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Novel nanocomposite and biochar
Insights to boost rice growth and
alleviation of Cd toxicity
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Cadmium (Cd) is an unessential and pervasive contaminant in agricultural soil, eventually affecting
the food and instigating health issues. The implication of nanocomposites in agriculture attained
significant attention to drive food security. Nanocomposites possess exceptional characteristics to stun
the challenges of chemical fertilizers that can enhance plant yield and better nutrient bioavailability.
Similarly, biochar has the ability to immobilize Cd in soil by reducing mobility and bioavailability. Rice
husk biochar is produced at high temperature pyrolysis under anoxic conditions and a stable carbon-
rich material is formed. To strive against this issue, rice plants were subjected to Cd (15, 20 mg kg™?)
stress and treated with alone/combined Ca + Mg (25 mg L~?) nanocomposite and rice husk biochar.

In our study, growth and yield traits showed the nurturing influence of Ca + Mg nanocomposite and
biochar to improve rice defence mechanism by reducing Cd stress. Growth parameters root length
28%, shoot length 34%, root fresh weight 19%, shoot fresh weight 16%, root dry weight 9%, shoot
dry weight 8%, number of tillers 32%, number of grains 20%, and spike length 17% were improved
with combined application of Ca + Mg and biochar, with Cd (20 mg kg~?), rivalled to alone biochar.
Combined Ca + Mg and biochar application increased the SPAD 23%, total chlorophyll 26%, a 19%,

b 18%, and carotenoids 15%, with Cd (20 mg kg~?), rivalled to alone biochar. MDA 15%, H,0, 13%,
and EL 10% were significantly regulated in shoots with combined Ca + Mg and biochar application
with Cd (20 mg kg~?!) compared to alone biochar. POD 22%, SOD 17%, APX 18%, and CAT 9% were
increased in shoots with combined Ca + Mg and biochar application with Cd (20 mg kg~—?) compared to
alone biochar. Cd uptake in roots 13%, shoots 14%, and grains 21% were minimized under Cd (20 mg
kg~?) with combined Ca + Mg and B. pumilus application, compared to alone biochar. Subsequently,
combined Ca + Mg and biochar application is a sustainable solution to boost crop production under Cd
stress.
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Cadmium (Cd) toxicity is a substantial environmental dominant factor in decreasing rice growth and yield'2.
Higher Cd toxicity and its persistence not only impact food safety but also cause health risks*. Cd abruptly
uptake by the plants and translocated to shoots from roots. Cd toxicity pointedly abridged the height, weight,
photosynthesis, chlorophyll contents and oxidant enzyme activities of rice’. Cd toxicity exerts a negative
influence on agronomic traits reducing plants height, length of roots and shoots, fresh and dry weights of roots
and shoots, SPAD values and antioxidant enzyme properties like SOD, POD, CAT and APX®. Cd contamination
impacts wheat production by declining growth, nutrient imbalance, chlorophyll contents and antioxidant
characteristics’!!. Additionally, Cd higher toxicity in rice producing regions in southern China has been
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increasing per annum and decreasing yield'?. Therefore, there is a need for innovative, practical and sustainable
stratagems to control the absorption of cadmium in edible crops.

Rice is an essential food that has been grown in numerous regions globally, providing indispensable food
for more than half the inhabitants of the world. Roughly one-third of worldwide rice is cultivated in China. It
is momentous that the domestic rice demand will increase by 20% till 2030 respective to population growth?.
Considering the huge requirement, supplementing rice production compared to the chances of abiotic stress
aspects, including soil Cd toxicity, instantly decreasing production. Reduction in grain yield, and higher Cd
translocation in rice tissues subsequently a momentous involvement of dietetic Cd intake!®. Cd semblance to
zinc (Zn) causes rapid absorption, translocation, and bioaccumulation through cooperative modulation of Zn,
dictating the decreased Cd uptake strategy'*!°. In southern China, rice crop toxicity exceeds the admissible
Cd and Pb levels (0.2 mg kg~!, GB2726-2012) agreed with China National Food Safety Standards'®. Cd may
be mobilized into paddy fields via several mechanisms including irrigation water, atmospheric deposition, and
agricultural practices together with the usage of chemical fertilizers and pesticides'”. Henceforth, addressing soil
Cd pollution is crucial for promising the imperishable use of arable land and secure food production's.

Calcium nanoparticles (Ca NPs) are used as nano fertilizers to give nutrients like calcium and make some
bound minerals available through amendments to pH, organic matter, and cation exchange capacity'®. Ca is an
essential nutrient that is necessary for plant growth, photosynthesis, hormone production, cell walls, membranes,
oxidative stress, chemical reactions, and the transportation of coupling messages responsible for extracellular
signals and intracellular physiological responses, as well as the reduction of soil salinity?. It supports metabolic
processes persuading absorption of supplementary vital minerals and stimulating cell elongation contributing
to the consolidation of hormonal processes”. Mg“, on the other hand, is widely distributed and functions as a
cofactor for a variety of enzymes, including the core metal of green tissues’ chlorophyll molecules??. Plant roots
absorb Ca?* and Mg?* from the soil and transport them upward to shoots via the xylem. Ca?* is comparatively
stationary once deposited, but Mg?* is further mobile and can be recycled in plants via phloem. Several groups
of ion channels and transporters supply Ca** and Mg?* through plasma and intracellular membranes. Function
proficiency of these passageways administers Ca>* and Mg?* feeding and assures suitable management of Ca**
as a second messenger against diverse developmental and environmental signals to the cell and entire plant
level®.

Similar to nanotechnology, biochar has attracted consideration for resolving Cd toxicity in soil for the long
term. Additionally, several cases exhibited that biochar comprises innumerable nutrients (Mg, Na, K, P, and N),
having incomparable advantages for growth and augmentation of crop production®*. Biochar has the capability
to alleviate metal toxicity, reduces uptake, and transportability by limiting metal phytotoxicity and translocation
cultivated in contaminated soil>>2°. Rice straw and bamboo derivative biochar application convinced the Cu,
Zn, Pb and Cd immobilization in contaminated soil through declined heavy metals absorption in plants?.
Additionally, biochar’s impact collectively with nano fertilizers to upgrade soil fertility and crop yield was well
stated?’~?°. Little research work has been accomplished to inspect how this combination affects the uptake
of Cd and the production of rice, the distinction of soil microorganisms along intricate association among
microbe-plant-soil relationship and Cd alteration®. The role of NPs on plant species and heavy metal toxicity
has been listed in Table 1. Therefore, there is an urgent need for a detailed outcome of biochar combined
with Ca-Mg nanocomposite on Cd uptake in rice production. Among the recent remediation technologies,
organic amendments are more cost-effective and intricate in the immobilization of heavy metals®. So, keeping
in view the above literature and remediation technologies, we planned this study to examine the combined
role of novel nanocomposite and rice husk biochar to enhance rice yield. No one examined the potential of
Ca+ Mg nanocomposite as a foliar application on plants. Till now, researchers only focused on single Ca and Mg
nanoparticles or their combination.

Currently, the basic objectives of this study were to examine: (1) the combined effect of Ca+Mg
nanocomposite and rice husk biochar on growth, photosynthesis attributes, yield, and Cd alleviation in rice;

NPs type Synthesis Dose applied Toxicities | Crops | Effects Reference
. . Chaoweii Nanotechnology Increased plants physiology, nutrients, and anti-oxidative enzymes 78
Calcium oxide company, Shanghai, China | ~ cd Barley and reduced Cd accumulation
Magnesium oxide | Green synthesis 200 mg kg~! As Rice Increased pla}nts biomass, antioxidant enzyme activities and decreased | ¢¢
ROS generation
Iron Bought from Alfa Aesar co. 0, 25,50, an ? Cd and Wheat | Decreased oxidative stress and increased wheat yield and Fe in grains | 7
100 mg kg drought
Magnesium oxide | Bought from Sigma Aldrich | 5 mmol L™! Pb Z:;Zf:s Detoxify the ROS and escalated the activity of SOD and CAT 98
7 -2
Nano-ferrous Hydrogel method 1.5, 15,30 gm Cd Water | 1 reased soil nitrogen and organic matter and nutrients %
sulfide soil spinach
Iron oxide l;g:r%;ﬁafirom Pantian co. 50-200 mg L~! Cd Rice Increased growth, reduced oxidative stress and bioaccumulation of Cd | 1%
Silicon oxide Sol-gel method 250 me k-1 Cr Wheat Boosted photosynthesis activity, antioxidant enzyme activity and 101
8 8 X¢g abridged the ROS
Zinc and iron Zn (20-40
. mgL~!) Fe (10-20 | As Spinach 102
oxide 1
mgL~")

Table 1. Effects of nanocomposite on different heavy metals toxicity.
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(2) the generation of reactive oxygen species (ROS) and secondary metabolites; (3) alone or combined Ca+ Mg
nanocomposite and rice husk biochar influence on uptake of Cd and nutrient profile. Hence, the existing study
could propose an economically feasible substitute fertilizer that promotes sustainable agricultural crop yield
with higher nutritional value.

Materials and methods

Soil collection and scrutiny

Soil (0-15 cm) was taken from the agriculture farms of the University of Agriculture, Faisalabad-Pakistan.
After being air dried, the soil was sieved using a 2 mm sieve. The soil was sandy clay loam®!, with electrical
conductivity (EC) of 1.8dS m~! and pH (7.71) of the soil extract. Available Cd (0.07 mg kg™!) by following the
standard procedure of Amacher?2. Walkley-Black protocol was followed to assess soil organic carbon, calcium
carbonate, total nitrogen, available phosphorous, extractable potassium, and cation exchange capacity 3.18 g
kg1, 3.3%, 0.086%, 6.2 mg kg~ !, 91 mg kg1, 10.3cmol(+) kg™!, correspondingly. Similarly, the Zn, Mn, and Fe
5.2 mgkg~!, 4.9 mg kg~!, and 53.6 mg kg~ ! were scrutinized by undermentioned the calcimeter process*>**.

Preparation of rice husk biochar and Ca + Mg nanocomposites

Using pyrolysis, rice straw was used to make biochar in an oven set at 450 °C for two hours. Organic carbon 41.2%,
pH 9.7, and EC 2.2dSm™! were noted after drying biochar at 105 °C for 24 h*®. Synthesis and characterization of
Ca+ Mg nanocomposite is described in our previous study®.

Pot experiment

A pot experiment was carried out within natural environmental circumstances (day-night temperature, 39/32
oC, and humidity, 78 +4%) at the Botanical Garden of Government College University Faisalabad, Pakistan.
The treatment plan is listed in Table 2. Pots were filled up with sifted soil (5 kg in each pot) spiked with Cd (0,
15 & 20 mg kg™ !) using cadmium chloride according to the treatment plan. A completely randomized design
was used to conduct the experiment in triplicate. Rice seeds were submerged in water for 48 h and grown in
sieved and washed sand. After 20 days of germination, the rice plants were shifted into pots containing 4 healthy
plants. The recommended dose of NPK fertilizer was applied to avoid nutrient deficiency. The foliar application
of Ca+ Mg nanocomposite was applied after germination. A total of seven foliar applications were sprayed after
one and a half weeks.

Measurement of photosynthetic pigments and gas exchange parameters

SPAD (Soil plant analysis development) value was measured using an in-situ SPAD meter. Photosynthetic
pigments such as chlorophyll a & b, total chlorophyll, and carotenoids were determined spectrophotometrically
in fresh rice leaves®”. Acetone 85% (v/v ratio) was used to extract the samples to assess photosynthetic pigments.
Readings were noted on the spectrophotometer after extraction and centrifugation of samples. The gas exchange
parameters (photosynthesis rate, transpiration rate, stomatal conductance, and water use efficiency) were
measured during sunlight (12:00 a.m.) in leaves of rice plants using a portable CIRAS-3 (PP System, Amesbury,
MA, USA).

Harvesting of plants

Plants were harvested and separated into different parts (shoots, roots, leaves, and grains) after 120 days of
sowing. Growth characteristics were measured, including spike length, number of grains, fresh and dry weights
of the roots and shoots (g), and lengths of the roots and shoots (cm). HCI (0.1%) and distilled water was used to
wash roots to eliminate metals. Oven-dried (72 h at 80 °C) root, shoot, and grain samples were crumpled into
tiny slices for further analysis.

Treatments | Concentrations

T-1 Control

T-2 Cd 15 mgkg™!

T-3 Cd 20 mg kg™!

T-4 Biochar (2%)

T-5 Biochar (2%) +Cd 15 mg kg™!

T-6 Biochar (2%) +Cd 20 mg kg™!

T-7 (Ca+Mg) nanocomposite 25mg L~!

T-8 (Ca+Mg) nanocomposite 25mg L~!+Cd 15 mg kg™!

T-9 (Ca+Mg) nanocomposite 25mg L~'+Cd 20 mg kg™!

T-10 Biochar (2%) + Ca+Mg 25mg L™!

T-11 Biochar (2%)+(Ca + Mg) nanocomposite 25mg L™'+Cd 15 mg kg™!
T-12 Biochar (2%)+(Ca+ Mg) nanocomposite 25mg L~!+Cd 20 mg kg~!

Table 2. The details of treatments used in experiment.
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Measurement of oxidant and antioxidant enzyme activities

Malondialdehyde (MDA) level was assessed with TBA (0.1%) method**’. Electrolyte leakage determination
was achieved in two steps. Initial EC was noted after incubating samples for 2 h at 32 °C. Second EC was noted
for 20 min at 121 °C by following Dionisio-Sese and Tobita*’. H,O, activity was analyzed by the undermentioned
process*!. Following a 20-minute centrifugation, the samples were pulverized in phosphate buffer (PB 5mM
and pH 6.5). After centrifugation, 20% sulfuric acid was added, and the mixture was centrifuged once more for
15 min. A spectrophotometer was then used to measure absorbance at 410 nm. Superoxide radical (O, ) contents
were measured by obtaining fresh leaf extract in hydroxylamine hydrochloride, titrated with naphthylamine (7
mM) and sulfanilamide (17 mM)*2.

Phosphate buffer (PB 0.5, at pH 7.8) was used to crush the leaves and root samples for the determination
of peroxidase (POD) and superoxide dismutase (SOD) contents*®. Aebi** approach was utilized to evaluate the
contents of CAT, whereas the Nakano and Asada*® methodology was followed to estimate ascorbate peroxidase
(APX).

Estimation of metabolites

Total soluble proteins (TSP) were measured by homogenizing fresh leaves (0.5 g) in potassium phosphate buffer
(50 mM, pH 7.5) by following Bradford*®. The fresh leaves (0.5 g) were crushed in a potassium phosphate buffer
solution (50 mM, pH 7.5). Pyridine and acid ninhydrin were titrated with supernatant to measure total free
amino acids (TFAA)Y. Phenolics were determined by crushing fresh leaves (0.5 g) in acetone, centrifuged
(10000 g, 10 min), and the supernatant was reacted with Folin and Ciocalteau’s phenol reagent*®. Fresh leaves
(0.5 g) were homogenized in a mixture of ethanol and water to determine the total soluble sugars (TSS), and the
resulting extract was then treated with an anthrone reagent®.

Estimation of metal contents and micro-macronutrients

The procedure of Lwalaba et al.>® was adopted with slight modifications. Briefly, samples were digested on a
hotplate at 140 oC using diacid HNO,: HCIO, (4 :1 v/v). Elements such as Ca, Mg, Mn, Zn, Fe, K, and Cd
concentrations were determined using ICP-MS (iCAP RQ, Thermo Scientific).

Statistical analysis
Data analysis was carried out utilizing SPSS version 16.0 (SPSS, Chicago, IL). One-way analysis of variance
(ANOVA) was conducted, following the Tuckey HSD test to describe substantial differences among means.

Results
Effect on growth parameters and yield
The consequence of the foliar application of nanocomposite and biochar is shown in Table 3 and overall effect of
nanocomposite and biochar is diagrammed in Fig. 1. The results manifested that Cd 15/20 mg kg™! passivate the
shoot and root length of rice 27/44% and19/38%, in contrast to the control treatment. While employment of 2%
rice husk biochar ameliorated the shoot and root length of rice 23% and 22% in contrast to control treatments.
Correspondingly, Ca+Mg nano composite augmented the shoot and root length of rice by 14% and 13%
contrasted to control treatments. Although, the mutual application of composite nanoparticles and microbial
inoculation momentous upsurges the rice growth. Combined Ca + Mg and rice husk biochar enhanced the shoot
and root length 11% and 15% in comparison to the solo biochar application.

The contamination level of Cd 15/20 mg kg™ ! attenuates shoot fresh and dry weight 13/32% and 20/39% over
the control. Whereas, the application of 2% rice husk biochar enunciates upsurge the shoot fresh and dry weight
of rice 15% and 23% comparing with the control. Ca+ Mg nano composite augments the shoot fresh weight

Treatments

RL SL RFW SFW RDW SDW NoT NoG SpL

Control

9+0.96bcd | 63+3.06cde | 134+0.60bc | 92+4.72bcd | 1.2+0.11bcd | 35+1.98bcd | 8+0.77bc | 27+1.49cde | 11+0.67 cd

Cd (15 mgkg™1)

7+0.33def | 46+3.54ghi | 10+1.22de | 80+5.49de 1+0.05de 28+2.3% 5+0.77de |20+1.29g 9+ 1.05ef

Cd (20 mgkg™1)

6+0.44f 35+2.57i 9+1.27e 63 +5.49f 0.8 +£0.06e 2142.59f 3+0.77e 15+1.71h 7+0.79¢g

Biochar

11+0.55ab | 77+3.34ab | 16 +0.99a 106 +5.5ab 1.5+0.08ab | 42+2.37a 11+1.18ab | 32+1.49ab | 14+0.64ab

Cd (5 mg kg™!) + Biochar

9+0.32cde | 60+2.66ef 13+1.30bcd | 90+6.73cde | 1.240.12bcd | 34+1.50bcd | 9+0.44bc | 264+1.49de | 11+0.55cde

Cd (10 mg kg~') + Biochar

7+0.52ef | 45+1.79hi 10+1.36cde | 75+5.31ef 1.1+0.11de | 29+2.02de 6+1.18cd |22+1.53fg | 9+0.43def

(Ca+Mg) nanocomposite (25 mg L) | 11+0.97bc | 71£3.27bc | 15+0.71ab | 100+ 5.40abc | 1.4+0.10abc | 37+2.12abc | 10+0.77ab | 30+ 1.69bcd | 13+0.28bc

Cd (15 mg kg™!) + (Ca+Mg)
nanocomposite (25 mg L™1)

9+ 1cde 56+1.69efg | 12+1.27bcd | 88+5.31cde |1.2+0.06cd |32+2.59bcde | 8+0.44bc | 25+ 1.27ef 11+ 1.08cdef

Cd (20 mg kg™!) +(Ca+Mg)
nanocomposite (25 mg L™!)

7+0.71ef | 44+2.88fgh | 10+0.71de | 74+ 5.40ef 1+0.06de 27 +1.59f 5+0.77de |20+1.27g 9+0.59 fg

(25mgL~1)

Biochar + (Ca+ Mg) nanocomposite

13+0.82a | 85+2.96a 17+0.95a 113+4.81a 1.6+0.11a 43+2.57a 12+0.77a | 35+1.07a 15+0.83a

nanocomposite (25 mg L~!)

Cd (15 mg kg~!) + Biochar + (Ca+Mg)

11+0.75bc | 70+£2.90bcd | 15+0.58ab | 100+5.36abc | 1.4+0.09abc | 37 +1.70ab 10+1.18ab | 31+1.07bc | 13+0.79bc

nanocomposite (25 mg L~!)

Cd (20 mg kg™!) + Biochar + (Ca+Mg)

9+0.94cde | 60+3.60de | 124+0.67bcd | 87+5.27cde | 1.2+0.07cd | 31+2.15cde | 8+0.77bc | 26+1.53de | 11+0.45cde

Table 3. Growth parameters under different treatments.
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Fig. 1. Overall effect of Ca+ Mg nanocomposite and biochar on rice.

and dry weight of rice 8% and 7% as compared to without stress treatments. Besides this, the joint application
of microbes and nanocomposite improved the shoots fresh and dry weights. Application of rice husk biochar
and nanocomposite (Ca+ Mg) collectively augmented the shoot fresh weight also dry weight of rice 7% and 2%
concerning the alone application of biochar.

The results manifested that contamination of Cd 15/20 mg kg~! diminished the root fresh and dry weight
of rice 22/36% and 19/35% compared to the control. The application of 2% rice husk biochar escalates the root
fresh weight as well as the dry weight of rice 22% and 17% in comparison to control treatments. Likewise, the
foliar employment of composite (Ca+ Mg) nanoparticles augmented the root fresh and dry weight of rice 13%
and 10% in contrast to no stress. Whereas the combined application of rice husk biochar and nanocomposite
(Ca+Mg) nanoparticles amplified the root fresh weight also dry weight of rice 6% and 7% as compared to the
alone application of biochar.

The current study revealed that Cd 15/20 mg kg™~ suppressed the No. of tillers, grains, and spike length of rice
36/63%, 24/42%, and 21/41% respectively over the control. Moreover, the application of 2% rice husk biochar
notably augmented the No. of tillers, grains, as well as spike length of rice 24%, 19%, and 22% respectively in
contrast to control treatments. While Ca+ Mg nanocomposite enhanced the No. of tillers, grains, together with
spike length of rice 18%, 10%, and 13% respectively in contrast to control. Henceforth combined application of
composite (Ca+Mg) nanoparticles and rice husk biochar improved the No. of tillers, grains, and spike length
in rice. Combined employment ameliorated the No. of tillers, grains, and spike length of rice 17%, 9%, and 12%
respectively in comparison to the application of biochar.

Effect on SPAD values

The statistical analysis showed that the SPAD meter values under Cd pressure decreased significantly, as shown
(Table 4). The results exhibited Cd 15/20 mg kg~! decreased the SPAD meter values of rice 19% and 39% for
control treatment. Rather than these, the application of 2% rice husk biochar increased the SPAD meter values
of rice 12% as compared to control treatments. While the Ca+ Mg nanocomposite increased the SPAD meter
values of rice 8% in contrast to the control. Ca+ Mg nanocomposite and rice husk biochar significantly enhanced
the SPAD meter values. The results showed that combined application increased the SPAD meter values of rice
7% as compared to the alone application of biochar.

Effect on chlorophyll contents

Chlorophyll content a, b, total chlorophyll, and carotenoid were suppressed under Cd stress, as shown (Table 4).
Briefly, Cd 15/20 mg kg~ ! declined chlorophyll a, b, total chlorophyll, and carotenoids 21/37%, 19/50%, 22/40%,
and 33/56% correspondingly as contrasted with control treatments. While the employment of 2% rice husk
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Treatments

SPAD Chla Chlb Total chl Carotenoids | Pn Tr WUE SC

Control

42+250bc | 2.75+0.10cd | 1.52+0.10 cd | 4.46+0.30cde | 1.14+0.09cd | 10+£0.40bc | 3+0.14cd | 6+0.20cd | 2+0.09¢

Cd (15 mgkg™1)

34+3.04d 2.18+0.10f 1.23+0.09ef |3.45+0.25fg | 0.76+0.09fgh | 8+0.50de |2+0.10f 5+035g 1+0.04de

Cd (20 mgkg™1)

25+2.98e 1.74+0.15g | 0.76+0.10g |2.66+0.30g 0.5+0.05h 6+0.50f 2+020g 4+040h 1+0.09%

Biochar

47+2.90ab |3.23+0.10ab | 1.90+0.10b | 5.32+0.30b 1.43+0.09ab | 11+0.57b |3+0.10ab | 8+0.40ab | 2+0.09ab

Cd (15 mg kg~!) + Biochar

41+2.92cd |2.66+0.10de | 1.54+0.11de | 4.25+0.33def | 1.07+0.05cde | 9+0.50cd |2+0.13bde | 6+0.33cde | 2+0.09 cd

Cd (20 mg kg~!) + Biochar

31+3.60de |2.21+0.14f 1.23+0.09¢f | 3.67+0.34ef | 0.85+0.09¢fg | 7+0.51e 2+0.15ef | 5+0.50efg | 1+0.06e

(Ca+Mg) nanocomposite (25 mg L™!) | 45+ 1.99abc | 3+0.10bc 1.77+0.14bc | 5.13+0.30bc 1.28 +0.09bc 11+0.60b |3+0.10bc | 7+0.36bcd | 2+0.11b

Cd (15 mg kg™!) + (Ca+Mg)
nanocomposite (25 mg L~!)

38+2.37cd |2.56+0.18d 1.45+0.06de | 4.10+0.27def | 0.85+£0.09efg | 9+0.60cd |2+0.18bd | 6+0.45def | 2+0.10c

Cd (20 mg kg™!) +(Ca+Mg)
nanocomposite (25 mg L™1)

2942.85de | 2.18+0.11def | 1.15+0.07f 3.61+0.30f 0.66+0.09gh | 7+0.60ef |2+0.18¢f |5+041fg | 1+0.0.06de

(25mgL~1)

Biochar + (Ca+ Mg) nanocomposite

50+2.25a 3.51+0.10a 2.18+0.10a 6.27+0.30a 1.66 +£0.09a 13+0.56a | 4+0.10a 8+0.36a 3+0.04a

nanocomposite (25 mg L~1)

Cd (15 mg kg~!) + Biochar + (Ca+ Mg)

44+2.26abc | 3+0.10bc 1.75+0.06 cd | 5.25+0.29bc | 1.23+0.09bcd | 11+0.60b | 3+0.11bc | 7+0.40bc | 2+0.08b

nanocomposite (25 mg L=1)

Cd (20 mg kg~!) + Biochar + (Ca+Mg)

38+2.74cd |2.64+0.12d 1.46+0.07de | 4.63+0.16bcd | 0.98+0.05def | 9+0.60 cd | 2+0.10d 6+0.41cde | 2+0.16¢

Table 4. Photosynthetic pigments under different treatments.

biochar enhanced chlorophyll a, b, total chlorophyll, and carotenoids 17%, 25%, 19%, and 26% respectively as
compared to control treatments. Similarly, Ca+ Mg nano composite boosted chlorophyll a, b, total chlorophyll,
and carotenoids of rice 10%, 17%, 15%, and 12% respectively in contrast to without toxicity. Although combined
rice husk biochar and Ca 4+ Mg nano composite significantly improved the chlorophyll a, b, total chlorophyll and
carotenoid 9%, 15%, 18%, and 16% respectively in contrast to alone biochar application.

Effect on gas exchange characteristics

The statistical analysis showed that Cd contamination significantly decreased the photosynthesis rate (Pn),
transpiration rate (Tr), water use efficiency (WUE), and stomatal conductance of rice, as depicted (Table 4). The
results showed that Cd contamination of 15/20 mg kg‘1 decreased the Pn, Tr, WUE, and stomatal conductance
of rice 20/44%, 23/40%, 22/43%, and 25/40% respectively over the control. While the application of 2% rice husk
biochar increased the Pn, Tr, WUE, and stomatal conductance of rice 12%, 24%, 19%, and 26% respectively in
contrast to the control. Besides this, Ca+ Mg nanocomposite increased Pn, Tr, WUE, and stomatal conductance
11%, 13%, 10%, and 18% respectively concerning without stress. Similarly, microbial inoculation and Ca+ Mg
nano composite significantly increased the Pn, Tr, WUE, and stomatal conductance of rice. The results showed
that the combined rice husk biochar and Ca+ Mg nanocomposite increased the Pn, Tr, WUE, and stomatal
conductance of rice 16%, 9%, 11%, and 12% respectively in contrast to the alone application of biochar.

Effect on EL, MDA, H,0,and O,

According to the results electrolyte leakage (EL), malondialdehyde (MDA), hydrogen peroxide (H,0O,), and
superoxide radical (O,~) values in roots and shoots of rice significantly increased with Cd contamination
(Fig. 2a). The results showed that the Cd 15/20 mgkg‘l increased the EL, MDA, H,0,, and 0," values in
roots of rice 58/91%, 37/87%, 32/74%, and 29/76% respectively over the control. Nevertheless, the application
of 2% rice husk biochar decreased the EL, MDA, H,0,, and O, values in the roots of rice 21%, 22%, 27%,
and 20% respectively as compared to control treatments. While foliar application of nanocomposite (Ca+ Mg)
nanoparticles decreased the values of EL, MDA, H,0,, and 0,~ of rice 8%, 11%, 9%, and 17% respectively
concerning control treatments. Similarly, the combined application of rice husk biochar and foliar application
of nanocomposite (Ca+ Mg) nanoparticles decreased the EL, MDA, H,0,, and 0," values in roots of rice 20%,
16%, 18%, and 22% as compared to the alone application of biochar.

According to the results electrolyte leakage (EL), malonaldehyde (MDA), hydrogen peroxide (H,O,), and
superoxide radical (O, values significantly increased with Cd contamination. The results showed that the Cd
15/20 mg kg‘1 increased the EL, MDA, H,0,, and 0,~ values in shoots of rice 16/36%, 15/31%, 18/36%, and
32/80% respectively over the control. Nevertheless, the application of 2% rice husk biochar decreased the EL,
MDA, H,0,, and 0,” values in shoots of rice 25%, 33%, 35%, and 12% respectively in comparison to those
without toxicity treatments. While Ca+ Mg nanocomposite decreased the values of EL, MDA, H,0,, and 0,”
in shoots of rice 19%, 21%, 20%, and 2% respectively concerning no stress treatments. Similarly, the combined
implementation of rice husk biochar and foliar application of Ca+ Mg nanocomposite decreased the EL, MDA,
H,0,, and O, values in shoots of rice 18%, 26%, 18%, and 17% as compared to the alone application of biochar

(Fig. 2a).

2

Effect on antioxidant enzyme activities

The results showed that Cd contamination decreased the POD, SOD, APX, and CAT in the roots and shoots of
rice (Fig. 2b). The results showed that Cd contamination decreased the antioxidants enzyme activities including
peroxidase (POD), superoxidase (SOD), ascorbate peroxidase (APX), and catalase (CAT) in the roots of rice.
The results showed that Cd 15/20 mg kg~! decreased the values of POD, SOD, APX, and CAT in roots of rice
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Fig. 2. (a) Alone and combined effect of Ca+ Mg nanocomposite (0, 25 mg L~!) and rice husk biochar on

oxidative stress markers EL, MDA, H

,0, in roots and leaves. Showing standard deviation at p <0.05 level with

mean of three replications. (b) Alone and combined effect of Ca+ Mg nanocomposite (0, 25 mg L~!) and rice
husk biochar on enzymatic antioxidants POD, SOD, APX and CAT in rice roots and leaves. Showing standard
deviation at p <0.05 level with mean of three replications.

30/55%, 25/49%, 14/38%, and 21/47% respectively in comparison with the control treatment. Rather than this,
the utilization of 2% rice husk biochar increased the POD, SOD, APX, and CAT values in roots of rice 22%, 33%,
14%, and 24% respectively as compared to the control treatments. While the foliar application of nanocomposite
(Ca+Mg) nanoparticles increased the POD, SOD, APX, and CAT values in roots of rice 14%, 15%, 8%, and
14% respectively concerning control treatments. Similarly, the collective application of rice husk biochar and
nanocomposite (Ca+ Mg) nanoparticles enhanced the POD, SOD, APX, and CAT values in roots of rice 12%,
16%, 13%, and 28% as compared to the alone application of biochar.

The results showed that Cd 15/20 mg kg_1 decreased the values of POD, SOD, APX, and CAT in shoots of
rice 26/41%, 27/44%, 15/31%, and 18/36% respectively as contrasted with the control treatment. Rather than
this the usage of 2% rice husk biochar increased the POD, SOD, APX, and CAT values of rice 14%, 14%, 13%,
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Figure 2. (continued)

and 12% respectively as compared to the control treatments. While the foliar application of nanocomposite
(Ca+Mg) nanoparticles increased the POD, SOD, APX, and CAT values in shoots of rice 7%, 9%, 10%, and
10% respectively concerning no stress treatments. Similarly, the combined application of rice husk biochar and
nanocomposite (Ca+ Mg) nanoparticles enhanced the POD, SOD, APX, and CAT values in shoots of rice 11%,
16%, 9%, and 16% as compared to the alone application of biochar (Fig. 2b).

Effect on metabolites

Foliar application of (Ca+Mg) nanocomposite and rice husk biochar showed a slight (p < 0.05) effect on
metabolites in leaves and roots such as total soluble proteins (TSP), total free amino acids (TFAA), total soluble
sugars (TSS), and phenolics under Cd contamination. According to the results, Cd 15/20 mg kg~ ! significantly
increased the TSP, TFAA, and TSS values in the roots of rice over the control (Fig. 3a). Nevertheless, the
application of 2% rice husk biochar decreased the TSP, TFAA, TSS, and phenolics values in roots of rice 35%,
24%, 11%, and 11% respectively as contrary to control treatments. While Ca+ Mg nanocomposite decreased
the values of TSP, TFAA, TSS, and phenolics of rice 22%, 10%, 12%, and 8% respectively concerning control
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Fig. 3. (a) Alone and combined effect of Ca + Mg nanocomposite (0, 25 mg L~!) and rice husk biochar on total
soluble proteins, total free amino acids, total soluble sugars and phenolics in roots. Showing standard deviation
at p <0.05 level with mean of three replications. (b) Alone and combined effect of Ca+ Mg nanocomposite
(0,25 mg L~ 1) and rice husk biochar on total soluble proteins, total free amino acids, total soluble sugars and
phenolics in leaves. Showing standard deviation at p <0.05 level with mean of three replications.

treatments. Similarly, the joint employment of rice husk biochar and foliar application of nanocomposite
(Ca+ Mg) nanoparticles decreased the TSP, TFAA, TSS, and phenolics values in roots of rice 11%, 6%, 18%, and
16% as contrasted to the alone implementation of biochar.

The results showed that the Cd 15/20 mg kg™" significantly increased the TSP, TFAA, and TSS values in the
leaves of rice over the control (Fig. 3b). Nevertheless, the application of 2% rice husk biochar decreased the TSP,
TFAA, TSS, and phenolics values in leaves of rice 32%, 29%, 13%, and 14% respectively as contrary to control
treatments. While Ca+ Mg nanocomposite decreased the values of TSP, TFAA, TSS, and phenolics of rice 16%,
12%, 8%, and 4% respectively concerning control treatments. Similarly, the combined application of rice husk
biochar and foliar application of nanocomposite (Ca+ Mg) nanoparticles decreased the TSP, TFAA, TSS, and
phenolics values in leaves of rice 11%, 1%, 16%, and 3% as compared to the alone application of biochar.

Effect on macro and micronutrients

The results showed that Cd contamination decreased the macro and micronutrients including Zn, Fe, Mg, Mn,
K, and Ca in shoots and grains of rice (Table 5). The outcomes exhibited that Cd 15/20 mg kg~! lessened the
values of Zn, Fe, Mg, Mn, K, and Ca in shoots of rice 36/69%, 45/86%, 22/39%, 39/73%, 19/35%, and 13/24%
respectively as contrary to the control treatment. Rather than this, the employment of 2% rice husk biochar
amplified the Zn, Fe, Mg, Mn, K, and Ca values of rice 28%, 35%, 27%, 19%, 27%, and 3% respectively as
contrary to no stress. Whereas the Ca+Mg nanocomposite augmented the Zn, Fe, Mg, Mn, K, and Ca values
in shoots of rice 16%, 19%, 32%, 7%, 32%, and 17% respectively concerning control treatments. Similarly, the
mutual submission of rice husk biochar and nanocomposite (Ca+ Mg) nanoparticles boosted the Zn, Fe, Mg,
Mn, K, and Ca values in shoots of rice 15%, 18%, 12%, 15%, 10%, and 26% as compared to the alone application
of biochar.

The results showed that Cd 15/20 mg kg_1 attenuates the values of Zn, Fe, Mg, Mn, K, and Ca in grains of
rice 28/65%, 36/77%, 24/60%, 34/765%, 37/63%, and 9/34% respectively as collated to the control treatment.
Rather than this, the usage of 2% rice husk biochar upsurges the Zn, Fe, Mg, Mn, K, and Ca values of rice 30%,
36%, 22%, 16%, 18%, and 12% respectively as contrary to the without stress. While Ca+ Mg nanocomposite
aggrandized the Zn, Fe, Mg, Mn, K, and Ca values in grains of rice 8%, 20%, 34%, 12%, 10%, and 6% respectively
concerning control treatments. Similarly, the collective usage of rice husk biochar and nanocomposite (Ca + Mg)
nanoparticles enhanced the Zn, Fe, Mg, Mn, K, and Ca values in grains of rice 13%, 20%, 21%, 20%, 13%, and
3% as contrasted to the alone usage of biochar.
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Figure 3. (continued)

Effect on metal accumulation

The statistical analysis showed that the soil spiked with Cd 15/20 mg kg~! augmented the Cd level in roots,
shoots, as well as grains of rice significantly over the standard (Fig. 4). The application of 2% rice husk biochar
decreased the Cd contamination in roots, shoots, and grains of rice 38%, 17%, and 20% respectively contrary to
the control. Besides this, Ca+ Mg nanocomposite decreased the Cd contamination of rice 30%, 33%, and 40%
respectively concerning without toxicity. Similarly, the collective employment of rice husk biochar and foliar
application of nanocomposite (Ca+ Mg) nanoparticles decreased the Cd contamination in roots, shoots, and
grains of rice 13%, 40%, and 50% as compared to the alone application of biochar.

Discussion

The present study was planned to examine the combined role of novel Ca+ Mg nanocomposite and rice husk
biochar to enhance rice growth and yield. The potential of Ca+ Mg nanocomposite as a foliar application on
plants was not investigated alone or combined with biochar till now. Researchers only focused on single Ca
and Mg nanoparticles or their combination. Abundant studies manifested that the application of Ca and Mg
nanoparticles certainly affects the plants growth and antioxidant defence system by lowering Cd stress®~.
Application of acidified rice husk biochar significant increment in rice growth parameters and reduced Cd
toxicity>. There is a still research gap regarding the combined application of Ca-Mg nanocomposite and rice
husk biochar on rice under Cd toxicity. The existing investigation has depicted the worthwhile effects of Ca-Mg
nanocomposite and rice husk biochar on rice growth, photosynthetic pigments, antioxidant system, metabolites
and nutrient profile under Cd stress.

Ca regulates a range of activities within the cell, including cell division and elongation, cytoplasmic streaming,
photomorphogenesis and plant defense conversely environmental stresses®. It is well-known that Ca roles as
the central node in the inclusively signaling web and has an optimistic part in toxicity resistance®. Ca invigorates
calmodulin-like proteins that interrelate with Ca®" ions. Altering their configuration in response to Ca-
binding, calmodulin proteins control innumerable mechanisms, including ion transport, gene regulation, cell
motility, growth, proliferation, apoptosis and stress tolerance®®>°. Magnesium (Mg) is considered indispensable
constituent for plant development as it modulates several physiological and biochemical procedures and acts a
crucial part in protecting plants beneath abiotic stress matrices®®¢!. Mg being a phloem mobilize element can
transfer smoothly to the active developing parts of the plant or where it is compulsory for example chlorophyll
generation, activation of enzyme mandatory for protein biosynthesis, and phloem exportation of photosynthates,
to promise appropriate vegetative and reproductive development®2. The proposed mechanism of Ca + Mg for the
mitigation of Cd toxicity is shown in Fig. 5.

Biochar can diminution metal accumulation through plants via frequent mechanisms as well as mitigate metal
movement in the soil, by altering the soil characteristics and the outcomes rely upon the category of biochar, kind
of soil, and crops®. The extensively asserted advantages of biochar contain carbon (C) sequestration; upsurged
soil water holding capacity and nutrient retention, boosted rhizospheric processes, organic carbon and escalated
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Fig. 4. Alone and combined effect of Ca+ Mg nanocomposite (0, 25 mg L~!) and rice husk biochar on Cd
uptake and accumulation in roots, leaves and grains of rice. Showing standard deviation at p <0.05 level with
mean of three replications.
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Fig. 5. The proposed mechanism of Ca+ Mg nanocomposite for the mitigation of Cd toxicity.
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crop yield®-%8, The capacity of biochar to attach metals is probably recognized owed to the interchange of ions
among surface protons and metallic cations®. The negative surface charge on biochar allows it to adsorb Cd ions
via electrostatic interactions, which helps in ion exchange by succeeding with other cations for binding sites. It
alters the soil pH and affects the Cd precipitation and organic matter, and functional groups form complexes
with Cd ions, eventually diminishing Cd availability for plant uptake”’.

Currently, the probable impact of soil Cd toxicity on innocuous farming and the yield of crops has
accomplished significant consideration. Prior research’!, informed that the biochar in collaboration with ZnO
NPs foliar spray was probably utilized to cultivate rice seedlings, particularly in zones where Cd absorption is
increasing, and Zn deficit is greater. The collective treatment of nanocomposite, rice straw biochar, and cow
manure biochar impacts sunflower oil quality and production along with diminishing the harmful influences of
HMSs”2. In current research work, noticeable impacts of the co-application of foliar (Ca+ Mg) nanocomposite
and rice husk biochar on rice growth parameters, chlorophyll content, antioxidant enzyme activities, yield and
Cd toxicity alleviation contrasted with single biochar and nanoparticles were detected.

The results of this study disclosed that the Cd contamination declined the values of growth parameters
including root and shoot lengths, root and shoot fresh and dry weights, number of tillers, spike length and
number of grains. A similar outcome was found in a previous study which reported that the Cd contamination
lessened the values of growth parameters in rice plants'!. Cd contamination decreased the values of growth
parameters like root and shoot length, root and shoot fresh weight and dry weight, number of tillers, spike
length, and number of grains. Similar findings were documented by the different plant studies’"’>. The growth
parameter values were amplified by foliar application of (Ca+ Mg) nanocomposite and abridged the cd toxicity
in rice plants. These findings are reliable with previous studies that the application of CaO NPs improved the
growth of barely plants and reduced the As toxicity’*. Manzoor et al.”®> described that iron oxide NPs upgraded
the Cd toxicity and augmented the growth parameters in wheat plants through diminishing Cd uptake. The
findings of this study showed that the application of rice husk biochar increased the growth parameter values
in rice plants under Cd stress. This is concurrent with the aforementioned studies that the application of straw
biochar augmented the growth parameters (plant height, number of tillers) of rice plants’®. Apart from this, the
outcomes of this research work depicted that the collective application of (Ca+ Mg) nanocomposite and rice
husk biochar significantly enhanced the growth parameter values in Cd contaminated soil in rice plants. These
outcomes are steady with preceding research that the mutual execution of rice husk biochar and foliar spray
of ZnO NPs pointedly increased the growth parameters in rice plants under Cd toxicity’!. Shukla et al.”” also
demonstrated that ZnO NPs in collaboration with biochar upsurge the growth parameters in rice plants beneath
As stress.

In the present study, it was anticipated that SPAD meter values decreased by Cd contamination. Whereas
Ca+Mg nanocomposite improved the SPAD meter values, which is consistent with previous results that
the application of exogenous CaO NPs increased the SPAD meter values in barely seedlings by reducing Cd
toxicity’®. Correspondingly, findings showed that rice husk biochar application boosted the SPAD meter values
in rice plants. These results are concurrent with prior studies that biochar application increased the SPAD meter
values in paddy fields rice’®. Besides this, the combined application of foliar spray of Ca+ Mg nanocomposite
and rice husk biochar significantly improved the SPAD meter values. Preceding studies presented that the foliar
utilization of ZnO NPs and rice straw biochar significantly enhanced the SPAD meter values in sunflower plants
under heavy metals stress’>.

Plant photosynthesis and chlorophyll content are imperative indicators for growth and yield under acute
ecological factors”®. The existing outcomes established that Ca+ Mg nanocomposite upgraded the chlorophyll
level and gas exchange characteristics (Pn, Tr, WUE, and stomatal conductance) in rice leaves under Cd stress.
Published literature highlighted that the application of CaO NPs alleviated the Cd toxicity and enhanced the
chlorophyll contentand photosynthetic capacity of Brassica plants®’. A prior studyalso revealed that the application
of TiO, NPs amplified the growth, spike length and grain production by enhancing the photosynthesis efficiency
and chlorophyll content of wheat plants bearing Cd toxicity’. The application of rice husk biochar amplified the
chlorophyll contents and gas exchange traits in rice plants. Alike results were originated in an aforementioned
study that testified that biochar application augmented the gas exchange characteristics (photosynthesis rate,
transpiration rate, water usage efficacy, and stomatal conductance) and chlorophyll content in Phragmite karka
plants®!. Moreover, the chlorophyll contents and gas exchange attributes significantly increased when the foliar
spray of Ca+Mg nanocomposite and rice husk biochar were applied. Previous studies also agreed that the
collective application of rice straw biochar and ZnO NPs foliar spray enhanced plant development by increasing
gas exchange characteristics and chlorophyll content values in maize plants bearing Cd toxicity®2. Shukla et al.”’
revealed that ZnO NPs foliar spray collectively with biochar increased the total chlorophyll, carotenoids and
protein content in rice plants under flooded conditions. The above literature verified our results.

The production of antioxidants decreases the harmful effects of free radicals in plants. Numerous cases
illustrated that Cd contamination increased the EL, MDA, and H,O, values and diminished the antioxidant
enzyme activities in the plants. Cadmium stress in rice and pea seedlings provokes the generation of plasma
membrane-obliged NADPH oxidase in peroxisomes and consequences in the generation of ROS”®. Similar
findings were reported in a current study that the Cd contamination improved the EL, MDA, and H,0, values
and reduced the antioxidant enzyme activities (POD, SOD, APX, and CAT) in rice plants. Current research
revealed that foliar utilization of Ca+Mg nanocomposite abridged the creation of reactive oxygen species
(ROS) and improved the antioxidant enzyme activities (SOD, POD, APX, and CAT) in rice roots and shoots.
Similar outcomes were found in a previous study that foliar spray of CaO NPs improved the antioxidant enzyme
activities by reducing the generation of ROS species in Brassica napus plants®>. Similarly, rice husk biochar
application also increased the antioxidant characteristics and decreased the values of EL, MDA, and H,0, in
rice plants by alleviating Cd toxicity. It was evidenced from a prior study that rice husk biochar improved the
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maize plant growth by increasing antioxidant enzyme activities and decreasing the values of EL, and MDA.
Rice husk biochar in paddy fields showed a promising mitigation effect on heavy metals contamination and
plant development®4%°, The foliar spray of Ca+ Mg nanocomposite and rice husk biochar decreased the values
of EL, MDA, and H,0, in rice plants under Cd stress. These findings are concurrent with a prior study that
demonstrated that the combined application of ZnO NPs foliar spray and biochar reduced the leaf electrolyte
leakage (EL) and malondialdehyde (MDA) by reducing the uptake of As”’. Rizwan et al.®? also evidenced that the
collective usage of biochar and ZnO NPs foliar employment alleviates the Cd toxicity by improving antioxidant
enzyme activities and abridged the making of ROS species in maize plants.

Cd toxicity increased the phenolic metabolites and total proteins in cucumber plants®. A preceding study
showed that Cr toxicity enhanced total soluble proteins, total free amino acids, total soluble sugars, reducing
sugars and phenolics in wheat plants®”. The current study explained that Cd toxicity significantly increased the
metabolite contents (TSP, TFAA, TSS and phenolics) in the roots and leaves of rice plants. The foliar spray of Ca-
Mg nanocomposite slightly affects the TSP, TFAA, TSS, and phenolics in the roots and shoots of rice seedlings.
Similarly, the application of rice husk biochar slightly affects the metabolite contents in the roots and shoots of
rice plants. Likewise, the combined application of Ca+ Mg nanocomposite and rice husk biochar moderately
affects the TSP, TFAA, TSS and phenolics in the roots and shoots of rice plants.

Extreme Cd toxicity decreases the essential nutrients (Ca, Mg and K) in the roots and leaves of strawberry
plants and restricts growth and development®. Collective application of SDZ and Cd significantly reduced the
macro and micronutrients in the roots and shoots of spinach®. Foliar spray of collectively ZnO and MnO, NPs
improved the nutritive value of wheat grains by cumulative micronutrients (Zn, Fe, Ca, S, B), protein content and
minimizing phytic acid content™. These findings were similar to our current study that Cd stress diminished the
macro and micronutrients (Zn, Fe, Mg, Mn, K and Ca) in shoots and grains of rice seedlings. While foliar spray
of Ca+ Mg nanocomposite and biochar application enunciate an upsurge in the nutrient profile of rice shoots
and grains.

Cd?* as the most exchangeable chemical species among heavy metals that are adsorbed on the root
epidermis and through xylem transport to shoots and grains, consequently increasing the Cd concentration
in the root, shoot and grain of plants®’. In this experiment, the foliar application of Ca+ Mg nanocomposite
decreased the Cd concentration in roots, shoots, as well as grains in the rice plants. Similar to previous research
foliar application of Zn notably attenuated the Cd concentration in shoots and grains of rice plants through
inhibiting Cd mobility in the xylem®. This study showed that applying rice husk biochar to passivate the Cd
content in roots, shoots, as well as grains in paddy plants. It was similar to previous work that reported that rice
husk biochar application in Cd contaminated soil increased the seedlings height, diameter, and biomass and
alleviated the Cd concentration in oak plant tissues®>**. Chen et al.”* and Alaboudi et al.? also observed that the
application of rice husk biochar significantly decreased the translocation of Cd, Pb, Cu and Zn in maize plant
tissues. Moreover, the present study also depicted that the mutual application of Ca+ Mg nanocomposite foliar
spray and rice husk biochar significantly suppressed the Cd contamination in roots, shoots, and grains in rice
seedlings. It was consistent with previous research that the combined application of ZnO NPs foliar usage and
rice husk biochar dramatically alleviated the Cd toxicity from roots, shoots, and grains of rice plants’!. Seleiman
et al.”? evidenced that synergistic use of rice husk biochar and ZnO NPs significantly reduced the heavy metals
(Cd, Cr, Pb, and Cu) accumulation in sunflower plants.

Conclusion

The existing study inspected that the cadmium toxicity abridged plant growth, biomass and gas exchange
characteristics in rice. Furthermore, Cd-stressed rice demonstrated increased MDA, H,0,,EL and O, contents,
and enhanced the Cd concentration. However, alone Ca+ Mg nanocomposite and rice husk biochar modified
the activities of antioxidant system of treated rice via enhancement in the activity of CAT, SOD POD, and APX.
Likewise, the collaborative usage of Ca+ Mg nanocomposite and rice husk biochar supplementary enhanced
the development and physiochemical attributes of rice cultivated in standard and Cd stress environments.
Additional research work is mandatory to comprehend the molecular mechanisms contributing to Cd resistance
in diverse crops by collaborative employment of Ca+ Mg nanocomposite and rice husk biochar.
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