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ABSTRACT

Cadmium (Cd) is a heavy metal that neutrally occurs in soil. It is carcinogenic in humans and caused a
significant decline in the plant’s growth when up has taken beyond the threshold limit. The fertilizers,
manure, sewage sludge, and aerial deposition are the main source of cadmium contamination in soil.
Furthermore, poor soil organic matter is also one of the allied factors which facilitate the development
of Cd toxicity in soil. The decomposition resistance nature of biochar makes it an effective amendment
for cadmium remediation. Through crop production, Cd enters the food system. Individual studies on bio-
char and compost are found in the literature but the combined effect of biochar and compost are rarely
documented especially in maize crops. The current pot study was conducted in Pesticide Quality Control
Laboratory, Multan, Pakistan. However, the current study was novel and conducted by using compost
mixed biochar (CB) against Cd toxicity in maize. Four application rates of CB i.e., 0, 0.50, 0.75 and
1.00% (1.00CB) were applied under 3 levels of Cd i.e., 0 (0Cd), 2.5 (2.5Cd) and 5 mg Cd kg~! soil
(5.0Cd). Overall, results indicated that 1.00%CB remained significantly best at higher 5.0Cd for improve-
ment in soil organic matter, plant height, root length, number of leaves, leaves fresh and dry weight, plant
fresh and dry weight, chlorophyll g, b, total and carotenoids. A significant decrease in soil pHs, leaves
anthocyanin and lycopene also validated the efficacious functioning of 1.00%CB over control in 2.5 and
5.0Cd. In conclusion, the use of 1.00%CB is a better approach to decrease Cd harmful effects to improve
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gas exchange attributes, growth and chlorophyll contents in maize. Long-term research is required on co-

composted biochar toward mitigation of cadmium toxicity under different geographical locations.

© 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Soil pollution is one of the important effects of disturbing the
balance of nature (Soyingbe et al., 2020; Syed et al., 2021). The
most important soil contaminants include heavy metals, acid rain
and organic matter, which among these heavy metals are consid-
ered for their non-degradability, high toxicity, cumulative effects
and carcinogenicity (Iram et al., 2012). Although heavy metals
are naturally present in small concentrations in soil, their geo-
graphical distribution will pose problems both naturally and
through human activities (Shafiq et al., 2020). Industrial wastewa-
ter is used to irrigate agricultural lands in many areas of the world,
this leads to excessive accumulation of heavy elements in the soil,
and by absorbing them with the plant, they eventually enter the
human food cycle (Hassan and David, 2014). Heavy metals have
the most adverse effects on fetuses and children, and this age
group is more exposed to the dangers of heavy metals which leads
to a decrease in their mental and physical growth and damage to
their brain and organs (Azevedo et al., 2012).

Cadmium is a highly toxic metal, and its entry into the human
food cycle has caused concern (Hassan et al., 2013). The toxic effects
of this element on soil biological activities, plant metabolism,
human and animal health have led to the study of cadmium beha-
viour in the environment by many researchers (Lamoreaux and
Chaney, 1978). High levels of cadmium due to metabolic disorders
increase free radicals’ production and lead to oxidative stress in
the plant (Hassan et al., 2016). Cadmium also causes leaf twisting,
chlorosis, necrosis of leaves, reddening and browning of leaf mar-
gins, reduced leaf area, reduced total dry matter, browning of roots
and reduced plant growth (Khan and Lee, 2013), and also harms
physiological and metabolic processes of plants such as respiration,
photosynthesis, plant water relations and gas exchanges of stomata
(Hassan et al., 2016). It also interferes in the path of chlorophyll
biosynthesis, Calvin cycle performance, photosynthetic light reac-
tions and also absorption of certain nutrients such as potassium, iron
and magnesium (Dong et al., 2006; Greger et al., 1991).

Biochar incorporation has been documented as the most
favourable organic amendment to remove abiotic stresses i.e.,
lethal impacts of heavy metals in soils and crops (Danish and
Zafar-ul-Hye, 2020; Jabborova et al., 2020). Specific characteristics
of biochar i.e., large surface area, adsorption rates and porosity are
dependent on the pyrolysis and feedstock (Ghodake et al., 2021),
which efficiently increases the potential of char in the absorption
of soil materials to cleans the soil from adverse (Hashmi et al,,
2019; Ok et al.,, 2015). Additionally, the microporous structure,
exchange capacity and active functional groups of biochar per-
formed a critical role in lessening the bioavailability and mobiliza-
tion of heavy metals (Jiang et al., 2012). Use of organic
amendments (Izhar Shafi et al., 2020; Wahid et al., 2020), i.e., com-
post in agriculture, improves rhizobacterial proliferation, water
and nutrients retention and soil aggregation. It also decreases soil
pH when applied in soil (Schulz et al., 2014). Although foliar fertil-
izer application and micronutrients are demonstrated to be a bet-
ter alternative to fast action in some cases (Rafiullah et al., 2020a,
2020b; Tariq et al., 2020), by maintaining the soil organic pool,
compost in soil enhances the phyto availability of macro and
micronutrients and ultimately improve improves soil health
(Doan et al., 2014; Schulz et al., 2014).

Maize (Zea mays L.) has been dedicated third place after wheat
and rice due to its ability to adapt to different climatic conditions

(Hanif and Akhtar, 2020). In Pakistan, about 97% of corn production
is allocated to Punjab and KPK (Tariq and Igbal, 2010). Since maize
is a very demanding plant in terms of nutrient uptake from the soil,
cadmium-contaminated soils cannot meet the plant’s needs and,
by restricting plant growth, prevent the emergence of the full
growth potential of maize (Drazkiewicz and Baszynski, 2005).
The individual studies of compost and biochar on the cadmium
mitigation in soil are available in literature but the combined effect
of biochar and compost are rarely studied especially in Pakistan cli-
matic conditions. Bass et al. (2016) found that combined use of
compost and biochar improved water contents reduced bulk den-
sity and improved carbon stock as compared to individual applica-
tion of biochar and compost in their field experiments. Individual
studies on biochar and compost are already documented in the lit-
erature but limited information is available regarding the com-
bined effect of biochar and compost are especially in maize. The
current study is covering the knowledge gap regarding the com-
post mixed biochar application effects on Cd toxicity, especially
in maize. It was hypothesized that the combined effect of biochar
and compost will be more effective on cadmium effect mitigation
as compared to individual effects in the current study. Therefore,
a pot experiment was done to study the impacts of compost mixed
biochar (CB) on the growth, pigment contents and gas exchange
attributes of maize.

2. Materials and methods
2.1. The experimental site, design and soil characteristics

This study was conducted in a completely randomized design
(CRD) at the Pesticide Quality Control Laboratory (30.154813,
71.442681), Multan, Pakistan. For soil texture analysis, hydrometer
method (Gee and Bauder, 1986), available P (Olsen and Sommers,
1982), extractable K (Helmke and Sparks, 2018) and soil organic
matter (Nelson and Sommers, 1982) were analyzed using standard
protocols. Soil texture was loamy which contains pHs (8.05)
organic matter (0.40%), ECe (2.32 dS m~!), commutable potassium
(200 mg kg 1), available phosphorus (5.35 mg kg~!) and diethylen-
etriaminepentaacetic acid (DTPA) extractable Cd (0.40 mg kg™!)
(Lindsay and Norvell, 1978). The climatic conditions were arid with
low rainfall and high temperature (Fig. 1).

2.2. Cd toxicity

There were 3 levels of Cd i.e., control having 0.4 mg Cd kg !
(0cd), 2.5 mg Cd kg! soil (2.5Cd) and 5.0 mg Cd kg~ ! (5.0Cd).
All Cd levels were maintained by using analytical grade (Sigma)
salt of CdCl, (Zafar-ul-Hye et al., 2018).

2.3. Compost mixed biochar

Timber waste material was used for the manufacturing of bio-
char at 439 °C through pyrolysis for 2 h. After preparing biochar
samples from the pyrolyzer, they were ground enough to transit
via a 2 mm sieve. Compost was provided from Buraq Agro Chemi-
cals, Industrial State Area, Multan. Both biochar and compost were
mixed in a 1:1 ratio manually. After that, compost mixed biochar
(CB) was applied in the soil as per the treatment plan i.e., 0, 0.5,
0.75 and 1.00%. The biochar and compost were charactered for
physiochemical properties (Table 1).
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Fig. 1. The daily minimum, maximum and average temperature and rainfall in Multan, Pakistan during the year 2019. The dotted lines are showing the duration of the cluster
bean crop.

Table 1
The physicochemical properties of biochar, compost and irrigation.

Characteristics Compost Biochar Characteristics Irrigation Water

pH; 6.05 7.85 pHs 7.05

ECe (dSm™) 5.36 3.00 ECe (dSm™") 0.85

Total N (%) 1.46 1.21 TSS (ppm) 850

Available phosphorus (pg/g) 0.64 0.80 €032 0

Extractable potassium (pg/g) 59 35 HCO3' 2.5

Extractable Cd (pg/g) 0.35 0.45 a! 0.5

Volatile matter (%) - 12 Ca + Mg 2.0

Ash content (%) - 20

Fixed carbon (%) - 68
2.4. Irrigation 2.5. Fertilizer application

All the pots were irrigated regularly. Throughout the experi- Initially, 12 kg of soil was added to each polyethylene bag.

ment, 65% of field capacity was preserved on a weighted base. Based on the results of soil chemical analysis, 92 kg of N acre™?,
The characteristics of irrigation water are provided in Table 1. 37 of K acre™! and 58 kg of P acre™! were used in the experiment
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(Zafar-ul-Hye et al., 2015). All triple superphosphate and potas-
sium sulfate fertilizers were added evenly in one step to the indi-
vidual pots before planting and were thoroughly mixed with soil.
Nitrogen was added to the soil in two stages, two-thirds after thin-
ning stage (in the 3-4 leaf stage) and the remaining one-third in
the tassel emergence stage.

2.6. Sowing

The hybrid seed used in this experiment was YH 1898 hybrid. In
stage 3-4 leaves, the plants were thinned, and the rest of the plants
were watered evenly until the end of the growing season.

2.7. Harvesting

At the stage of ear silk formation, plant samples were taken to
measure morphological, physiological traits, and nutrients con-
tained in the plant’s leaves and roots. Plant height and root length
were measured using a meter and then reported in centimetres.
However, the number of leaves, plant and root length and plant
fresh weights were measured after harvesting. The samples’ dry
weight was measured by placing them in an oven at 65 °C for 48 h.

2.8. Chlorophyll contents

To measure chlorophyll (Chl.), at the stage of ear silk formation,
to 0.2 g of freshly chopped leaves, 10 ml of 80% acetone and 0.5 g of
calcium carbonate powder (to prevent the formation of Pheo-
phytin) were added to separate the pigments and then extract all
the chlorophyll from the leaf tissue and finally, the amount of light
absorption of the solution was read using a spectrophotometer at
645 and 663 nm (Arnon, 1949). The chlorophyll a & b contents
were obtained through the equations:

Chl. a (mg/gfw) = [12.7 x OD663 — 2.69 x OD645] x —18:)0 x W

Chl. b (mg/gfw) = [22.9 x OD645 — 4.68 x OD663] x w

\
1000
Total Chl. (mg/g fw) =chla+chlb
where OD = Optical density (wavelength), V = Final volume made,

fw = Fresh leaf weight (g).

2.9. Accessory pigments

The concentration of carotenoids, anthocyanin and lycopene
were calculated through the following equations (Kirk and Allen,
1965; Rao et al., 1998; Sims and Gamon, 2002).

Carotenoids (mg /gfw) = [0D480 + 0.114 (OD663) — 0.638 x OD645]

Anthocyanin (umol ml’1> = [0.08173 x 0D 537] — [0.00697 x OD 645]
— [0.002228 x OD 663]

_[OD 503 — 0.0007] x 30.2
- g plant tissue

Lycopene (Hgg™)

2.10. Gas exchange attributes

Gas exchange attributes were assessed at the tasseling stage by
LCi- SD Ultra-Compact Photosynthesis System® (Danish and Zafar-
ul-Hye, 2019; Danish et al., 2019).

Journal of King Saud University — Science 34 (2022) 102014
2.11. Leaves N, P and K

Nitrogen was analyzed on the Kjeldahl distillation apparatus.
The phosphorus was determined by the yellow colour method at
470 nm wavelength by using a spectrophotometer (Chapman and
Pratt, 1961). For potassium determination, the digested sample ali-
quot was fed to the flame photometer (Nadeem et al., 2013).

2.12. Statistical analysis

Data analysis of variance was executed using a two-way analy-
sis of variance (ANOVA) (Steel et al., 1997). The treatment means
were compared using LSD’s test at 5% probability level. Origin
2021Pro was used for making the graphs of data via pared compar-
ison functions (OriginLab Corporation, 2021).

3. Results

Treatments impacts were significant on soil pH, EC and OM
under different levels of soil Cd. Application of 0.5, 0.75 and
1.00%CB significantly decreased soil pH than control in 0, 2.5 and
5.0Cd soil. Treatment 1.00%CB significantly increased soil EC over
control in 0 and 2.5Cd soils. For soil EC, 0.5%CB and 0.75%CB
remained statistically similar in 0 and 2.5Cd soils. The increasing
application rate of CB, i.e, 0.5, 0.75, and 1.00%, significantly
increased soil OM in 0, 2.5 and 5.0Cd soil. Treatments 1.00%CB
showed significantly better results for improvement in OM over
0.75 and 0.5%CB (Fig. 2).

Different application rates of CB significantly affect maize plant
height and root length cultivated under different Cd levels in the
soil. Treatments 0.5, 0.75 and 1.00%CB significantly enhanced
maize plant height than control in 0, 2.5 and 5.0Cd soil. A signifi-
cant increase in maize plant height was noted in 1.00%BC over
0.5 and 0.75%CB in 0, 2.5 and 5.0Cd soils. Treatment 0.75 and
1.00%CB significantly enhanced root length over control in 0 and
2.5Cd soils (Fig. 3).

Number of leaves, leaves fresh and dry weights differed signif-
icantly due to variable application rates of CB under different soil
Cd levels. Application of 1.00%CB significantly improved maize
number of leaves than control in 0, 2.5 and 5.0Cd soil. Treatment
0.5, 0.75 and 1.00%CB significantly increased leaves fresh weight
over control in 0, 0.5 and5.0Cd soils. For leaves dry weight, 0.5%
CB and 0.75%CB remained statistically similar with control in 0Cd
soils. The increasing application rate of CB, i.e., 0.75 and 1.00% sig-
nificantly increased leaves dry weight in 2.5 and 5.0Cd soil (Fig. 4).

CB effect was significant for maize plant fresh and dry weights
grown under different soil levels. Treatments 0.75 and 1.00%CB sig-
nificantly enhanced maize plant fresh weight than control in 0, 2.5
and 5.0Cd soil. There was a considerable increase in maize plant
fresh weight in 0.5%BC over control in 5.0Cd soils. Treatment
0.75 and 1.00%CB significantly enhanced plant dry weight over
control in 5.0 and 2.5Cd soils (Fig. 5).

Different application rates of CB significantly affected chloro-
phyll contents (Fig. 6A-C), carotenoids (Fig. 6D), anthocyanin
(Fig. 6E) and lycopene (Fig. 6F) of maize leaves under different
levels of soil Cd. Treatments 0.75 and 1.00%CB significantly
increased maize chlorophyll a and b than control in 0, 2.5 and
5.0Cd soil. For total chlorophyll, 0.75 and 1.00%CB cause a signifi-
cant increase in 0 and 5.0Cd soils. However, only 1.00%BC signifi-
cantly increased total chlorophyll in 2.5Cd soils. Treatment 1.00%
CB significantly increased leaves carotenoids over control in 0Cd
soils. Application of 0.75 and 1.00%BC significantly enhanced caro-
tenoids in maize leaves cultivated in 2.5 and 5.0Cd soils. For antho-
cyanin, 1.00%CB gave a significant decrease over control in 0Cd
soils. Application of 0.50, 0.75 and 1.00CB showed a significant
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Fig. 2. Variable rates of composted biochar impacts on soil pH (A), EC (B) and OM (C) under different levels of Cd. Means are average of 3 replicates compared with Tukey’s
test. Columns with similar letters are not significantly different.
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decrease in anthocyanin over control at 2.5Cd soils. However, in
5.0Cd soils, a significant decrease in anthocyanin was noted where
0.75 and 1.00%CB were applied. Increasing application rate of CB
i.e, 0.50, 0.75 and 1.00% significantly decreased lycopene in O,
2.5 and 5.0Cd soil (Fig. 6).

Photosynthetic rate; Pn (A), transpiration rate; E (B) and stom-
atal conductance; gs (C) differed significantly due to variable appli-
cation rates of CB under different levels of soil Cd. Application of
1.00%CB significantly improved maize photosynthetic rate than
control in 0, 2.5 and 5.0Cd soil.. Treatment 0.75 and 1.00%CB signif-
icantly increased transpiration rate and stomatal conductance over
control in 0, 0.5 and 5.0Cd soils. For transpiration rate and stomatal
conductance, 0.5%CB and control remained statistically similar in O,
2.5 and 5.0Cd soils (Fig. 7).

Application rates of CB significantly changed leaves nitrogen
(A), phosphorus (B) and potassium (C) under different levels of soil
Cd. Application of 1.00%CB significantly improved maize leaves
nitrogen than control in 0, 2.5 and 5.0Cd soil. No significant change
was noted between 0.5%CB and control for leaves nitrogen in 0, 2.5
and 5.0Cd soils. Treatment 0.75%CB significantly increased leaves
nitrogen over control in 0 and5.0Cd soils. For leaves phosphorus,

1.00%CB caused a significant increase than control in 0, 2.5 and
5.0Cd soils. Treatment 0.75%CB significantly increased leaves phos-
phorus over control in 5.0Cd soils (Fig. 8). Pearson correlation
showed that anthocyanin and lycopene were significant negative
in correlation with leaves N, P, K concentrations and gas exchange
attributes. Soil organic matter was significantly positive in correla-
tion with plant height, root length, plant fresh and dry weight,
chlorophyll a, chlorophyll b and total chlorophyll (Fig. 9).

4. Discussion

Maize is the cereal grain that comes at the third level after
wheat and rice and is famous due to its nutritive values as it con-
tains high quantities of macronutrients (Fat, fibre, protein and
starch) and micronutrients (3-carotene, Vitamin B) with essential
mineral ions like Mg, Zn, P and Cu. In maize, a booster of antioxi-
dants is present, which helps treat many diseases, but the quality
of maize depends upon agricultural practices. Therefore, this
study’s main theme was to evaluate the biochar’s role in the qual-
ity of maize under cadmium stress. As CB (biochar) has the ability
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Fig. 8. Variable rates of composted biochar impacts on maize leaves nitrogen (A), phosphorus (B) and potassium (C) under different levels of Cd. Means are average of 3
replicates compared with Tukey's test. Columns with similar letters are not significantly different.

for sorption of this metal ion on its surface and result in less toxi-
city of Cd on maize plants.

In the present study pH, EC and organic matter of the soil were
significantly affected by applying biochar (Fig. 1). The soil pH
decreased at 0, 2.5 and 5.0Cd with biochar percentages (0.5, 0.75
and 1.00%CB) than in control. Similarly, 1.00%CB significantly
increased EC of soil than control at 0 and 2.5Cd soils. This effect
is perhaps because of the absorption of Cd in soil by biochar and
is by m-electrons that these are the part of functional groups (-
OH,-COOH and C=N) and are aromatic in nature.

Similarly, Beesley et al. (2010), found the role of biochar in the
sorption and immobilization of metals in soil. According to Bilgic
and Caliskan (2001), m-electrons are involved in the immobility
of toxic metals whenever biochar is used as an amendment. Simi-
larly, Uchimiya et al. (2010), demonstrated that the semi sorption
properties of biochar are due to d-electrons in coordination with 7-
electrons, which is the chief reason for changes in pH, EC organic
components of soil as a result of biochar addition. Similar results
on metal immobilization were noted by Park et al. (2011) using
slush biochar as observed in this study that CB notably causes a
reduction in soil pH by sorption of Cd.

The findings of the current study indicate a significant increase
in plant growth attributes (Figs. 2, 3, 4) with the application of var-

ious CB percentages (0%, 0.5%, 0.75%, and 1.00%) as compared to
control and Cd treatments (0, 2.5 and 5.0Cd soil). This increase in
plant height and root length (Fig. 2) was mainly due to the verity
that CB can improve physio-chemical properties of the soil in
terms of WHC (water holding capacity), ions uptake (N, P, K) by
plants (Uzoma et al., 2011). Similar sorts of results were observed
in our experiment where CB caused increased plant growth by
reducing Cd stress (Yeboah et al., 2009).

Cadmium causes negative effects on Zea mays fresh and dry
weight, as indicated in our study (Fig. 4). But this reduction in plant
biomass was less in CB than in the soil with various Cd levels. A
similar trend was also noted for leaf attributes like leaf numbers,
leaf fresh, and dry biomass (Fig. 3). This reduction was mainly
due to less production of photosynthetic pigments with less ion
uptake under Cd stress, but the increase under CB amendment
was mainly the effect of biochar on ions uptake and Cd immobi-
lization. Jiang et al. (2001) also observed a high decline in plant
biomass and leaf area of garlic plants after applying Cd. The reduc-
tion in growth attributes like plant and leaves biomass was might
be due to the toxic impact of Cd on physiological and biochemical
attributes of maize (Figs. 5, 6).

Cadmium toxic effects are mainly observed on photosynthetic
attributes as these parameters are served as physiological indica-
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Fig. 9. Pearson correlation for different maize attributes grown under various levels of Cd and CB.

tors for such type of stress (Xu et al., 2012). The decline in sub-
stomatal CO,-concentration, transpiration, and photosynthetic
rates were observed by increasing Cd levels from O to 5, but by
applying BC, an improvement was seen (Fig. 6). Similar results
for Cd-induced decline in physiological attributes of different
plants have also been reported (Krantev et al., 2008; Wahid
et al., 2008). These decreases are mainly due to Cd toxic effect on
chlorophyll as Cd causes disintegration of chlorophyll molecules
and demolition of Rubisco (Chaffei et al., 2004; Hajduch et al.,
2001) with the closing of stomata. Enhancement in chlorophyll-
contents was also mentioned with enhancing biochar percentages,
as pragmatic earlier with Cd strain.

The photosynthetic attributes of maize planted in CB + Cd were
not reduced in the current study, but a significant increase in
chlorophyll and carotenoid was noted as compared to control
(Fig. 5). Chlorophyll (a, b and total) and carotenoids were relatively
more at 0.75% and 1.00% CB + Cd. The decline in leaf pigments con-
centration under Cd stress may be owing to chlorophyll less
biosynthesis correspondingly, Cd causes a reduction in Mg and Fe
supply vital for chlorophylls. This decline ultimately leads toward
a reduction of transpiration rate, photosynthetic rate, and sub-
stomatal CO, concentrations synthesis (Liu et al., 2014).

To combat the stress of heavy metals, plants boost the manufac-
turing of antioxidants (Zaheer et al., 2020). A similar trend was also
noted in the current study, whereby increasing Cd level from O to 5
the Lycopene and Anthocyanin concentrations were also increased
(Fig. 5E and F). This increase mainly played a protective role
against Cd toxicity (Xu et al., 2013). On the other hand, the increase
in these pigments (Lycopene and Anthocyanin) was very less in CB
soil, which demonstrated CB role for sorption of Cd in soil (Semane
et al., 2010).

A higher concentration of cadmium retard plant growth by
affecting biochemical, physiological attributes, and ion homeosta-
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sis. In the present study, nutrient percentages were significantly
exaggerated by Cd and CB amendment (Fig. 7). Similarly, increasing
Cd concentration retard maize growth due to less uptake of N, P,
and K (Fig. 7A, B & C). However, biochar amendment in soil
enhanced uptake of nutrients by maize plants at all Cd levels. Nitro-
gen, phosphorous, and potassium uptake by the maize plants were
significantly increased in CB treatments at a high percentage
(1.00%) irrespective of Cd. These findings suggested the role of bio-
char in increasing nutrient uptake by the sorption of Cd. Although, it
might be the effect of biochar on cations exchange capacity of the
soil and more bioavailability of N, P, and K for maize plants
(Darby et al., 2016; Liang et al., 2006) and as a result of more Cd per-
centages at root that can interact with nutrient (N, P, and K) uptake
(Danish and Zafar-ul-Hye, 2020; Gongalves et al., 2011). The avail-
ability of nitrogen increased as biochar prepared from plant wastes
contain various nitrogen sources like protein, amino acids, amines,
and amino sugars. During biochar preparation by pyrolysis, these
components became compressed in heterocyclic compounds of
nitrogen (Koutcheiko et al., 2007). The porosity of the biochar sur-
face is an important factor that affects the absorption of heavy met-
als. This structure with irregularly perforated plates at its surface
increases the adsorption sites. Then, biochar can be a cheap and
suitable adsorbent to reduce the bioavailability of heavy metals in
soils that have been poisoned by contaminated water by improving
soil properties and increasing the adsorption of cadmium.

5. Conclusions

The compost mixed biochar was found an effective amendment
for alleviation of Cd stress on maize in the current study. Applica-
tion of compost mixed biochar has the potential to enhance growth
attributes and nutrient uptake in Cd toxic conditions. A significant
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improvement in chlorophyll contents and gas exchange attributes
of maize validated the effectiveness of 1% compost mixed biochar
for mitigation of Cd adverse effects. It is recommended to add 1%
compost mixed biochar in soil for the cultivation of maize in Cd
polluted soils. However, long-term and multiple location studies
are suggested at natural Cd contaminated field conditions for a bet-
ter and deep understanding of compost mixed biochar potential.
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