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1. INTRODUCTION  

Existence of heavy metals in soil environment is of great anxiety because these are 

environmental contaminants and can be toxic for the growth of crops, production and food status 

and even for human health (Khan et al., 2015a). Un-needed metals like cadmium and lead are 

present and dispersed all over the world. Through natural and anthropogenic sources they are 
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ABSTRACT 

Heavy metal contamination, particularly cadmium (Cd), poses a 

severe threat to crop productivity and food safety due to its toxicity 

and non-biodegradable nature. This study aimed to assess the role 

of cotton stick biochar (CSB) in mitigating cadmium toxicity in soil 

and its impact on the germination, growth, and physiological 

responses of wheat (Triticum aestivum L.). A controlled pot 

experiment was conducted using soil artificially spiked with 

cadmium at 0, 4, and 8 mg kg⁻¹ and amended with CSB at 0%, 1%, 

and 2% (w/w). Results revealed that cadmium stress significantly 

reduced wheat germination percentage, shoot and root biomass, 

photosynthetic rate, stomatal conductance, and increased cadmium 

accumulation in plant tissues. However, the application of 2% CSB 

markedly improved germination (up to 88%), shoot and root growth, 

physiological parameters, and reduced cadmium uptake by up to 

80% in shoots and 71% in roots. Furthermore, CSB application 

significantly enhanced soil organic carbon and cation exchange 

capacity while decreasing available soil cadmium levels. The study 

demonstrates that CSB is a cost-effective and eco-friendly soil 

amendment for reducing cadmium bioavailability, improving soil 

health, and supporting sustainable wheat cultivation under metal-

stressed conditions. 
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discharged to the surrounding environment (Farahat and Linderholm, 2015; Khan et al., 2014). 

Different studies discovered that, heavy metals are toxic even at low concentration due to which 

serious diseases and health problems are caused in plants, animals and human due to their higher 

bio-accumulation rate, non-biodegradability and bio-toxicity (Di Salvatore et al., 2008). Due to 

the exposure poisonous metals like Cd can cause the severe health risks, because they are cyto-

toxic (Monteiro et al., 2007) and in humans can cause the cancer and transformation. In current 

years, towards the heavy metals tolerance method by plants, the concern has been developed 

(Caporale et al., 2014). Many methods have been adopted to treat Cd-contaminated soil i.e. 

chemical, physical, and biological methods (e.g. phytoremediation and bioremediation 

approaches) (Akbal and Camci, 2011; Boudrahem et al., 2011; Malamis et al., 2011). However, 

most of these technologies can be related with high operational price, disposal problems and short 

term effect (Sud et al., 2008). For heavy metal contaminants these drawbacks have increased the 

requirement of alternatives, long term and low cost treatment technologies. Therefore, to satisfy 

this need bio-sorbents have been suggested to be a potential candidate, for remediation of toxic 

metals in contaminated soil. As an inexpensive bio-sorbent is the use of biochar to immobilize 

heavy metals in soil and is a rising and promising treatment technology (Uchimiya et al., 2010b; 

Park et al., 2011; Ahmad et al., 2014).  

Biochar is a pyrogenic carbon (C) rich material, in a closed system it is derived from 

thermal decomposition of biomass with less or no oxygen (Lehmann et al., 2003). Biomass, 

particularly agricultural by-products, wood and manures are used for biochar production. The 

properties of biochar which make it more suitable for heavy metals immobilization in soil are high 

surface area ( > 400-1500 m2g-1), pH of biochar (wide range of pH value from 6 to 10), high CEC 

(> 40 cm mole kg-1), long term stability (10-100 times of organic matter) and functional groups 

present on its surface especially oxygen containing functional groups (Uchimiya et al., 2010a; Park 

et al., 2011; Ahmad et al., 2014). These properties of biochar are helpful to immobilize the heavy 

metals for a long term basis. Biochar has 10 to 100 times more efficient as compared to other bio-

sorbents for heavy metals immobilization in soil due to its high surface area. In addition, biochar 

may also provide some other benefits i.e. improved fertilizer use efficiency, increase crop yield 

and improve soil properties (Chan et al., 2007). 

There are various mechanisms by which biochar decrease the bioavailability of heavy 

metals from soil i.e. sorption (Beesley and Marmiroli, 2011; Lu et al., 2012), precipitation (Park 
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et al., 2013), altering soil pH (Wu et al., 2012). Sorption can be due to the binding of heavy metals 

with different functional groups present on the biochar surface especially oxygen containing 

functional groups (Uchimiya et al., 2011b) as well as by exchange of metals with different cations 

present on the biochar surface e.g. Ca, potassium (K) and magnesium (Mg) (Lu et al., 2012). 

Physical adsorption is simply electrostatic attraction between various functional groups present on 

heavy metals and surface of biochar (Lu et al., 2012). Different compounds (carbonates (CO3), 

phosphates (PO4) and sulphates (SO4)) present on the biochar surface that precipitates the heavy 

metals by forming different compounds e.g. cadmium phosphate (Cao et al., 20009; Karami et al., 

2011; Park et al., 2013). Similarly, most of the heavy metals are available at neutral pH when 

biochar (high pH) apply in the soil then it immobilizes the heavy metals by increasing the soil pH 

(Wu et al., 2012). 

 

2. Materials and Methods 

2.1. Experiment Location 

A pot experiment was conducted in the wire house of Institute of Soil & Environmental 

Sciences, University of Agriculture Faisalabad, Pakistan. The main purpose of this study was to 

evaluate the wheat germination and growth in Cd-contaminated soil amended with biochar. It was 

also evaluated that which rate of biochar show maximum wheat germination and growth in Cd-

contaminated soil.  

2.2. Biochar Production 

Biochar was produced by using cotton sticks as feedstock at 400  ͦC according to the method 

described by Sanchez et al. (2009). The feedstock was placed in the quartz bottle. Then the filled 

quartz bottle was fitted in muffle furnace and pyrolysis was started. The heating ramp of 8-10 °C 

min-1 was maintained. When desire maximum pyrolytic temperature of the furnace was achieved, 

the heating was stopped. This temperature was maintained for 20 min. Prepared biochar was 

analyzed for pH, electrical conductivity (EC) and total organic C (TOC) (Nelson and Sommer, 

1982). Macronutrients (N, P and K) and Cd concentration in the biochar were analyzed with 

digestion method (Wolf, 1982). 

2.3. Pot Experiment 

A pot experiment was conducted after collecting the soil that was first air dried and then 

ground to pass through 2 mm sieve to make it homogenized. There were 27 pots each with 2 kg of 
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soil. The experiment was conducted in wire house of Institute of Soil and Environmental Sciences, 

University of Agriculture, Faisalabad under 2-factorial CRD (completely randomized design) 

having three replications. The soil was spiked with different concentrations of Cd i.e. 0, 4 and 8 

mg kg-1 according to its permissible limit in soil by using cadmium nitrate ultra-pure salts. After 

that different rate of CSB i.e. 0, 1 and 2 % (w/w soil weight basis) was mixed in soil. Wheat was 

sown as test crop. All the recommended dose of nitrogen (N), phosphorus (P) and potassium (K) 

was applied with 1st irrigation after germination. The following treatment combinations were 

applied to the wheat sown in the pots. 

2.4. Treatment plan 

    Biochar rates 

 

Cd 

concentration 

 

0 % (w/w) 0f 

soil   (B0) 

 

1 % (w/w)  of 

soil (B1) 

 

2 % (w/w) of 

soil (B2) 

Cd0= 0 ppm 

application of 

Cd 

concentration) 

 

B0 Cd0 

 

B1Cd0 

 

B2Cd0 

Cd4= 4 ppm 

application of 

Cd 

 

B0 Cd4 

 

B1 Cd4 

 

B2 Cd4 

Cd8= 8 ppm 

application of 

Cd   

 

B0 Cd8 

 

B1 Cd8 

 

B2 Cd8 

2.5. Harvesting & Data collection 

After 60 days of experiment, plants were harvested and analyzed for various parameters. 

Data regarding germination, physiological, agronomic, chemical and biochemical parameters were 

recorded as follows at different times during crop growth. 

2.6. Germination parameters 

1. Germination percentage 

2. Mean emergence time  
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2.7. Growth and yield parameters 

2.7.1. Plant height (cm) 

 Shoot length of highest plant from each pot was measured at harvesting with the help of 

meter scale from top to bottom. Then average of all the replications was obtained and recorded. 

2.7.2. Shoot fresh weight (g) 

 After recording shoot length, these were cut into pieces and fresh weight of shoots was 

recorded with the help of electrical balance. 

2.7.3. Shoot dry weight (g) 

 After recording shoot length, samples were cut into pieces, put into separate paper bags 

and allowed for sun drying. Then these bags were put into an oven at 65 oC till the constant weight 

obtained and weights of the shoots were recorded. 

2.7.4. Root fresh weight (g) 

 After recording root length, these were cut into pieces and fresh weight of roots was 

recorded. 

2.7.5. Root dry weight (g) 

After recording root length, these were cut into pieces, put into separate paper bags and 

allowed for sun drying. Then these bags were put into an oven at 65 oC till the constant weight 

obtained and weights of the samples were recorded. 

2.7.5. Gaseous exchange measurement 

After 60 days the photosynthetic rate (A), transpiration rate (E), Stomatal conductance, Sub 

Stomatal conductance, Vapor pressure deficit three randomly selected plants from each treatment 

was determined using Cirus-3. 

2.7.6. Chlorophyll (SPAD) 

Leaf chlorophyll content was determined by using chlorophyll meter according to 

(Wellburn, 1994) (Minolta SPAD-502 Meter). Average (SPAD) reading was recorded from three 

measures (from the leaf tip to leaf blade). 

2.7.7. Relative Membrane permeability (RMP) 

For the RMP measurement, the leaves were cut into equal pieces and transferred to test 

tubes containing 20 ml of deionized distilled water. The test tubes were vortexed for 10s and the 

solution was assayed for initial electrical conductivity (ECo). These tubes were kept at 4oC for 24 
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h and then assayed for EC1. The same samples were autoclaved at 121oC for 20 min to determine 

EC2. Percent RMP was calculated as following the formula.  

RMP (%) =EC1−EC0/EC2−ECo× 100. 

2.8. Chemical analysis 

2.8.1. Digestion 

The plant samples were digested as described by (Wolf, 1982). Ni concentration in the 

root/shoots, grain and soil were determined by drying all samples in an oven at 60 °C for 48h. 

Then, plant samples were grinded in rotary mill into the powder form. About 1 gram ground plant 

samples were taken in 100 mL Pyrex digestion flasks. 10 milliliters of concentrated nitric acid and 

5 mm of per-chloric acid was added into the conical flask and left over night at room temperature 

in fume hood. Next day the flasks were put on the hot plate and heated up to the 350 °C until the 

sample appeared pale white. Samples removed from the hot plate and cooled them. When fumes 

were finished then distilled water was added in the flasks drop wise until the samples became 

colorless. Then filter it by using filter paper in conical flask. The volume of extract was made up 

to 50 mL by adding distilled water. 

2.9. Biochemical analysis 

2.9.1. Ash (%) 

For ash determination one gram sample was taken in crucible. Then the crucible was placed 

in muffle furnace at 550 ͦC and sample was heated, until the appearances of gray white ash. Gray 

white color indicates complete oxidation of all organic matter in the sample. Percent ash was 

calculated by following formula. 

 

                                     Weight of ash    

% ash                =    ________________   x 100 

                                   Weight of sample  

 

2.9.2. Soil texture 

Hydrometer method was followed for particle size analysis (Bouyoucos, 1962). Dispersion 

solution was made by dissolving 10 g of sodium hexa-metaphosphate and 2.5 g of sodium 

carbonate in 250 mL of distilled water. 40 gram of air dried soil was taken in a 100 mL beaker and 

60 mL of dispersing solution was added in it. Mixture was covered with watch glass and kept 
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overnight. Next day, it was transferred to soil stirring cup and stirred at high speed for three 

minutes. Then material was quantitatively transferred into a graduated cylinder having 1 L volume. 

After obtaining homogenized suspension, plunger was taken out and first hydrometer reading 

(HRsc) was recorded after 40 seconds. Again hydrometer was inserted to the graduated cylinder 

with minimum disturbance and second hydrometer reading (HRc) was recorded after 2h. Since 

hydrometer is calibrated at temperature of 20 ºC, the readings were corrected for temperature 

variations, added 0.40 for each degree above temperature or subtracted 0.40 for each degree below 

temperature of 20 ºC and designated as CHRsc and CHRc, respectively. 

The quantity (%) of sand, silt and clay was determined as follows 

% (Silt +Clay)                  =          [(CHRsc) 100] / (Weight of soil) 

% Clay                              =          [(CHRc) 100] / (Weight of soil) 

% Silt                                =           % (Silt + Clay) - % Clay 

% Sand                              =          100 – [% (Silt + Clay)] 

Soil textural class was determined by plotting values of % Sand, % Silt and % Clay on USDA 

textural triangle. 

2.9.3. Saturation percentage  

A portion of saturated paste was transferred to a tarred china dish. It was weighed, dried to 

constant weight at 105 oC and weighed again. Saturation percentage (SP) was calculated by using 

(U.S. Salinity Laboratory Staff, 1954; Method 27a) formula:  

   SP = 
Loss in weight on oven drying (g)

oven−dried  soil weight
× 100 

2.9.4. PH of the saturated soil paste (pHs) 

About 250 g of soil was saturated with distilled water. Paste was prepared and allowed 

to stand for at least one hour and pH was recorded by pH meter (JENCO Model-671 P) with 

glass electrodes. Buffer of pH 4.1 and 9.2 were used to standardizing the instrument (U.S. 

Salinity Laboratory Staff, 1954; Method 21a). 

2.9.5. Electrical conductivity of saturation extracts (ECe) 

 Extract was obtained from saturated soil paste to determine ECe and soluble ions. It was 

obtained by applying positive pressure with the help of air pump. Sodium hexa-metaphosphate 

(2%) solution was added at the rate one drop per 25 mL extract to prevent precipitation of salts 

during storage. The electrical conductivity was noted with the help of conductivity meter 
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(WTW cond 315i). The conductivity meter was calibrated with 0.01N KCl solutions. Cell 

constant (k) was calculated by the formula: 

  1.4118 dS m-1 

k =   ------------------------------- 

  EC of 0.01 NKCl (dS m-1) 

2.9.6. Cation exchange capacity (CEC) 

 Five grams of soil were saturated with 1N CH3COONa buffered at pH 8.2., washed thrice 

with ethanol and finally extracted with 1N CH3COONa thrice having pH 7.0 and volume was made 

100 mL. Sodium (Na+) in the extract was determined with the help of jenway PFP-7 flame 

photometer keeping Na filter in place. The CEC was calculated by the formula: 

 

                                      Na (mmol L -1) × 100   

 CEC (cmolc kg -1) = -------------------------------- ×100 

                 Na (mmolc L -1) × 100 

 

Table 2.1. Selected physical and chemical properties of soil used for the experiment 

Parameter Unit Value 

pHs --- 7.95 

ECe dS m-1 1.30 

Textural class --- Sandy clay loam 

Organic carbon gkg-1 4.3 

Total nitrogen % 0.062 

Available phosphorus mg kg-1 7.31 

Extractable potassium mg kg-1 109 

Cation exchange capacity cmolc kg−1 14.25 

Calcium carbonate % 3.38 

Total lead (Pb) mg kg-1 0.5 
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Total cadmium (Cd) mg kg-1 0.04 

Total chromium (Cr) mg kg-1 0.001 

2.10. Statistical analysis 

 The data regarding all the parameters was statistically analyzed using software “Statistix 

8.1” version. A general linear model was used to compare results of the study, and analysis of 

variance technique (ANOVA) was used to analyze data gathered from the experiment. 

3. RESULTS  

3.7. Germination parameters 

3.7.5. Germination percentage 

Effect of different cotton stick biochar (CSB) rates on germination percentage of wheat 

seed sown in soil contaminated with different levels of cadmium (Cd) is presented in Fig. 3.1.1. 

Wheat germination percentage was significantly decreased in cadmium contaminated soil and the 

minimum wheat germination percentage (57 %) was observed where the soil was spiked with 8.0 

mg kg-1 Cd. Addition of CSB in soil significantly enhanced the wheat germination percentage in 

Cd contaminated soil and the maximum wheat germination percentage (88 %) was observed in the 

treatment where 2.0 % CSB (w/w of soil) was added in soil spiked with 8.0 mg kg-1 Cd. Thus, 2 

% CSB addition significantly increased the wheat germination in Cd spiked soil (8.0 mg kg-1 w/w 

of soil)   up to 35 % as compared with control where no CSB was added in Cd contaminated soil 

(8.0 mg kg-1 w/w of soil). 

3.7.6. Mean emergence time 

Effect of different cotton stick biochar (CSB) rates on mean emergence time (MET) of 

wheat seed sown in soil contaminated with different levels of cadmium (Cd) is presented in Fig. 

3.1.2. Mean emergence time was significantly increased in Cd-contaminated soil and the 

maximum mean emergence time (4) was observed where the soil was spiked with 8.0 mg kg-1 Cd. 

Addition of CSB in soil significantly decreased the mean emergence time in Cd contaminated soil 

and the minimum mean emergence time (3) was observed in the treatment where 2.0 % CSB (w/w 

of soil) was added in soil spiked with 8.0 mg kg-1 Cd. Thus, 2 % CSB addition significantly 

decreased MET in Cd contaminated soil  (8.0 mg kg-1 w/w of soil) up to 8 as compared with control 

where no CSB was added in Cd contaminated soil (8.0 mg kg-1 w/w of soil). 
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Fig. 3.1.1: Effect of different biochar rates on germination percentage of wheat seed sown in 

soil contaminated with different levels of cadmium 

 

Fig. 3.1.2: Effect of different biochar rates on mean emergence time (MET) of wheat seed 

sown in soil contaminated with different levels of cadmium 

3.2 Agronomic parameters 

3.2.1 Shoot fresh biomass 

Effect of different cotton stick biochar (CSB) rates on shoot fresh biomass (SFW) of wheat 

seed sown in soil contaminated with different levels of cadmium (Cd) is presented in Fig. 3.2.1. 
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Shoot fresh biomass was significantly decreased in Cd contaminated soil and minimum SFW (9 

g) was observed where the soil was spiked with 8.0 mg kg-1 Cd. Addition of CSB in soil 

significantly enhanced the shoot fresh biomass in Cd contaminated soil and maximum SFW (14 

g) was observed in treatment where 2.0 % CSB (w/w of soil) was added in the soil spiked with 8.0 

mg kg-1 Cd. Thus, 2.0 % CSB addition significantly increased the shoot fresh biomass of wheat in 

Cd spiked soil (8.0 mg kg-1 w/w of soil) up to 36 g as compared with control where no CSB was 

added in Cd contaminated soil (8.0 mg kg-1 w/w of soil). 

3.2.2 Shoot dry biomass 

 Effect of different cotton stick biochar rates on shoot dry biomass (SDW) of wheat seed 

sown in soil contaminated with different levels of cadmium (Cd) is presented in Fig. 3.2.2. Shoot 

dry biomass was significantly decreased in Cd contaminated soil and minimum SDW (0.68 g) was 

observed where the soil was spiked with 8.0 mg kg-1 Cd. Addition of CSB in soil significantly 

enhanced the shoot dry biomass in Cd contaminated soil and maximum SDW (1 g) was observed 

in treatment where 2.0% CSB (w/w of soil) was added in soil spiked with 8.0 mg kg-1 Cd. Thus, 

2.0% CSB addition in soil significantly increased the shoot dry biomass of wheat in Cd 

contaminated soil (8.0 mg kg-1 w/w of soil) up to 36 g as compared with control where no CSB 

was added in Cd contaminated soil (8.0 mg kg-1 w/w of soil). 
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Fig. 3.2.1: Effect of different biochar rates on wheat shoot fresh biomass sown in soil 

contaminated with different levels of cadmium 

 

Fig. 3.2.2: Effect of different biochar rates on wheat shoot dry biomass sown in soil 

contaminated with different levels of cadmium 

3.2.3 Root fresh biomass 
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 Effect of different cotton stick biochar (CSB) rates on root fresh biomass (RFW) of wheat 

seed sown in soil contaminated with different levels of cadmium (Cd) is presented in Fig. 3.2.3. 

Root fresh biomass was significantly decreased in Cd contaminated soil and minimum RFW (2 g) 

was observed where the soil was spiked with 8.0 mg kg-1 Cd. Addition of CSB in soil significantly 

enhanced the root fresh biomass in Cd contaminated soil and maximum RFW (3 g) was observed 

in treatment where 2.0% CSB (w/w of soil) was added in soil spiked with 8.0 mg kg-1 Cd. Thus, 

2.0% CSB addition in soil significantly increased the root fresh biomass of wheat in Cd 

contaminated soil (8.0 mg kg-1 w/w of soil) up to 40 g as compared with control where no CSB 

was added in Cd contaminated soil (8.0 mg kg-1 w/w of soil). 

3.2.4 Root dry biomass 

 Effect of different cotton stick biochar (CSB) rates on root dry biomass of wheat seed sown 

in soil contaminated with different levels of cadmium (Cd) is presented in Fig. 3.2.4. Root dry 

biomass was significantly decreased in Cd contaminated soil and minimum RDW (0.78 g) was 

observed where the soil was spiked with 8.0 mg kg-1 Cd. Addition of CSB in soil significantly 

enhanced the root dry biomass in Cd contaminated soil and maximum RDW (1 g) was observed 

in treatment where 2.0% CSB (w/w of soil) was added in soil spiked with 8.0 mg kg-1 Cd. Thus, 

2.0% CSB addition in soil significantly increased root dry biomass of wheat in Cd contaminated 

soil (8.0 mg kg-1 w/w of soil) up to 41 g as compared with control where no CSB was added in Cd 

contaminated soil (8.0 mg kg-1 w/w of soil). 
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Fig. 3.2.3: Effect of different biochar rates on wheat root fresh weight sown in soil 

contaminated with different levels of cadmium 

 

Fig. 3.2.4: Effect of different biochar rates on wheat root dry biomass sown in soil 

contaminated with different levels of cadmium 

3.2.5 Shoot length  

 Effect of different cotton stick biochar (CSB) rates on shoot length (SL) of wheat seed 

sown in soil contaminated with different levels of cadmium (Cd) is presented in Fig. 3.2.5. Shoot 

length of wheat was significantly decreased in Cd contaminated soil and minimum SL (44 cm) 
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was observed where the soil was spiked with 8.0 mg kg-1 Cd. Addition of CSB in soil significantly 

enhanced the shoot length in Cd contaminated soil and maximum SL (62 cm) was observed in 

treatment where 2.0 % CSB (w/w of soil) was added in soil spiked with 8.0 mg kg-1 Cd. Thus, 2.0 

% CSB addition significantly increased the shoot length of wheat in Cd contaminated soil (8.0 mg 

kg-1 w/w of soil) up to 28 cm as compared with control where no CSB was added in Cd 

contaminated soil (8.0 mg kg-1 w/w of soil). 

3.2.6 Root length 

 Effect of different cotton stick biochar (CSB) rates on root length (RL) of wheat seed sown 

in soil contaminated with different levels of cadmium (Cd) is presented in Fig. 3.2.6. Root length 

of wheat was significantly decreased in Cd contaminated soil and minimum RL (33 cm) was 

observed where the soil was spiked with 8.0 mg kg-1 Cd. Addition of CSB in soil significantly 

enhanced root length in Cd contaminated soil and maximum RL (49 cm) was observed where the 

treatment 2.0 % CSB (w/w of soil) was added in soil spiked with 8.0 mg kg-1 Cd. Thus, 2.0 % CSB 

addition significantly increased root length of wheat in Cd contaminated soil (8.0 mg kg-1 w/w of 

soil) up to 32 cm as compared with control where no CSB was added in Cd contaminated soil (8.0 

mg kg-1 w/w of soil). 
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Fig. 3.2.5: Effect of different biochar rates on wheat shoot length sown in soil contaminated 

with different levels of cadmium 

Fig. 3.2.6: Effect of different biochar rates on wheat root length sown in soil contaminated 

with different levels of cadmium 
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 Effect of different cotton stick biochar (CSB) rates on root/shoot length of wheat seed sown 

in soil contaminated with different levels of cadmium (Cd) is presented in Fig. 3.2.7. Addition of 

CSB (w/w of soil) showed non-significant effect on root/shoot length of wheat.  

3.3 Physiological parameters 

3.3.1 Photosynthetic rate 

 Effect of different cotton stick biochar (CSB) rates on photosynthetic rate of wheat seed 

sown in soil contaminated with different levels of cadmium (Cd) is presented in Fig. 3.3.1. 

Photosynthetic rate was significantly decreased in Cd contaminated soil and minimum 

photosynthetic rate (11 µmol m-2 g-1) was observed where the soil was spiked with 8.0 mg kg-1 Cd. 

Addition of CSB in soil significantly enhanced the photosynthetic rate in Cd contaminated soil 

and maximum photosynthetic rate (15 µmol m-2 g-1) was observed in treatment where 2.0 % CSB 

(w/w of soil) was added in soil spiked with 8.0 mg kg-1 Cd. Thus, 2.0 % CSB addition significantly 

increased the photosynthetic rate in Cd contaminated soil (8.0 mg kg-1 w/w of soil) up to 29 µmol 

m-2 g-1 as compared with control where no CSB was added in Cd contaminated soil (8.0 mg kg-1 

w/w of soil). 
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Fig. 3.2.7: Effect of different biochar rates on wheat root/shoot length sown in soil 

contaminated with different levels of cadmium 

Fig. 3.3.1: Effect of different biochar rates on wheat photosynthetic rate sown in soil 

contaminated with different levels of cadmium 
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3.3.2 Stomatal conductance 

Effect of different cotton stick biochar (CSB) on stomatal conductance of wheat seed sown 

in soil contaminated with different levels of cadmium (Cd) is presented in Fig. 3.3.2. Stomatal 

conductance of wheat was significantly decreased in Cd contaminated soil and minimum stomatal 

conductance (138 mmol m-2 g-1) was observed where the soil was spiked with 8.0 mg kg-1 Cd. 

Addition of CSB significantly enhanced the stomatal conductance in Cd contaminated soil and 

maximum stomatal conductance (200 mmol m-2 g-1) was observed in treatment where 2.0 % CSB 

(w/w of soil) was added in soil spiked with 8.0 mg kg-1. Thus, 2.0 % CSB addition significantly 

increased the stomatal conductance of wheat in Cd contaminated soil (8.0 mg kg-1 w/w of soil) up 

to 31 mmol m-2 g-1 as compared with control where no CSB was added in Cd contaminated soil  

(8.0 mg kg-1 w/w of soil). 

3.3.3 Water use efficiency 

 Effect of different cotton stick biochar (CSB) rates on water use efficiency (WUE) of wheat 

seed sown in soil contaminated with different levels of cadmium (Cd) is presented in Fig.3.3.3. 

Water use efficiency was significantly decreased in Cd contaminated soil and minimum WUE (3 

mmol CO2 mol-1) was observed where the soil was spiked with 8.0 mg kg-1 Cd. Addition of CSB 

significantly enhanced the water use efficiency in Cd contaminated soil and maximum WUE (4 

mmol CO2 mol-1) was observed in treatment where 2.0 % CS (w/w of soil) was added in soil spiked 

with 8.0 mg kg-1 Cd. Thus, 2.0 % CSB addition significantly increased the WUE of wheat in Cd 

contaminated soil (8.0 mg kg-1 w/w of soil) up to 28 mmol CO2 mol-1 as compared with control 

where no CSB was added in Cd contaminated soil (8.0 mg kg-1 w/w of soil). 

. 
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3.3.2: Effect of different biochar rates on wheat stomatal conductance sown in soil 

contaminated with different levels of cadmium 

 

Fig. 3.3.3: Effect of different biochar rates on water use efficiency of wheat sown in soil 

contaminated with different levels of cadmium 
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3.3.4 Vapor pressure deficit 

 Effect of different cotton stick biochar (CSB) rates on vapor pressure deficit (VPD) of 

wheat seed sown in soil contaminated with different levels of cadmium (Cd) is presented in Fig. 

3.3.4. Vapor pressure deficit was significantly increased in Cd contaminated soil and maximum 

VPD (4 KPa) was observed where the soil was spiked with 8.0 mg kg-1 Cd. Addition of CSB 

significantly decreased the vapor pressure deficit and minimum VPD (3 KPa) was observed in 

treatment where 2.0 % CSB (w/w of soil) was added in soil spiked with 8.0 mg kg-1 Cd. Thus, 2.0 

% CSB addition significantly decreased the VPD of wheat in Cd contaminated soil (8.0 mg kg-1 

w/w of soil) up to 19 Kpa as compared with control where no CSB was added in Cd contaminated 

soil (8.0 mg kg-1 w/w of soil). 

3.4 Plant analysis 

3.4.1 Shoot cadmium concentration 

 Effect of different cotton stick biochar (CSB) rates on shoot cadmium (Cd) concentration 

of wheat seed sown in soil contaminated with different levels of Cd is presented in Fig. 3.4.1. 

Wheat shoot Cd concentration was significantly increased in Cd contaminated soil and maximum 

shoot Cd concentration (222 µg kg-1) was observed where the soil was spiked with 8.0 mg kg-1 Cd. 

Addition of CSB in soil significantly decreased the wheat shoot Cd concentration in cadmium 

contaminated soil and minimum shoot Cd concentration (44 µg kg-1) was observed in treatment 

where 2.0 % CSB (w/w of soil) was added in soil spiked with 8.0 mg kg-1 Cd. Thus, 2.0 % CSB 

addition significantly decreased the shoot cadmium concentration of wheat in Cd contaminated 

soil (8.0 mg kg-1 w/w of soil) up to 80 µg kg-1  as compared with control where no CSB was added 

in Cd contaminated soil (8.0 mg kg-1 w/w of soil). 
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Fig. 3.3.4: Effect of different biochar rates on vapor pressure deficit of wheat sown in soil 

contaminated with different levels of cadmium 

 

Fig. 3.4.1: Effect of different biochar rates on wheat shoot Cd concentration sown in soil 

contaminated with different levels of cadmium 
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3.4.2 Root cadmium concentration 

 Effect of different cotton stick biochar (CSB) rates on root cadmium (Cd) concentration of 

wheat seed sown in soil contaminated with different levels of Cd is presented in Fig. 3.4.2. Root 

cadmium concentration of wheat was significantly increased in Cd contaminated soil and 

maximum root cadmium (322 µg kg-1) was observed where the soil was spiked with 8.0 mg kg-1 

Cd. Addition of CSB in soil significantly decreased the root cadmium concentration in Cd 

contaminated soil and minimum root Cd concentration (95 µg kg-1) was observed in treatment 

where 2.0 % CSB (w/w of soil) was added in soil spiked with 8.0 mg kg-1 Cd. Thus, 2.0 % CSB 

addition significantly decreased the root cadmium concentration of wheat in Cd contaminated soil 

(8.0 mg kg-1 w/w of soil) up to 71 µg kg-1 as compared with control where no CSB was added in 

Cd contaminated soil  (8.0 mg kg-1 w/w of soil). 

3.4.3 Translocation factor of cadmium from root to shoot 

 Effect of different cotton stick biochar (CSB) rates on translocation factor of cadmium (Cd) 

from wheat root to shoot sown in soil contaminated with different levels of Cd is presented in Fig. 

3.4.3. Translocation factor of Cd from wheat root to shoot was significantly increased in Cd 

contaminated soil and maximum translocation factor of Cd from root to shoot (1) was observed 

where the soil was spiked with 8.0 mg kg-1 Cd. Addition of CSB in soil significantly decreased the 

translocation factor of Cd from root to shoot and minimum translocation factor of Cd from root to 

shoot (0) was observed in treatment where 2.0 % CSB (w/w of soil) was added in soil spiked with 

8.0 mg kg-1 Cd. Thus, 2.0 % CSB addition significantly decreased the translocation factor of Cd 

from root to shoot of wheat in Cd contaminated soil (8.0 mg kg-1 w/w of soil) up to 31 as compared 

with control where no CSB was added in Cd contaminated soil (8.0 mg kg-1 w/w of soil). 
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Fig. 3.4.2: Effect of different biochar rates on wheat root Cd concentration sown in soil 

contaminated with different levels of cadmium 

 

Fig. 3.4.3: Effect of different biochar rates on translocation of cadmium from wheat root to 

shoot sown in soil contaminated with different levels of cadmium 
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3.4.4 Lipid per oxidation 

 Effect of different cotton stick biochar (CSB) rates on Malondaldehyde (MDA) 

concentration of wheat seed sown in soil contaminated with different levels of cadmium (Cd) is 

presented in Fig. 3.4.4. Malondaldehyde concentration of wheat was significantly increased in Cd 

contaminated soil and maximum MDA concentration (0.177 µmol MDA g-1 FW) was observed 

where the soil was spiked with 8.0 mg kg-1 Cd. Addition of CSB in soil significantly decreased the 

Malondaldehyde concentration and minimum MDA concentration (0.141 µmol MDA g-1 FW) was 

observed in treatment where 2.0% CSB (w/w of soil) was added in soil spiked with 8.0 mg kg-1 

Cd. Thus, 2.0% CSB addition significantly decreased the MDA concentration of wheat in Cd 

contaminated soil (8.0 mg kg-1 w/w of soil) up to 20 µmol MDA g-1 FW as compared with control 

where no CSB was added in Cd contaminated soil (8.0 mg kg-1 w/w of soil). 

3.4.5 Total antioxidant activity 

 Effect of different cotton stick biochar (CSB) rates on total antioxidant activity (TAOA) in 

wheat seed sown in soil contaminated with different levels of cadmium (Cd) is presented in Fig. 

3.4.5. Total antioxidant activity in wheat was significantly increased in Cd contaminated soil and 

maximum TAOA (9) was observed where the soil was spiked with 8.0 mg kg-1 Cd. Addition of 

CSB significantly decreased the total antioxidant activity of wheat in Cd contaminated soil and 

minimum TAOA (6) was observed in treatment where 2.0 % CSB (w/w of soil) was added in the 

soil spiked with 8.0 mg kg-1 Cd. Thus, 2.0 % CSB addition significantly decreased the TAOA of 

wheat in Cd contaminated soil (8.0 mg kg-1 w/w of soil) up to 35 as compared with control where 

no CSB was added in Cd contaminated soil (8.0 mg kg-1 w/w of soil). 

 

 

 



4300 
 

Fig. 3.4.4: Effect of different biochar rates on wheat MDA concentration sown in soil 

contaminated with different levels of cadmium 

 

Fig. 3.4.5: Effect of different biochar rates on total antioxidant activity in wheat sown in soil 

contaminated with different levels of cadmium 
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3.4.6 Electrolyte leakage 

 Effect of different cotton stick biochar (CSB) rates on electrolyte leakage of wheat seed 

sown in soil contaminated with different levels of cadmium (Cd) is presented in Fig. 3.4.6. 

Electrolyte leakage of wheat was significantly increased in Cd contaminated soil and maximum 

electrolyte leakage (55 %) was observed where the soil was spiked with 8.0 mg kg-1 Cd. Addition 

of CSB significantly decreased the electrolyte leakage in Cd contaminated soil and minimum 

electrolyte leakage (35 %) was observed in treatment where 2.0 % CSB (w/w of soil) was added 

in soil spiked with 8.0 mg kg-1 Cd. Thus, 2.0 % CSB addition significantly decreased the electrolyte 

leakage of wheat in Cd contaminated soil (8.0 mg kg-1 w/w of soil) up to 35 % as compared with 

control where no CSB was added in Cd contaminated soil (8.0 mg kg-1 w/w of soil). 

3.5 Soil analysis after harvesting 

3.5.1 Total soil cadmium concentration 

 Effect of different cotton stick biochar (CSB) rates on total concentration of cadmium in 

soil contaminated with different levels of cadmium (Cd) after harvesting of wheat is presented in 

Fig. 3.5.1. Addition of CSB in soil showed non-significant effect on total soil cadmium 

concentration in soil contaminated with different levels of Cd. 
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Fig. 3.4.6: Effect of different biochar rates on electrolyte leakage of wheat sown in soil 

contaminated with different levels of cadmium 

 

Fig. 3.5.1: Effect of different biochar rates on total Cd concentration in soil contaminated 

with different levels of cadmium after wheat harvesting  

3.5.2 Available soil cadmium concentration 
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in Fig. 3.5.2. Available soil cadmium concentration was significantly increased in Cd 

contaminated soil and maximum available soil cadmium concentration (6 mg kg-1) was observed 

where the soil was spiked with 8.0 mg kg-1 Cd. Addition of CSB significantly decreased the 

available cadmium concentration in Cd contaminated soil and minimum available soil cadmium 

concentration (2 mg kg-1) was observed in treatment where 2.0 % CSB (w/w of soil) was added in 

soil spiked with 8.0 mg kg-1 Cd. Thus, 2.0 % CSB addition significantly decreased the available 

cadmium concentration in soil contaminated with Cd (8.0 mg kg-1 w/w of soil) up to 61 mg kg-1 

as compared with where no CSB was added in Cd contaminated soil (8.0 mg kg-1 w/w of soil). 

3.5.3 Translocation factor 

Effect of different cotton stick biochar (CSB) on translocation factor of cadmium (Cd) in 

soil contaminated with different levels of Cd after wheat harvesting is presented in Fig. 3.5.3. 

Translocation factor of cadmium was significantly increased in Cd contaminated soil and 

maximum translocation factor of Cd (0.02) was observed where the soil was spiked with 8.0 mg 

kg-1 Cd. Addition of CSB significantly decreased the translocation factor in Cd contaminated soil 

and minimum translocation factor of Cd in soil (0) was observed in treatment where 2.0% CSB 

(w/w of soil) was added in soil spiked with 8.0 mg kg-1 Cd. Thus, 2.0 % CSB addition significantly 

decreased the translocation factor in Cd contaminated soil (8.0 mg kg-1 w/w of soil) up to 80 as 

compared with control where no CSB was added in Cd contaminated soil (8.0 mg kg-1 w/w of 

soil). 
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Fig. 3.5.2: Effect of different biochar rates on available Cd concentration in soil 

contaminated with different levels of cadmium after wheat harvesting 

 

Fig. 3.5.3: Effect of different biochar rates on translocation factor of Cd in wheat sown in 

soil contaminated with different levels of cadmium 
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 Effect of different cotton stick biochar (CSB) rates on soil pH contaminated with different 

levels of cadmium (Cd) after wheat harvesting is presented in Fig. 3.5.4. Addition of CSB (w/w 

of soil) showed non-significant effect on pH of soil contaminated with Cd.  

3.5.5 Total organic carbon 

 Effect of different cotton stick biochar (CSB) rates on soil total organic carbon (TOC) 

contaminated with different levels of cadmium (Cd) after wheat harvesting is presented in Fig. 

3.5.5. Total organic carbon in soil was significantly decreased in Cd contaminated soil and 

minimum TOC (4 g kg-1) was observed where the soil was spiked with 8.0 mg kg-1 Cd. Addition 

of CSB significantly enhanced the total organic carbon in Cd contaminated soil and maximum 

TOC (7 g kg-1) was observed in treatment where 2.0 % CSB (w/w of soil) was added in soil spiked 

with 8.0 mg kg-1 Cd. Thus, 2.0 % CSB addition significantly increased the TOC in Cd 

contaminated soil (8.0 mg kg-1 w/w of soil) up to 34 g kg-1 as compared with control where no 

CSB was added in Cd contaminated soil (8.0 mg kg-1 w/w of soil). 
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Fig. 3.5.4: Effect of different biochar rates on soil pH contaminated with different levels of 

cadmium after wheat harvesting 

 

Fig. 3.5.5: Effect of different biochar rates on soil TOC contaminated with different levels of 

cadmium after wheat harvesting 

3.5.6 Cation exchange capacity 

 Effect of different cotton stick biochar (CSB) rates on soil cation exchange capacity (CEC) 

contaminated with different levels of cadmium (Cd) after wheat harvesting is presented in Fig. 

3.5.6. Soil cation exchange capacity was significantly decreased in Cd contaminated soil and 

minimum CEC (14) was observed where the soil was spiked with 8.0 mg kg-1 Cd. Addition of CSB 

significantly enhanced the soil cation exchange capacity in Cd contaminated soil and maximum 

CEC (23) was observed in treatment where 2.0 % CSB (w/w of soil) was added in soil spiked with 

8.0 mg kg-1 Cd. Thus, 2.0 % CSB addition significantly increased the soil CEC in Cd contaminated 

soil (8.0 mg kg-1 w/w of soil) up to 39 as compared with control where no CSB was added in Cd 

contaminated soil (8.0 mg kg-1 w/w of soil). 
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Fig. 3.5.6: Effect of different biochar rates on soil CEC contaminated with different levels of 

cadmium after wheat harvesting 

4. Discussion  

Heavy metal contamination is serious environmental problem in Pakistan and as well as in 

other developing countries. Cadmium (Cd) is un-needed heavy metal and very harmful to all living 

organisms including animals, plants and human beings. Although many techniques have been used 

for the remediation of metal polluted soils and these techniques include (1) chemical stabilization 

(2) replacement of polluted surface soils with un-contaminated soils (3) wrapping the polluted 

surface soils with normal contamination free soils (4) on site chemical leaching with acidifying 

agents (5) deep ploughing (6) phyto-remediation. But these techniques have high operational cost, 

sludge disposal problems and short-term effects. Therefore, this study low-cost bio-sorbent biochar 

was used to remediate and immobilize the Cd in soil that was spiked with cadmium. In acidic 

Ultisol through the formation of precipitates biochar enhanced immobilization of heavy metals 

and increased the specific adsorption of the metals (Jiang et al., 2012). In metal immobilization 

biochar application was effective, therefore phyto-toxicity and bioavailability of heavy metals 

reduced (Park et al., 2011). 

For this purpose, a pot experiment was conducted to check the effect of biochar on wheat 

growth and germination in Cd-contaminated soil. Effect of cotton stick biochar (CSB) on 

physiological, agronomic, chemical and biochemical parameters of wheat in control and Cd-
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contaminated soil was also observed. Which rate of biochar (1 % or 2 % w/w of soil) shows the 

maximum wheat growth and germination in Cd contaminated soil was also observed. 

However, in the present study effect of CSB amended soil is more efficient as compared 

to control in which no CSB was added in soil. Performance of CSB at the rate of (2.0 % w/w of 

soil) was best among all treatments. In the contaminated soils, biochar can stabilize the heavy 

metals, due to which quality of contaminated soil gets better (Ippolito et al., 2012) and significantly 

reduces the crop uptake of heavy metals. Therefore, for remediation of the heavy metals 

contaminated soils biochar application can potentially give a new solution 

In the present study germination parameters like germination %age and mean emergence 

time of wheat was observed. Addition of CSB (2 % w/w of soil) significantly increased the 

germination % age of wheat in Cd-contaminated soil as compared to control where no CSB was 

added in soil. Similar results have been observed in sunflower using different types of biochar 

produced from five agricultural and forestry wastes (Alburquerque et al., 2013). As in our case 

CSB increased the wheat growth in Cd contaminated soil through immobilizing the cadmium and 

improving the soil properties. Biochar is being used for heavy metals immobilization in soil due 

to its high surface area (> 400-1500 m2 g-1), pH of biochar (wide range of pH value from 6 to 10), 

high CEC (> 40 cm molec kg-1), long term stability (10-100 times of organic matter) and functional 

groups present on its surface especially oxygen containing functional groups (Uchimiya et al., 

2011a). Biochar application either alone or in combination with farmyard manure (FYM) or 

mineral nitrogen enhanced yield or yield components of wheat (Ali et al., 2015). 

Different agronomic parameters like shoot length, root length, shoot fresh biomass; root 

fresh biomass, shoot dry biomass and root dry biomass were observed. In this present study 

addition of CSB significantly increased these parameters as compared to control treatments where 

no CSB was added in cadmium contaminated soil. Similar results were observed by Shen et al. 

(2016). Both heavy metal free biochar (FC) and heavy metal rich biochar (RC) improved plant 

growth. After the application of FC and RC in yellow brown soil (YBS) leaves, stem and root dry 

weights significantly decreased. 

Different physiological parameters like photosynthetic rate, stomatal conductance, water 

use efficiency and vapor pressure deficit was observed. In this present study photosynthetic rate, 

stomatal conductance and water use efficiency significantly increased in treatments where 2 % 

CSB was added in Cd contaminated soil as compared to control where no CSB was added in soil 
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spiked with cadmium. Similar results were observed by Akhtar et al. (2015), where biochar 

addition had significantly positive effect on photosynthetic rate and stomatal conductance. Anten 

(2005) explained that improvement in photosynthetic rate has a significant impact on crop growth 

and dry matter. Improvement in chlorophyll content indicates the improved nutrient availability 

and vigorous plant growth in citrus peel biochar (CPB) amended treatments. 

In current study addition of 2 % CSB significantly decreased the root and shoot cadmium 

(Cd) concentration as compared to control where no CSB was added in soil. A soil contaminated 

with Cd and Zn was amended with a hardwood-derived biochar and the concentration of both 

metals in pore water reduced (Beesley et al., 2010). Choppala et al. (2012) proved that when 

chromate Cr (VI) contaminated soils amended with chicken manure derived biochar then it 

enhanced the reduction of mobile Cr (VI) to less mobile Cr (III), so leaching of Cr decreased. The 

decrease in the leaching of Cr (III) is attributed to the adsorption of Cr (III) on cation exchange 

sites and precipitated as Cr (OH)3 resulting from the release of OH- ions during the Cr (VI) 

reduction process. Cd, Cu, and Pb uptake by Indian mustard significantly decreased by using the 

chicken manure and green waste-derived biochar. The study also concluded that by increasing the 

biochar application rates, the plant metal concentration increased except for Cu concentration 

(Park et al., 2011). Biochar treatments as compared to sewage sludge treatments reduced the plant 

availability of Cd, Ni, Zn and Pb (Méndez et al., 2012). As in our case, CSB significantly reduced 

the mobility of cadmium from soil to roots and shoots through adsorption. 

It is also concluded that addition of CSB (2.0 %) significantly decreased the available soil 

cadmium concentration as compared to control where no CSB was added in Cd contaminated soil. 

Results are related with the result of Zhou et al. (2008) who stated that biochar derived from cotton 

stalk can decrease the bioavailability of soil Cd through adsorption or co-precipitation. There is 

also a decrease in soil pH by the addition of CSB (2.0 %) as compared to control without CSB. 

Because cotton stick biochar has high pH therefore its impact on soil pH was lower. Cheng et al. 

(2006) proved that soil pH reduces, with the application of biochar.  

Carbon contents of biochar are present in highly stable form (Shenbagavalli and 

Mahimairaja, 2012). It is well known that soil organic matter plays important roles in both soil 

fertility and the global C balance. Increased soil organic matter can thus sequester C and 

dramatically enhances SOC content (Lal, 2004; Lehmann and Gaunt 2006; Kuzyakov et al., 2009). 
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In our case, addition of CSB (2.0 %) also significantly increased the TOC in soil as compared to 

control treatments where no CSB was added in Cd contaminated soil.  
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