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Abstract: Chlorpyrifos (CP) is a pesticide used extensively in agricultural crops. Residual CP has been
found in a variety of soils, vegetables and fruits indicating a serious danger to humans. Therefore,
it is necessary to restrict its entry into agricultural products for food safety. A wire-house pot
experiment was conducted with maize plants in biochar- and compost-amended soil (at 0.25% and
0.50%, respectively, in weight-by-weight composition) contaminated with 100 and 200 mg kg−1 of
CP, respectively. Results indicated toxicity at both CP levels (with 84% growth reduction) at CP
200 mg kg−1. However, application of compost and biochar at the 0.50% level improved the fresh
weight (2.8- and 4-fold, respectively). Stimulated superoxide dismutase (SOD) and peroxidase (POX)
activities and depressed catalase (CAT) activity were recorded in response to CP contamination
and were significantly recovered by the amendments. Both amendments significantly decreased
the CP phytoavailability. With biochar, 91% and 76% reduction in the CP concentration in maize
shoots and with compost 72% and 68% reduction was recorded, at a 0.50% level in 100 and 200 mg
kg−1 contaminated treatments respectively. Compost accelerated the CP degradation in postharvest
soil. Therefore, biochar and compost amendments can effectively be used to decrease CP entry in
agricultural produce by reducing its phytoavailability.

Keywords: chlorinated organophosphates; soil pollution; biochar; compost; remediation; food safety

1. Introduction

Pesticides are widely used to increase agricultural production by controlling pests,
however, they have strong potential to severely contaminate agricultural soils [1].
Organophosphorus pesticides usage has been aggravated worldwide due to their high
efficacy towards killing insect pests [2]. Chlorpyrifos (CP) [O, O-Diethyl O-(3, 5, 6-trichloro-
2-pyridinyl)-phosphorothioate] is a toxic chlorinated organophosphorus insecticide. Its
half-life in soil ranges from 60 to 120 days [3]. Its use on a large scale contaminates various
components of the environment such as soil, water and terrestrial ecosystems [4]. CP
residual concentrations have been reported in ground water, soil, vegetables, edible fruits,
fish and in cow meat in Pakistan [5–8], which clearly highlights the associated health risks
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owing to its entrance into the food chain [9]. CP applied to plants directly or mixed with
soil may produce adverse effects on the environment [10]. Moreover, CP exerts drastic
effects on plant growth, as indicated by seedling growth inhibition, reduction in root
and shoot growth, germination energy, germination percentage chlorophyll contents and
morphological traits [10–14].

Organic amendment application in soil is recommended as a good practice to improve
soil fertility and crop productivity. The agricultural soils of Pakistan are characterized by
poor organic carbon contents [15], having less than 10 mg g−1 soil organic carbon contents
in most soils [16]. Therefore, soil incorporation with organic materials such as compost,
biochar and manures, is considered a highly profitable practice to improve the organic
matter status of soils [17–19]. Moreover, these amendments alter the physical and chemical
properties of soil [20,21] which ultimately affect the fate of pesticides in soils [22]. Pesticide
adsorption of biochar decreases the availability of harmful organic contaminants present
in soil to organisms and restricts their transport to the receiving environment [23,24].
Supplementation of soil with activated carbon or biochar can decrease the pesticide uptake
by plants [11,25]. Wheat- and rice-straw-derived biochar was found to be 2500 times more
effective towards pesticide sorption when compared with soil [26]. Enhanced sorption of
CP by biochar was also reported elsewhere [22]. There is a dire need to develop procedures
to explore the immobilization mechanisms of CP by organic amendments. Previous studies
have reported the effects of pesticide toxicity on different plants. The positive effect of
biochar has been reported in previous studies by recovering antioxidant enzyme activities
under pesticide pollution. However, studies regarding the effect of compost on CP toxicity
in soil–plant systems and on antioxidant enzyme activities in CP-stressed maize plants
are very rare. Moreover, the comparative behaviors of biochar and compost on CP uptake
by maize plants and on antioxidant enzyme activities under CP toxicity in Pakistani soil
conditions is lacking in the literature. Considering the above scenario, this study was
designed with the following objectives: (1) to investigate the uptake of CP by maize plants,
(2) to evaluate and compare the potential of two types of organic amendments (biochar and
compost) at two different levels in reducing the bioavailability of CP to maize plants, and
(3) to elucidate the behavior of antioxidant enzymes in CP-contaminated soil in response
to soil-applied biochar and compost.

2. Results and Discussion
2.1. Soil and Amendments Characteristics

The soil used for experiment had a sandy clay loam texture, ECw (1:10) 3.21 dS m−1,
pHw (1:10) 7.44, with low organic carbon contents (0.87%). The CaCO3 contents of soil
were 4.91%. The biochar contained high total organic carbon contents, 43.8%, compared to
compost. Significantly high BET specific surface area and lower pore width was recorded
in biochar when compared with compost (Table 1). The maximum (107.5 cmolc kg−1) CEC
was found in compost, while the minimum (5.2 cmolc kg−1) was found in soil. The Fe, Mn
and Zn contents of soil were 5.5, 0.51 and 0.91 mg kg−1, respectively. The compost exhibited
high contents of Fe and Zn (755, 130 mg kg−1) compared to biochar (154, 78 mg kg−1).
The total N, available phosphorous and extractable K contents were found in the order of
compost > biochar > soil.
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Table 1. Selected physicochemical properties of the soil and amendments.

Characteristic Soil Compost Biochar

Texture Sandy clay loam – –
Sand (%) 56.4 ± 1.04 – –
Silt (%) 18.9 ± 0.98 – –

Clay (%) 24.7 ± 1.01 – –
pHw(1:10) 7.44 ± 0.10 6.25 ± 0.09 7.89 ± 0.08

ECw(1:10) (dS m−1) 3.21 ± 0.08 3.10 ± 0.15 4.01 ± 0.08
TSS (mmolc L−1) 32 ± 0.20 – –

CaCO3 4.91 – –
Total organic carbon (%) 0.87± 0.03 35.36 ± 1.32 43.80 ± 1.65

Specific surface area (m2 g−1) – 31.37 ± 0.04 94.83± 0.09
Pore width (nm) – 21 ± 1.32 15.0 ± 0.91

Pore volume (cm3 g−1) – 0.0035 ± 0.0001 0.09 ± 0.0001
CEC cmolckg−1 5.2 ± 0.87 107.5 ± 4.34 85 ± 3.94

Fe (mg kg−1) 5.5 ± 0.91 755.6 ± 87 154.6 ± 11
Mn (mg kg−1) 0.51 ± 0.001 103.35 ± 9 395.62 ± 13
Zn (mg kg−1) 0.91 ± 0.01 130.3 ± 11 78.3 ± 8

Total N (%) 0.03 ± 0.001 1.59 ± 0.02 0.83 ± 0.01
Available P (%) 0.0007 ± 0.0001 1.30 ± 0.01 0.20 ± 0.001

Extractable K (%) 0.014 ± 0.001 2.59 ± 0.03 1.06 ± 0.01
Values are presented as means ± standard error of three replicates, EC: Electrical conductivity, TSS: Total soluble
salts, CEC: Cation exchange capacity.

2.2. Plant Growth

CP significantly (p < 0.05) reduced the shoot (Figure 1a,b) and root fresh (Figure 2a,b)
weights of maize plants. The addition of biochar and compost alleviated the damaging
effects of CP on shoot fresh weight and increased the shoot fresh weight compared to
those plants where only CP was applied. The plants grown with CP100 and CP200 (100
and 200 mg kg−1 of CP, respectively) produced 67% and 84% less shoot fresh weights,
respectively, compared to control (CP0B0C0) plants. A decrease in maize growth due to
CP toxicity can be attributed to the inhibition of the activity of 4-hydroxyl phenyl pyru-
vate dioxygenase (HPPD), which is needed for growth and development of meristematic
tissue [27]. However, supplementation with compost and biochar recovered this damag-
ing effect at both levels but more pronouncedly at the 0.50% level of both amendments.
Moreover, biochar was found to be more effective in restoring the maize biomass in all
contaminated treatments compared to compost-amended treatments. The highest shoot
fresh weight was recorded with CP100B0.50 (52.07 g pot−1) a significant (p < 0.05) increment
of 154% compared to CP100, while with compost this increment was 107% with CP100C0.50
compared to CP100. At CP200 level, CP200B0.50 and CP200C0.50 showed 175% and 307%
increments in shoot fresh weights compared to unamended CP200. The root fresh weight
ranged between 5.05 and 45.4 g pot−1. The minimum root fresh weight (5.05 g pot−1)
was recorded with CP200 (a decrease of 89%) compared to the control plants. The 0.50%
level of both amendments (compost and biochar) in combination with CP100 recovered this
reduction in root fresh biomass significantly and exhibited 4- and 5-fold increase in root
fresh weight, respectively, compared to the treatments with CP100 alone. The inhibiting
effect of CP (75 and 100 mg kg−1) on the seedling growth of two grass species has been
previously reported [28]. The suppression of shoot and root biomass of plants by CP
toxicity and significant recovery of this reduction by biochar supplementation in soil has
also been reported by [11] and [29]. Reduction in plant growth in response to CP toxicity
was also reported by [14]. The incorporation of organic amendments in contaminated
soil improves plant growth by reducing plant access to pesticide residues in soil [30],
minimizing negative impacts on soil enzyme activities and soil microbial population due
to increased soil organic matter [31] by directly applying nutrients [11] and improving
physical and biological properties of soil [32].
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Figure 1. Fresh weight of maize shoot as affected by the CP toxicity (a) at 100 mg kg−1 (b) at 200 mg kg−1 of soil and the
alleviating effect of compost and biochar application. Bars sharing different letters are statistically different from each other
and vice versa at p < (0.05).

Figure 2. Fresh weight of maize roots as affected by the CP toxicity (a) at 100 mg kg−1 (b) at 200 mg kg−1 of soil and the
alleviating effect of compost and biochar application. Bars sharing different letters are statistically different from each other
and vice versa at p < (0.05).

2.3. Antioxidant Enzyme Activities of Maize Shoots

The enzymatic antioxidant system is most important strategy for plants to respond
to environmental stress [14]. In the case of insecticide toxicity, plants prevent oxidative
damage to their cells to tolerate this stress. Most often, this toxicity boosts the activities
of SOD and POX, which are indicators of the degree of stress as well as the ability of
stress tolerance [14]. The effect of CP on antioxidant enzyme SOD activity of maize shoots
in amended and unamended soils is shown in (Figure 3a,b). The SOD activity of maize
plants was significantly (p < 0.05) promoted in CP-stressed plants compared to untreated
control plants. The maize shoots with CP100 and CP200 showed 5- and 8-fold increments
in SOD activity (U (mg−1 protein min−1) compared with the control. The compost- and
biochar-supplemented plants showed lower SOD activities compared with unamended
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CP-contaminated plants. The restoration of SOD activity was more evident at the 0.50%
level of both amendments. However, biochar-amended treatments showed significantly
(p < 0.05) less SOD activities in all contaminated treatments compared to compost-amended
treatments. Among the amended treatments, the CP100C0.50, CP100B0.50, CP200C0.50 and
CP200B0.50 showed 45%, 70%, 42% and 75% less SOD activity compared with unamended
CP100 and CP200, respectively.

Figure 3. Variation in SOD activities of maize plants grown in CP contaminated soil (a) at 100 mg kg−1 (b) at 200 mg kg−1

of soil and the effect of compost and biochar applied. Bars sharing similar letters are not statistically different from one
another and vice versa at p < (0.05).

In contrast to SOD, the CAT activity of maize shoots showed opposite behavior in
response to CP toxicity (Figure 4a,b). CP significantly (p < 0.05) depressed the CAT activity
of maize plants in all treatments (with and without amendment addition), except untreated
control plants. The CP100 and CP200 showed 61% and 88% reductions in CAT activity
compared to control plants. The CAT activity ranged between 1.04 with CP200 and 8.56
(µmoles Min−1 mg−1 protein) in control plants. The application of both amendments
recovered the reduction in CAT activity. Among the compost-amended treatments, the
CP100C0.25 and CP100C0.50 caused 76% and 111% increments in CAT activity, respectively,
compared with unamended CP100, while for biochar these increments were 34% and 83%
with CP100B0.25 and CP100B0.50, respectively. The combinations of compost and biochar
with CP200 resulted in 2- and 4-fold increments with CP200C0.25 and CP200C0.50 and 1.9-
and 3.2-fold increments in CAT activity with CP200B0.25 and CP200B0.50, respectively, over
unamended CP200.

CP application significantly (p < 0.05) stimulated POX activity. The CP100 and CP200
showed 4- and 6-fold increments in POX activity compared with untreated control plants
(Figure 5a,b). The addition of both amendments at the 0.50% level in CP-contaminated
treatments resulted in significantly (p < 0.05) decreased activity of POX compared to the
treatments where only CP was applied. At the CP100 level, 43% and 59% reductions in
POX activity were recorded with CP100C0.50 and CP100B0.50, respectively, while at the CP200
level, 39% and 68% reductions in peroxidase activity were observed with CP200C0.50 and
CP200B0.50, respectively, compared with unamended CP100 andCP200.
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Figure 4. Variation in CAT activities of maize plants grown in CP-contaminated soil (a) at 100 mg kg−1 (b) at 200 mg kg−1

of soil and the effect of compost and biochar applied. Bars sharing similar letters are not statistically different from one
another and vice versa at p < 0.05.

Figure 5. Variation in POX activities of maize plants grown in CP-contaminated soil (a) at 100 mg kg−1 (b) at 200 mg kg−1

of soil and the effect of compost and biochar applied. Bars sharing similar letters are not statistically different from one
another and vice versa at p < 0.05.

One of the main toxic effects of CP is reactive oxygen species (ROS)-induced damage
to the plants. To mitigate and repair the damage caused by these ROS, plants have evolved
complex antioxidant systems. The stimulation of SOD and POX activities under CP toxicity
confirms the large amount of O2− production [33,34]. The CP-stressed maize plants showed
significant enhancements in SOD and POX activities, which are the indicators of CP toxicity
in this study. Some previous studies [14,35] reported increased SOD and POX activities
upon CP stress in mung bean and wheat plants, which is consistent with our findings
with maize. SOD and POX play an important role in the dismutation of free radicals by
the formation of H2O2. The breakdown of H2O2 and lignin biosynthesis in the presence
of H2O2 is participated by POX under pesticide toxicity [35]. Contrary to SOD and POX
activities, we found depressed CAT activity under CP toxicity. The decreased CAT activity
in Glycine max L. under insecticide stress [36] and under herbicide stress in wheat root
has been reported [37]. The reduction in CAT activity may be attributed to changes in
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enzyme structure as a result of binding nonessential metals, degradation of enzymes by
peroxisomal protease causing enzyme inactivation and changes in the assembly of CAT
subunits [34,38,39]. The recovery of enzyme activities in response to organic amendments
may be due to improved plant growth, water contents and nutrients uptake in poor quality
contaminated soil [40].

2.4. Chlorpyrifos Residues in Postharvest Soil

The residues of CP in postharvest soil are shown in (Figure 6a,b). The incorporation
of biochar amendment resulted in a significantly (p < 0.05) reduced CP loss in soil, while
compost-amended treatments enhanced the CP residue degradation in postharvest soil.
In biochar-amended treatments, 45% and 136% more CP residues in postharvest were
recorded with CP100B0.25 and CP100B0.50, respectively, compared to unamended CP100.
While with the CP200 level, 39% and 82% increments in postharvest CP residues were
recorded with CP200B0.25 and CP200B0.50, respectively, when compared with unamended
CP200. The reduced dissipation of CP in amended soil is due to strong sorption and less
desorption from organic amendments [22,41] for microbes. A decrease in CP dissipation
in planted soil in response to biochar addition has been reported [11,41]. We found
significantly (p < 0.05) less residues of CP in compost-amended postharvest soil at the
end of the experiment compared with unamended as well as biochar-amended soil. At
the CP100 level, a 41% and 76% lower concentration of CP was recorded with CP100C0.25
and CP100C0.50, respectively, compared with unamended CP100. While with CP200C0.25
and CP200C0.50 treatments, 33% and 69% less CP residues were recorded, respectively,
compared with CP200. The increased degradation of CP was due to an enhanced microbial
population introduced by the addition of organic material such as compost [42]. The
microbes can utilize labile carbon provided by compost [43]. The indigenous microbes of
composted material secrete some extracellular enzymes which have the ability to increase
the pesticide degradation by converting their hydrophobic structures to being hydrophilic
in nature [44,45].

Figure 6. Effect of compost and biochar on CP residual concentration in postharvest soil (PHS). (a) at 100 mg kg−1 of CP (b)
at 200 mg kg−1 of CP. Bars sharing similar letters have no significant difference with respect to others and vice versa at
p < 0.05.

2.5. Chlorpyrifos Concentration in Maize Plants in the Presence and Absence of
Organic Amendments

The residues of CP were determined in both shoots and roots of maize after 60 days of
growth. Both CP levels significantly (p < 0.05) increased the CP concentration in shoots.
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A significant (p < 0.05) reduction in CP accumulation in maize shoots was recorded with
both compost- and biochar-amended treatments (Figure 7a,b) compared with unamended
treatments. However, for both levels of CP (CP100 and CP200), biochar-amended soil
exhibited significantly less CP concentration in shoots compared with compost-amended
soil. Moreover, by increasing the level of amendments from 0.25% to 0.50%, a further
decrease in CP concentration in shoots was recorded. The concentration of CP in shoots
was reduced from 15.06 mg kg−1 with CP100 to 1.28 mg kg−1 with CP100B0.50, showing
91% reduction, while at the CP200 level this reduction was 76% with CP200B0.50. In the
case of compost-application, the reductions in CP shoot concentration were recorded
as 72% and 68% with CP100C0.50 and CP200C0.50, compared with unamended CP100 and
CP200, respectively. A similar trend was found with roots (Figure 8a,b) where maximum
(71.69 mg kg−1) CP concentration was found with CP200 which decreased to minimum
(4.92 mg kg−1) with CP100B0.50, showing a maximum decrease of 84%. In the case of
compost supplementation, a 75% and 68% reduction in CP root concentration was recorded
with CP100C0.50 and CP200C0.50 compared with unamended CP100 and CP200, respectively.
Both amendments showed effective results in lowering uptake of CP by maize plants as
shown by the greater biomass in amended treatments compared with the unamended
treatments contaminated with CP. The increase in CP concentration of plants as a result of its
application has been reported in wheat [46]. Organic matter added in soil provides the most
important sorbent surfaces for the nonpolar pesticides having low water solubility, because
phase partitioning is driven by hydrophobic interactions [46]. The mechanism behind the
low bioavailability of pesticides is the sorption of pesticides on organic amendments. The
microporosity and high specific surface area of biochar and a variety of functional groups
provided by humic-like molecules and increased specific surface area due to humification
of organic macromolecules makes them very efficient sorbent materials for a variety of
organic contaminants, which in turn minimizes the risk of contaminant entrance into the
food chain [47–51], hence reducing their toxicity. The low bioavailability of the herbicide
fomesafen to maize plants in biochar-amended soil was reported previously [52]. The
decreased bioavailability of CP to plants as a result of organic amendment addition in soil
can be due to reduction in degradation and enhanced retention of pesticides in soil because
of low bioavailability of pesticides to soil microorganisms, and the second reason is the
lower uptake in plant parts which may be attributed to reduction in phytoavailability of
this pesticide [11,53]. The present results confirm these findings, as low CP concentration
was recorded in maize shoots and roots due to biochar and compost addition in soil.
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Figure 7. Effect of compost and biochar on CP residual concentration in shoots of maize (a) at 100 mg kg−1 of CP (b) at
200 mg kg−1 of CP. Bars sharing similar letters have no significant difference with respect to others and vice versa at p < 0.05.
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Figure 8. Effect of compost and biochar on CP residual concentration in roots of maize (a) at 100 mg kg−1 of CP (b) at
200 mg kg−1 of CP. Bars sharing similar letters have no significant difference with respect to others and vice versa at p < 0.05.

3. Materials and Methods
3.1. Collection and Preparation of Soil and Amendments

Soil was collected (0–30 cm depth, random method) from the farm area of Village
No.132/GB in the district of Faisalabad, Pakistan. The soil was passed through a 2 mm
sieve after air drying and pulverization. The soil is moderately calcareous, canal-water
irrigated and is illite-dominated clay [54]. The biochar was produced from wheat straw in
a laboratory muffle furnace under limited oxygen conditions at 500 ◦C, as described by [55].
Compost was produced from agricultural waste material and plant leaves as described
by [56]. The biochar and compost were dried at 70 ◦C in an oven for 3 days, ground to a
fine powder manually with a grinder and roller, passed through a 200 µm sieve and stored
for use.

3.2. Analytical Methods

Before the experiment, the soil was analyzed for soluble cations and anions, texture,
sodium adsorption ratio (SAR) total nitrogen (N), phosphorus (P), potassium (K), cation
exchange capacity and CaCO3 following the procedures as stated [57]. Manganese (Mn),
iron (Fe) and zinc (Zn) contents in soil were determined by using the aqua regia method
(HNO3: HCl; 1:3) [58]. The pH and EC of soil and amendments were measured by a
suspension method (1:10 [w/v] and 1:20 [w/v] solid–distilled water ratio), respectively
after shaking for 90 min in deionized water on a mechanical shaker [59] using a pH
(JENCO Model-671P) and conductivity meter (HANNA HI8033), respectively. Total N was
determined by the Kjeldahl method [60]. The concentrations of Mn, Fe, Zn, K and P were
determined from compost and biochar samples by digesting them in sulphuric acid (H2SO4)
and hydrogen peroxide (H2O2) [59]. Next, P was determined by a spectrophotometer, K
was determined by a flame photometer and Fe, Zn and Mn were determined by an atomic
absorption spectrophotometer.

3.3. Pesticide and Chemicals

Analytical grade CP (99.5%) was obtained from Dr. Ehrenstorfer GmbH Wesel,
Nordrhein-Westfalen, Germany. Ali Akbar Enterprises, Pvt. Ltd. Lahore, Pakistan supplied
the technical grade CP (98% pure). The analytical grade acetone and n-hexane used were
purchased from Merck Darmstadt, Germany. The Florisil and sodium sulphate dehydrates
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used in the cleanup process and extractions were purchased from Sigma-Aldrich (Sydney,
Australia).

3.4. Plant Growth Experiment

Maize (Zea mays L.) grown in sampled soil (sandy clay loam texture) was used as a
test crop in this study. The experiment was conducted in a wire house using plastic pots to
allow no leaching of water and pesticide. Before filling the pots, soil and amendments were
thoroughly mixed to achieve 0.25% and 0.50% (w/w) of biochar and compost on a soil dry
weight basis. Each pot was filled with 2.5 kg of soil (with or without amendment). The soil
was contaminated with CP solution in acetone, resulting in the spiked concentration of 100
and 200 mg kg−1 of CP. The treatment combinations have been explained in Table 2. The
experiment was conducted using a completely randomized design with three replications
of each treatment, and a total of 33 pots were kept. The pots were agitated on an orbital
shaker for 24 h to ensure complete mixing of soil and pesticide solution. When all carrier
acetone was evaporated after another 2 days, the deionized water was added to adjust
the moisture contents at 50% of water holding capacity. Four maize seeds were sown in
each pot. The fertilizers were applied in recommended doses using urea (CO (NH2)2),
diammonium phosphate (NH4)2HPO4 and sulphate of potash (K2SO4) at 120–90–60 kg
NPK ha−1. All the P and K were applied at the time of sowing while N was applied in
three splits. The plants were harvested after 60 days. The above-ground parts of maize
were cut on soil surface [61]. The maize roots were carefully removed from the soil [62].
The growth parameters of shoots and roots were determined. A small portion (5 g) of
soil was removed from each pot after thorough mixing for CP residue determination in
postharvest soil. The shoots and roots were thoroughly washed with deionized water to
remove soil particles and were air dried at room temperature in the laboratory.

Table 2. Treatment description and their abbreviations used in the study.

Treatment Abbreviations

Control CP0B0C0
CP 100 mg kg−1 CP100
CP 200 mg kg−1 CP200

CP100 mg kg−1 + compost 0.25% CP100C0.25
CP200 mg kg−1 + compost 0.25% CP200C0.25
CP100 mg kg−1 + compost 0.50% CP100C0.50
CP200 mg kg−1 + compost 0.50% CP200C0.50
CP100 mg kg−1 + biochar 0.25% CP100B0.25
CP200 mg kg−1 + biochar 0.25% CP200B0.25
CP100 mg kg−1 + biochar 0.50% CP100B0.50
CP200 mg kg−1 + biochar 0.50% CP200B0.50

3.5. Residue Extraction and Cleanup

The extraction and cleanup of CP from plant and soil samples (shoots and roots) was
conducted as per the procedure stated in [11]. The plant sample (2.5 g) was ground in a
pestle and mortar with 10 g of sodium sulphate dehydrates. The extraction of the mixture
was carried out with 15 ml of n-hexane and acetone (1:1 v/v). The extraction procedure was
as follows: vortex mixing of mixture for one minute, ultrasonication for two hours, shaking
on an orbital shaker for 12 hours and centrifugation for 15 minutes at 1300 RPM for phase
separation. The supernatant was removed following centrifugation and was dried under
N2 gas. The residues were redissolved in 1 ml acetone. The extracts were then further
purified by Florisil cleanup process. First of all, the column was washed with n-hexane
(5 mL) and the extract was passed through Florisil. After this, the column was washed again
to wash out CP sorbed by the Florisil by further using 5 mL of hexane/dichloromethane
(1:1, v/v). The extract was then dried under N2, and dissolved in 1 mL acetone to determine
CP by GC-MS. A recovery experiment was carried out with the fortification of plant
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materials with CP ranging from 1 to 10 mg kg−1. The recovery ranged from 75% to 90%.
For extraction of soil samples, 10 mL of n-hexane and acetone (1:1 v/v) was added to
1 g of soil and extraction was conducted with 10 mL of n-hexane and acetone using the
above-mentioned procedure. For the recovery experiment, the soil samples were spiked
with CP 1–50 mg kg−1. The recoveries for soil samples ranged from 80–90%.

3.6. Residue Analysis

The analysis for CP concentration in plant and soil samples was carried out on GC-MS
(Shimadzu QP-2010) Kyoto, Japan. The instrumental conditions were as follows: Injection
mode was splitless with the sampling time of 1 min. The injection temperature was 220 ◦C.
The carrier gas was 99.9% Helium. The flow rate of helium gas was 1.70 mL min−1. The
temperature of the oven was 50 ◦C (1 min) ramping to 180 ◦C at 20 ◦C min−1, to 190 ◦C
at 10 ◦C to 240 ◦C at 3 ◦C min−1, to 300 ◦C at 10 ◦C min−1 and then held for 6 min. Total
program time was 37.17 min. The MS conditions were as follows: Solvent cut time was
5 min. The ion source temperature was 200 ◦C. MS interface temperature was 280 ◦C.
The detection of CP was achieved using selected ion mode. For CP the mass fragments
monitored were m/z 197, 199 and 314.

3.7. Extraction and Determination of Enzyme Activities

Enzyme extract was prepared by the procedure stated in [11], taking 0.5 g of plant
samples with liquid N2. The plant material was crushed with a pestle and mortar (which
was kept cold before and during crushing to prevent heating). After this, 15% glycerol, 1%
Triton X-100, 1 mM EDTA and 2 mL of 100 mM potassium phosphate buffer (pH 7.8) were
added to make a mixture. The centrifugation of the mixture was conducted for 15 min at
4 ◦C and 15,000 rpm. The supernatant was removed and stored at −20 ◦C.

The procedure stated by [63] was adopted for superoxide dismutase (SOD EC. 1.15.1.1)
determination by using a UV-visible spectrophotometer at 560 nm. The indication of SOD
was the inhibition of photochemical reduction of nitro blue tetrazolum (NBT). To determine
SOD activity, 500 µL of 75 mM EDTA, 950 µL of 50 mM phosphate buffer pH (7.8), 500 µL
of 13 mM Methionine, 1.3 µM Riboflavin and 1 mL of 50 µM NBT were used as a reaction
mixture in 50 µL of enzyme extract. One unit of SOD was defined as the amount of enzyme
required to cause 50% inhibition of the NBT reduction rate compared to blanks (tubes in
which enzyme extract was not added) at 560 nm.

Catalase (CAT EC. 1.11.1.6) activity was assayed using the method described by [64],
by quantifying titanium–hydro complex formation by estimating residual hydrogen per-
oxide. Next, 0.2 mL enzyme extract was taken and 6 mM H2O2, and 0.1 mM phosphate
buffer (pH 7.0) was added to form 3 mL of reaction mixture. Next, 2 mL of titanium
reagent was added to stop the reaction. This resulted in the formation of yellow titanium–
hydroperoxide complex with residual hydrogen peroxide. After 30 min the centrifugation
of the aliquot was performed for 10 min at 10,000 g. The supernatant was removed and ran
on a spectrophotometer to record absorbance at 410 nm, and catalase activity was measured
by the decline in absorbance (at 410 nm) due to the extinction of H2O2 and expressed as
µmoles min−1 mg−1 protein.

Peroxidase (POX EC. 1.11.1.7) activity was determined using the procedure stated
by [65], by estimating the tetraguaiacol formation resulting in the increment of optical
density. The enzyme extract (0.1 mL) was first diluted 10 times. After this, 0.15 M phos-
phate buffer (pH 6.1), 2 mM H2O2 and 16 mM guaiacol were added to form 3 mL of
reaction mixture. After centrifugation of the aliquot, the absorbance of the supernatant was
quantified using a spectrophotometer at 470 nm, and calculation of enzyme activity was
conducted as per its extinction coefficient of 26.6 mM−1 cm−1.

3.8. Statistical Analysis

The experiment was conducted using a completely randomized design. Statistical
analysis was performed via one-way factorial analysis of variance (ANOVA). The means
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were compared by applying a least significant difference (LSD) test at p < 0.05 for critical
differences between treatments, using Statistics Software version 8.1.1. Data with less than
5% (p < 0.05) probabilities were considered statistically significant [66].

4. Conclusion

CP significantly reduced maize growth. Maize plants showed increased residual
concentration of CP in both shoots and roots with increasing level of CP. Maize plants
induced variations in antioxidant enzyme activities in response to CP stress. Application of
both biochar and compost amendments alleviated the adverse effects of CP in all studied
parameters, as manifested by the profound improvement in maize fresh biomass, recovered
antioxidant enzyme activities, and decreased residual CP concentration in both roots and
shoots of maize. However, biochar at the 0.50% level was found to be more effective in
reducing uptake of CP by maize plants compared with compost. More CP was dissipated in
compost-amended treatments compared with biochar. This study is of practical significance
and emphasizes that both biochar and compost amendments could effectively be used to
minimize CP entry into agricultural produce by reducing its bioavailability to maize plants,
and this could be implied for other crop species. However, further research is warranted to
delineate the mechanism of immobilization of CP by biochar and compost amendments.
Present results should be explored on a field level, with different soils having different
histories of CP contamination.
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