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Abstract 

 
Metallic toxins are potential threats to human health and the achievement of optimum plant growth. In these toxins, 

chromium (Cr) is carcinogenic. Its higher plant accumulation caused oxidative damage by producing reactive oxygen 

species (ROS). However, antioxidant biosynthesis is a natural defensive mechanism that can alleviate Cr toxicity in plants. 

Furthermore, biochar (BC) addition in soil has been reported as an effective amendment for Cr immobilization. Inoculation 

of rhizobacteria is also well documented as an efficacious tool for improvement in plant growth under heavy metals stress. 

The present study was conducted to cover the knowledge gap of the combined use of Bacillus megaterium (A12) and BC for 

chromium (Cr) stress mitigation in Spinacia oleracea. There were eight treatments with five replications following a 

completely randomized design. Results showed that in Cr-contamination, A12 and BC decreased malondialdehyde (MDA) 

and electrolyte leakage (EL) in S. oleracea plants. A12 and BC significantly improved catalase (CAT), ascorbate peroxidase 

(APX) and superoxide dismutase (SOD) activity. A significant increase in shoot dry weight (27%), chlorophyll a (31%), 

phenolic contents (59%) and total chlorophyll (32%) validated the efficacious role of BC+A12 over control. Furthermore, Cr 

stress alleviation was credited to the increment activity of antioxidative enzymes and the detoxification of methylglyoxal, 

besides increasing ascorbic acid and proline content. In conclusion, the synergistic interaction of BC and A12 is an 

efficacious approach to mitigating abiotic stresses in plants. More investigations are suggested at the field level to declare 

the best application rate of BC with A12 to alleviate Cr stress in different crops. 
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Introduction 

 

Biochar is a high-carbon residue produced from 

organic material in anaerobic conditions by a thermo-

chemical process known as pyrolysis, and it is widely 

applied as a soil amendment for the improvement of soil 

structure and fertility (Lehmann & Rondon, 2002). 

Biochar production from organic disposal is increasing to 

prevent harmful effects on plant growth (Lehmann et al., 

2006). Biochar is used as fertilizer (Danish et al., 2015a; 

b). Wood, Crop debris, organic waste material and poultry 

litter can be used for biochar production (Sehrish et al., 

2019). Biochar causes the immobilization of heavy metals 

and other unwanted materials in the soil (Nzediegwu et 

al., 2020). Biochar characteristic varies accordingly to the 

conditions in which it is produced and feedstock material 

(Khan et al., 2020). Applying biochar increases the plant's 

resistance to heavy metal stress (Danish et al., 2019).  

On the other hand, plant-growth-promoting bacteria 

(PGPB) grow in the rhizospheric zone of the plant (Zafar-

ul-Hye et al., 2018, 2020a;c; Ahmed et al., 2020; Danish 

et al., 2020a; Zafar-ul-Hye et al., 2020). Plant growth-

promoting rhizobacteria are free-living bacteria that 

inhabit plant roots and flourish plant growth (Danish et 

al., 2015d; Zafar-ul-Hye et al., 2019; Zafar-ul-Hye et al., 

2019). The classification of PGPR can be done based on 

its positive effects. Plant growth gets influenced by the 

degree of colonization of plants and bacteria (Grobelak et 

al., 2015). PGPR uses various direct and indirect 

mechanisms to improve plant growth (Kalam et al., 

2017). Many species of bacteria and fungi form intricate 

associations with plants (Danish et al., 2020b; Wahid et 

al., 2020; Saboor et al., 2021). However, toxicity of 

heavy metals can decrease their proliferations and can 

induced toxicity in the cultivated crops. 

It is well documented that metallic contaminants are 

released into the surrounding area through natural and 

human-induced activities. The incorporation of metal 

pollutants into the ecosystem is continuously increasing 

(Dotaniya et al., 2018). Heavy metals are prevalent 

hazardous wastes discharged into the environment, which 

have caused malfunctioning in plant metabolomics 

(Zaheer et al., 2020). Soil absorbs different heavy metals 

(Alia et al., 2015). Many heavy metals are non-
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degradable and accumulate in vegetables grown in soil 

(Khan et al., 2020). The incorporation of heavy metals in 

the food chain can be destructive to human health (Eid et 

al., 2017). A higher amount of heavy metals is absorbed 

by green leafy vegetables. Contamination of the 

environment with heavy metals is a major global issue, 

and many researchers are trying to remove it from 

different contaminated areas (Dotaniya et al., 2018). 

Chromium is also a heavy metal constantly 

discharged through artificial and natural means (Sehrish 

et al., 2019). Chromium is present in nature in two 

forms, i.e., CrΙΙΙ and CrVΙ (Hamilton et al., 2020). 

Chromium in the soil is highly injurious to human health 

because it can enter the food web via polluted soil 

(Sehrish et al., 2019). Chromium moves inside humans' 

bodies through food polluted with Cr and can cause 

cancer, ulcer, and liver diseases (Zaheer et al., 2020). 

Chromium can be noxious and detrimental to growing 

plants (Sehrish et al., 2019). The harmfulness of 

chromium reduces the growth of crops by influencing 

chlorophyll biosynthesis (Danish et al., 2019). 

Excessive Cr in plants produces reactive oxygen 

species (ROS). Higher levels of ROS reasons destructive 

effects to plant structure and appearance (Sehrish et al., 

2019). The toxic effect of Cr can adversely affect nutrients 

and water uptake by plants (Dotaniya et al., 2018). 

Excessive absorption of Cr leads to poor seed germination 

(Danish et al., 2019). Severe Cr toxicity leads to affected 

plants' death (Zaheer et al., 2020). Chromium toxicity is a 

growing problem for numerous cultivated crops (Danish et 

al., 2019). Various methods have been developed to 

remove the toxic repercussions of Cr on plants (Sehrish et 

al., 2019). Cr aggregation in plants and food materials 

should be eliminated (Zaheer et al., 2020). 

Spinacia oleracea belongs to the order 

Amaranthaceae and consists of vegetables with wide, 

green foliage (Alia et al., 2015). It is among the globally 

cultivated vegetable because it is fast-growing and have 

high biofuel production and heavy metals usage (Zaheer 

et al., 2020). S. oleracea is also well known for 

nutritional homeostasis in organisms (Kumar et al., 

2016). It is enriched with beta carotene, calcium, 

vitamin, phosphorous, carbon, potassium and iron 

(Danish et al., 2019). According to a recent estimate, the 

world's annual spinach production has reached about 24 

million tons. Researchers widely select S. oleracea 

because of its fast growth rate and worldwide usage 

(Sardar et al., 2020). However, elevated concentration of 

Cr results in a disturbance in the growth of S. oleracea 

(Zaheer et al., 2020). 

Many genera of bacteria are included in PGPR; some 

are Pseudomonas, Bacillus, Acetobactor, Azotobactor. 

PGPR is more important for nitrogen-deficient soil. Thus, 

bacteria efficiently promote plant growth by supplying the 

required elements (Grobelak et al., 2015). PGPR 

increases the growth of plants by using various methods 

like atmospheric nitrogen fixation and secretion of plant 

hormones (Gómez-Sagasti & Marino, 2015). They 

improve the plant's growth rate by enhancing the 

germination rate, amount of nitrogen, and crop yield 

(Zafar-ul-Hye et al., 2020b).  

As PGPR inoculation has attained attention in stress 

scenarios, the current study was revealed to analyze the 

interactive perspective of Bacillus megaterium A12 and 

biochar in alleviating Cr toxicity in S. oleracea. The 

present study was conducted to cover the knowledge gap 

of the combined use of Bacillus megaterium (A12) and 

BC for chromium (Cr) stress mitigation in Spinacia 

oleracea. Moreover, this research work was performed to 

explore the influence of B. megaterium A12 alone or in 

combination with biochar on the growth and physiology 

of S. oleracea. It is hypothesized that B. megaterium A12 

and biochar have the potential to alleviate Cr toxicity in S. 

oleracea. 

 

Materials and Methods 

 

Growth of Spinacia oleracae: Spinacia oleracea seeds 

attained from Punjab Seed Corporation Pakistan were 

decontaminated by dipping for 3 minutes in sodium 

hypochlorite solution and washed with distilled H2O. 

Before sowing in plastic pots, seeds were air-dried for 24 

hours at 25
o
C by placing them over the blotting paper. 

After 52 days, the plants were harvested. The samples of 

plants collected from treated pots were rinsed with 

distilled H2O and air-dried. Afterwards, fresh biomass of 

plant samples was noted. Then, plant samples were oven-

dried for 72 hours at 65
o
C to calculate the dry weight. 

 

Soil analysis: The soil samples used to execute this 

experiment were taken from the Botany Department, 

University of Narowal, Pakistan. The soil used for the 

current research was acquired from a depth of 0-12 

inches. The debris and mud particles were set apart 

using a 3mm sieve. Soil organic content was thoroughly 

analyzed using the described method. The soil 

components' dimensions were determined using a 

hydrometer (Bouyouces, 1962). Paper bags were used to 

store soil samples and carry out further analysis. The 

benchtop meter was utilized to measure pH (Page et al., 

1982) and electrical conductivity (EC) (Rhoades, 1996) 

and the texture of the soil was measured with 

Mastersizer 2000. 

 

Preparation of biochar: Bamboo was used for biochar 

production through pyrolysis at a temperature ranging 

from 300-600
o
C. There are two primary reasons behind 

the selection of bamboo. The first is high lignocellulosic 

content; the second, bamboo is used in construction and 

paper. Before preceding pyrolysis, the biomass was 

ground and kiln-dried for 24 h at 700
o
C. The pyrolysis of 

ground biomass was done in a steel crucible fitted with a 

Neylimited supply of oxygen. Slow pyrolysis was 

achieved by increasing temperature at the rate of tech 

Muffle Furnace with a 10
o
C per minute and sustained at 

300-600
o
C (Qayyum et al., 2014). 

 

Experimental setup: The research was executed in the 

research area of the Botany Department, University of 

Narowal, Pakistan, under a controlled set-up using pots. S. 

oleracea was selected as an experimental plant. The soil 
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samples used for the current study were dried in an oven 

for 2 hours. Dried soil was crushed with the help of Agate 

mortar and passed through a 2mm sieve. Under treatment, 

each pot was crowded with 4kg. Before putting in pots, 

spinach seeds were sterilized for 10 min using 30% H2O2 

solution. The experimental study was designed in 

randomized block design having five replicates. 

 

Assessment of chromium resistance: For the separation 

of Cr-resistant bacteria, the dilution plate method was 

selected utilizing Luria-Bertani (LB) agar medium 

surcharged with 50 mg L
-1

 of Cr as K2Cr2O7. The plates 

were incubated for 3-4 days at 30   2  
 
C. The most 

noticeable separates of elected based on their physical 

factors were decontaminated through frequent splotching 

over the same particular means. The separates displaying 

maximum resistance to Cr were preferred for further 

studies (Bruno et al., 2020). Bacillus megaterium strain 

A12 showed maximum resistance upto 25 mg L
-1

 of Cr. 

 

Determination of chlorophyll and carotenoid content: 

The fresh green leaves of spinach were examined to find 

the concentration of Chl by using the Arnon (1949) and 

Ravelo-Perez et al., (2008) methodologies. The leaf extract 

sample was incubated in an 80% acetone solution. The 

absorbance value on the spectrophotometer was calibrated 

to determine the concentration of Chl. A, Chl. B, and total 

Chl. Content. Quantification of carotenoids was carried out 

by adopting the methodology of Alba et al., (2005). 

 

Assessment of chromium content: To determine the 

amount of Cr on atomic absorption spectrophotometer, the 

samples of leaves and roots were dissolved utilizing a 

mixture of acids (HNO3; HCIO4) (Chapman & Pratt, 1961). 

 

Assessment of electrolyte leakage (EL): Electrolyte 

leakage analysis was done using the technique of Lutts et 

al., (1996). Firstly, spinach foliage samples were rinsed 

with distilled H2O and then, using a steel cylinder, discs 

of 1cm diameter were prepared. 1g discs of equal size 

were dipped in about 20 ml distilled H2O and then 

incubated for a day at 25
o
C. In the next step, determine 

the first electrical conductivity (EC1), while determining 

the second electrical conductivity (EC2), the test tubes 

were heated in a water bath for 20 min at 120
o
C (Lutts et 

al., 1996). The final electrical leakage calculation was 

done using the following formula: 
 

EL (%) = EC1 / EC2 × 100 
 

Determination of MDA and H2O2 content: 

Lipoxidation value was assessed by quantification of 

MDA content which was estimated through the 

thiobarbituric acid (TBA) reactions (Cakmak & Horst, 

1991). Foliage samples (0.5 g) were vortexed in 0.1 % 

tricarboxylic acid (10 ml) and subjected to centrifugation 

at 12,000 × g for 5 min. The supernatant (1 ml) was added 

to 0.5% TBA (4 ml). Afterwards, the solution obtained 

was placed at 95
o
C for 30 minutes, cooled and subjected 

to centrifugation at 12,000 rmp for 5 min. The absorbance 

value of the supernatant was calibrated using UV-VIS 

spectrophotometer. For the evaluation of MDA content, 

an extinction coefficient 155 mM
-1 

cm
-1

 was used.  

Okuda et al., (1991) technique was used to estimate 

hydrogen peroxide content. 250 mg leaf sample was 

grounded in ice with the help of perchloric acid (200 

mM). The sample was centrifuged at 1200 rpm for ten 

minutes. The supernatant obtained was mixed with 4 M 

KOH. Insoluble KClO4 was removed through 

centrifugation at 500 rpm for 3 min. afterwards, 

peroxidase was added, and the spectrophotometric value 

was measured at 590 nm. 
 

Quantification of proline and ascorbate: Bates et al., 

(1973) method was employed for assessing proline 

content. Fresh leaves (600 mg) were mixed with 6 mL of 

3% sulfosalicylic acid. The obtained filtrate was 

thoroughly mixed with 1 ml glacial acetic acid and 

ninhydrin for 60 min. A solution containing a test tube 

was kept in the water bath at a temperature of 100
o
C. The 

reaction was completed by keeping the test tube on ice. 

Toluene was used for extraction, and the absorbance 

value was calibrated at 520 nm. 

To quantify ascorbate, Keller and Schwanger (Keller 

& Schwager, 1977) protocol was used that includes 2,6-

dichlorophenol-Indophenol's dye procedure. The foliage 

sample (1000 mg) was mixed in the ice bath using 

extracting solution (40 ml). The homogeneous mixture 

was obtained was subjected to centrifugation at 6000 rpm 

for 15 min. The supernatant (2 ml) obtained was 

homogenized with 2, 6-dichlorophenol-Indophenol 

solution (5 ml). Afterwards, the colourimetric value of the 

mixture was measured at 520 nm.  
 

Assessment of methylglyoxal level: Assessment of 

methylglyoxal value was carried out as per the 

methodology given by Wild et al., (2012). A 

homogenous mixture was obtained using perchloric acid 

(5 %) and later centrifuged at 11,000 rpm for 10 min. 

Charcoal was added for the decolourization of the 

supernatant. A sodium carbonate solution was added to 

neutralize the decolorized supernatant. Afterwards, this 

neutralized supernatant was used to measure MG by 

adding sodium N-acetyl-Lcysteine and dihydrogen 

phosphate to make a final volume of 1 mL. Following 

ten minutes, N-α-acetyl-S-(1-hydroxy-2-oxoprop-1-yl) 

cysteine formation was calibrated at 288 nm. 

Mathyglyoxal level was evaluated by comparing it with 

a standard curve of known concentration. 
 

Determination of phenolic content and flavonoids: 

Folin Ciocalteu procedure was adopted for the 

quantification of total phenolic content (Kaur & Kapoor, 

2002). About 200L of extract in crude form (1 mg/ml) 

was prepared by dissolution of 3 mL distilled H2O with 

0.5 mL of Folin Ciocalteu reagent for three minutes, and 

finally, 2 mL sodium carbonate (80 % v/w) was mixed. 

The prepared solution was placed in the absence of light 

for 1 hr. Subsequently, the absorbance value was 

calibrated at 650 nm. The phenolic amount was estimated 

by employing a calibration curve. 

https://www.sciencedirect.com/science/article/pii/S0254629915325734#bb0160
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The total flavonoid value was quantified by using the 

AlCl3 colourimetric method (Chang et al., 2002). 

Methanolic extract (1 mg/ mL) was prepared up to 1 mL 

through dissolution with methanol (1 mL), distilled water 

(4 mL), NaNO2 solution and AlCl3 solution (10 %), which 

were added following 5 min of incubation. After 6 

minutes of the standing mixture, 2 mL NaOH solution (1 

mol/L) was mixed to obtain a final volume of 10 mL by 

using double-distilled H2O. Following 15 minutes in 

which the mixture was allowed to stand, the absorbance 

value was calibrated at 510 nm. The total flavonoid value 

was quantified using the standard curve. 

 

Estimation of antioxidative enzymes: The 0.5 g leaf 

sample was subjected to homogenization in pre-chilled 

phosphate buffer (50 mM) at pH 7.0, having AsA (1 

mM), KCl (100 mM), β-mercaptoethanol (5 mM) and 

glycerol (10%, w/v) with the help of pre-chilled mortar 

and pestle. The homogenate obtained was centrifuged at 

11,500 rpm for 10 min, and the supernatant was used to 

determine the activity of antioxidative enzymes. A 

temperature range of 0–4°C was retained to determine 

the activity of all antioxidant enzymes. Lipoxygenase 

activity was assessed per the method narrated by 

Doderer et al., (1992). The spectrophotometric value 

was analyzed at 234 nm using linolenic acid as substrate. 

The activity of the antioxidant enzyme was estimated 

using an extinction coefficient of 25 mM
−1

 cm
−1

. 

Superoxide dismutase activity was evaluated as per the 

method narrated by El-Shabrawi et al., (2010). For this, 

the xanthine-xanthine oxidase system was used. The 

reaction mixture included catalase (0.1 units), xanthine 

(2.36 mM), 2.24 mM NBT, 50 mM K-P buffer, xanthine 

oxidase (0.1 units) and enzyme extract. The absorbance 

value was calculated at 560 nm. 

The reduction in spectrophotometric value due to 

the decomposition of H2O2 was measured at 240 nm. 

The reaction mixture contained 15 mM H2O2, 50 mM K-

P buffer at pH 7.0 and enzymatic solution, making 

volume up to 700 μL. For the estimation of catalase 

activity, the extinction coefficient 39.4 M
−1

 cm
−1 

was 

used
 
(Chance & Maehly, 1955). To estimate ascorbate 

peroxidase (APX) activity, the volume of the reaction 

mixture composed of 0.1 mM EDTA, 50 mM phosphate 

buffer at pH 7.0, 0.1 mM H2O2 was made 700 μL. The 

activity was measured in terms of decreased absorbance 

at 290 nm with the help of an extinction coefficient 2.8 

mM
−1

 cm
−1 

(Sevilla, 1998). 
 

Statistical analysis 
 

The SPSS was employed to examine the data. One-

way ANOVA was performed on the collected value. MS-

Excel was used to calculate the mean, standard deviation 

(SD) and coefficient of correlation (r-value) of soil and 

parameters of the crop with the concentration of sludge 

(ver. 2003 Microsoft Redmond Campus, Redmond, WA), 

and a sigma plot was used to create a graph (ver.12.3, 

Systat Software, Inc., Chicago, IL) (Steel et al., 1997). 

Results 

 

Effect of biochar and PGPB on growth parameters: 

Chromium stress hampered root and shoot length, leaf 

area, fresh and dry weight of root, and shoot of S. 

oleracea plants compared with CK treatment. Individual 

application of biochar and combined treatment of biochar 

and PGPB enhanced the growth of S. oleracea grown in 

normal and Cr-polluted soil. Combined treatment of 

biochar and PGPB enhanced root length, shoot length, 

leaf area, shoot fresh weight, root fresh weight, shoot dry 

weight, and root dry weight by 17.45%, 26.31%, 16.03%, 

17.51%, 25.95%, 18.25% and 26.31% respectively in S. 

oleracea seedlings grown in Cr-toxic soil, as compared to 

Cr-only treatment (Table 1). 
 

Effect of biochar and PGPB on tolerance index (TI), 

bioconcentration factor (BCF) and translocation 

factor (TF): In the case of stress response in plants, BCF 

and TF are key attributes in the feasibility study of heavy 

metals plant remediation potential (Usman et al., 2019). 

Table 3 shows the approximate BCF, TF, and TI values 

for biochar and the A1 Cr strain. When plants were 

inoculated with Bacillus megaterium A12 and biochar, the 

BCF, TF, and TI values were reduced compared to the 

non-inoculated control.  

The BCF is commonly used to measure a plant’s 

ability to remove metals from soils (Zayed et al., 1998). 

The BCF values for Cr were in order Cr (0.67) > Cr+BC 

(0.58) > Cr+A12 (0.48) > Cr+ BC+ A12 (0.45). TF values 

for Cr were in order Cr (0.51) > Cr+BC (0.49) > Cr+A12 

(0.48) > Cr+ BC+ A12 (0.46). Ti was analyzed to 

determine the potential of plants subjected to metal stress. 

The Ti values for Cr were in order Cr+BC 

(1.12) > Cr+A12 (1.18) > Cr+ BC+ A12 (1.30). 
 

Effect of biochar and PGPB on malondialdehyde 

(MDA), electrolyte leakage (EL) and hydrogen 

peroxide (H2O2) levels: Chromium toxicity significantly 

enhanced EL, MDA and H2O2 levels in S. oleracea plants 

compared to CK-treatment. The treatment, including 

PGPB and biochar, alone or in interaction, reduced EL, 

MDA and H2O2 levels in S. oleracea plants raised in 

normal and Cr-toxic potted soil (Fig. 1). 
 

Effect of biochar and PGPB on Ascorbic acid, 

methylglyoxal and proline contents: Inoculation of 

plants under all treatments Cr+BC, Cr+ A1, Cr+BC+ A12 

resulted in a substantial increase in proline and ascorbic 

acid. At the same time, the treatment of Cr+BC resulted in 

an elevated MG content compared to Cr+ A1, Cr+BC+ 

A12 (Fig. 2). 
 

Effect of biochar and PGPB on antioxidant enzymes: 

Higher Cr concentration in soil elevated the activity of 

antioxidative enzymes compared to CK-treatment. The 

combined treatment of biochar and PGPB significantly 

improved the activity of SOD, CAT and APX in S. 

oleracea seedlings growing in Cr-spiked soil, as 

compared to the Cr-only treatment (Fig. 3).  

https://www.frontiersin.org/articles/10.3389/fpls.2014.00757/full#B59
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Fig. 1. Impression of Bacillus megaterium A12 and biochar on 

electrolyte leakage (EL), malondialdehyde (MDA), hydrogen 

peroxide (H2O2) levels of Spinacia oleracea grown in Cr-

contaminated soil. CK: Control, BC: Biochar, A12: B. megaterium 

A12, Cr: Cr amendment at the rate of 10mg Cr kg-1 soil. 

 
 

 
 

 
 

Fig. 2. Effect of Bacillus megaterium A12 and biochar on 

ascorbic acid, methylglyoxal and proline contents of Spinacia 

oleracea grown in Cr-contaminated soil. CK: Control, BC: 

Biochar, A12: B. megaterium A12, Cr: Cr amendment at the rate 

of 10mg Cr kg-1 soil. 
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Table 1. Effect of Bacillus megaterium A12 and biochar on growth traits of S. oleracea grown in  

Cr-contaminated soil. 

Treatments 
Root L 

(cm) 

Shoot L 

(cm) 

Leaf area  

(cm2) 

Shoot FW  

(g) 

Root FW 

(g) 

Shoot DW  

(g) 

Root DW 

(g) 

CK 9.2 0.41b 23 1.12b 0.16 .0075ab 6.52 0.29ab 1.83 0.08b 1.85 0.09b 0.56 0.023ab 

BC 10.5 0.47ab 27 1.24ab 0.18 .0078a 7.69 0.32a 2.12 0.09ab 2.16 0.11ab 0.64 0.027a 

A12 11.2 0.52a 28 1.35a 0.19 0.0082a 7.98 0.34a 2.28 0.094a 2.24 0.12a 0.68 0.031a 

BC+A12 12.6 0.57a 31 1.37a 0.21 0.0085a 8.31 0.38a 2.37 0.11a 2.35 0.13a 0.71 0.032a 

Cr 7.1 0.28c 14 0.65c 0.11 .0046b 5.32 0.21b 1.31 0.06c 1.26 0.05c 0.38 0.018b 

Cr+BC 7.8 0.29c 16 0.72c 0.119 .0037b 6.05 0.25b 1.46 0.07bc 1.38 0.06c 0.41 0.019b 

Cr+A12 8.1 0.34bc 17 0.74bc 0.124 0.0053b 6.27 0.27ab 1.57 0.073bc 1.43 0.07bc 0.45 0.021b 

Cr+BC+A12 8.6 0.35bc 19 0.81bc 0.131 0.0048ab 6.45 0.31ab 1.65 0.08b 1.49 0.074bc 0.48 0.023ab 

CK: Control, BC: Biochar, A12: Bacillus megaterium A12, Cr: Cr amendment at the rate of 10mg Cr kg-1 soil 

3.2. Effect of PGPB and biochar on photosynthetic pigmentation 

Regarding the effects of biochar and the A12 strain on plants, inoculated plants possessed significantly higher levels of anthocyanins, 

carotenoids, and flavonoids than the control group. The treatment resulted in a slight increase in both Chl a (Fig. 1c) and Chl b (Fig. 

1d), but a slight decrease equated to the control. The Chl a/b ratio was maintained (Table 2). 

 
Table 2. Impact of Bacillus megaterium A12 and biochar on chlorophyll, carotenoids, phenolic and flavonoid  

contents of S. oleracea grown in Cr-contaminated soil. 

Treatments 
Chlorophyll a Chlorophyll b Total Chl. Carotenoids Phenolic contents Flavonoids 

mg g-1 FW mg g-1 FW mg g-1 FW mg g-1 DW mg(GAE)/g FW mg (QE)/g FW 

CK 2.41   0.11b 0.73   0.031ab 3.14   0.13b 1.83   0.08ab 0.86   0.04b 19.82   0.85c 

BC 2.86   0.12ab 0.91   0.037a 3.77   0.14ab 2.29   0.09a 1.12   0.05b 24.16   0.91bc 

A12 3.02   0.14a 0.94   0.038a 3.96   0.16a 2.38   0.11a 1.28   0.05ab 27.24   1.15bc 

BC+A12 3.16   0.15a 0.97   0.041a 4.13   0.19a 2.51   0.12a 1.37   0.06a 28.35   1.26bc 

Cr 1.68   0.07c 0.52   0.021b 2.20   0.09c 1.12   0.05b 0.95   0.04b 32.26   1.38b 

Cr+BC 1.82   0.08c 0.58   0.023b 3.40   0.15b 1.25   0.05b 1.46   0.06a 38.38   1.69ab 

Cr+A12 1.94   0.09bc 0.62   0.024ab 2.56   0.11bc 1.38   0.06b 1.57   0.07a 42.43   1.82a 

Cr+BC+A12 1.98   0.09bc 0.64   0.025ab 2.62   0.12bc 1.42   0.06ab 1.65   0.07a 45.49   1.87a 

CK: Control, BC: Biochar, A12: B. megaterium A12, Cr: Cr amendment at the rate of 10mg Cr kg-1 soil 

 

Table 3. Influence of Bacillus megaterium A12 and biochar on metal uptake, bio-concentration factor (BCF), 

translocation factor (TF) and tolerance index (TI) of S. oleracea grown in Cr contaminated soil. 

Treatments 
Cr Root 

µg Cr g
-1

 

Cr Shoot 

µg Cr g
-1

 
BCF TF 

TI 

(%) 

CK ND ND - - - 

BC ND ND - - 1.16   0.047b 

A12 ND ND - - 1.21   0.049ab 

BC+A12 ND ND - - 1.35   0.053a 

Cr 13.15   0.51a 6.75   0.28a 0.67   0.024a 0.51   0.023a - 

Cr+BC 11.82   0.47ab 5.84   0.23ab 0.58   0.023ab 0.49   0.021a 1.12   0.048b 

Cr+A12 10.16   0.45ab 4.89   0.21ab 0.48   0.021ab 0.48   0.019a 1.18   0.051ab 

Cr+BC+A12 9.85   0.39b 4.56   0.22b 0.45   0.019b 0.46   0.018a 1.30   0.054a 

CK: Control, BC: Biochar, A12: B. megaterium A12, Cr: Cr amendment at the rate of 10mg Cr kg-1 soil 

 

Discussion 

 

Heavy metal toxicants are one of the serious issues to 

plant survival due to the synthesis of reactive species. 

These ROS disturb the internal homeostatic state, hindering 

normal metabolomics in plants (Zengin & Munzuroglu, 

2005; Farid et al., 2013). Many researchers have reported 

biochar's role in reducing abiotic stresses in plants 

(Medyńska-Juraszek et al., 2020). Progressive utilization of 

untreated agrochemicals waste results in the accretion of 

toxic metals in soil. Higher levels of metal in soil have been 

identified in many areas of Pakistan, leading to higher 

levels in edible plant parts (Nazli et al., 2020). Various 

bacterial strains have been identified to induce metal 

resistance in plants due to phytohormones' production. 

Crop plants can be inoculated with these microbes to help 

them thrive in stressful conditions. An effective strategy for 

coping with metal pollution and improving agricultural 

productivity is applying phytohormone-synthesizing, 

metal-tolerant PGPB (Nemat et al., 2020). 

Like other heavy metals, Chromium stress had a 

detrimental effect on growth parameters. The effect of 

PGPB and biochar produced by Bamboo (Bambusa 

vulgaris), which belongs to the Bambusoideae subfamily 

of the grass family Poaceae, on different growth 

parameters of the genus Spinacia oleracea of the 

Amaranthaceae family, is reported in our study. Biochar 

and PGPB amendment substantially increased biomass, 

accordant with previous research demonstrating the 

benefits of biochar applications (Dai et al., 2020). 

Biochar and PGPB enhanced the fresh and dry 

weight of S. oleracea seedlings grown in potting soil. Our 

results are inconsistent with Trupiano et al., (2017), who 

demonstrated that biochar augments soil fertility, 
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vegetative growth and biomass production in Lactuca 

sativa. Photosynthetic activity influences growth and 

development (Niinemets & Tenhunen, 1997). Plant 

photosynthetic pigments are reduced when they are 

exposed to heavy metals (Yang et al., 2020). Exogenous 

Cr significantly declined carotenoids, Chl a and Chl b 

levels in this study (Table 2). Our findings revealed a 

progressive association among pigment content and 

biochar and PGPB treatments, which is consistent with 

the findings of Akram et al., (2019), who found that a B. 

megaterium strain increased the levels of carotenoids, Chl 

a and Chl b in tomato plants. When Shah et al., (2020) 

inoculated tomato plants with four different Bacillus 

isolates, similar results were reported (Zhu et al., 2020). 

Free radicals are scavenged by phenolic contents, 

which have reducing properties (Omena et al., 2012). The 

inoculant favoured the accumulation of these compounds 

in terms of total phenolic content (TPC). These findings 

are consistent with Abd-Allah et al., (2018), who found 

that a B. subtilis isolate increased TPC in chickpea plants. 

Also, the inoculation of biochar and PGPB significantly 

enhanced the quantity of flavonoid compared to control 

and Cr. stress. Correspondingly, intensifications in total 

flavonoid levels through B. licheniformis inoculation have 

been observed in tomatoes (Ochoa-Velasco et al., 2016; 

Chandrasekaran et al., 2019).  

Ascorbic acid is required for chlorophyll formation 

and serves as a substrate for the ascorbate peroxidase 

enzyme. Ascorbic acid content is crucial for Cr stress 

tolerance in tomato roots (Al-Huqail et al., 2020). This 

study showed that when treated with BC and PGRB, there 

was a considerable escalation in ascorbic acid at 

maximum Cr compared to the control level. 

Proline and ascorbic acid content are pivotal in the 

plant's defence mechanism against heavy metals stress 

(Ashraf & Foolad, 2007). S. oleracea showed a significant 

rise in proline synthesis under Cr regimes compared to the 

control. When inoculated with biochar and PGRB, proline, 

which is thought to be a protective mechanism contrary to 

metal stress, increased significantly. 

Compared to non-Cr conditions, Cr stress amplified 

the activity of CAT, POD, and SOD. According to the 

findings, stimulating plant tolerance machinery may be 

responsible for increased antioxidant enzymes (Wang et 

al., 2016). In our finding, biochar perhaps regulated 

plants' synthesis of antioxidative enzymes and improved 

Cr tolerance (Thomas et al., 2013). Limited research has 

shown the effect of biochar on oxidative stress and 

antioxidative enzyme activity in plants exposed to heavy 

metal toxicants. 

Exogenous Cr reduced SOD and CAT activity in 

roots and leaves while increasing EL and MDA content. 

On the other hand, using biochar improved antioxidant 

enzyme activity and the antioxidative reactions in plants 

to heavy metal toxicity. Biochar augmented SOD and 

CAT activity and decreased MDA content and electrolyte 

leakage rate in this study, effectively mitigating the 

hazardous effects of Cr in S. oleracea (Figs. 2, 3). This is 

because CAT activity is known for detoxifying peroxides 

in plant cells, while SOD is the essential enzyme in 

converting superoxide radicals into H2O2. 

 
 

 
 

 
 

Fig. 3. Role of Bacillus megaterium A12 and biochar in 

modulation of antioxidant enzymes (SOD, CAT & APX) in 

Spinacia oleracea grown in Cr-contaminated soil. CK: Control, 

BC: Biochar, A12: B. megaterium A12, Cr: Cr amendment at the 

rate of 10mg Cr kg-1 soil. 

 

The bioconcentration factor indicates a plant's 

capability to absorb metal pollutants in its tissues from the 

soil. Our findings on improving TI in inoculated S. 

oleracea plants under metal stress agree with Chauhan & 

Rai (2009). Biochar and PGPB increased the heavy metal 

tolerance index (MTI) in inoculated Sedum alfredii, 
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according to Li et al., (2007). The heavy MTI has been 

reported as one of the most critical factors to consider when 

choosing a plant for phytoremediation. Plant species highly 

resistant to heavy metals can be used in contaminated soil 

phytoextraction (Wu et al., 2011). Due to their growth-

promoting biochemicals, which promote nutrient uptake 

and allow plants to withstand stress, some metal-resistant 

PGPR can improve plant growth and phytoremediation at 

the same time (Rajkumar et al., 2009). 

Our findings show that S. oleracea inoculated with 

biochar and PGPR had higher BCF and TF during all 

treatments than uninoculated plants. Our findings on 

increased BCF, TF, and Cr extraction in bio-inoculated S. 

oleracea plants are consistent with Ahmad et al., (2016) 

findings. The translocation factor is a parameter that 

assesses a phytoextractor's ability to transport absorbed 

heavy metals from root to shoot tissues. On the other 

hand, the bioconcentration element refers to the 

transference of metals from the rhizosphere to aerial plant 

sections (Shi et al., 2017). Plant bioaccumulation and TF 

aid in the determination of metal content adsorption, 

translocation, and phytoextraction. Plants with higher TF 

and BCF are preferred for the remediation of metallic-

polluted areas, according to Yoon et al., (2006). 

 

Conclusions 

 

Chromium stress reduced growth aspects of S. 

oleracea. Combined treatment of B. megaterium A12 and 

biochar reduced MDA content and EL in S. oleracea 

plants raised in Cr-polluted soil. The combined 

application of biochar and B. megaterium A12 enhanced 

the activity of antioxidative enzymes and elevated the 

amount of ascorbic acid and proline. Growers can use B. 

megaterium A12 and biochar in combination to mitigate 

the Cr stress in the S. oleracea. Collective application of 

biochar and PGPB strains can be helpful in alleviation of 

abiotic stresses. 

 

Acknowledgments 

 
This project was supported by Researchers Supporting 

Project number (RSP2023R315) King Saud University, Riyadh, 

Saudi Arabia 
 

References 
 

Abd-Allah, E.F., A.A. Alqarawi, A. Hashem, R. Radhakrishnan, 

A.A. Al-Huqail, F.O.N. Al-Otibi, J.A. Malik, R.I. Alharbi 

and D. Egamberdieva. 2018. Endophytic bacterium 

Bacillus subtilis (BERA 71) improves salt tolerance in 

chickpea plants by regulating the plant defense 

mechanisms. J. Plant Interact. 13(1): 37-44. doi: 

10.1080/17429145.2017.1414321. 

Ahmed, N., S. Ahsen, M.A. Ali, M.B. Hussain, S.B. Hussain, 

M.K. Rasheed, B. Butt, I. Irshad and S. Danish. 2020. 

Rhizobacteria and silicon synergy modulates the growth, 

nutrition and yield of mungbean under saline soil. Pak. J. 

Bot., 52(1): 9-15. doi: 10.30848/PJB2020-1(16). 

Akram, W., H. Aslam, S.R. Ahmad, T. Anjum, N.A. Yasin, W.U. 

Khan, A. Ahmad, J. Guo, T. Wu, W. Luo and G. Li. 2019. 

Bacillus megaterium strain A12 ameliorates salinity stress in 

tomato plants through multiple mechanisms. J. Plant Interact. 

14(1): 506-518. doi: 10.1080/17429145.2019.1662497. 

Al-Huqail, A.A., H.M. Ali, B.K. Kushwaha, A.A. AL-Huqail, 

V.P. Singh and H.H. Siddiqui.  2020. Ascorbic acid is 

essential for inducing chromium (VI) toxicity tolerance in 

tomato roots. J. Biotechnol., 322: 66-73. doi: 

10.1016/j.jbiotec.2020.07.011. 

Alba, R., P. Payton, Z. Fei, R. McQuinn, P. Debbie, G.B. Martin, 

S.D. Tanksley and J.J. Giovannoni. 2005. Transcriptome 

and selected metabolite analyses reveal multiple points of 

ethylene control during tomato fruit development. Plant 

Cell, 17(11): 2954-2965. doi: 10.1105/tpc.105.036053. 

Alia, N., K. Sardar, M. Said, K. Salma, A. Sadia, S. Sadaf and A. 

Toqeer. 2015. Toxicity and bioaccumulation of heavy 

metals in spinach (Spinacia oleracea) grown in a controlled 

environment. Int. J. Environ. Res. Public Health, 12(7): 

7400-7416. doi: 10.3390/ijerph120707400. 

Arnon, D.I. 1949. Copper Enzymes in Isolated Chloroplasts. 

Polyphenoloxidase in Beta vulgaris. Plant Physiol. 24(1): 

1–15. doi: 10.1104/pp.24.1.1. 

Ashraf, M. and M.R. Foolad. 2007. Roles of glycine betaine and 

proline in improving plant abiotic stress resistance. 

Environ. Exp. Bot., 59(2): 206-216. doi: 10.1016/ 

j.envexpbot.2005.12.006. 

Bates, L.S., R.P. Waldren and I.D. Teare. 1973. Rapid 

determination of free proline for water-stress studies. Plant 

Soil, 39(1): 205-207. doi: 10.1007/BF00018060. 

Bouyouces, G.J. 1962. Hydrometer method improved for making 

particle size analysis of soil. Agron. J., 53: 464-465. 

Bruno, L.B., C. Karthik, Y. Ma, K. Kadirvelu, H. Freitas and M. 

Rajkumar. 2020. Amelioration of chromium and heat stresses 

in Sorghum bicolor by Cr6+ reducing-thermotolerant plant 

growth promoting bacteria. Chemosphere 244: 125521. doi: 

10.1016/j.chemosphere.2019.125521. 

Cakmak, I. and W.J. Horst. 1991. Effect of aluminium on lipid 

peroxidation, superoxide dismutase, catalase, and 

peroxidase activities in root tips of soybean (Glycine max). 

Physiol. Plant., 83: 463-468. doi: 10.1111/j.1399-

3054.1991.tb00121.x. 

Chance, B. and A.C. Maehly. 1955. Assay of catalases and 

peroxidases. Methods Enzymol., 2(C): 764-775. doi: 

10.1016/S0076-6879(55)02300-8. 

Chandrasekaran, M., S.C. Chun, J.W. Oh, M. Paramasivan, R.K. 

Saini and J.J. Sahayarayan. 2019. Bacillus subtilis CBR05 

for Tomato (Solanum lycopersicum) Fruits in South Korea as 

a Novel Plant Probiotic Bacterium (PPB): Implications from 

total phenolics, flavonoids, and carotenoids content for fruit 

quality. Agron., 9(12): 838. doi: 10.3390/agronomy9120838. 

Chang, C., M. Yang, H. Wen and J. Chern. 2002. Estimation of 

Total Flavonoid Content in Propolis by two complementary 

colorimetric methods. J. Food Drug Anal., 10(3): 7802. 

Chapman, H.D. and P.F. Pratt. 1961. Methods of analysis for 

soils, plants and water. University of California, Division of 

Agricultural Sciences, Berkeley, CA, USA. 

Dai, Y., H. Zheng, Z. Jiang and B. Xing. 2020. Combined effects 

of biochar properties and soil conditions on plant growth: A 

meta-analysis. Sci. Total Environ., 713. doi: 10.1016/ 

j.scitotenv.2020.136635. 

Danish, S., F.A. Tahir, M.K. Rasheed, N. Ahmad, M.A. Ali, S. 

Kiran, U. Younis, I. Irshad and B. Butt. 2019. Effect of 

foliar application of Fe and banana peel waste biochar on 

growth, chlorophyll content and accessory pigments 

synthesis in spinach under chromium (IV) toxicity. Open 

Agric., 4(1): 381-390. 
Danish, S., U. Younis, N. Akhtar, A. Ameer, M. Ijaz, S. Nasreen, 

F. Huma, S. Sharif and M. Ehsanullah. 2015a. Phosphorus 
solubilizing bacteria and rice straw biochar consequence on 
maize pigments synthesis. Int. J. Biosci., 5(12): 31-39. 

Danish, S., U. Younis, S. Nasreen, N. Akhtar and M.T. Iqbal. 
2015b. Biochar consequences on cations and anions of 
sandy soil. J. Biodiv. Environ. Sci., 6(2): 121-131. 



BIOCHAR AND BACILLUS MEGATERIUM A12 MITIGATE CHROMIUM STRESS IN SPINACIA OLERACEA 1939 

Danish, S., M. Zafar-ul-Hye, S. Hussain, M. Riaz and M.F. 

Qayyum. 2020a. Mitigation of drought stress in maize 

through inoculation with drought tolerant ACC deaminase 

containing PGPR under axenic conditions. Pak. J. Bot. 

52(1): 49-60. 

Danish, S., M. Zafar-ul-Hye, F. Mohsin and M. Hussain. 2020b. 

ACC-deaminase producing plant growth promoting 

rhizobacteria and biochar mitigate adverse effects of 

drought stress on maize growth. PLoS One 15(4): 

e0230615. http://dx.doi.org/10.1371/journal.pone.0230615. 

Doderer, A., I. Kokkelink, S. van der Veen, B.E. Valk, A.W. 

Schram and A.C. Douma. 1992. Purification and 

characterization of two lipoxygenase isoenzymes from 

germinating barley. Biochim. Biophys. Acta (BBA) Protein 

Struct. Mol. 1120(1): 97-104. doi: 10.1016/0167-

4838(92)90429-H. 

Dotaniya, M.L., S. Rajendiran, M.V. Coumar, V.D. Meena, J.K. 

Saha, S. Kundu, A. Kumar and A.K. Patra. 2018. 

Interactive effect of cadmium and zinc on chromium uptake 

in spinach grown in Vertisol of Central India. Int. J. 

Environ. Sci. Technol., 15(2): 441-448. doi: 10.1007/ 

s13762-017-1396-x. 

Eid, E.M., A.F. El-Bebany, S.A. Alrumman, A.E.L. Hesham, 

M.A. Taher and K.F. Fawy. 2017. Effects of different 

sewage sludge applications on heavy metal accumulation, 

growth and yield of spinach (Spinacia oleracea L.). Int. J. 

Phytoremediation 19(4): 340-347. doi: 10.1080/ 

15226514.2016.1225286. 

El-Shabrawi, H., B. Kumar, T. Kaul, M.K. Reddy, S.L. Singla-

Pareek and S.K. Sopory. 2010. Redox homeostasis, 

antioxidant defense, and methylglyoxal detoxification as 

markers for salt tolerance in Pokkali rice. Protoplasma, 

245(1): 85-96. doi: 10.1007/s00709-010-0144-6. 
Farid, M., M. Shakoor, S. Ehsan, S. Ali, M. Zubair and M.S. 

Hanif. 2013. Morphological, physiological and biochemical 
responses of different plant species to Cd stress. Int. J. 
Chem. Biochem. Sci,. 3: 53-60. 

Gómez-Sagasti, M.T. and D. Marino. 2015. PGPRs and 
nitrogen-fixing legumes: A perfect team for efficient Cd 
phytoremediation? Front. Plant Sci., 6: 81. doi: 
10.3389/fpls.2015.00081. 

Grobelak, A., A. Napora and M. Kacprzak. 2015. Using plant 
growth-promoting rhizobacteria (PGPR) to improve plant 
growth. Ecol. Eng., 84: 22-28. doi: 10.1016/ 
j.ecoleng.2015.07.019. 

Hamilton, E.M., S.D. Young, E.H. Bailey, O.S. Humphrey and 
M.J. Watts. 2020. Assessment of chromium species dynamics 
in root solutions using isotope tracers. J. Trace Elem. Med. 
Biol., 61: 126514. doi: 10.1016/ j.jtemb.2020.126514. 

Kalam, S., S.N. Das, A. Basu and A.R. Podile. 2017. Population 
densities of indigenous Acidobacteria change in the 
presence of plant growth promoting rhizobacteria (PGPR) 
in rhizosphere. J. Basic Microbiol., 57(5): 376-385. doi: 
10.1002/jobm.201600588. 

Kaur, C. and H.C. Kapoor. 2002. Anti-oxidant activity and total 
phenolic content of some asian vegetables. Int. J. Food Sci. 
Technol., 37(2): 153-161. doi: 10.1046/j.1365-
2621.2002.00552.x. 

Keller, T. and H. Schwager. 1977. Air pollution and ascorbic 
acid. For. Pathol., 7(6): 338-350. doi: 10.1111/j.1439-
0329.1977.tb00603.x. 

Khan, A.Z., X. Ding, S. Khan, T. Ayaz, R. Fidel and M.A. Khan. 
2020. Biochar efficacy for reducing heavy metals uptake by 
Cilantro (Coriandrum sativum) and spinach (Spinaccia 
oleracea) to minimize human health risk. Chemosphere, 
244: 125543. doi: 10.1016/j.chemosphere.2019.125543. 

Kumar, V., A.K. Chopra and S. Srivastava. 2016. Assessment of 
Heavy Metals in Spinach (Spinacia oleracea L.) Grown in 
Sewage Sludge–Amended Soil. Commun. Soil Sci. Plant 
Anal., 47(2): 221-236. doi: 10.1080/00103624.2015.1122799. 

Lehmann, J., J. Gaunt and M. Rondon. 2006. Bio-char 

Sequestration in Terrestrial Ecosystems – A Review. Mitig. 

Adapt. Strateg. Glob. Chang., 11(2): 395-419. 

Lehmann, J. and M. Rondon. 2002. Bio-Char Soil Management 

on Highly Weathered Soils in the Humid Tropics. In: 

Uphoff, N., editor, Biological Approaches to Sustainable 

Soil Systems. CRC Press, Boca Raton, FL. p. 517-530. 

Lutts, S., J.M. Kinet and J. Bouharmont. 1996. NaCl-induced 

Senescence in Leaves of Rice (Oryza sativa L.) Cultivars 

Differing in Salinity Resistance. Ann. Bot., 78(3): 389-398. 

doi: 10.1006/anbo.1996.0134. 

Medyńska-Juraszek, A., P.A. Rivier, D. Rasse and E.J. Joner. 

2020. Biochar affects heavy metal uptake in plants through 

interactions in the rhizosphere. Appl. Sci., 10(15): 5105. 

doi: 10.3390/app10155105. 

Nazli, F., A. Mustafa, M. Ahmad, A. Hussain, M. Jamil, X. 

Wang, Q. Shakeel, M. Imtiaz and M.A. El-Esawi. 2020. A 

review on practical application and potentials of 

phytohormone-producing plant growth-promoting 

rhizobacteria for inducing heavy metal tolerance in crops. 

Sustain., 12(21): 9056. doi: 10.3390/su12219056. 

Nemat, H., A.A. Shah, W. Akram, M. Ramzan and N.A. Yasin. 

2020. Ameliorative effect of co-application of Bradyrhizobium 

japonicum EI09 and Se to mitigate chromium stress in 

Capsicum annum L. Int. J. Phytoremediation, 22(13): 1396-

1407. doi: 10.1080/15226514.2020.1780412. 

Niinemets, U. and J.D. Tenhunen. 1997. A model separating leaf 

structural and physiological effects on carbon gain along 

light gradients for the shade-tolerant species Acer 

saccharum. Plant, Cell Environ., 20(7): 845-866. 

Nzediegwu, C., S. Prasher, E. Elsayed, J. Dhiman, A. Mawof 

and R. Patel. 2020. Impact of Soil Biochar Incorporation on 

the Uptake of Heavy Metals Present in Wastewater by 

Spinach Plants. Water. Air. Soil Pollut., 231: 123. doi: 

10.1007/s11270-020-04512-2. 

Ochoa-Velasco, C.E., R. Valadez-Blanco, R. Salas-Coronado, F. 

Sustaita-Rivera, B. Hernández-Carlos, S. García-Ortega 

and N.F. Santos-Sánchez. 2016. Effect of nitrogen 

fertilization and Bacillus licheniformis biofertilizer addition 

on the antioxidants compounds and antioxidant activity of 

greenhouse cultivated tomato fruits (Solanum lycopersicum 

L. var. Sheva). Sci. Hortic., 201: 338-345. doi: 

10.1016/j.scienta.2016.02.015. 

Okuda, T., Y. Matsuda, A. Yamanaka and S. Sagisaka. 1991. 

Abrupt increase in the level of hydrogen peroxide in leaves 

of winter wheat is caused by cold treatment. Plant Physiol., 

97(3): 1265-1267. doi: 10.1104/pp.97.3.1265. 

Omena, C.M.B., I.B. Valentim, G. da S. Guedes, L.A. Rabelo, C.M. 

Mano, E.J.H. Bechara, A.C. Sawaya, M.T.S. Trevisan, J.G. da 

Costa, R.C.S. Ferreira and A.E.G. Sant'Ana. 2012. Antioxidant, 

anti-acetylcholinesterase and cytotoxic activities of ethanol 

extracts of peel, pulp and seeds of exotic Brazilian fruits. 

Antioxidant, anti-acetylcholinesterase and cytotoxic activities 

in fruits. Food Res. Int., 49(1): 334–344. doi: 

10.1016/j.foodres.2012.07.010. 

Page, A.L., R.H. Miller and D.R. Keeny. 1982. Soil pH and lime 

requirement. Methods of Soil Analysis. 2nd ed. American 

Society of Agronomy, Madison. p. 199–208. 

Qayyum, M.F., M. Abid, S. Danish, M.K. Saeed and M.A. Ali. 

2014. Effects of various biochars on seed germination and 

carbon mineralization in an alkaline soil. Pak. J. Agric. 

Sci., 51(4): 977-982. 
Ravelo-Pérez, L.M., J. Hernández-Borges, M.Á. Rodríguez-

Delgado and T. Borges-Miquel. 2008. Spectrophotometric 
Analysis of Lycopene in Tomatoes and Watermelons: A 
Practical Class. Chem. Edu., 13: 11-13. 

Rhoades, J.D. 1996. Salinity: Electrical Conductivity and Total 

Dissolved Solids. In: D.L. Sparks, A.L. Page, P.A. Helmke, 

R.H. Loeppert, P. N. Soltanpour, et al., editors, Methods of 



SAMIA ANWAR ET AL., 1940 

Soil Analysis, Part 3, Chemical Methods. Soil Science 

Society of America, Madison, WI, USA. p. 417-435. 

Saboor, A., M.A. Ali, N. Ahmed, M. Skalicky, S. Danish, S. 

Fahad, F. Hassan, M.M. Hassan, M. Brestic, A. El Sabagh 

and R. Datta. 2021. Biofertilizer-Based Zinc Application 

Enhances Maize Growth, Gas Exchange Attributes, and 

Yield in Zinc-Deficient Soil. Agric., 11(4): 310. doi: 

10.3390/agriculture11040310. 

Sardar, A., M. Shahid, Natasha, S. Khalid, H. Anwar, M. Tahir, 

G.M. Shah and M. Mubeen. 2020. Risk assessment of 

heavy metal(loid)s via Spinacia oleracea ingestion after 

sewage water irrigation practices in Vehari District. 

Environ. Sci. Pollut. Res., 27(32): 39841-39851. doi: 

10.1007/s11356-020-09917-4. 

Sehrish, A.K., R. Aziz, M.M. Hussain, M.T. Rafiq, M. Rizwan, 

N. Muhammad, M.K. Rafiq, A. Sehar, M.I. Al-Wabel and 

S. Ali. 2019. Effect of poultry litter biochar on chromium 

(Cr) bioavailability and accumulation in spinach (Spinacia 

oleracea) grown in Cr-polluted soil. Arab. J. Geosci., 

12(2): 57. doi: 10.1007/s12517-018-4213-z. 

Sevilla, F. 1998. Mitochondrial and peroxisomal ascorbate 

peroxidase of pea leaves. Physiol. Plant., p. 687-692. 

Shah, R., N. Amaresan, P. Patel, H.N. Jinal and R. 

Krishnamurthy. 2020. Isolation and Characterization of 

Bacillus spp. Endowed with Multifarious Plant Growth-

Promoting Traits and Their Potential Effect on Tomato 

(Lycopersicon esculentum) Seedlings. Arab. J. Sci. Eng., 

45(6): 4579-4587. doi: 10.1007/s13369-020-04543-1. 

Steel, R.G., J.H. Torrie and D.A. Dickey. 1997. Principles and 

Procedures of Statistics: A Biometrical Approach. 3rd ed. 

McGraw Hill Book International Co., Singapore. 

Thomas, S.C., S. Frye, N. Gale, M. Garmon, R. Launchbury, N. 

Machado, S. Melamed, J. Murray, A. Petroff. and C. 

Winsborough. 2013. Biochar mitigates negative effects of 

salt additions on two herbaceous plant species. J. Environ. 

Manag. 129: 62-68. doi: 10.1016/j.jenvman.2013.05.057. 

Trupiano, D., C. Cocozza, S. Baronti, C. Amendola, F.P. Vaccari, 

G. Lustrato, S. Di Lonardo, F. Fantasma, R. Tognetti and 

G.S. Scippa. 2017. The effects of biochar and its 

combination with compost on lettuce (Lactuca sativa L.) 

growth, soil properties, and soil microbial activity and 

abundance. Int. J. Agron., 2017: 3158207. doi: 

10.1155/2017/3158207. 

Wahid, F., S. Fahad, S. Danish, M. Adnan, Y. Zhen, S. Saud, 

H.S. Manzer, B. Martin, H. Tereza and Rahul. 2020. 

Sustainable management with mycorrhizae and phosphate 

solubilizing bacteria for enhanced phosphorus uptake in 

calcareous soils. Agric., 10(8): 334. doi: 10.3390/ 

agriculture10080334. 

Wang, L.Y., J.L. Liu, W.X. Wang and Y. Sun. 2016. Exogenous 

melatonin improves growth and photosynthetic capacity of 

cucumber under salinity-induced stress. Photosynthetica, 

54(1): 19-27. doi: 10.1007/s11099-015-0140-3. 

Wild, R., L. Ooi, V. Srikanth and G. Münch. 2012. A quick, 

convenient and economical method for the reliable 

determination of methylglyoxal in millimolar concentrations: 

The N-acetyl-L-cysteine assay. Anal. Bioanal. Chem., 

403(9): 2577-2581. doi: 10.1007/s00216-012-6086-4. 

Yang, Y., L. Zhang, X. Huang, Y. Zhou, Q. Quan, Y. Li and X. 

Zhu. 2020. Response of photosynthesis to different 

concentrations of heavy metals in Davidia involucrata. 

PLoS One, 15(3): e0228563. doi: 10.1371/ 

journal.pone.0228563. 

Zafar-ul-Hye, M., S. Danish, M. Abbas, M. Ahmad and T.M. 

Munir. 2019. ACC deaminase producing PGPR Bacillus 

amyloliquefaciens and Agrobacterium fabrum along with 

biochar improve wheat productivity under drought stress. 

Agron., 9(7): 343. doi: 10.3390/agronomy9070343. 

Zafar-ul-Hye, M., N.M. Hussain, S. Danish, U. Aslam and Z.A. 

Zahir. 2019. Multi-Strain bacterial inoculation of 

Enterobacter cloacae, Serratia ficaria and Burkholderia 

phytofirmans with fertilizers for enhancing resistance in 

wheat against salinity stress. Pak. J. Bot., 51(5): 1839-

1846. doi: 10.30848/PJB2019-5(24). 

Zafar-ul-hye, M., M. Naeem, S. Danish, S. Fahad, R. Datta, M. 

Abbas, A.A. Rahi, M. Brtnicky, J. Holátko, Z.H. Tarar and 

M. Nasir. 2020. Alleviation of cadmium adverse effects by 

improving nutrients uptake in bitter gourd through 

cadmium tolerant rhizobacteria. Environ., (8): 54. doi: 

10.3390/environments7080054. 

Zafar-ul-Hye, M., A. Shahjahan, S. Danish, M. Abid and M.F. 

Qayyum. 2018. Mitigation of cadmium toxicity induced 

stress in wheat by ACC-deaminase containing PGPR 

isolated from cadmium polluted wheat rhizosphere. Pak. J. 

Bot., 50(5): 1727-1734. http://www.pakbs.org/ pjbot/ 

papers/1527614711.pdf. 

Zafar-ul-Hye, M., M. Tahzeeb-ul-Hassan, M. Abid, S. Fahad, M. 

Brtnicky, T. Dokulilova, R. Datta and S. Danish. 2020a. 

Potential role of compost mixed biochar with rhizobacteria 

in mitigating lead toxicity in spinach. Sci. Rep., 10: 12159. 

doi: 10.1038/s41598-020-69183-9. 

Zafar-ul-Hye, M., M.B. Zahra, S. Danish and M. Abbas. 2020b. 

Multi-strain Inoculation with PGPR Producing ACC 

Deaminase is More Effective Than Single-strain 

Inoculation to Improve Wheat (Triticum aestivum) Growth 

and Yield. Phyton-Int. J. Exp. Bot., 89(2): 405-413. 

Zafar-ul-Hye, M., M.B. Zahra, S. Danish, M. Abbas, A. Rehim, 

M.N. Akbar, A. Iftikhar, M. Gul, I. Nazir, M. Abidand M. 

Tahzeeb-ul-Hassan. 2020c. Multi-strain inoculation with 

PGPR producing ACC deaminase is more effective than 

single-strain inoculation to improve wheat (Triticum 

aestivum) growth and yield. Phyton., 89(2): 405-413. doi: 

10.32604/phyton.2020.08918. 

Zaheer, I.E., S. Ali, M.H. Saleem, I. Noor, M.A. El-Esawi, K. Hayat, 

M. Rizwan, Z. Abbas, M.A. El-Sheikh, M.N., Alyemeni and L. 

Wijaya. 2020. Iron-lysine mediated alleviation of chromium 

toxicity in Spinach (Spinacia oleracea L.) plants in relation to 

morpho-physiological traits and iron uptake when irrigated 

with tannery wastewater. Sustain., 12(16): 6690. doi: 

10.3390/su12166690. 

Zengin, F.K. and O. Munzuroglu. 2005. Effects of some heavy 

metals on content of chlorophyll, proline and some antioxidant 

chemicals in bean (Phaseolus vulgaris L.) seedlings. Acta Biol. 

Cracoviensia Ser. Bot., 47(2): 157-164. 

Zhu, Y., H. Wang, X. Lv, Y. Zhang and W. Wang. 2020. Effects 

of biochar and biofertilizer on cadmium-contaminated 

cotton growth and the antioxidative defense system. Sci. 

Rep., 10(1): 20112. doi: 10.1038/s41598-020-77142-7. 

 

(Received for publication 22 June 2022) 

http://www.pakbs.org/%20pjbot/%20papers/1527614711.pdf
http://www.pakbs.org/%20pjbot/%20papers/1527614711.pdf

