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ABSTRACT

This study aims to reduce the content of Cd heavy metals in the soil and to reduce agricultural
waste in order to be more useful. The materials for making biochar in this study were corn cobs
and rice husks made with temperatures of 500 °C, 600 °C, and 700 °C with pyrolysis using a furnace
for 45 minutes which would then be mixed with metal cd contaminated the soil with a ratio of 1:10.
The parameters observed were pH, temperature, water content, C-organic content, and Cd content
in the soil. The difference in biochar making temperature affects the decrease in cadmium (Cd)
heavy metal content of 7.35% - 11.45% for biochar made with raw materials of Corn Cobs and 9.9%
- 13.58% for raw materials of husk rice. Biochar made from rice husks and corn cobs can increase
soil temperature by 5.82% - 10%, acid soil pH of 7.3% - 12.65%, low soil moisture content of 15.49%
- 21.42%, and increase the C-Organic content in the soil by 9.9% - 18.81%. Biochar which is made
using rice husks improves soil quality slightly better than corn cobs.
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INTRODUCTION

Environmental pollution is the most prominent
problem along with the increase in the number of
factories that increase the needs of the population
which increases the number of needs in a sufficiently
large amount which will cause environmental
pollution that is properly supported. According to
Hidayat (2015) and Yang et al. (2016), waste
produced by factories contains a variety of non-
hazardous. Heavy metals that are on the ground and
cannot be degraded, can be placed on soil and water
bodies for a long time so that the content will
continue to increase over time.

In 2006, Lapindo hot mudflow has sunk several
sub-districts in Sidoarjo, East Java. The high
temperature of the mud raises the hypothesis of the
possibility of a geothermal system that plays a role
in the mechanism of discharge of hot mud material
that produces hydrothermal solutions which

generally contain metal elements such as Cu, PB, Zn,
Mn, Fe, Cd, As, Sb, Au, Ag, Hg, and Se. Lapindo
mud is an oil sludge (Sludge Oil) which results from
the production of petroleum and gas Intermittently
which comes from originating from cleaning the
pollution control in the Plant, API Separator tank
washing activities, oil tanks, separation of oil, solids,
emulsions, and water and drilling activity.

Research conducted by Namgay et al. (2010) and
Yang et al. (2016) concluded that the average
distribution of metal elements is relatively high and
among them is heavy metal Cd. The soil naturally
contains heavy metals, some of these heavy metals
play a role in the physiological processes of plants
such as Fe, Cu, Zn and Ni, but with relatively very a
little, if the excess will give the effect of toxicity to
plants, but Cd and Pb very mixed and until now it
has not known its role for plants, these two elements
are the main chemical pollutants in the environment
and very toxic to plants, animals and humans
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(Hidayat, 2015; Kouping et al., 2014; Trakel et al.,
2011, Yang et al., 2016) The latest development in
handling soil contaminated with heavy metals is by
using biochar, biochar is organic biomass which
undergoes a thermolysis process and can be made
on a simple scale which can be developed to
overcome polluted environmental problems.
Biochar has a large surface area, and high capacity to
absorb heavy metals so it can be potentially used to
reduce bioavailability and leaching of heavy metals
and also organic pollutants in the soil through
adsorption and other physicochemical reactions
(Namgay et al., 2010; Uzoma et al., 2011).

Biochar is a co-product of a thermochemical
conversion of biomass that is recognized to be a
beneficial soil amendment which when incorporated
into the soil increases soil water retention, improved
the saturated hydraulic conductivity of the topsoil,
affected aggregation, infiltration, and water-holding
capacity, decreased soil penetration resistance
(Baronti et al., 2014;  Asai et al., 2009; Uzoma et al.,
2011;  Busscher et al., 2010; Pranagal et al., 2017).

Biochar can play a key role in nutrient cycling,
potentially affecting nitrogen retention when
applied to soils. Data appeared to suggest that
biochar could be used as a potential nutrient-
retaining additive in order to increase the utilization
efficiency of chemical fertilizers (Ding et al., 2010;
Vaccari et al., 2011)  Application of biochar improved
available phosphorus, exchangeable cations and
cation exchange capacity in biochar treated soils
compared to the control soil without biochar
(Downie et al., 2009; Namgay et al., 2010; Ouyang et
al., 2013).

Evidence suggests that biochar influences soil
physical properties, especially soil hydrology, yet
relatively little data exists on this topic, especially in
relation to soil type or characteristics. With the
increasing amount of biochar, changes to bulk
density, field capacity, and available water were
more pronounced (Lehmann et al., 2009, Laird et al.,
2010; Skjemstad et al., 2002; Peake et al., 2014).
Application of untreated and carbonized rice husks
increased total organic carbon, total soil N, the C/N
ratio, and available P and K. Not significant or small
effects were observed for soil reaction, exchangeable
Ca, Mg, Na, and the CEC. (Haefele et al., 2010;
Uzoma et al., 2011). Biochar is stable and could have
similar water and nutrient retention impacts as peat
moss when mixed in sand-based turfgrass root
zones. Saturated hydraulic conductivity (K sat) of
the root zones decreased as biochar concentrations

increased (Brockhoff et al., 2010; Zhu et al., 2014).
As pyrolysis temperature increased, ash content,

pH, electrical conductivity, basic functional groups,
carbon stability, and total content of C, N, P, K, Ca,
and Mg increased while biochar yield, total content
of O, H and S, unstable form of organic C and acidic
functional groups decreased. The ratios of O/C, H/
C, (O + N)/C, and (O + N + S)/C tended to decrease
with temperature. Biochar pyrolyzed at high
temperature may possess a higher carbon
sequestration potential when applied to the soil
compared to that obtained at low temperature (Al-
Wabel et al.,2013; Zhang et al., 2017; Khan et al.,
2016). The results showed that not all biochar
properties changed consistently with increasing
pyrolysis temperature during slow pyrolysis. The
significant increase in biochar pH with increasing
pyrolysis temperature. Additionally, the soil pH
increased markedly after the addition of biochar
(Steiner et al., 2003; Jiang et al., 2012).

MATERIALS AND METHODS

Location

The location of the study is in the FMIPA Basic
Laboratory in Lambung Mangkurat University in
November 2017 - December 2017. Astronomically, it
is at 7o57¬’11.9 “S and 112o36’42.7" E.
Stage of Research

Preparation

The preparation stage is by preparing the materials
used, including Rice Husk, Corn Cob and Polluted
Soil Cadmium (Cd). Polluted Soil Samples
Cadmium (Cd) heavy metals were obtained from
100 m soil from the Lapindo Mud embankment in
Sidoarjo, East Java. The formula (Biochar dose of
Rice Husk and Biochar Corn Cob) uses a ratio of 1:
10, meaning that every 500 grams of Biochar are
mixed with 5 kg of Soil.

Implementation phase

The implementation phase starts by mixing Biochar
with Cadmium (Cd) heavy metal contaminated Soil.
5 kg of heavy metal contaminated the soil with 500
grams of biochar were made with a temperature of
500 ° C, 600 ° C, 700 ° C and given three replications.
Every two weeks for two months a test or analysis of
predetermined parameters is carried out. the
parameters used in this study include Temperature,
pH, C-Organic, Water Content, and Levels of
Cadmium (Cd).
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Data Analysis

Based On Data obtained from testing the levels of
Cadmium (Cd) heavy metals contaminated soil
using biochar made from corn cobs, the analysis was
carried out in two ways, namely:
A. Analyze data on the effect of differences in the

temperature of making biochar using corn
cobs to reduce the levels of heavy metal
Cadmium (Cd) in polluted soil. The analysis
used in this experiment used a Completely
Randomized Design (CRD) which was
arranged factorially three times. Several
reasons were chosen for this complete
randomized design arranged in factorial, this
experiment was carried out on a laboratory
scale. Experiments were carried out on a
laboratory scale because the experiments were
not large enough and the number of
treatments was only three replications. Not
only this factorial complete randomized design
are, among others, but the statistical analysis of
the experimental subjects also is quite simple,
flexible in the use of the number of treatments
and replications, missing data is relatively
smaller when compared with the other
designs.

B. Analysis of data that affects parameters. The
parameters observed in this experiment were
temperature, pH, water content, cadmium
(Cd), and organic C levels. Analysis of the
parameters obtained, researchers used
descriptive analysis. This experiment was
conducted using descriptive analysis which
was included in the quantitative analysis to
analyze the parameter that had been obtained.
Descriptive analysis is an analysis carried out
by describing the data that has been collected
as it is obtained with the aim of making a
conclusion that applies to the public. The
following is a descriptive analysis technique
that can be used, namely:

i. Presentation of data in visual forms such as
histograms, ogives, polygons, pie charts, bar
charts, pie charts, and symbol diagrams.

ii. Presentation of data in the form of tables or
frequency distributions and cross-tabulations.
This analysis is to find out the trends in the
findings of the research, whether they are
classified as low, medium or high.

iii. Location size calculation (decile, quartile, and
percentil).

iv. Calculation of the central dimension (mean,
mode and median).

v. Calculation of the size of the distribution of
variance, range, standard deviation, quartile
deviation, mean deviation, and so on.

RESULTS AND DISCUSSION

Research Location Characteristics

The research location is 100 meters from the Lapindo
Mud Embankment in Siring Village, Porong District,
Sidaorjo Regency, East Java. Geographically the
embankment of the Lapindo Mud is at 7 ° 31 ’37.1 “S
and 112 ° 42' 42.1” E. The soil around the
embankment is Heavy Metal Polluted Land from
Lapindo Waste. Figure 1 below is an area submerged
by the mud flow.

(Source: Google Earth, 2017)
Fig. 1. Mud Submerged Area

Characteristics of Early Soils

Soil extraction is carried out using a 3 m x 3 m spade
with a depth of about 30 cm. The soil that has been
taken is then dried and sieved to homogenize the
weight and size and has a sandy and dusty texture
with pH. Rather acid tends to be neutral, the water
content is low, and the neutral pH tends to be acidic.
In addition to physical analysis, soil C-Organic
chemistry tests were also carried out which were
quite high and cadmium (Cd) levels in the soil.
Initial analysis of soil physical and chemical
properties can be seen in Table 1.

Biochar Characteristics

In this study, the organic material used as soil
enhancer to reduce the levels of heavy metal
cadmium (Cd) is biochar made from corn cobs as
well as rice and rice husk husk with three different
pyrolysis temperatures, which are 500 ° C, 600 ° C,
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and 700 ° C. Biochar of corn cobs and rice husk is
made by drying it first in the sun and then using an
oven temperature of 105 ° C to reduce the moisture
content of the soil enhancer. The higher the
temperature used in making biochar, the less biochar
is obtained from the results of pyrolysis. The
difference in the mass of making biochar can be seen
in Table 2 and Table 3 below.

Analysis of Characteristics of Soil mixed with
Biochar

Observation of soil characteristics mixed with
Biochar made from corn cobs and rice husks are pH,
temperature, moisture content, organic C and
cadmium (Cd) levels in the soil. The results of
measurements of soil pH after mixing with biochar

Corn Cob and rice husk can be seen in Figs. 2 and 3.
Based on Figure 4 above it is known that an

increase in soil temperature given corn cob biochar
made at a temperature of 500 °C, 600 °C, 700 °C
experienced an increase in average. Temperatures of
5.82%, 6.89%, and 6.66 %. Biochar of rice husk made

Table 3. Mass Results of Making Rice Husk Biochar

Biochar Raw After After become After sifting
Temperature Materials Drying Biochar (kg) 60 mesh (kg)
(°C) (kg) (kg)

500 24 13.44 8.64 7.11
600 24 13.44 8.42 6.97

700 24 13,44
8.10 6.56

Source: Laboratory Results of FMIPA Laboratory of Lambung Mangkurat University, 2018

Table 2. The mass produced by Corn Cob Biochar

Biochar Raw After After After sifting
Temperature Materials Drying become 60 mesh (kg)
(°C) (kg) (kg) Biochar (kg)

500 24 11.04 7.08 6.45
600 24 11.04 6.95 6.21
700 24 11.04 6.88 6.12

Source: Laboratory Results of FMIPA Laboratory of Lambung Mangkurat University, 2018

Table 1. Initial analysis of soil physical and chemical
properties

Nature of Soil Value Criteria

Texture - Dusty
Sand (%) 72.4 Sand
Dust (%) 26.9
clay (%) 0.7
Water Content (%) 1.79 low
pH 6.5 Neutral
Temperature (°C) 27 Medium
C – Organik (%) 14.65 High
Cadmium (ppm) 3.54 High

Source: Test result by FMIPA Laboratorium Lambung
Mangkurat University, 2017

Fig. 2. Bar chart relationship of biochar temperature and
time of corn cob to pH

Fig. 3. Bar chart relationship of biochar temperature and
time of rice husk to pH
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with a temperature of 500 °C, 600 °C, 700 °C
experienced an increase in average temperature of
6.89%, 10%, and 10%. It can be seen in Figs. 6 and 7.

Based on Figure 2 above it is known that an
increase in soil pH given corn cob biochar made at a
temperature of 500 °C, 600 °C, 700 °C has an
increase in pH on average 9.54%, 11.34%, and
12.65%. Biochar of rice husk made at a temperature
of 500 °C, 600 °C, 700 °C experienced an increase in
pH averaging 7.3%, 9.8% and 10.87%. The results of
measurements of soil temperature after mixing with
biochar Corn cobs and rice husks are seen in Figs. 4
and 5.

made at a temperature of 500 ° C, 600 ° C, 700 ° C
experienced an increase in C-Organic on average
9.9%, 12.55%, and 13.58%. Biochar of rice husk made
at a temperature of 500 ° C, 600° C, 700 ° C
experienced an increase in C- Organic averaging
7.35%, 8.18%, and 11.81%. The measurement results
of Cadmium (Cd) levels in the soil after mixing with
biochar Corn cobs and rice husks are seen in Figures
7 and 8.

Based on Figure 8 above it is known that an
increase in the level of Cadmium (Cd) of soil given

Fig. 4. Bar chart of the relationship of the biochar
temperature and time of corncob to temperature

Fig. 5. Bar chart of the relationship between the biochar
temperature and time of rice husk to temperature

Fig. 6. Bar chart of the relationship between biochar
temperature of corn cobs and water content

Fig. 7. Bar chart of the relationship between biochar
temperature and rice husk time to water content

Fig. 8. Bar chart of the relationship between temperature
and time of biochar of corn cobs to C-Organic

Based on Figure 6 above, it is known that an
increase in soil water content given corn cob biochar
made at a temperature of 500 ° C, 600 ° C, 700 ° C
has an increase in pH averaging 8.23%, 9.8%, and 10,
87%. Biochar of rice husk made with a temperature
of 500 ° C, 600 ° C, 700° C increased the average
water content 9.02%, 10.34%, and 11.44%. The
results of measurements of soil C-organic after
mixing with biochar Corn cobs and rice husks are
seen in Figure 8 and Figure 9.

Based on Figure 8 above it is known that an
increase in soil C-organic given corn cob biochar
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corn cob biochar made at a temperature of 500 ° C,
600 °C, 700 °C decreased the level of Cadmium (Cd)
on average 7.35%, 13, 72%, and 18.43%. Biochar of
rice husk made at a temperature of 500 °C, 600 °C,
700 °C decreased the level of Cadmium (Cd) on
average 15.88%, 17.60% and 21.34%.

Factors Affecting Soil Improvement using Biochar

The success of Biochar in improving soil properties
depends on the type of raw material, pyrolysis
temperature and combustion time. According to the
Castellini et al. (2015), biochar is alkaline, so that
when the bases are decomposed or hydrolyzed will
release OH- ion so that it can increase the pH of the
soil. The increase in pH in acid soils is caused by an
increase in the concentration of alkali metal oxides
derived from biochar (Steiner et al., 2003).

The land used as dried test material is
agricultural land classified as dusty sand soil.
Coarse-textured soils have a lower water holding
capacity than fine-textured soils which can destroy
plants which, if planted on the soil, will be more
prone to drought than clay or clay textures
(Castellini et al., 2015). According to Ding et al.
(2010), in general, biochar has an irregular surface
shape with a porous structure so that biochar has
high water absorption and is resistant to
microorganism decomposition. These properties
cause biochar to have high retention power to
reduce nutrient leaching and increase water content
in the soil (Laird et al., 2010).

The presence of C-Organic is increasing in the soil
which is an energy source of microorganisms and as
the main adhesive agent for microbes that increases
soil aggregate stability so that the soil structure
becomes good (Ouyang et al., 2013). In addition,
Baronti et al. (2014) Novak et al.(2012) Bruun et
al.(2014) says that organic materials such as C-
Organic have a high capacity to store water because
C-organic is an adhesive of loose grains and is the
main source of nitrogen, phosphorus, and sulfur so
that it can maintain and increase water content in
the soil.

This is because Organic Materials that are used as
soil enhancers (Biochar) undergo a decomposition
process and produce organic substances that act as
adhesives in the process of forming soil aggregates.
Aggregates can create a good soil physical
environment (Ouyang et al., 2013; Herath et al.,
2013). According to (Skjemstad et al., 2002), Biochar
can reduce the mobility of heavy metals in
contaminated soils that cannot be absorbed by

plants because they are no longer available to plants.
Jieng et al. (2012) also mentioned that the use of
biochar derived from rice husk can reduce Pb and
Cd radical mobility by up to 90% in soils that have a
low pH. The administration of Biochar can reduce
the greatest bioavailability of Cd metal compared to
other metals especially through adsorption or co-
precipitation (Zhou et al., 2008).

Biochar which is made from the same type of
material will produce different qualities when made
using different temperatures. Biochar which is
produced at high temperatures (600 °C) generally
has a high surface area that good for physical
absorption but has fewer functional groups and
lower nutrient content, but otherwise biochar is
carried at 400 °C-500 °C has a functional group that
is diverse and relatively contains more nutrients
(Zhang et al., 2013).

CONCLUSIONS

From the research that has been done, it can be
concluded as follows:
1. The difference in biochar making temperature

affects the decrease in cadmium (Cd) heavy
metal content of 7.35% - 11.45% for biochar made
with raw materials of Corn Cobs and 9.9% -
13.58% for raw materials of husk rice.

2. Biochar made from rice husks and corn cobs can
increase soil temperature by 5.82% - 10%, acid
soil pH of 7.3% - 12.65%, low soil moisture
content of 15.49% - 21.42%, and increase the C-
Organic content in the soil by 9.9% - 18.81%.

3. Biochar which is made using rice husks
improves soil quality slightly better than corn
cobs because of the comparison of the larger
biochar C-Organic rice husks in the soil where C-
Organic is an energy source of microorganisms
and is the main adhesive agent for microbes
which increases aggregate stability soil that
improves soil structure.

ACKNOWLEDGMENTS

The authors thank the management of Laboratory of
FMIPA Basic Laboratory in Lambung Mangkurat
University and management of Environmental
Engineering Laboratory Brawijaya University.

REFERENCES

Al-Wabel, M.I., Al-Omran, A., El-Naggar, A.H., Nadeem,



450 WIROSOEDARMO ET AL

M. and Usman, A.R.A. 2013. Pyrolysis temperature
induced changesin characteristics and chemical
composition of biochar produced from conocarpus
wastes. Bioresour. Technol. 131 : 374-379.

Asai, H., Samsn, B.K., Stephan, H.M., Songvikhangsuthor
K., Homma, K., Kiyono, Y., Inoue Y., Shirahiwa T.
and Takhesi Horie, T. 2009. Biochar amendment
techniques for upland rice production in Northern
Laos:1. Soil physical properties, leaf SPAD and rain
yield. Field Crops Research Volume 11 issues 1-2,
15 March 2009, Pages 81-84.

Barnes, R.T., Gallagher, M.E., Masiello, C.A., Liu, Z. and
Dugan B. 2014. Biochar Induced changes in soil
hydraulic conductivity and dissolved nutrient fluxes
constrained by laboratory experiments. PLoS One.
9 (9) : e108340.

Baronti, S., Vaccari, F.P., Miglietta, F., Calzolari, C.,
Lugat, O.E., Orlandini, S., Pini, R., Zulian, C. and
Genesi, L. 2014. Impact of biochar application on
plant water relations in Vitis vinifera (L.). Eur. J.
Agron. 53 : 38-44.

Brockhoff, S.R., Christians, N.E., Killorn, R.J., Horton, R.
and Davis, D.D. 2010. Physical and Mineral-
Nutrition Properties of Sand-Based Turfgrass Root
Zones Amended with Biochar. Agron. J. 102 : 1627-
1631.

Bruun, E.W., Petersen, C.T., Hansen, E., Holm, J.K. and
Hauggaard-Nielsen, H. 2014. Biochar amendment
to coarse sandy subsoil improves root growth and
increases water retention. Soil Use and
Management. 30 : 109–118.

Busscher, W.J., Novak, J.M., Evans, D.E., Watts, D.W.,
Niandou, M.A.S. and Ahmedna, M. 2010. Influence
of pecan biochar on physical properties of a Norfolk
loamy sand. Soil Sci. 175 : 10-44.

Castellini, M., Giglio, L., Niedda, M., Palumbo, A.D. and
Ventrella, D. 2015. Impact of biochar addition on the
physical and hydraulic properties of  a clay soil. . . . . Soil
and Tillage Research. Volume 154, December
2015, Pages  1-13.

Ding, Y., Liu, Y., Wu, W., Shi, D., Yang, M. and Zhong, Z.
2010. Evaluation of biochar effects on nitrogen
retention and leaching in multi-layered soil columns.
Water Air and Soil Pollution. 213 : 47-55.

Downie, A., Crosky, A. and Munroe, P. 2009. Physical
Properties of Biochar. In: Lehmann, J., Joseph,
S.(Eds.), Biochar for Environmental Management.
Earthscan, London,pp. 13-32.

Haefele, S.M., Konboon, Y., Wongboon, W., Amarante,
S., Maarifat, A.A., Pfeiffer, E.M. and Knoblauch, C.
2011. Effects and fate of biochar from rice residues
in rice-based systems. Field Crops Res. 121 : 430-
440.

Herath, H.M.S.K., Camps-Arbestain, M. and Hedley, M.
2013. Effect of biochar on soil physical properties in
two contrasting soils: An Alfisol and an Andisol.
Geoderma. 209–210: 188–197.

Hidayat, Benny. 2015. Remediation Metal Polluted Land
Weight using Biochar.  Journal of AgricultureTropik
(ISSN 2356-4725). 2, No.1. April 2015. (7) : 31- 41.

Jiang, J., Ren-Kou, X., Tian-yu, J. and Zhuo, L. 2012.
Immobilization of Cu(II), Pb(II) and  Cd (II) by the
addiction of rice straw derived biochar to a
simulated polluted Ultisol. Journal of Hazardous
Materials. 229- 230 : 145-150.

Khan, M. Z. H. 2016. Pyrolytic Waste Plastic Oil and Its
Diesel Blend: Fuel Characterization. Journal of
Environmental and Public Health. Hindawi, 2016,
pp. 1–6. doi: 10.1155/2016/7869080.

Kouping, L., Xing, Y., Jiajia, S., Brett, R., Huangan, H.,
Dan, L., Nanthi, B., Jianchuan, P. and Haliong, W.
2014. Effect of bamboo and rice straw biochars on
the bioavailability of Cd, Cu, Pb and Zn to Sedum
plumbizincicola. Agriculture, Ecosyatems and
Enviroment. 191 : 124-132.

Laird, D.A., Fleming, P., Davis, D.D., Horton, R., Wang,
B. and Karlen, D.L. 2010. Impact of biochar
amendments on the quality of a typical  Midwestern
agricultural soil. Geoderma. 158 (3-4) : 443- 449.

Lehmann, J. and Joseph, S. 2009. Biochar For
Environmental Management: Science  and
Technology. Earthscan, London, UK.

Namgay, T., Singh, B. and Singh, B.P. 2010. Influence of
biochar application to soil on the availability of As,
Cd, Cu, Pb, and Zn to maize (Zea mays L.). Soil
Research. 48(6-7) : 638-647.

Novak, J.M., Busscher, W.J., Watts, D.W., Amonette, J.E.
and Ippolito, J.A. 2012. Biochars Impact on Soil-
Moisture Storage in an Ultisol and Two-Aridisols.
Soil Science. 177 : 310–320.

Ouyang, L.,Wang, F., Tang, J., Yu, L. R. and Zhang, R.
2013. Effects of biochar amendmenton soil
aggregates and hydraulic properties. J. Soil Sci.
Plant Nutr. 13(4) : 991-1002.

Peake, L.R., Reid, B.J. and Xiangyu, T. 2014. Quantifying
the influence of biochar on the physical and
hydrological properties of dissimilar soils.
Geoderma, 235–236 : 182-190.

Pranagal, J., Oleszczuk, O., Tomaszewska-Krojanska, D.,
Kraska, P. and Rosylo, K. 2017. Effect of biochar
application on the physical properties of Haplic
Podzol. Soil and Tillage Research. Volume 174,
December 2017, Pages 92-103.

Skjemstad, J.O., Reicosky, D.C., McGowan, J.A. and
Wilts, A.R. 2002. Charcoal Carbon in U.S
Agricultural Soils. Soil Sci Soc Am J. 66 : 1249-
1255.

Steiner, C., Teixeira, W., Lehmann, J. and Zech, W. 2003.
Microbial Response to Charcoal Amandements of
Highly Weathered Soils and Amazonian dark
Earths in Central Amazonia. Dordrecht: Kluwer
Academic                      Publishers: 196-221.

Trake, L., Komarel, M., Szakova, V., Zemanova, V. and
Tlustos P. 2011. Biochar application to metal-



EFFECT OF PYROLYSIS TEMPERATURE ON BIOCHAR TO REDUCE CADMIUM 451

contaminated soil: Evaluating of Cd, Cu, Pb and Zn
sorption behavior using single- and multi-element
sorption experiment. Plant Soil Environ. 57 (8) :
372–380.

Uzoma, K.C., Inoue, M., Andry, H., Fujimaki, H., Zahoor,
A. and Nishihara, E. 2011. Effect of cow manure
biochar on maize productivity under sandy soil
condition. Soil Use Manage. 27 (2) (2011) : 205-
212.

Uzoma, M.I., Andry, H., Zahoor, A. and Nishihara, E.
2011. Influence of biochar application on sandy soil
hydraulic properties and nutrient retention. Food
Agric. Environ. (JFAE). 9 (3–4)(2011) : 1137-1143.

Vaccari, F.P., Baronti, S., Lugato, E., Genesio, L.,
Castaldi, S., Fornasier, F. and Miglietta, F. 2011.
Biochar as strategy to sequester carbon and
increase yield in durum wheat. Eur. J. Agron. 34

(2011) : 231-238.
Yang, X., Liu, McGrouther, Huang, H., Lu, K., Goa, X., He,

L., Liu, X., Che, L., Ye, Z. and Wang, H. 2016.
Effect of Biochar on the extaractability on heavy
metal (Cd,Cu,Pb and Zn) and Enzyme activity in
Soil. Environ. Sci. Pollut. Res Int. 2016 Jan 23(2):
974-84 doi.10.1007/s11356-015-4233-0 Epub 2015
Mar 14.

Zhang, H., Chen, C., Gray, E.M. and Boyd, S.E. 2017.
Effect of feedstock and pyrolysis temperature on
properties of biochar governing end use efficacy.
Biomass and Bioenergy. Volume 105, October
2017, Pages 136-146.

Zhu, Q.H., Peng, X.H., Huang, T.Q., Xie, Z.B., Holden,
N.M. 2014. Effect of biochar addition on maize
growth and nitrogen use efficiency in acidic red
soils. Pedosphere. 24(6): 699-708.


