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ABSTRACT 

An ecofriendly technique to on farm burning of biomass by making biochar from agricultural waste was provided. Characteristic studies 

of biomass and biochar such as SEM, Ultimate and proximate analysis, pH, Cation exchange capacity, Water holding capacity, Electrical 

conductivity, Soil organic matter and Dry matter production were examined. Adsorption and desorption of carbofuran in soil  were 

studied in batch experiment mode. From the experimental studies, it was observed that pH, Cation exchange capacity, Water holding 

capacity, Electrical Conductivity, Soil organic content and dry matter production increases with biochar addition. Adsorption Studies 

show that carbofuran adsorbed with control is 0.45 mg/g whereas with 3%BC it was 6.375 mg/g and desorption studies show that with 

3% biochar carbofuran desorption is less. Hence Capsicum Annuam Biochar could be one of the promising option for improving the soil 

health as well as for adsorbing the pesticides. 
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1. INTRODUCTION 

 Carbofuran is a broad-spectrum insecticide mostly used in 

Andhrapradesh for controlling the pests. Carbofuran efficiency 

depends on its properties and terms and its ability to attain the 

target in reasonable time. Pesticides because of their toxicity have 

gained profound importance . Application of carbofuran in the 

fields results in its surface water runoff whose levels were 

observed to be 1.9 % of the total application. The maximum 

carbofuran in drinking water as given by the U.S environmental 

protection agency was 40mg mL-1. Adsorption is one of the best 

solution for adsorption of the carbofuran [1,2]. The studies carried 

over related to this concept was proved by Bailey and White, 

Cheng and Wauchope et al. [3]. Some experimental studies were 

carried out to test the adsorption of carbofuran on to soils, clays, 

flyash and synthetic inorganic ion exchangers [4,5]. Recent studies 

reported the role of organic co solvents on the adsorption of 

carbofuran in soils. 

 Properties of the soil like organic matter content, 

composition, pH etc., influence the adsorption of pesticides in the 

soil.[6,7] So both soil conditions and climatic conditions effect the 

movement of carbofuran in the soil. On-point groundwater 

pollution is a major concern in many countries[]8,9]. The growth 

in agricultural productivity over the past decade has been closely 

linked to the use of agrochemicals such as fertilizers and 

pesticides. Excessive fertilizer and chemical levels added to plants 

have often led to soil and surface water pollution [10,11]. 

 Capsicum Annuam (CA) is widely grown in India with an 

annual production of about 1.2 million tons, contributing to about 

27.24 percent of the total spice cultivation area and 25.65 percent 

of total spice production in India [12]. According to the Ministry 

of New and Renewable Energy (MNRE), India produces 500 MT 

of plant debris each year. The peasants are burning the unused on 

the field. Upon planting, the farmers burn the discarded CA stem 

on the farm as a low cost disposal method to minimize the 

turnaround time for the second crop between harvesting and 

sowing, resulting in pollution caused by the release of greenhouse 

gasses as reported by the Indian Agricultural Research Institute on 

crop residue management [13]. The present study therefore 

explores biochar production from Capsicum Annuam and its 

applicability as an adsorbent for a sustainable management option. 

The desirable properties required to be good adsorbent for 

Capsicum Annuam biochar (CABC) is its high capacity to absorb 

pollutants. CABC's applicability for carbofuran removal and soil 

health improvement has been tested in this study. 

2. MATERIALS AND METHODS 

2.1. Preparation of samples. 

 The soil sample used in our study was collected from the 

surface layer of vadlamudi region at VFSTR (deemed to be 

university) campus. The soil sample was air dried in an oven, 

crushed and sieved through 2mm sieve and thoroughly mixed. 

Analytical grade carbofuran, purity of 98%, a white crystalline 

solid was purchased from Sigma Aldrich, India. All other 

chemicals for this study were procured from National Scientific 

Products, Guntur. Double distilled water was used for preparing 

all the solutions. 

2.2. Preparation of Biochar from Capsicum Annuam. 

 CA was collected from the nearby fields in the Guntur 

region of Andhra Pradesh. This biomass was sun dried, crushed 

into small pieces and kept in the oven for removal of residual 

moisture. The dried biomass was loaded and sealed in an earthen 

pot to carry out the pyrolysis in muffle furnace under depleted 

oxygen environment. Pyrolysis was performed at low temperature 
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(300 ) for 120 min. The pyrolysed biomass i.e., CABC was 

crushed, grinded and sieved to the desired sizes and packed in 

airtight covers for soil amendment experiments. Double distilled 

water was used for preparing all the solutions and all other 

chemicals used in this study are procured from National scientific 

products, Guntur. 

2.3. Nomenclature: 

CEC        :  Cation exchange capacity 

WHC : Water holding capacity 

EC  : Electrical Conductivity 

SOC : Soil Organic matter 

DMP : Dry matter Production 

CA  : Capsicum Annuam 

CABC  : Capsicum Annuam Biochar 

 

Table 1. Details of  soil samples. 

S.No Sample 

Name 

 

1 Control Pure Soil Sample 

2 1%BC 1/100 w/w ratio of biochar to soil 

3 3%BC 3/100 w/w ratio of biochar to soil 

4 1%BC-NPK 1/100 w/w ratio of biochar to soil+ NPK 

Fertilizer 5 3%BC-NPK 1/100 w/w ratio of biochar to soil+NPK 

Fetilizer  

2.4. Characterization Of CABC. 

 CA and CABC were analyzed for its physico-chemical 

properties such as elemental analysis using Elementar Vario Micro 

cube–CHNS elemental analyzer; morphology using a scanning 

electron microscopy (HITACHI S-3000 N made in Germany); 

specific surface area BET (Brunauer, Emmett and Teller)N2 

adsorption method using surface area analyzer (Smart Sorb 92/93). 

 
Figure. 1. Pot trial experiments. 

2.5. Pot Trails. 

 Capsicum Annuam plant was used as the test plant for the 

present study. Seedlings of 10 cm height of CA plants were 

collected from the nearby plant nursery of VFSTR campus, 

Vadlamudi. Plant experiments were conducted in clay pots placed 

where there is enough sunlight in VFSTR campus, vadlamudi and 

care is taken that there is no leaching loss of carbofuran or water. 

Each pot is filled with nearly 3 kg of five (Control, 1%BC, 3%BC, 

1%BC NPK, 3%BC NPK) different soil treatments(Fig 1). The 

five different biochar amendments used in this study are given in 

table 1 . The combination of five biochar treatments was carried 

out in 10 replicates. Sample of 3 g was taken from each replicate 

to make carbofuran concentrations in the range of 2 to 20 mg/L 

(2,4,6,8,10,12,14,16,18,20 ). All these samples were 

thoroughly mixed and shaken for 24 hrs in an orbital shaker. The 

samples were filtered and analysed to determine the carbofuran 

concentration. 

2.6. Biochar amendment on Soil physical and chemical 

properties.  

 After harvesting from the  pots , soil from each pot was 

collected, air-dried at 36 °C , mixed and passed through 2mm 

sieve .These samples were further analyzed to measure pH, Cation 

exchange capacity, Water holding capacity, Electrical 

conductivity, Soil organic matter and Dry matter production. 

2.7. pH analysis. 

 The growth of plants  strongly depends on pH value of the 

samples.1N KCl was used to determine pH with soil and solution 

ratio of 1: 2.5. 10 gm air dried soil samples were mixed with 25 ml 

of 1 N KCl solution in a beaker and the probe of the pH meter in 

Deluxe Soil and Water analysis kit – National Instruments 

Corporation, measures the pH value of the solution. 

2.8. Cation Exchange Capacity (CEC).  

 The Cation Exchange Capacity (CEC) is the capacity of 

soil to hold an exchangeable cations. The higher the CEC of soil, 

the more cations it can retain. High clay soil can hold more 

exchangeable cations than  low clay soils. CEC also increases as 

organic matter increases. Cation exchange capacity was calculated 

according to ammonium acetate method [14] of which is buffered 

at pH 7. 

2.9. Water holding capacity. 

 Increasing soil water keeping ability after biochar treatment 

may be a potential main mechanism for yield increase[15]. 

Biochar has a high total porosity and can also retain water in tiny 

pores, thereby increasing water retention potential and allowing 

water to penetrate through the wider pores from the ground 

surface to the top soil during heavy rain[16]. All the 10 air-dried 

soil samples of 2 gm each were collected from the pots and are 

placed in filter paper which in turn is placed on a separating funnel 

in a 250 ml conical flask.100 ml of distilled water was poured 

through these samples until distilled water was completely passed 

through the filter paper. Water holding capacity of these 10 

samples was measured by knowing the amount of distilled water 

absorbed by the samples which can be known by the increase in 

the weight of the samples.  

 

 

2.10. Electrical Conductivity. 

 Electrical conductivity determines the presence of soluble 

salts in the soil.10 gm of air dried soil samples were mixed with 

25 ml of distilled water, stirred for 30 min and was kept overnight 

so that left over soil settles down and the conductivity probe in the 

soil and water analysis kit measures the electrical conductivity of 

the samples. 

2.11. Soil organic matter (SOM).  

 SOM is the organic matter portion of soil, consisting of 

residues of plants and animals at different stages of 

decomposition, soil organism cells and tissues, and soil organism 

synthesized substances. 

The organic matter content in the soil is obtained by the relation 
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Soil organic matter content =  

Where, 

 is the weight of the container, 

 is the weight of container + wet soil, 

is the weight of container + dry soil, 

  is the weight of the container+ burnt soil. 

2.12. Dry matter Production. 

 Chilli plants after harvesting for 42 days, the above ground 

matter of the chilli plant was collected and dried in an oven for 70 

°C for 5 hrs. Then the weight of the above ground matter for all 

the treatments  was noted down. 

2.13. Batch Sorption process. 

 The combination of five biochar treatments with carbofuran 

pesticide together was carried out in 10 replicates. The carbofuran 

concentrations were made in the range of 1 to 20 mg/L 

(2,4,6,8,10,12,14,16,18,20 ).All these samples were 

thoroughly mixed and shaken for 24 hrs in an orbital shaker till the 

equilibrium was achieved. An aliquot of 5 g of soil from each 

treatment was taken to determine the carbofuran concentration 

using UV/VIS spectrophotometer at 273 nm. All the carbofuran 

sorption experiments were performed in triplicate. 

2.14. Desorption Studies. 

 All the samples loaded with carbofuran were taken for 

analysis. These samples were shaken in an orbital shaker at 100 

rpm and 25 °C for 24 hrs till the equilibrium was achieved. 10 ml 

of the Supernatant solution obtained was taken for analysis and is 

replaced by 10 mL of 0.01 M CaCl2 solution and then shaken in 

an orbital shaker for another 24 hrs. This process was repeated 

twice and the carbofuran desorbed from the samples were 

determined by using UV/VIS spectrophotometer at 273nm. All the 

carbofuran desorption experiments were conducted in triplicate. 

3. RESULTS  

3.1. Proximate and Ultimate analysis of biochar.  

 Elemental compositions of Raw Chilli stalk and CABC 

(300 °C)  are reported in Table 2. Proximate analysis for CABC 

was determined according to ASTM D 1762-84 standard method. 

The % volatile matter and ash composition steadily declines with a 

rise in temperature. Ultimate analysis reveals that carbon content 

in CABC increased from 40.53 to 45.32 %. Highest values for 

C/N ratio and lowest values for H/C ratio were observed. With an 

increase in the temperature, the volatile constituents of CABC 

evaporate gradually, illustrating that the yield of CABC is 

temperature dependent . The BET surface area and pore volume 

for the biochar formed at 300 °C was marked to be 32.07  

and 0.0635  respectively. Calculated H/C and O/C molar 

ratios are the indicators of CABC aromaticity and polarity, 

respectively. Scanning microscopic images of biomass and 

biochar were taken to compare the surface morphology 

modifications between biomass and biochar(Fig 2). 

 
Figure 2. SEM images of (a)Biomass (b)Biochar. 

Table 2. Basic property analysis of biomass and biochar. 

Characteristics Biomass CABC (300 °C) 

Ultimate Analysis (wt. %) 

C 40.53 45.32 

H 5.02 3.64 

N 0.77 1.3 

S 0.14 0.20 

O 40.23 35.22 

Proximate Analysis (wt. %) 

Ash 0.82 15.32 

Volatile Matter 80.23 35.62 

Fixed carbon 18.95 49.06 

Characteristics Biomass CABC (300 °C) 

Moisture  3 - 

Other Properties 

H/C 0.12 0.08 

O/C 0.99 0.77 

C/N 52.63 34.86 

surface area   32.07  

pore volume   0.0635 

Higher heating value, 

HHV (kJ/g) 

15.9 16.5 

 

3.2. Effect of biochar amendment on soil physical and 

chemical properties. 

 From the pH studies, it was observed that the soil under the 

present study is an acidic soil and its PH increased with biochar 

amendment. Soil PH was more sensitive and its value increased 

from 5.4 to 7.32 with just an addition of 3 % BC. The high biochar 

pH values are due to the basic oxides, hydroxides, and carbonates 

formed during pyrolyses process. Similar trend was observed in 

the previous studies.  

 
Figure 3. Amount of Dry matter production for different treatments. 

 

 From the present study, it was also observed that biochar 

addition to acidic soils increases Cation exchange capacity as it 

adds free bases to the soil which was also proved in the previous 

studies[17]. Water holding capacity of the soil is increased from 

140  to 170 w/w % with an increasing percentage of 
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biochar which shows that the biochar amendment can help farmers 

not only to improve the soil health but also for water absorption 

for food security assurance. Since biochar is a carbon rich organic 

material, soil amended with biochar has high soil organic content  

In control, SOC was only 0.81 wt % where as in case of 3% BC 

NPK, it was increased to 7.11 wt%Table 3. Dry Chilli plant 

weight was calculated after harvesting and it was observed that 

DMP increases with an increasing rate of biochar. In control , 

DMP was 8.7 g whereas in 3%BC NPK it was 20.5g (Fig 3). 

3.3. Effect on adsorption and desorption studies. 

 The Concentration of carbofuran present in aliquots of all 

treatments w.r.t time(up to 6 weeks)  was calculated by collecting 

the supernatant of all the samples and filtered them by using 0.45 

µm filter cloth and analyzing by using UV spectrophotometer . 

The amount of carbofuran adsorbed was shown in the Fig 4. From 

the figure it was clear that the amount of carbofuran adsorbed 

increases with an increasing percentage of biochar in soil. During 

6th week (42nd day, after harvesting), carbofuran adsorbed with 

control is 0.45 mg/g whereas with 3%BC it was 6.375 mg/g. 

 In desorption experiments, the supernatants (with 

carbofuran)in adsorption studies  were replaced with 0.01M Cacl2 

(without carbofuran), and the samples were shaken for 24 hrs. 

After equilibrium  has been achieved , the aliquots were again 

analyzed by sing UV spectrophotometer to find the amount of 

carbofuran desorbed (Fig 5 ) . It was observed that carbofuran 

desorption is less in the case of 3%BC with a value of 0.175 mg/g 

whereas in control it was 0.375 which is higher than any other 

treatment involving biochar. 

 
Figure 4. Amount of carbofuran adsorbed vs Time. 

 
Figure 5. Amount of carbofuran desorbed vs Time. 

 

 

Table 3. Effect of biochar on soil properties. 

Parameter Control 1%BC 3%BC 1%BC NPK 3%BCNPK 

pH 5.4 5.9 6.32 6.36 7.32 

CEC(cmolkg-1) 8.23 9.54 10.66 10.75 11.23 

WHC(w/w)% 140 150 170 139 141 

EC(µs cm -1) 250 320 483 330 495 

SOC (wt %) 0.81 1.65 6.23 2.32 7.11 

Dry Matter Production (g) 8.7 13.3 18.6 16.4 20.5 

 

4. CONCLUSIONS 

 Capsicum Annuam Biochar was prepared from Capsicum 

Annuam and was characterized and successfully used as soil 

amendment to enhance soil health and to adsorb carbofuran 

pesticide. Water holding capacity of the soil is increased from 140 

 to 170 w/w % with an increasing percentage of biochar. 

Cation exchange capacity increases with biochar amendment since 

it adds bases to the soil. From the adsorption studies it was clear 

that the amount of carbofuran adsorbed increases with an 

increasing percentage of biochar in soil. From the desorption 

studies It was observed that carbofuran desorption is less in case 

of 3%BC with a value of 0.175 mg/g whereas in control it was 

0.375. From the above overall observations, instead of burning the 

biomass in the fields after harvesting, biomass can be converted to 

biochar through pyrolysis process which in turn will help in soil 

conditioning by improving its nutritional quality and also for 

adsorbing the synthetic organic contaminants. 
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