
Applied Biological Research 22(3): 285-292; (2020) 
DOI: 10.5958/0974-4517.2020.00037.3  

BIOCHAR AMENDMENT ALLEVIATES CADMIUM IN CONTAMINATED 

SOIL AND IMPROVES NUTRIENT UPTAKE IN RICE (Oryza sativa L.) 

Devanand1, Pramod Kumar Sharma1, Vipin Kumar2* and Sarvajeet1 

aDepartment of Soil Science and Agricultural Chemistry, Institute of Agricultural Sciences,  

Banaras Hindu University, Varanasi - 221 005, Uttar Pradesh (India) 

 bDepartment of Agricultural Chemistry, Chaudhary Shivnath Singh Shandilya (P.G.) College, 
Machhra, Meerut - 250 106, Uttar Pradesh (India) 

*e-mail: vipinkumarssac@yahoo.com

(Received 29 May, 2020; accepted 31 August, 2020) 

ABSTRACT 

Cadmium is a toxic metallic element that, if present in high concentrations 

in soil, poses severe human health risks through intake of contaminated 

agricultural produces. A pot experiment was conducted in a net house to 

assess nutrient uptake by rice (Oryza sativa L.) in cadmium-contaminated 

soil amended with biochar. Six cadmium levels (0, 20, 40, 60, 80 and 100 

mg kg-1) and three levels of biochar @ 0, 20 and 40 t ha-1, respectively, were 

taken. Results indicated that nutrient content and its uptake decreased 

with increasing levels of soil cadmium. Nutrient content and its uptake 

were significantly high in soils amended with biochar. Also, the nitrogen 

and phosphorus contents and their uptake were more in grains; whereas 

potassium content and its uptake were more in rice straw. Biochar may be 

used to alleviate the toxic effect of cadmium in cadmium contaminated soils. 
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INTRODUCTION 

Heavy metal contamination due to anthropogenic activities is a global problem and has manifold 
negative impacts on soil and plant systems. This problem has become more severe worldwide, 

especially in developing countries (Bashir et al., 2017). Excessive toxic metal concentrations in the 

contaminated soils generally lead to soil quality degradation, crop yield reduction, and metal 

accumulation in agricultural products and thus pose increasing hazards to human health, as well as 
plants and animals (Wang et al., 2013). Presence of toxic metals in environment even in low amounts 

is responsible for various diseases (Algattawi et al., 2018). Remediation of these precarious soils by 

traditional practices, comprising excavation and landfilling, is impracticable on large scale because 
these techniques are cost-prohibitive and environmentally troublesome (Houben et al., 2013a), 

besides they generate considerable disturbance in environment and are not economically feasible 

(Houben et al., 2013b). Therefore, to limit the solubility and bioavailability of metal(oid)s in 

contaminated soil a special soil-management technique is required (Hattab et al., 2015). The phyto-
availability and mobility of metals in soils may be decreased by in-situ immobilization of metals in 

contaminated soils using amendments (Sabir et al., 2013; Rehman et al., 2017). For immobilization 

of metals in soils, organic and inorganic amendments can be used (Chaiyarat et al., 2011) with 
varying benefits but organic amendments might be perform better owing to their capacity of 

improving physicochemical & biological properties and fertility status of soil (Kant et al., 2018a,b). 

Organic amendments decontaminate the ill-effects of heavy metals in soil-plant systems, because 
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they are the resultant of raw biological waste and little pretreatment is required before their use (Yin 
et al., 2016; Bashir et al., 2017). Several organic amendments can decrease the solubility, leaching 

and bioavailability of trace elements (Angelova et al., 2013; Kumar et al., 2018). Organic 

amendments may enhance the soil fertility and microbial activity, leading to the amelioration of soil 
quality as a whole (Kumar and Sharma, 2018). The organic sources may be organic manures, green 

manure, rural wastes, crop residues, biofertilizers and vermicompost (Kumar et al., 2018; 2020).  

Among the toxic heavy metals, cadmium (Cd) is one of the most widespread harmful 

contaminants in agricultural soils (Abbas et al., 2017; Liu et al., 2020) because of its non-
biodegradability, detrimental effects on ecosystems, and threats to human health through food chain 

(Murtaza et al., 2015). Undoubtedly, Cd adversely affects not only the quality of agriculture products 

but also human health due to its high toxicity and bioavailability (Khan et al., 2018). Cd toxicity 
increases the oxidative stress in plants by enhancing the production of reactive oxygen species (ROS) 

in different parts of plant. Cd toxicity triggers the overproduction of hydrogen peroxide (H2O2), 

electrolyte leakage, and malondialdehyde contents in plants (Gallego et al., 2012; Younis et al., 

2016). Various agricultural practices like use of metal hyperaccumulator plants, inorganic and 
organic amendments, etc. have been used to remediate Cd-contaminated soils (Qayyum et al., 2017). 

Among organic amendments, biochar is widely used and has several benefits for soils and crops 

(Du et al. 2017; Hussain et al. 2017). Biochar is a solid organic material produced by slow pyrolysis 
of waste organic materials such as manures and agricultural residues (Ok et al., 2015; Rizwan et al., 

2016). It is a carbonaceous black porous material achieved by pyrolysis of biomass under oxygen-

free environment (Choudhary et al., 2017). It might influence the toxicity, transport and fate of heavy 
metals in soil (Nigussie et al., 2012). Biochar reportedly decreases metal bioavailability in soils and 

their uptake and translocation by plants (Li et al., 2016; Zhang et al., 2016). Biochar is a noble choice 

for heavy metal stabilization in contaminated soils, which leads to the reduction in heavy metal uptake 

by plants (Beesley et al. 2011; Lu et al. 2014). Biochar in comparison to other chemical and biological 
methods has remarkable potential to remove pollutants (Zeng et al., 2015) as it is eco-friendly and 

economic in production (Ahmad et al. 2014; Tan et al. 2015). 

Rice (Oryza sativa L.) is primary food of over two billion people in Asia, Africa and Latin 
America and has been used as a model plant in studies of Cd toxicity and tolerance. Currently, Cd 

pollution in soils poses a serious threat to rice quality. Thus, it is important to find ways and means 

to increase rice tolerance to Cd and limit their accumulation. The present study was aimed to assess 
the effect of biochar on NPK uptake by rice in Cd-contaminated soil.  

MATERIALS AND METHODS 

A pot experiment was conducted in a net house during 2018. Biochar was collected from a private 

rice mill situated at Mirzapur, UP (India). Bulk soil was taken from Agricultural Research Farm, IAS, 

BHU, Varanasi (India). Soil was air-dried, ground to pass through a 2 mm sieve and homogenized. 
The soil samples were analyzed for chemical properties. Experimental soil had pH 7.19, EC 0.15 

dSm-1, organic carbon 0.25%, available N, P and K contents of 195.7, P 17.89 and 185.78 kg ha-1, 

respectively. The available Fe, Cu, Mn, Zn and DTPA-extractable Cd contents in the soil was 18.8, 
1.75, 6.05, 1.04 and 0.04 mg kg-1, respectively Processed 10 kg soil was filled in polythene lined pots 

of adequate size. The moisture level in pots was maintained up to field capacity. The experiment was 

conducted in a completely randomized design having 18 treatments viz., six levels of Cd (0, 20, 40, 

60, 80 and 100 mg kg-1) and three levels of biochar @ 0, 20 and 40 t ha-1. Rice (var. ‘HUR-105’) was 
taken as a test crop in kharif season 2018. Recommended doses of NPK were applied @ 150:60:60 

kg ha-1 through urea, di-ammonium phosphate, muriate of potash, respectively, in all the pots.  

The requisite amount of Cd for 10 kg soil was applied through cadmium chloride (CdCl2) as 
per treatment to the pots and allowed to maintain equilibrium. After 15 days of Cd-contamination 
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biochar was applied @ 0, 89.2 and 178.6 g pot-1, respectively, and then mixed thoroughly. Pots were 
incubated for next 15 days with biochar and watered at field capacity almost on a daily basis after a 

month of incubation (four-week old-seedlings) was transplanted @ 5 seedlings pot-1.  

At harvest, the plant and grain samples were collected from each pot for chemical estimation 
and the samples were dried in an oven at 70ºC for 48 h, the plant material obtained was ground with 

the help of grinder, passed through 40 mm mesh sieve and preserved separately for determination of 

NPK content. Nitrogen content was estimated both in grain and straw by modified Kjeldahl’s method, 

phosphorus by vanadomolybdate phosphoric acid yellow colour method and potassium by flame 
photometric (Systronics 130) method (Jackson, 1973). The mature harvested produce from pot was 

sun-dried and threshed to obtain grain yield. The straw yield was worked out by subtracting grain 

yield from total biological yield. The uptake of nutrients was calculated by using the formula of 
Weigh et al. (2018). For determining the statistical significance between the treatment means, 

statistical analysis was performed. The difference between treatment means was tested using critical 

difference at 1% level of probability (Gomez and Gomez, 1984).  

RESULTS AND DISCUSSION 

Cadmium directly has an adverse effect on rice yield but can be mitigated by using an adequate 

amount of biochar (Table 1). Similar observations were made in case of straw yield. The highest 

reduction in yields due to Cd was observed in treatment Cd100 (Table 1). The grain and straw yields 

of rice were enhanced due to biochar over control treatment. The improvement in rice yield may be 
attributed to the addition of biochar to the soil, which increased the availability of nutrients due the 

improvement in important soil properties. The adverse effect of Cd on rice yield could be alleviated 

to some extent especially with biochar addition.

Table 1: Effect of biochar on grain and straw yield and nitrogen content and its uptake by rice 

in cadmium-contaminated soil 

Treatments* 
Grain yield 

(g pot-1) 

Straw yield 

(g pot-1) 

N content (%)  N uptake (g pot-1) Total N uptake 

(g pot-1) Grain Straw Grain Straw 

Cd0Bc0 45.8 50.0 1.35 0.58 0.62 0.29 0.91 

Cd20Bc0 42.1 48.1 1.32 0.56 0.56 0.27 0.83 

Cd40Bc0 39.1 46.8 1.25 0.54 0.49 0.25 0.74 

Cd60Bc0 36.1 44.5 1.17 0.49 0.42 0.22 0.64 

Cd80Bc0 33.2 42.3 1.05 0.43 0.35 0.18 0.53 

Cd100Bc0 29.2 40.2 0.98 0.38 0.29 0.15 0.44 

Cd0Bc20 46.2 50.3 1.38 0.59 0.64 0.30 0.94 

Cd0Bc40 47.0 50.4 1.40 0.62 0.66 0.31 0.97 

Cd20Bc20 42.7 48.4 1.34 0.58 0.57 0.28 0.85 

Cd20Bc40 43.3 48.9 1.36 0.60 0.59 0.29 0.88 

Cd40Bc20 39.8 47.1 1.28 0.56 0.51 0.26 0.77 

Cd40Bc40 40.3 47.4 1.30 0.58 0.52 0.27 0.80 

Cd60Bc20 36.8 45.0 1.22 0.52 0.45 0.23 0.68 

Cd60Bc40 37.2 45.4 1.25 0.54 0.47 0.25 0.71 

Cd80Bc20 33.9 42.6 1.10 0.45 0.37 0.19 0.57 

Cd80Bc40 34.1 42.8 1.13 0.47 0.38 0.20 0.59 

Cd100Bc20 29.8 40.6 1.02 0.39 0.30 0.16 0.46 

Cd100Bc40 30.2 40.9 1.08 0.41 0.33 0.17 0.49 

SEm± 0.15 0.41 0.031 0.015 0.006 0.009 0.006 

CD0.01 0.43 1.18 0.088 0.043 0.017 0.026 0.019 

*Cd – Cadmium: 0, 20, 40, 60, 80 & 100 mg kg-1 soil; Bc – Biochar: 0, 20 and 40 t ha-1 



s

Devanand et al. 288 

The maximum nitrogen content in grain and straw was found in treatment Cd0Bc40 while 
lowest N content was in treatment Cd100. Maximum N uptake in grain and straw and biological yield 

was noticed in treatment Cd0+Bc40 while the lowest N uptake was observed in treatment Cd100. 

With increased level of Cd application, there was significant decrease in N content and its uptake. 
Biochar application increased N content and its uptake in Cd contaminated soil and mitigated the 

toxic effect of Cd. 

The phosphorus content in grain and straw was affected by Cd contamination and biochar 

application (Table 2). Minimum P content in grain and straw was found in treatment Cd100Bc0. 
Generally, P content was more in grain than straw. The reduction in P content may be due to the 

inhibition of enzymes involved in synthetic process. The use of biochar @ 40 t ha-1 alone (Cd0Bc40) 

recorded highest P content in grain and straw as well as highest P uptake in grain and straw. However, 
the lowest P content and its uptake in both grain and straw was recorded in treatment Cd100Bc0). 

Potassium content in grain and straw was also affected by different level of cadmium. K uptake 

was more in straw than grain with respect to N and P (Table 3). The data revealed that maximum K 

uptake in grain and straw was in treatment Cd0Bc40, followed by Cd0Bc20. Application of biochar 
in control pots recorded highest K content in grain and straw and highest K uptake as compared to 

other treatments. Application of Cd lowered K uptake in grain and straw but the application of biochar 

mitigated the ill-effects of Cd application in soil and improved K uptake. 
Yassen et al. (2007) concluded that decrease in N, P and K contents in spinach plant in a soil 

contaminated with heavy metals probably may be due to the adverse effect of heavy metals on plant 

growth rather than their interference with nutrients. Ramzani et al. (2016) cleared that enhanced plant 
growth and grain yield in rice crop can be attributed to the positive effect of biochar. Maximum crop 

yield in contaminated soils might be due to the furnishing of soil with nutrients like carbon, nitrogen, 

and phosphorus by the amendment (Shaheen et al., 2017; Kumar et al., 2020). Higher chlorophyll 

levels often resulted in higher crop yields because chlorophylls participate in energy creation and 
conversion via photosynthesis for crop growth (Alam et al., 2019). Kohler et al. (2015) showed that 

Table 2: Effect of biochar on phosphorus content and its uptake by rice in Cd-contaminated soil 

Treatments* 
P content (%) 

in rice grain 

P content (%) 

in rice straw 

P uptake in 

grain (g pot-1) 

P uptake in 

straw (g pot-1) 

Total P uptake 

(g pot-1) 

Cd0Bc0 0.36 0.19 0.16 0.10 0.26 
Cd20Bc0 0.32 0.18 0.13 0.09 0.22 

Cd40Bc0 0.29 0.17 0.11 0.08 0.19 

Cd60Bc0 0.27 0.14 0.10 0.06 0.16 
Cd80Bc0 0.23 0.12 0.08 0.05 0.13 

Cd100Bc0 0.19 0.11 0.06 0.04 0.10 

Cd0Bc20 0.37 0.19 0.17 0.10 0.27 
Cd0Bc40 0.39 0.20 0.18 0.10 0.28 

Cd20Bc20 0.34 0.17 0.15 0.08 0.23 

Cd20Bc40 0.36 0.18 0.16 0.09 0.24 

Cd40Bc20 0.32 0.16 0.13 0.08 0.20 
Cd40Bc40 0.34 0.17 0.14 0.08 0.22 

Cd60Bc20 0.29 0.14 0.11 0.06 0.17 

Cd60Bc40 0.31 0.15 0.12 0.07 0.18 
Cd80Bc20 0.25 0.12 0.08 0.05 0.14 

Cd80Bc40 0.28 0.13 0.10 0.05 0.15 

Cd100Bc20 0.21 0.11 0.06 0.05 0.11 

Cd100Bc40 0.23 0.12 0.07 0.05 0.12 

SEm±  0.020  0.007  0.004  0.002  0.005 

CD0.01  0.057  0.021  0.010  0.006  0.014 
*Cd – Cadmium: 0, 20, 40, 60, 80 & 100 mg kg-1 soil; Bc – Biochar: 0, 20 and 40 t ha-1 
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Table 3: Effect of biochar on potassium content and its uptake by rice in Cd-contaminated soil 

Treatments* 
K content (%) 

in rice grain 

K content (%) in 

rice straw 

K uptake in 

grain (g pot-1) 

K uptake in straw 

(g pot-1) 

Total K uptake 

(g pot-1) 

Cd0Bc0 0.54 1.58 0.25 0.79 1.04 

Cd20Bc0 0.51 1.43 0.21 0.69 0.90 

Cd40Bc0 0.48 1.38 0.19 0.65 0.83 

Cd60Bc0 0.45 1.29 0.16 0.57 0.74 

Cd80Bc0 0.40 1.22 0.13 0.52 0.65 

Cd100Bc0 0.36 1.16 0.11 0.47 0.57 

Cd0Bc20 0.56 1.60 0.26 0.80 1.06 

Cd0Bc40 0.58 1.63 0.27 0.82 1.09 

Cd20Bc20 0.53 1.46 0.23 0.71 0.93 

Cd20Bc40 0.55 1.48 0.24 0.72 0.96 

Cd40Bc20 0.51 1.40 0.20 0.66 0.86 

Cd40Bc40 0.53 1.44 0.21 0.68 0.90 

Cd60Bc20 0.48 1.32 0.18 0.59 0.77 

Cd60Bc40 0.52 1.35 0.19 0.61 0.81 

Cd80Bc20 0.42 1.25 0.14 0.53 0.67 

Cd80Bc40 0.45 1.28 0.15 0.55 0.70 

Cd100Bc20 0.38 1.18 0.11 0.48 0.59 

Cd100Bc40 0.40 1.21 0.12 0.49 0.62 

SEm±  0.022  0.020  0.004  0.006  0.005 

CD0.01  0.062  0.056  0.012  0.018  0.016 

*Cd – Cadmium: 0, 20, 40, 60, 80 & 100 mg kg-1 soil; Bc – Biochar: 0, 20 and 40 t ha-1

the organic waste compost significantly increases the contents of foliar N, P and K in relation to non-

amended plants in a heavy metal polluted soil. Nigussie et al. (2012) showed significant increase in 

N, P and K uptake by biochar addition to the artificially polluted soils. Yassen et al. (2007) reported 

that the use of organic residues increased N, P and K content in soils contaminated with heavy metals 
as compared to the control soil. The rise in N, P and K uptake due to organic amendments could be 

attributed to high N, P and K content in organic amendments and consequent high N, P and K 

concentration in amended soils (Nigussie et al., 2012). Increase in nutrients content and uptake could 
be due to the increase in dry matter yield and impact of organics on soil (Kumar et al., 2020). The 

role of biochar is to reduce the Cd-toxicity by improving the nutrient uptake efficacy which leads to 

the yield improvement in rice crop that could be attributed due to the reduction in the bioavailability 
of Cd and thus reduces toxic effects of Cd in soil (Devanand et al., 2020). Increase in accumulation 

of nutrients may be due to the improved soil fertility and nutrients in biochar amended soil because 

biochar increases beneficial nutrients in soil solution and then their accumulation in plants (Ibrahim 

et al., 2016). Results indicated that Cd exerted deleterious effect on rice. Nutrient content and its uptake 
in rice decreased with increase in Cd dose in soil. Addition of biochar significantly enhanced nutrient 

content and uptake in rice. The use of biochar reduces Cd toxicity to some level but not to full extent. 

Conflict of interest: All the authors declare that there is no conflict of interest regarding the 

publication of this paper.  
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