can indi-
rectly influence lead immobilization by promoting the growth of beneficial soil
microorganisms that can participate in lead immobilization processes [8].

Immobilization with different amendments is a low-cost and environment-
friendly technique. By applying organic treatments, such as organic matter for
stabilizing or immobilizing metal, the chemical, biological, and physical proper-
ties of soil responded favourably [9]. Recently, there has been a rise in interest in
using biochar to immobilize HMs in soils. In addition to enhancing soil quality
and considerably lowering crop uptake of HMs, biochar can immobilize HMs in
polluted soils [10]. However, based on the kind of biochar used, the soil charac-
teristics and species of HMs increased. HMs mobilization in the soil may also hap-
pen by following biochar application [11]. The long-term effects and ecologi-
cal implications of biochar amendments in soils are complex and depend on var-
ious factors, including soil properties, climate, biochar type, and application rate.
While biochar can offer benefits such as improved soil structure, and contaminant
immobilization, it is crucial to consider potential impacts on nutrient cycling, mi-
crobial communities, and biodiversity [12].

Maize, due to its better output potential, ease of handling following harvest, and
quick growing period, currently holds third place in Pakistan behind wheat and rice
in terms of crop husbandry. Present-day study and development primarily focus
on crop residue, including rice straw, wheat straw, corn stalk, cotton stalk, and
grass [13], as well as forest waste, including pine waste and palm waste. Pb poi-
soning has been linked to histological changes in leaves, thinning of the leaf blade
tips, narrowing of the xylem arteries, and magnification of the xylem and phloem
in the vascular bundles, according to studies on soybeans [14]. Therefore, the study
has been planned to determine how to immobilize the Pb from lead-contaminated
soil, to evaluate the efficiency of plant-derived biochar from soybean Stover, wood

bark, and rice straw on lead immobilization, how lead affects the nutritional value

DOI: 10.4236/0alib.1112443

3 Open Access Library Journal


https://doi.org/10.4236/oalib.1112443

H. Khaliq et al.

of maize, and finally analyzing the optimal application rate of biochar for the im-

mobilization of Pb in polluted soil and maize crop growth.

2. Material and Methods

The “Evergreen Nursery, Faisalabad, Pakistan” plant store sold the experimental
soil. The pH of the soil was measured using the McLean technique, which involves
making a suspension of the soil and deionized water (1:1), shaking it for about an
hour, and then measuring the result on a pH metre that has been calibrated (model
WTW?7110, Weilheim, Germany). Similarly, soil organic matter, soil texture, and
cation exchange capacity (CEC) were all measured using the Walkley-Black, Gee and
Bauder, Jackson, and Rhoades techniques, respectively. The techniques of Watanabe
and Olsen, Richards and Allison, and Moodie, were used to determine total phos-
phorus, exchangeable potassium, and calcium carbonate. Table 1 lists the charac-

teristics of the test soil.

Table 1. Physiochemical characteristics of experimental soil.

Characteristics Units Amount
Clay % 29.7 £ 1.07
Silt % 27 £0.97
Sand % 40.3 + 0.80
Organic matter content (OMC) % 0.84 £0.03
Bicarbonate (HCO3) % 0.17 £ 0.01
pH - 8.4+0.30
Cation exchange capacity (CEC) cmolc-kg™ 29.2 + 1.06
Electrical conductivity (EC) DS‘m™! 3.8+0.14
Content of calcium carbonate (CaCQOs) % 2.9 £0.11
Phosphorus (P) mg-kg™! 8.3+0.30
Potassium (K) mg-kg™! 81+294
Nitrogen (N) mg-kg™! 174 £ 6.31
Total Pb mg-kg™! 1000 + 36.2

Diethylenetriaminepentaacetic acid

kgt 6.1 £0.22
(DTPA)-extractable Pb mexe

Biochar was produced through the pyrolysis of biomass. The preparation pro-
cess can vary widely depending on factors such as the biomass used, heating tem-
perature, residence time, and heating atmosphere. Characterization techniques
such as surface area measurement are used to assess the properties of biochar that
influence its ability to immobilize lead. These properties include surface area, func-
tional groups, cation exchange capacity, pH, particle size, and production condi-
tions. These factors are essential for optimizing biochar production and application

for effective lead immobilization and soil remediation.
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2.1. Using a Hydrometer to Determine the Soil Texture

A hydrometer was used to measure the soil texture [15]. Hot plate, beakers, deter-
mining containers (1000 ml), electrical balance (NAPCO, JA-410), drying oven,
hydrometer with Bouyoucos scale in g/L, cup receptacle, and dirt dispersion stir-
rer (operating at high speed) were some of the key equipment utilised in this op-
eration. Reagents like alcohol and a dispersion solution (10 g of sodium carbonate
and 40 g of sodium hexametaphosphate were combined with 1 litre of deionized
water) were required. Then, deionized water was added to the combination to fill
the volume in a 1 La hydrometer jar or calibrated cylinder. 60 cc of dispersing
solution was added to the IL hydrometer jar. De-ionized water was used to dilute
the mixture. After completely blending the suspension, a reading was obtained
using a hydrometer, R. Again, we used a temperature range of 2°C to 20°C to take
blank measurements. A unique paddle was used in the hydrometer jar to mix the
suspension, and once the paddle was removed, the hydrometer was placed right
into the suspension. The entire procedure was carried out to ascertain the silt and
clay concentration. After withdrawing the paddle for 40 seconds, the froth was
dipped into one drop of alcohol and the hydrometer’s reading (Rsc) was obtained.
After that, the suspension was mixed in a hydrometer jar to determine the clay
concentration. We removed the paddle and did not stir the mixture after that. At
60°C, silt was represented by a downward line, sand by an upward line, and clay
by a horizontal line, all with percentages from the USDA textural triangle.

2.2. Determination of OM in Soil and Soil pH

SOM was calculated by Jackson’s Walkley-Black technique in 1962 [16]. In this tech-
nique, the following chemicals were used: diphenylamine indicator (C¢Hs),NH, 0.5
M ferrous ammonium sulphate solution, potassium dichromate (K,Cr,O;)-1 N,
and 98% concentrated orthophosphoric acid (HsPO4). A 500 ml beaker was filled
with a 1 g sample of air-dried soil. A 20 ml solution of H,SO, concentration was
added using a dispenser, and a 10 ml solution of 1 N potassium dichromate
(K2Cr,O7) was added using a pipette. After mixing the suspension, the beaker was
left for 0.5 hours. Then, by the dispenser, H;PO, (10 ml) and 200 ml of pure water
were added, and the mixture was allowed to cool. A diphenylamine indicator (10 -
15 drops) was put into a beaker and maintained on a magnetic stirrer with a Tef-
lon-coated stirring bar. With 0.5 M ammonium sulphate, the solution sample was
titrated.

Volumetric flasks, glass beakers, glass rods, electrodes, cylinders, pH metres
(model WTW 7110, Weilheim, Germany), and plastic wash bottles are among the
equipment needed to calculate soil pits. De-ionized water 4.0 pH buffer solution
and 7.0 pH buffer solution are the reagents used to calculate pH. A glass beaker
(100 ml) was collected, and 10g of dirt from the experimental soil was placed in-
side. 25 ml of deionized water was added to a volumetric flask by a ratio of dirt to
solution: 1:2.5. To properly mix the fluid, a glass rod was utilised which was then

left for 30 minutes while being stirred every 10 minutes. The suspension was left
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in situ for two hours to allow for the solids to settle. Following the calibration of
the pH metre, the pH of each batch of sample suspensions was measured. This
was accomplished by utilising pH buffer solutions and a standard process. Every
30 seconds, an electrode was dipped 3 cm deep into the suspension, and the read-
ing was recorded on a piece of paper, up to one decimal. After washing, the elec-
trode was cleaned and sufficiently dried using tissue paper to dry it. With a pH of

8.2, our test soil possessed alkaline characteristics (Table 1).

2.3. Cation Exchange Capacity (CEC)

To test soil cation exchange capacity, a centrifuge tube (40 ml) was collected and
filled with a 10 g air-dried soil sample. The tubes were filled with a 33 ml solution
of sodium acetate trihydrate and stoppers before being shaken for around 4 - 5
minutes. The samples were left for centrifugation at 3000 revolutions per minute
(RPM) until the supernatant solution was cleared. The supernatants were thor-
oughly decanted and disposed of according to protocol. Four times this surgery
was carried out. The same process was then performed after adding 33 ml of 95%
pure ethanol to the samples. The supernatant solution was removed after each 33
ml wash with 95 per cent ethanol of the sample. Three times, samples were rinsed
with 33 cc of 95 per cent ethanol. Electric conductivity (EC) in the supernatant
(400 S/cm) was measured. To determine the amount of absorbed sodium from the
sample, 33 ml of ammonium acetate was collected, shaken for 5 minutes, and then
centrifuged at 3000 rpm until the clear supernatant solution was obtained. Decanted
supernatant liquids were added to an empty 100 ml flask along with ammonium

acetate (IN). Shaking the mixture was left to ensure proper mixing.

2.4. Electrical Conductivity (EC)

Richards, 1954 published a technique for measuring electrical conductivity in USDA
Handbook 60. [16] acknowledged this approach for calculating the EC of soil. The
reagent used to measure electrochemical conductivity (EC) was potassium chlo-
ride (KCI) (0.01 N), and the equipment used to measure EC was a vacuum filtra-
tion system and a conductivity bridge. A sample of experimental soil was obtained
and placed in a 100 ml glass beaker. Using a graduated cylinder, 50 ml of sterilised
water was added to the beaker. After properly mixing the solution with a glass rod,
it was left for 30 minutes. Every 10 minutes, the suspension was kept stirring.
Upon passing an hour, the suspension was disturbed. The bottom of the Buchner
funnel was used to molten Whatman 42 filter paper, which was then affixed to cover
all the holes. Following the activation of the vacuum pump and opening of the suc-
tion, suspension was introduced to the Buchner funnel. Filtration was performed
before the dirt on the Buchner funnel began to break. The electric conductivity me-
ter the documented manual technique was used to calibrate (BANTE, DDS-12DW,
and Chicago, USA).

2.5. Calcium Carbonate (CaCO3)

The method to test CaCO:s in soil that [17] defined was employed in this investigation.
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The equipment utilised in this technique includes a volumetric pipette, burette,
hot plate, and Erlenmeyer flask. 95 per cent ethanol (C;HsOH), sodium hydroxide
(NaOH) solution, and hydrochloric acid (HCI) solution were used to quantify the
total CaCOs in the soil. In addition to an indicator (methyl orange), sodium car-
bonate (Na,CO;) and phenolphthalein indicator reagents were utilised. A 250 ml
Erlenmeyer flask was filled with a soil sample that had been sieved (0.15 mm) and
dried by air. A volumetric pipette was used to measure 10 ml of HCI (1 N) and
add it to the flask. After swirling the flask, it was filled with 50 - 500 ml of deion-
ized water, a graduated cylinder, and 2 - 3 drops of phenolphthalein. The flask was
then left overnight. The titration was carried out using NaOH (IM) solution while
the flask was being swirled. The reading-R was obtained after the solution had been
adjusted until a bright pink colour began to show. NaOH (1 N) and HCI (IN)
solutions were employed in standardisation to estimate CaCO;. Using a pipette,
10 ml of Na,CO; (1 N) was added to a 100-millilitre Erlenmeyer flask along with
two drops of the indicator fluorescent methyl orange. Countermeasure for HCI
(IN) was made by titrating with a burette. After titration, the solution turns dark
orange. You may calculate the HCL normalcy by using the formula NHCL = 10 x
N Na,COs/V HCL.

2.6. Potassium and Phosphorus

The method put out by [18] to determine the total phosphorus in the soil was also
used in this experiment. Spectrophotometers block digesters, and vortex tube stir-
rers were among the equipment utilized. By modifying a few techniques, some
reagents like ammonium heptamolybdate, ammonium vanadate in nitric acid,
per-chloric acid (HCIO,), and a stock solution were created. The soil digestion
process described below was used: A calibrated digestion tube (250 ml) was col-
lected and filled with a 2.15 g sample of air-dried 0.15 mm soil. After that, the soil
sample was well blended with 30 ml of HCIO, (60%) and pumice boiling granules.
After the research specimens were ready, they were put into absorption pipes,
which were heated to a gentle temperature of 100°C on a block digester rack. Up
until the prepared samples digest and fumes or white acid develop, gradually in-
crease the temperature to 180°C. Small amounts of per-chloric acid were used to
clean the sides of certain digesting tubes. The event persisted for 15 to 20 minutes
until the insoluble material changed into white sand. After the digesting process,
the following samples were left to be collected. Using a pipette, 10 ml of ammo-
nium vanadomolybdate and 5 ml of the digested sample were put into a volumet-
ric flask. For dilution, deionized water was then added. The standard curve was
then drawn using the procedures below: Using a pipette, a 5 ml sample of the 2 -
10 ppm standard solution was obtained and put through the same process as the
measured samples that had been digested. Using 410 nm wavelengths, the absorb-
ance of standards, blanks, and samples was measured after every 10 minutes.
Standard stock solution and IN Ammonium acetate (NH,;OAc) solution were em-

ployed as reagents and were made according to standard procedures. A 5 g soil
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sample that had been air-dried and sieved through 2 mm was put into a centrifuge
tube. The mixing tube was covered with a clean rubber stopper, 33 ml of NH,OAc
solution was added, and it was shaken vigorously for five minutes using a mechan-

ical shaker.

2.7. 0bserving the Chemical Properties of Soil Including
DTPA-Extractable Pb

The DTPA-extraction technique provided by [19] was employed in this investiga-
tion. AAS model “280FS, Agilent Technologies, Santa Clara, CA, USA” and a re-
ciprocal, mechanical shaker was among the equipment utilised in this experiment.
DTPA extraction solution was made using the following conventional procedure:
1.97 g of DTPA and 1.1 g of CaCl, were dissolved in a beaker. Deionized water
was used to dissolve the substance, and then it was placed into a 1 L volume. Tri-
ethanolamine (TEA) was weighed at 14.92 g and placed in a beaker before being
moved to a 1 L flask and filled to 900 ml with deionized water. The pH of the HCL
(6 M) solution was adjusted to 7.3, and the volume of the solution was increased
to1L. TEA (0.1 M), CaCl2 (0.1 M), and DTPA (0.005 M) were all present in the
produced DTPA solution.

2.8. Determination of Pb DTPA Extracts on AAS

Nickel content in DTPA extracts was measured using an AAS with a slit burner
head (10 cm) for air-acetylene flame. Hollow cathode lamps made by PyeUnicam
(England) were used as sources of spectrum radiation from the elements being
studied. AAS was operated by the manual’s explicit instructions. After using sev-
eral appropriate cations standards, a calibration curve was created. The needed Pb
was then measured in extracts using the relevant lamp provided by AAS. Ni was
determined based on the calibration curve.

The Environmental Science & Engineering Department’s laboratories at Gov-
ernment College University in Faisalabad, Pakistan, supported the studies on soil
and chemical processes. The university’s botany department was picked to carry
out various operations (determination of ROS and antioxidants) and plant-related
methodologies. We set up and conducted pot tests at the university’s botanical
garden. In the labs of the Department of Environmental Science and Engineering
at the University, a variety of tools and machinery were utilised to quantify Ni in

plant and soil samples as shown in Figure 1.

Figure 1. Plant and soil samples in the university garden.
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2.9. Harvesting of Maize Plants

Using an inch scale, the height of the plants about the significant physical charac-
teristics of each treatment were determined. The plants were then trimmed from
above ground by cutting the stems with scissors. After being harvested, plants
were placed in an ice-filled bucket to provide a chilly atmosphere, and they were
then labelled with the appropriate labels for the various treatments. Fresh roots
and leaves were separated from plants in specific proportions to analyse the levels
of ROS, biochemical remarks, and enzymatic activity. The plant branches were
repeatedly washed with tap water to eliminate dirt particles that were stuck to

them.

2.10. Measurement of the Contents of MDA, H.02,and O; in
Maize Leaves

HO, contents and MDA in leaves were calculated using conventional techniques.
Leaf extract was prepared from a fresh leaf sample (500 mg) using 5 ml of TCA
(0.1%). After 15 min at 10,000 g, a 2.5 ml supernatant was obtained from the pro-
duced extract. TCA (20%) and TBA (0.5%) in a specific amount of 1 ml were mixed
into the supernatant. The mixed liquid was heated to 95 degrees before chilling
for 30 minutes in an ice bath. Then, absorbance at 600 nm and 532 nm were meas-
ured using a spectrophotometer. 500 mg of fresh leaf was extracted from 5 ml of
K-P buffer to create a supernatant, which was then spun at 10,000 xg for 15 minutes.
5 ml of TCA (0.1%) and M KI (1 m) and K-P buffer (10 mM) buffers were com-

bined to create an aliquot.

2.11. Determination of CAT, SOD, POD, and APX Activities in Maize
Leaves

To assess antioxidant enzymes in leaves, such as CAT and SOD, certain common
techniques were modified. To measure SOD in leaves, a reaction mixture includ-
ing 1 ml of enzyme extract, 50 mM sodium phosphate buffer with a pH of 7.8, 100
mM EDTA, and 10 mM pyrogallol was produced. A spectrophotometer operating
at 420 nm was employed to measure the activity of SOD enzymes in a reactive
mixture [20]. A supernatant reaction was created while CAT enzymes were being
determined by combining enzyme extract (2 ml), 10 mM H2O, and potassium
phosphate buffer (50 mM with pH at 7).

2.12. Lead Concentrations in Plant Parts as Well as Nutrients in
the Leaves of Maize

For digestion, dried roots and shoots (each weighing 0.5 g) were mixed with HNO;
and perchloric acid (HCIOy,) at a ratio of 2:1 (v/v) [21]. Ni concentration in plant
roots and shoots was assessed using plant digests on ICP-MS. The concentration
of Mn, Zn, Fe, and Cu digested elements was also analysed using ICP-MS similarly.
Values of the translocation factor (TF) and the bioconcentration factor of Pb in
shoots (1 and 2, respectively) were quantified.

DOI: 10.4236/0alib.1112443

9 Open Access Library Journal


https://doi.org/10.4236/oalib.1112443

H. Khaliq et al.

2.13. Bacterial Carbon in Post-Harvest Soil

After plan hoarding, [22] measured the amount of microorganisms present in the
soil using established procedures. 3 g of fresh soil was obtained and serially diluted
aqueous extracts from it. On beef extract-peptone, the extracts were then distrib-
uted to check for germs. Following the incubation, microbe counts were estimated
over 2 - 5 days under the proper circumstances.

All scaling and experiments were carried out in triplicates to ensure the practi-

cal use of the study in the field.

3. Results
3.1. Plant Height, Shoot Dry Weight, and Root Dry Weight of Maize

The height of the maize plant ranged from 43.833 to 62.033 cm-pot ™ across all treat-
ments. All treatments led to a significant increase in maize plant height compared
to control. Significantly the highest plant height was recorded in treatment RSB +
WBB + SBB compared to all other treatments. The treatment WBB resulted in
significantly lower plant height compared to RSB, SSB, RSB + WBB, RSB + SSB,
WBB + SSB and RSB + WBB + SSB. Moreover, significantly the lowest plant height
was recorded in the control as compared to all treatments. The RSB, WBB, SSB,
RSB + WBB, RSB + SSB, WBB + SSB and RSB + WBB + SBB treatments resulted
in increases of 46.567, 45.633, 50.700, 54.233, 50.633, 47.667, and 62.033 of maize
plant height, respectively, compared to control in Figure 2(a). In every treatment,
the shoot dry weight (DW) of the maize plant varied between 0.3967 and 0.5300
g '-pot. Remarkably, as compared to all other treatments, the minimum shoot dry
weight was seen in the RSB + WBB + SSB treatment. It was shown that the SSB
and RSB + SSB treatments were substantially comparable to one another. The low-
est value was observed between the control and treatment groups (RSB + WBB +
SSB). Notably, RSB is the highest shoot dry weight that was measured in compar-
ison to the control. Furthermore, the control group had a considerably lower shoot
dryness than all other treatment groups. Compared to the control, the shoot dry
weight (DW) of the maize plant decreased by 0.4133, 0.4433, 0.4533, 0.4567, 0.4600,
0.4800, and 0.5300% for the RSB, WBB, SSB, RSB + WBB, RSB + SSB, WBB + SSB,
and RSB + WBB + SSB treatments, respectively in Figure 2(b). The root dry weight
(DW) of the maize plant varied across all treatments, ranging from 0.3133 to 0.4800
g "-pot. The results showed a substantial similarity between the SSB and RSB treat-
ments in comparison. The treatment SSB and RSB minimum values were substan-
tially similar to the control. Notably, as compared to the control, the greatest root
dry weight reported is RSB + WBB + SSB. Notably, when comparing RSB + WBB +
SSB to all other treatments, the greatest root dry weight was seen in this combina-
tion. The shoot dry weight (DW) of the maize plant decreased by 0.4133, 0.4433,
0.4533, 0.4567, 0.4600, 0.4800, and 0.5300%, respectively, in response to the RSB,
WBB, SSB, RSB + WBB, RSB + SSB, WBB + SSB, and RSB + WBB + SSB treatments,

in comparison to the control in Figure 2(c).
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3.2. Malondialdehyde (MDA) and Hydrogen Peroxide (H202)
Contents in Maize Leaves

The content of MDA in maize plants ranged from 3.7667 to 5.9000 pmol'.g-FW
across all treatments. Significantly the highest MDA content was found in the con-
trol treatment among all treatments. Following the control treatment, significantly
higher MDA content was observed in the WBB treatment as compared to the re-
maining treatments. Accordingly, significantly higher MDA content was observed
in treatments RSB treatment compared to the remaining treatments. Furthermore,
significantly lower MDA content was noted in the treatment SSB compared to all
the aforementioned treatments. Moreover, significantly the lowest MDA content
was recorded in treatment RSB + WBB + SSB among all treatments. The treatments
RSB, WBB, SSB, RSB + WBB, RSB + SSB, WBB + SSB and RSB + WBB + SSB
resulted in decreases of 4.7667, 4.8333, 4.6667, 4.4000, 4.3000, 4.0333 and 4.7667
in maize plants MDA content, respectively, compared to the control in Figure
2(d).

The hydrogen peroxide (H,0O,) content in maize plants ranged from 30.667 to
41.333 umol™-g:FW in all treatments. Significantly the highest H,O, content was
noticed in control treatment among all treatments. After that, significantly higher
H,O, content was noted in RBS treatment compared to the remaining treatments.
Accordingly, significantly higher H,O, content was observed in treatment SSB
compared to the rest of remaining treatments. Treatment WBB + SSB resulted in
significantly lower H,O, content in relative to aforementioned treatments. More-
over, significantly the lowest H,O, content was recorded in treatment RSB + WBB +
SSB among all treatments. The treatments RSB, WBB, SSB, RSB + WBB, RSB +
SSB, WBB + SSB resulted in reduction by 37.667, 36.667, 36.333, 35.333, 34.333
and 30.667 in maize plants H,O, content, respectively, compared to the control in

Figure 2(e).

3.3. Superoxide Dismutase (SOD), Peroxidase (POD), Carotenoids,
Ascorbate Peroxide (APX), and Catalase (CAT) Activities in
Maize

Across all treatments, maize plants’ superoxide dismutase (SOD) activity was shown
to range from 146.00 to 165.00 U-min'-mg™! proteins. Notably, out of all the treat-
ments, treatment RSB + WBB + SSB had the greatest SOD activity. SOD activity was
substantially increased after treatment WBB + SSB than after the other treatments.
In addition, treatment RSB + SSB showed a much increased SOD concentration
than the other treatments. Furthermore, compared to all other treatments, treat-
ment RSB showed noticeably decreased SOD activity, and the control treatment
produced noticeably the lowest SOD activity. In comparison to the control, the
treatments RSB, WBB, SSB, RSB + WBB, RSB + SSB, and WBB + SSB increased
the SOD activity of maize plants by 150.33, 149.00, 150.66, 152.00, 155.66, 158.00,
and 165.00, respectively in Figure 2(f).

Across all treatments, maize plant peroxidase (POD) activity was found to range
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from 40.40 to 64.067 U-min~"-mg™" proteins. Notably, of all the treatments, treat-
ment RSB + WBB + SSB had the greatest POD activity. POD activity was substan-
tially greater with treatment WBB + SSB compared with the other treatments. In
addition, treatment RSB + SSB showed a much larger POD content than the other
treatments. Furthermore, compared to all other treatments, treatment RSB showed
noticeably reduced POD activity, and the control treatment produced noticeably
the lowest POD activity. The treatments RSB, WBB, SSB, RSB + WBB, RSB + SSB,
WBB + SSB resulted in enhancement by 42.300, 43.500, 44.867, 55.067, 55.500,
57.500, 59.167 and 64.067 in maize plants POD activity, respectively, compared to
the control in Figure 2(g).

Carotenoid (CART) activity in maize plants was observed in the range of 6.6333
t0 9.9333 mg'-g-FW across all treatments. Significantly the highest CART activity
was determined in treatment RSB + WBB + SSB among all treatments. Treatment
WBB + SSB resulted in significantly higher CART activity than rest of remaining
treatments. Furthermore, significantly higher CART content was observed in
treatment RSB + SSB compared to remaining treatments. Moreover, significantly
lower CART activity was noted in treatment RSB and significantly the lowest
CART activity resulted in control treatment, in comparison to all other treat-
ments. The treatments RSB, WBB, SSB, RSB + WBB, RSB + SSB, WBB + SSB re-
sulted in enhancement by 8.2333, 8.5667, 8.6667, 8.9667, 9.233, 9.4333 and 9.9333
in maize plants CART activity, respectively, compared to the control in Figure
2(h).

Ascorbate peroxide (APX) activity in maize plants varied from 4.43333 to
6.13333 Unit-umol-min~"-mg™* for all treatments. The RSB + WBB + SBB therapy
showed notably the greatest APX activity across all treatments. The APX activity
of treatment WBB + SSB was substantially greater than that of the other treatments.
In addition, treatment RSB + SSB showed a much larger APX content than the
other treatments. Furthermore, compared to all other treatments, treatment RSB
showed noticeably decreased APX activity, and the control treatment produced
noticeably the lowest APX activity. The APX activity in maize plants increased by
4.5000, 4.6000, 4.73333, 5.5000, 5.76667, 5.8333, and 6.13333 in the treatments
RSB, WBB, SBB, RSB + WBB, RSB + SSB, WBB + WBB, and RSB + WBB + SBB,
respectively, in comparison to the control 1.9 (see Figure 2(i)).

Catalase (CAT) activity in maize plants varied from 95.000 to 10,733
Unit-Umin"mg™ for all treatments. The RSB + WBB + SBB therapy showed no-
ticeably the greatest CAT activity of all the treatments. Similar in their action,
treatments WBB + SSB and RSB + SSB produced noticeably greater CAT activity
than the others treatments. Treatment RSB + WBB showed a much greater CAT
concentration than the other treatments. Furthermore, compared to all other
treatments, treatment RSB showed noticeably reduced CAT activity, and the con-
trol treatment produced noticeably the lowest CAT activity. Compared to control,
the treatments RSB, WBB, SBB, RSB + WBB, RSB + SSB WBB + WBB, and RSB +
WBB + SBB increased CAT activity in maize plants by 96.3, 96.767, 99.567, 104.0,
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105.67, 105.67, and 107.3, respectively in Figure 2(j).

3.4. Dehydroascorbate Reductase (DHAR) Content in Maize

In all treatments, the content in maize plants varied from 79.333 to 103.33 nkat-mg™"
protein FW. The RSB + WBB + SBB therapy showed notably the greatest DHAR
activity of all the regimens. The DHAR activity of treatments WBB + SSB was
much greater than that of the other treatments. In addition, treatment RSB + WBB
showed a noticeably larger DHAR content than the other treatments. Furthermore,
compared to all other treatments, treatment RSB showed noticeably reduced
DHAR activity, and the control treatment produced noticeably the lowest DHAR
activity. The study found that the DHAR content of maize plants was lower under
the treatments RSB, WBB, SSB, RSB + WBB, RSB + SSB, WBB + SSB and RSBB +
WBB + SSB respectively than under the control group by 85.667, 89.000, 90.667,
92.000, 95.000, 97.667, and 103.33 in Figure 3(a).

3.5. Lead Concentration in the Shoot and the Root of Maize

The concentration of lead (PB) in the maize plant shoot varied throughout the
treatments, ranging from 0.1767 to 0.3433 mg'-kg:DW. Remarkably, in contrast
to all other treatments, the lowest shoot lead concentration was seen in the RSB +
WBB + SSB therapy. WBB + SSB treatments were shown to be substantially greater
than the others in comparison. The lowest value was observed between the control
and treatment groups (RSB + WBB + SSB). Remarkably, the highest lead concen-
tration shot that was seen was RSB as compared to the control. Furthermore, the
control group had the lowest lead content in the shot when compared to the other
treatment groups. The concentration of shoot lead in maize plants was shown to
be lower in the RSB, WBB, SSB, RSB + WBB, RSB + SSB, WBB + SSB, and RSB +
WBB + SSB treatments than in the control group by 0.2733, 0.2567, 0.2467, 0.2333,
0.2200, 0.2100, and 0.1767, respectively in Figure 3(b).

In all treatments, the lead (PB) content in the roots of the maize plant varied
from 17.33 to 26.667 mg'-kg-DW. Remarkably, as compared to all other treatments,
the lowest root lead concentration was seen in the RSB + WBB + SSB therapy.
WBB + SSB treatments were shown to be substantially greater than the others in
comparison. The lowest value was observed between the control and treatment
groups (RSB + WBB + SSB). Notably, RSB is the greatest lead concentration root
that was seen when compared to the control. Furthermore, across all the treat-
ments, the control group had the lowest lead content in the root. The root lead
concentration of the maize plant decreased by 24.333, 24.000, 23.700, 21.667,
20.000, 19.133, and 17.733 in the case of the RSB, WBB, SSB, RSB + WBB, RSB +
SSB, WBB + SSB, and RSB + WBB + SSB treatments, in comparison to the control
in Figure 3(c).

3.6. DTPA Extractable Lead Concentration

In all treatments, the maize plant’s DTPA extractable Lead (PB) content varied
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from 31.200 to 44.867 mg™"-kg of soil. Among all the treatments, RSB + WBB +
SSB was shown to have the lowest minimum DTPA extractable lead concentra-
tion. WBB + SSB treatments were shown to be substantially greater than the others
in comparison. The lowest value observed between the control and treatment groups
(RSB + WBB + SSB). Remarkably, when comparing the maximal DTPA extracta-
ble lead concentration to the control, RSB was detected. Furthermore, the control
group had the lowest DTPA extractable lead levels across all treatments. Relative
to control, the DTPA extractable lead content of maize plants was reduced by
41.867, 38.967, 36.533, 35.100, 34.467, 33.300, and 31.200 in response to the RSB,
WBB, SSB, RSB + WBB, RSB + SSB, WBB + SSB and RSBB + WBB + SSB, respec-
tively in Figure 3(d).

3.7. Fiber, Starch, Protein, Chlorophyll-a, and Chlorophyll-b
Contents in Maize

In all treatments, the percentage of fiber in maize plants varied from 0.9567 to
1.6200%. The RSB + WBB + SBB therapy showed noticeably the greatest fiber
activity of all the treatments. The fiber activity of the WBB + SSB therapy was
much greater than that of the other treatments. In addition, treatment RSB + WBB
showed a noticeably greater fiber content than the other treatments. Furthermore,
compared to all other treatments, treatment RSB showed noticeably reduced fiber
activity, and the control treatment produced noticeably the lowest fiber activity.
In comparison to the control, the fiber content of maize plants was reduced by
1.0567, 1.1367, 1.1667, 1.2433, 1.3300, 1.4167, and 1.6200 in the treatments RSB,
WBB, SSB, RSB + WBB, RSB + SSB, WBB + SSB and RSBB + WBB + SSB, respec-
tively in Figure 3(e).

In all the treatments, the starch content of the maize plants varied between
46.000 and 58.000%. Significantly, the RSB + WBB + SBB therapy showed the
greatest starch activity of all the treatments. The starch activity of treatments WBB +
SSB was much greater than that of the other treatments. In addition, treatment
RSB + WBB showed a noticeably greater starch content than the other treatments.
Furthermore, compared to all other treatments, treatment RSB showed noticeably
decreased starch activity, and the control treatment produced noticeably the low-
est starch activity. The starch content of maize plants was reduced by 48.333, 50.000,
51.333, 53.333, 54.333, 56.333, and 58.000% as compared to the control group un-
der the treatments RSB, WBB, SSB, RSB + WBB, RSB + SSB, WBB + SSB and RSBB +
WBB + SSB, respectively in Figure 3(f).

In every treatment, the percentage of protein in maize plants varied between
6.900 and 13.900%. Among all treatments, the RSB + WBB + SBB therapy showed
noticeably the highest level of protein activity. Protein activity was much greater
in the WBB + SSB treatments than in the other treatments. In addition, treatment
RSB + WBB showed a noticeably larger protein content than the other treatments.
Furthermore, compared to all other treatments, treatment RSB showed noticeably

decreased protein activity, and the control treatment produced noticeably the lowest
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protein activity. The protein content of maize plants was reduced by 7.9333, 9.1000,
10.067, 10.433, 11.333, 12.167, and 13.900% as a result of the treatments RSB, WBB,
SSB, RSB + WBB, RSB + SSB, WBB + SSB and RSBB + WBB + SSB, in comparison
to the control respectively in Figure 3(g).

In all treatments, maize plants’ CHL-a concentration varied from 1.3000 to 2.1000
mg"-g-FW. The RSB + WBB + SBB therapy had the greatest CHL-a activity of all
the treatments, by a wide margin. The CHL-a activity of treatments WBB + SSB
was much greater than that of the other treatments. Additionally, compared to the
other treatments, treatment RSB + WBB showed a noticeably greater CHL-a con-
centration. Additionally, in compared to all other treatments, treatment RSB showed
noticeably reduced CHL-a activity, while control treatment produced much lower
CHL-a activity. When compared to the control, the CHL-a level of maize plants
was reduced by 1.4000, 1.4667, 1.5000, 1.6667, 1.7000, 1.9000, and 2.1000% for the
treatments RSB, WBB, SSB, RSB + WBB, RSB + SSB, WBB + SSB and RSBB +
WBB + SSB, respectively in Figure 3(h).

The proportion of CHL-b in maize plants ranged from 1.7000 to 2.1000 across
all treatments. Among all regimens, the RSB + WBB + SBB treatment had notice-
ably the highest CHL-a activity. Compared to the other treatments, CHL-b activity
was significantly higher in the WBB + SSB treatments. Moreover, compared to the
other treatments, treatment RSB + WBB had a notably higher CHL-b level. Addi-
tionally, treatment RSB generated clearly the lowest CHL-b activity when compared
to all other treatments, while treatment control produced noticeably the highest
CHL-b activity. In response to the treatments RSB, WBB, SSB, RSB + WBB, RSB +
SSB, WBB + SSB and RSBB + WBB + SSB, the CHL-D level of maize plants was
lowered by 1.4000, 1.4667, 1.5000, 1.6667, 1.7000, 1.9000, and 2.1000% compared

to the control in Figure 3(i).

4. Discussion

The effects of biochar (BH) derived from soybean Stover, wood bark, and rice
straw at different rates applied to a Pb polluted soil had died by growing maize
plants in a completely randomized designed pot experiment influence of these
soil amendments on stabilization of Pb in soil. Pb uptake by plant structures and
maize biomass production and physiological characteristics were investigated in
our study with a few exceptions, we discovered that using RSB, WBB and SSB
(either alone or at combined rates) considerably increased maize development
and productivity compared with the control treatment. Comparatively, as com-
pared to the control, the RSB + WBB, RSB + SSB, and WBB + SSB treatments
yielded the tallest plants, the maximum roots and shoots dry weights and the
maximum yield quality, previous research has found that growing maize plants
in Pb-polluted soil reduced their dry biomass and growth parameters [23]. This
is because lead pollution in the soil can have a detrimental impact on maize plants
by interfering with nutrient uptake, disrupting metabolic processes, inducing

oxidative stress, inhibiting root growth, and reducing photosynthesis. These
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Figure 2. (a) Shows the height of the maize plant when compared with control; (b) Illustrates the
shoot dry weight of maize plant; (c) Depicts the root dry weight of maize plant; (d) Exhibit the
malondialdehyde content in maize leaves; (¢) Shows the hydrogen peroxide (H.0:) content in maize
leaves; (f) Exhibit the superoxide dismutase (SOD) activity in maize; (g) Illustrates the peroxidase
(POD) activity in maize; (h) Shows the carotenoids activity in Maize; (i) Exhibit the ascorbate perox-
ide (APX) activity in maize; (j) Shows the catalase (CAT) activity in maize.
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Figure 3. (a) Shows the dehydroascorbate reductase (DHAR) content in maize; (b) Shows the lead
concentration in the shoot of maize; (c) Illustrates the lead concentration in the root of maize; (d)
Shows the DTPA extractable lead concentration; (e) Shows the fiber content in maize; (f) Shows the
starch content in maize; (g) Exhibit the protein content in maize; (h) Shows the chlorophyll-a content
in maize; (i) Shows the chlorophyll-b content in maize.

DOI: 10.4236/0alib.1112443 17 Open Access Library Journal


https://doi.org/10.4236/oalib.1112443

H. Khaliq et al.

combined effects can result in reduced dry biomass, stunted growth, and overall
plant decline [24].

In addition, BH on maize crops boosted maize productivity in our study when
compared to the control. Our results appeared to be highly supported by earlier
research that showed an enhancement in the development and physiological char-
acteristics of Zea mays L. and mustard seedlings on heavy metal-contaminated soil
[25]. Furthermore, the decrease in Pb toxicity to maize crops may be related to Pb
sorption on a wide surface region of soybean Stover, wood bark, and rice straw
within soil involving different mechanisms such as precipitating action, exchange
of ions and surface complexation [10]. Therefore, biochar can be a valuable tool
for remediating heavy metal-contaminated soils and promoting plant growth. By
immobilizing heavy metals, improving soil physical properties, and enhancing
plant physiological processes, biochar can help to restore soil health and produc-
tivity [26].

Moreover, we discovered that the utilization of RSB, WBB, and SSB significantly
influenced the attributes of plant growth characteristics such as plant height, shoot
dry weight and root dry weight in maize plants as compared to the control treat-
ment, however, it was observed that the outcomes were significantly more mean-
ingful in RSB + SSB, WBB + SSB and RSBB + WBB + SSB, treatment options
(Figures 3(a)-(c)). Previously, it has been observed that exposing plants to larger
quantities of Pb reduced the growth and physiological properties of maize plants
[27]. In comparison to the control treatment, we found a significant increase in
the composition of photosynthetic parameters (chlorophyll a, and chlorophyll b)
and a substantial reduction in maize plants cultivated in treatment methods with-
out adding amendments with sets of combinations. These effects, however, were
the most evident in the combined blends of RSB + SSB, WBB + SSB and RSBB +
WBB + SSB (Figure 3(h) and Figure 3(i)). Our findings correspond with a pre-
vious study where plants that were exposed to increased Pb levels resulted in
decreased photosynthetic properties of maize [28]. The experimental data of our
study are consistent with earlier research in which BH treatment in Pb-stressed
soil increased the values of biochemical components in quinoa [29], sunflower
and rice [30]. Lead can damage chloroplasts and compete with essential nutrients,
such as calcium, phosphorus, and iron, for uptake by plant roots. This competi-
tion can lead to nutrient deficiencies that hinder plant growth and development.
High levels of lead can damage root cells, reducing their ability to absorb water
and nutrients [31]. Furthermore, lead can inhibit the activity of various enzymes
involved in plant metabolism, such as those involved in photosynthesis and res-
piration. This can disrupt essential physiological processes and reduce plant growth.
Lead can interfere with the production and signaling of plant hormones, such as
auxins and gibberellins, which play crucial roles in growth and development. It
can induce the production of ROS as well, which can damage cellular components,
including DNA, proteins, and lipids [32].

In this work, wing amendments of WBB, RSB, SSB and their combinations were
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shown to increase stress resistance in heavy metal-affected maize crops. The above
finding backs up the claim that organic amendments can induce stress resistance
in various plants. In our experiment, all treatments, with some exceptions, increased
the efficiency of antioxidant enzymes superoxide dismutase (SOD) and catalase
(CAT) in maize plants, compared to the control treatment. Furthermore, the most
prominent results were seen in the WBB + RSB, RSB + SSB, WBB + SSB and RSBB +
WBB + SSB treatments (Figure 3(f), Figure 3(g), and Figure 3(i)). According to
previous studies, Pb stress to plants has been observed to have significantly en-
hanced phytotoxicity while suppressing the function of antioxidant defence sys-
tems in maize plants [33], wheat and finger millet. Numerous cellular mechanisms
in plants grown with metal stress conditions are disturbed due to excessive ROS
production through the destruction of oxidant enzymes, oxidative damage, and
biomolecules [34]. Our results are consistent with previous studies, where it was
found that RSB, WBB, and SSB, reduced Pb oxidative stress while increasing an-
tioxidant potential in maize. Following harvesting, we observed that Pb contents
in maize crops, shoots, and roots, as well as plant-available Pb (DTPA-extractable
Pb), were considerably lower throughout most treatments compared with the con-
trol group. However, application of RSBB + WBB + SSB showed the greatest re-
duction in Pb content in maize plants shoots (Figure 3(b)), roots (Figure 3(c)) as
well as DTPA extractable Pb (Figure 3(d)). In comparison to the control, RSBB +
WBB + SSB drastically treatment decreased Pb concentration levels in shoots by
36%, roots by 22%, and DTPA extractable Pb by 23% in maize plants, suggesting
that RSB + WBB, RSB + SSB, WBB + SSB combined treatments successfully in-
creased the treatment’s capacity to reduce Pb concentrations.

5. Conclusion

Our study suggested that immobilizing agents, including biochar made from soy-
bean stubble, wood bark, and rice straw, may immobilize Pb in soil, reducing the
quantity of lead that can be extracted with DTPA and indicating a lower level of
Pb phytoavailability for maize crops. Every treatment significantly decreased the
Pb buildup in the roots and shoots of the maize plant as compared to the control.
Therefore, considerable maize plant growth, dry biomass, and grain production
were attained under Pb stress conditions. The following sequence of decrease in
plant-accessible Pb was observed in the treatments: RSB + WBB > RSB + SSB >
WBB + SSB. Additionally, the application of biochar to maize improved its anti-
oxidant defence system against stress caused by lead and decreased the amount of
reactive oxygen species. Nonetheless, given the outcomes of the current studyj, it
is advised that more research be conducted to validate these findings using realis-

tic and appropriate biochar concentrations in field settings.

Authors’ Contributions

Hamza Khaliq: Literature review, sampling, experiment design, experimental work,

and result analyses. Ahmed Abdullah Baeroom: Experiment design, methodology,

DOI: 10.4236/0alib.1112443

19 Open Access Library Journal


https://doi.org/10.4236/oalib.1112443

H. Khaliq et al.

and resources. Muhammad Hasnain: Experiment design and resources. Anam Saira:

Methodology and result analyses. Anam Aftab: Methodology and result analyses.
Faiza Shahzad: Methodology. Asad Ullah: Resources.

Conflicts of Interest

The authors declare that they have no conflict of interest.

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

Huang, Y., Wang, L., Wang, W, Li, T., He, Z. and Yang, X. (2019) Current Status of
Agricultural Soil Pollution by Heavy Metals in China: A Meta-Analysis. Science of
the Total Environment, 651, 3034-3042.
https://doi.org/10.1016/j.scitotenv.2018.10.185

Kushwaha, A., Hans, N., Kumar, S. and Rani, R. (2018) A Critical Review on Specia-
tion, Mobilization and Toxicity of Lead in Soil-Microbe-Plant System and Bioreme-

diation Strategies. Ecotoxicology and Environmental Safety, 147, 1035-1045.
https://doi.org/10.1016/j.ecoenv.2017.09.049

Kabir, M., Igbal, M.Z., Shafig, M. and Faroogqi, Z.R. (2010) Effects of Lead on Seedling
Growth of Spesia populinea. Plant, Soil and Environment, 56, 194-199.
https://doi.org/10.17221/147/2009-pse

Derakhshan Nejad, Z. and Jung, M.C. (2017) The Effects of Biochar and Inorganic
Amendments on Soil Remediation in the Presence of Hyperaccumulator Plant. /n-
ternational Journal of Energy and Environmental Engineering, 8, 317-329.
https://doi.org/10.1007/s40095-017-0250-8

Wuana, R.A. and Okieimen, F.E. (2011) Heavy Metals in Contaminated Soils: A Re-
view of Sources, Chemistry, Risks and Best Available Strategies for Remediation. /n-
ternational Scholarly Research Notices, 2011, Article ID: 402647.
https://doi.org/10.5402/2011/402647

Ahmad, M,, Lee, S.S., Lee, S.E., Al-Wabel, M.L, Tsang, D.C.W. and Ok, Y.S. (2016)
Biochar-Induced Changes in Soil Properties Affected Immobilization/Mobilization of
Metals/Metalloids in Contaminated Soils. Journal of Soils and Sediments, 17, 717-730.

https://doi.org/10.1007/s11368-015-1339-4

Bandara, T., Franks, A., Xu, ]., Bolan, N., Wang, H. and Tang, C. (2019) Chemical and
Biological Immobilization Mechanisms of Potentially Toxic Elements in Biochar-

Amended Soils. Critical Reviews in Environmental Science and Technology, 50,
903-978. https://doi.org/10.1080/10643389.2019.1642832

Schommer, V.A., Nazari, M.T., Melara, F.,, Braun, ].C.A., Rempel, A., dos Santos, L.F.,
et al. (2024) Techniques and Mechanisms of Bacteria Immobilization on Biochar for

Further Environmental and Agricultural Applications. Microbiological Research, 278,
Article ID: 127534. https://doi.org/10.1016/j.micres.2023.127534

Angelova, V.R., Akova, V., Artinova, N.S. and Ivanov, K.L. (2013) The Effect of Organic
Amendments on Soil Chemical Characteristics. Bulgarian Journal of Agricultural Sci-
ence, 19, 958-971.

Palansooriya, K.N., Shaheen, S.M., Chen, S.S., Tsang, D.C.W., Hashimoto, Y., Hou,
D., et al (2020) Soil Amendments for Immobilization of Potentially Toxic Elements in
Contaminated Soils: A Critical Review. Environment International, 134, Article ID:
105046. https://doi.org/10.1016/j.envint.2019.105046

Zhang, P., Li, Y., Cao, Y. and Han, L. (2019) Characteristics of Tetracycline Adsorption
by Cow Manure Biochar Prepared at Different Pyrolysis Temperatures. Bioresource

DOI: 10.4236/0alib.1112443

20 Open Access Library Journal


https://doi.org/10.4236/oalib.1112443
https://doi.org/10.1016/j.scitotenv.2018.10.185
https://doi.org/10.1016/j.ecoenv.2017.09.049
https://doi.org/10.17221/147/2009-pse
https://doi.org/10.1007/s40095-017-0250-8
https://doi.org/10.5402/2011/402647
https://doi.org/10.1007/s11368-015-1339-4
https://doi.org/10.1080/10643389.2019.1642832
https://doi.org/10.1016/j.micres.2023.127534
https://doi.org/10.1016/j.envint.2019.105046

H. Khaliq et al.

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

Technology, 285, Article ID: 121348. https://doi.org/10.1016/j.biortech.2019.121348

Burrell, L.D., Zehetner, F., Rampazzo, N., Wimmer, B. and Soja, G. (2016) Long-Term
Effects of Biochar on Soil Physical Properties. Geoderma, 282, 96-102.
https://doi.org/10.1016/j.geoderma.2016.07.019

Jeong, C.Y., Dodla, S.K. and Wang, J.J. (2016) Fundamental and Molecular Compo-
sition Characteristics of Biochars Produced from Sugarcane and Rice Crop Residues
and By-Products. Chemosphere, 142, 4-13.

https://doi.org/10.1016/j.chemosphere.2015.05.084

Weryszko-Chmielewska, E. and Chwil, M. (2005) Lead-Induced Histological and Ul-
trastructural Changes in the Leaves of Soybean (Glycine max (L.) Merr.). Soil Science
and Plant Nutrition, 51, 203-212. https://doi.org/10.1111/j.1747-0765.2005.tb00024.x
Gee, G.W. and Bauder, J.W. (2018) Particle-Size Analysis. In: Klute, A., Ed., Methods
of Soil Analysis. Part1 Physical and Mineralogical Methods, Soil Science Society of
America, American Society of Agronomy, 383-411.
https://doi.org/10.2136/sssabookser5.1.2ed.c15

Estefan, G., Sommer, M. and Ryan, J. (2013) Methods of Soil, Plant, and Water Anal-
ysis: A Manual for the West Asia and North Africa Region: Third Edition. Interna-
tional Center for Agricultural Research in the Dry Areas (ICARDA).
https://hdl.handle.net/20.500.11766/7512

Allison, L. and Moodie, C. (1965) Carbonate. Methods of Soil Analysis Part 2 Chem-
ical and Microbiological Properties. American Society of Agronomy, Soil Science So-

ciety of America Press.

Watanabe, F.S. and Olsen, S.R. (1965) Test of an Ascorbic Acid Method for Determin-
ing Phosphorus in Water and NaHCO; Extracts from Soil. Soi/ Science Society of Amer-
ica Journal, 29, 677-678. https://doi.org/10.2136/ss5aj1965.03615995002900060025x
Lindsay, W.L. and Norvell, W.A. (1978) Development of a DTPA Soil Test for Zinc,
Iron, Manganese, and Copper. Soil Science Society of America Journal, 42, 421-428.
https://doi.org/10.2136/sssaj1978.03615995004200030009x

Gilbert, H.S., Stump, D.D. and Roth, E.F. (1984) A Method to Correct for Errors Caused
by Generation of Interfering Compounds during Erythrocyte Lipid Peroxidation. Ana-
Iytical Biochemistry, 137, 282-286. https://doi.org/10.1016/0003-2697(84)90086-1

Jones, J.B. and Case, V.W. (2018) Sampling, Handling, and Analyzing Plant Tissue Sam-
ples. In: Westerman, R.L., Ed., Soi/ Testing and Plant Analysis, Soil Science Society of
America, 389-427. https://doi.org/10.2136/sssabookser3.3ed.c15

Wu, X, Li, Y., Shi, Y., Song, Y., Zhang, D., Li, C,, et al (2016) Joint-Linkage Mapping
and GWAS Reveal Extensive Genetic Loci That Regulate Male Inflorescence Size in
Maize. Plant Biotechnology Journal, 14, 1551-1562.
https://doi.org/10.1111/pbi.12519

Afzal, S., Alghanem, S.M.S., Alsudays, I.M., Malik, Z., Abbasi, G.H., Alj, A., et al.
(2024) Effect of Biochar, Zeolite and Bentonite on Physiological and Biochemical Pa-
rameters and Lead and Zinc Uptake by Maize (Zea mays L.) Plants Grown in Con-
taminated Soil. Journal of Hazardous Materials, 469, Article ID: 133927.
https://doi.org/10.1016/j.jhazmat.2024.133927

Abedi, T., Gavanji, S. and Mojiri, A. (2022) Lead and Zinc Uptake and Toxicity in Maize
and Their Management. Plants, 11, Article 1922.
https://doi.org/10.3390/plants11151922

Haider, F.U., Ain, N, Khan, L., Farooq, M., Habiba, Cai, L., et al (2024) Co-Applica-
tion of Biochar and Plant Growth Regulators Improves Maize Growth and Decreases
Cd Accumulation in Cadmium-Contaminated Soil. Journal of Cleaner Production,

DOI: 10.4236/0alib.1112443

21 Open Access Library Journal


https://doi.org/10.4236/oalib.1112443
https://doi.org/10.1016/j.biortech.2019.121348
https://doi.org/10.1016/j.geoderma.2016.07.019
https://doi.org/10.1016/j.chemosphere.2015.05.084
https://doi.org/10.1111/j.1747-0765.2005.tb00024.x
https://doi.org/10.2136/sssabookser5.1.2ed.c15
https://hdl.handle.net/20.500.11766/7512
https://doi.org/10.2136/sssaj1965.03615995002900060025x
https://doi.org/10.2136/sssaj1978.03615995004200030009x
https://doi.org/10.1016/0003-2697(84)90086-1
https://doi.org/10.2136/sssabookser3.3ed.c15
https://doi.org/10.1111/pbi.12519
https://doi.org/10.1016/j.jhazmat.2024.133927
https://doi.org/10.3390/plants11151922

H. Khaliq et al.

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

440, Article ID: 140515. https://doi.org/10.1016/j.jclepro.2023.140515

Irfan, M., Mudassir, M., Khan, M.]., Dawar, K.M., Muhammad, D., Mian, I.A., et
al. (2021) Heavy Metals Immobilization and Improvement in Maize (Zea mays L.)
Growth Amended with Biochar and Compost. Scientific Reports, 11, Article No.

18416. https://doi.org/10.1038/s41598-021-97525-8

Hafeez, A., Rasheed, R., Ashraf, M.A., Qureshi, F.F., Hussain, I. and Igbal, M. (2023)
Effect of Heavy Metals on Growth, Physiological and Biochemical Responses of Plants.

In: Husen, A., Ed., Plants and Their Interaction to Environmental Pollution, Elsevier,
139-159. https://doi.org/10.1016/b978-0-323-99978-6.00006-6

Chen, J., Xu, L., Cai, Y. and Xu, J. (2009) Identification of Qtls for Phosphorus Utili-
zation Efficiency in Maize (Zea maysL.) across P Levels. Euphytica, 167, 245-252.
https://doi.org/10.1007/s10681-009-9883-x

Khan, W., Ramzani, P.M.A., Anjum, S., Abbas, F., Igbal, M., Yasar, A., et al. (2017)
Potential of Miscanthus Biochar to Improve Sandy Soil Health, in Situ Nickel Immo-
bilization in Soil and Nutritional Quality of Spinach. Chemosphere, 185, 1144-1156.
https://doi.org/10.1016/j.chemosphere.2017.07.097

Ramzani, P.M.A,, Shan, L., Anjum, S., Khan, W., Ronggui, H., Igbal, M., et al. (2017)
Improved Quinoa Growth, Physiological Response, and Seed Nutritional Quality in
Three Soils Having Different Stresses by the Application of Acidified Biochar and Com-
post. Plant Physiology and Biochemistry, 116, 127-138.
https://doi.org/10.1016/j.plaphy.2017.05.003

Zulfiqar, U., Farooq, M., Hussain, S., Magsood, M., Hussain, M., Ishfaq, M., et al (2019)
Lead Toxicity in Plants: Impacts and Remediation. Journal of Environmental Man-
agement, 250, Article ID: 109557. https://doi.org/10.1016/j.jenvman.2019.109557
Aslam, M., Aslam, A., Sheraz, M., Ali, B., Ulhassan, Z., Najeeb, U., et al (2021) Lead
Toxicity in Cereals: Mechanistic Insight into Toxicity, Mode of Action, and Manage-
ment. Frontiers in Plant Science, 11, Article ID: 587785.
https://doi.org/10.3389/fpls.2020.587785

Alj, K., Arif, M., Islam, B., Hayat, Z., Ali, A., Naveed, K. and Shah, F. (2018) Formu-
lation of Biochar Based Fertilizer for Improving Maize Productivity and Soil Fertility.
Pakistan Journal of Botany, 50, 135-141.

Yadav, V., Karak, T., Singh, S., Singh, A K. and Khare, P. (2019) Benefits of Biochar over
Other Organic Amendments: Responses for Plant Productivity (Pelargonium grave-
olensL.) and Nitrogen and Phosphorus Losses. Industrial Crops and Products, 131,
96-105. https://doi.org/10.1016/j.indcrop.2019.01.045

DOI: 10.4236/0alib.1112443

22 Open Access Library Journal


https://doi.org/10.4236/oalib.1112443
https://doi.org/10.1016/j.jclepro.2023.140515
https://doi.org/10.1038/s41598-021-97525-8
https://doi.org/10.1016/b978-0-323-99978-6.00006-6
https://doi.org/10.1007/s10681-009-9883-x
https://doi.org/10.1016/j.chemosphere.2017.07.097
https://doi.org/10.1016/j.plaphy.2017.05.003
https://doi.org/10.1016/j.jenvman.2019.109557
https://doi.org/10.3389/fpls.2020.587785
https://doi.org/10.1016/j.indcrop.2019.01.045

	Use of Biochar Derived from Soybean Stover, Wood Bark, and Rice Straw for Lead Immobilization in Polluted Soil by Maize Crops
	Abstract
	Subject Areas
	Keywords
	1. Introduction
	2. Material and Methods
	2.1. Using a Hydrometer to Determine the Soil Texture
	2.2. Determination of OM in Soil and Soil pH
	2.3. Cation Exchange Capacity (CEC)
	2.4. Electrical Conductivity (EC)
	2.5. Calcium Carbonate (CaCO3)
	2.6. Potassium and Phosphorus
	2.7. Observing the Chemical Properties of Soil Including DTPA-Extractable Pb
	2.8. Determination of Pb DTPA Extracts on AAS
	2.9. Harvesting of Maize Plants
	2.10. Measurement of the Contents of MDA, H2O2, and  in Maize Leaves
	2.11. Determination of CAT, SOD, POD, and APX Activities in Maize Leaves
	2.12. Lead Concentrations in Plant Parts as Well as Nutrients in the Leaves of Maize
	2.13. Bacterial Carbon in Post-Harvest Soil

	3. Results
	3.1. Plant Height, Shoot Dry Weight, and Root Dry Weight of Maize
	3.2. Malondialdehyde (MDA) and Hydrogen Peroxide (H2O2) Contents in Maize Leaves
	3.3. Superoxide Dismutase (SOD), Peroxidase (POD), Carotenoids, Ascorbate Peroxide (APX), and Catalase (CAT) Activities in Maize
	3.4. Dehydroascorbate Reductase (DHAR) Content in Maize
	3.5. Lead Concentration in the Shoot and the Root of Maize
	3.6. DTPA Extractable Lead Concentration
	3.7. Fiber, Starch, Protein, Chlorophyll-a, and Chlorophyll-b Contents in Maize

	4. Discussion
	5. Conclusion
	Authors’ Contributions
	Conflicts of Interest
	References

