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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for Doctor of Philosophy 

 

 

CHARACTERIZATION AND STABILITY OF SELECTED BIOCHARS AND 

EFFECT OF THEIR APPLICATION ON SOIL PHYSICAL PROPERTIES 

AND CORN GROWTH 

 

 

By 

 

HUDA ABULRAZZAQ MOHIALDEEN 

 

 

April 2015 

 

Chairman:  Hamdan Jol, PhD 

Faculty     : Agriculture 

 

The intentional amendment of soil with biochar is offering a new strategy for 

improving soil fertility and sequestering atmospheric CO2. Nonetheless, the 

characteristics of biochars vary with their different conditions and pyrolysis techniques 

to improve the physical properties and carbon sequestration of soil as to enhance plants 

growth. This research is to prove that biochar considers as a stable product that can be 

produced from feedstock pyrolysis by one of the available bioenergy production 

techniques.  The study aimed to improve the understanding of how adding biochar 

applications and the pyrolysis of native feedstock to soil can be utilized to improve 

carbon stability, soil physical properties, and soil fertility in Malaysia. Adding biochar 

to soils has established a variety of advantages that vary according to the type of the 

feedstock as the types of the utilized pyrolysis conditions in biochar production. An 

emphasis was placed on understanding how both of biomass material and production 

conditions of the pyrolysis process can influence biochar characteristics, and what 

effects can result from adding different rate of the amendment biochar on soil and plant 

growth. Three kinds of primary biochar were used, namely, empty fruit bunch biochar 

(EFB), wood biochar (WB), and rice husk biochar (RHB). EFB and WB were 

produced by slow pyrolysis method, whereas RHB was produced by the gasification. 

Four sets of experiments were conducted. In the first set of experiments, the influences 

of slow pyrolysis and gasification on biochars were examined independently.  The 

physicochemical structure of the produced biochars was characterized with various 

analytical techniques including FTIR, XRD, SEM, HPLC, and BET surface area 

analysis. In the second and third sets of experiments, a field study had been carried out 

to evaluate the effect of the biochar incorporation on soil in regards to the carbon 

stability and soil physical properties, the final set was carried out in a shade house to 

evaluate the effect of adding biochars treatment on plants’ heights and dry shoot 

growth. The results revealed the presence of a very labile C-fraction in RHB with a 

very small decay constant K3. Fourier transform infrared spectroscopy and X-ray 

diffraction showed three phases of the biochar, from the microcrystalline C of the 

labile fraction to the largely amorphous intermediate C of the unstable fraction, and 

finally the formation of turbostratic crystallite C in the recalcitrant fraction. 

Furthermore, biochar incorporation into soil has effect on soil water content and 
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hydraulic conductivity, contributes to improve soil structure, and improved moisture 

characteristics, regarding to the extensive pore structures, surface characteristics, and 

high porosity of RHB as compared to EFB and WB.  EFB30 in pot trials resulted in a 

highly positive effect on sweet corn growth with 50% of fertilizers; On the other hand, 

RHB30 did not have positive impact on the growth. Due to its labile fraction might 

cause microbial immobilization of soil N. 

 

 It has been concluded that, RHB had a higher degree of aromaticity, greater stability, 

and therefore should be more recalcitrant to biological and chemical degradation. 

Applying biochar substances by using local materials is assessing promises of being an 

environmentally sound in enhancing the physical characteristics of soil and crop 

productivity in Malaysia.  
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HUDA ABULRAZZAQ MOHIALDEEN 

 

April 2015 

 

Pengerusi  : Hamdan Jol, PhD 

Fakulti      : Pertanian 

Pindaan yang disengajakan terhadap tanah menggunakan bioarang (biochar) 

menawarkan strategi baharu untuk meningkatkan kesuburan tanah dan pemencilan CO2 

dalam atmosfera.. Walau bagaimanapun, ciri-ciri bioarang berbeza mengikut keadaan 

dan teknik pirolisis untuk menambah baik sifat-sifat fizikal dan pemencilan karbon 

bagi tanah untuk merangsang pertumbuhan tanaman. Kajian ini dijalankan untuk 

membuktikan bahawa bioarang boleh dianggap sebagai produk yang stabil yang boleh 

dihasilkan daripada pirolisis bahan mentah melalui salah satu teknik penghasilan 

biotenaga sedia ada. Kajian ini bertujuan meningkatkan pemahaman mengenai kesan 

penambahan aplikasi-aplikasi bioarang dan pirolisis bahan mentah setempat kepada 

tanah boleh digunakan untuk meningkatkan kesuburan tanah, sifat fizikal tanah dan 

kestabilan karbon di Malaysia.Penambahan bioarang kepada tanah telah memantapkan 

pelbagai kelebihan yang berbeza mengikut jenis bahan mentah dan juga keadaan 

pirolisis yang digunakan dalam penghasilan bioarang. Penekanan diberikan ke atas 

pemahaman cara kedua-dua bahan biojisim dan keadaan penghasilan bagi proses 

pirolisis boleh mempengaruhi ciri-ciri bioarang, dan kesan-kesan yang diperoleh 

dengan mencampurkan bioarang yang diubah suai dengan kadar yang berbeza terhadap 

tanah dan pertumbuhan tanaman. Terdapat tiga jenis bioarang utama yang digunakan 

iaitu bioarang hampas buah (EFB), bioarang kayu (WB), dan bioarang sekam padi 

(RHB). EFB dan WB dihasilkan daripada kaedah pirolisis perlahan, manakala RHB 

terhasil melalui proses pengegasan. Empat set eksperimen telah dijalankan. Dalam 

eksperimen set pertama, pengaruh pirolisis perlahan dan pengegasan terhadap bioarang 

diperiksa secara berasingan. Struktur fizikokimia bioarang yang dihasilkan dicirikan 

dengan pelbagai teknik analisis termasuk analisis kawasan permukaan FTIR, XRD, 

SEM, HPLC, dan BET. Dalam eksperimen bagi set kedua dan ketiga, kajian lapangan 

dijalankan untuk menilai kesan penggabungan bioarang dengan tanah terhadap 

kestabilan karbon dan sifat-sifat fizikal tanah. Perawatan melalui tiga kadar bioarang 

yang berbeza 0 t ha-1, 15 t ha-1 dan 30 t ha-1 secara berturutan mengikut reka bentuk 

Blok Lengkap Terawak. Bioarang ditanam pada 10 cm kedalaman tanah. Selepas 194 

hari, pengukuran lapangan yang terdiri daripada empat replikasi bagi kekonduksian 

hidraulik dan pensampelan teras dilaksanakan untuk mengukur ketumpatan pukal, 

keliangan tanah, dan menganalisis ciri-ciri kelembapan. Set terakhir dilakukan di 

sebuah rumah lindung untuk menilai kesan perawatan bioarang campuran terhadap 
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ketinggian tanaman dan pertumbuhan pucuk kering melalui ujian reka bentuk yang 

telah diatur sebagai satu reka bentuk yang rawak sepenuhnya dengan empat replikasi. 

Aplikasi bahan bioarang melalui penggunaan bahan-bahan tempatan menjanjikan 

teknologi mesra alam bagi merangsang ciri-ciri fizikal tanah dan produktiviti tanaman 

di Malaysia. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background 

 

 

More than two million tons of agricultural wastes are produced in Malaysia annually. 

The presence of this waste and residues has generated several disposal problems to the 

country (Sopian et al., 2005), the main problems are:  uncontrolled released of 

greenhouse gases/global warming, groundwater contamination from leachate,    

environmental pollution  for example emission of smoke and  haze hazard  and  

emission of toxic chemicals such as dioxins (Hassan et al., 2005). Therefore, it is 

important to find beneficial way to utilize for these resources.  

The main sources for agricultural wastes in Malaysia are generally produced from oil 

palm, paddy straw, sawn logs, and tropical fruits (Azlina et al., 2010). The process of 

milling palm to extract oil produces solid wastes of fibber, shell, and empty fruit 

bunches, where refining one ton of oil palm is producing nearly 0.15 tons of palm fiber, 

0.07 tons of palm shell, and 0.2 tons of empty fruit bunches  (Azlina et al.,2010). In 

contrast, paddy straw and rice husks can consequently produce wastes of 78% and 22% 

its weight that can be reused for generating biomass-based power (Umamaheswaran & 

Batra, 2008), Figure 1.1. 

Figure 1.1 Biomass Residues Produced From Various Industries in Malaysia 

(Source:  Hassan & Shirai, 2003) 

Thermo-chemical conversion of waste via pyrolysis demonstrates an excellent potential 

technique that produces biochar as being a co-product. That, when applied to soil, it 

probably enhances the soil structure, sequesters carbon, and absorbs toxins (Liu et al., 

2012; Ahmad et al., 2014; Ennis et al., 2012).  
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The term ‘biochar’ is a solid material obtained from thermo-chemical conversion of 

biomass in an oxygen-limited environment that is used for the safe and long-term 

storage of carbon in the environment and for soil improvement. Additionally, it is a 

relatively recent development, emerging in conjunction with soil management and 

carbon sequestration issues (Lehmann et al., 2006). Another definition is referring 

‘biochar’ term simply as the meaning of ‘Charcoal application to soils’ that could be 

enhanced its physicochemical features of soil (Brown, 2009).  

Realizing the heterogeneity of Biochar’ material can possess a range of chemical 

structures and elemental composition. This variability is based on the pyrolysis 

temperatures, heating rates, and biomass, which given this large variability is to be 

expected in the physicochemical properties of the biochars, and ultimately, in their 

performance as a soil amendment in the soil (McHenry, 2011).  

The three main techniques employed for producing biochar from various biomass 

sources are pyrolysis, gasification and combustion. Pyrolysis is actually a thermo-

chemical process where biomass is converted to a carbon- rich solid (biochar) and 

volatile matter (liquids and gases) by heating in the absence of oxygen (Maschio et al., 

1992). Furthermore, traditional charcoal producing commonly utilizes slow pyrolysis 

conditions: slow heating rates (1-250 °C/min) in the absence of oxygen, and long 

residence times (hours to days), while gasification means incomplete combustion of 

biomass resulting in production of combustible gases consisting of Carbon monoxide, 

Hydrogen and traces of Methane (Bridgwater, 1995). 

Malaysia produces large quantities of palm oil empty fruit bunches approximately 18 

million tons annually. Universiti of Putra Malaysia worked together with Nasmech 

Technology Sdn Bhd to process empty fruit bunches biochar (EFB) through slow 

pyrolysis of biomass, with a capacity of 20 tons/day (Kong et al., 2014).  The plant 

consisted of three pairs of ovens and a rotating drum. For the start-up, the oven heated 

by using a produced hot air by a diesel burner. When fully operational, the heat 

supplied through generated hot gas by a recycle gas burner. Whereas biochar from 

Malaysian mangrove wood, that is regarded as a widespread tree located in swamps 

especially at river mouths, is produced by kilning the logs over a lengthy eight to ten 

days at 220 °C followed by baking process for another two weeks at 83 °C, it is 

appeared as a strong and  high density structure (Sivakumarana, 2010). 

Rice husk and paddy straw tend also to be a significant potential for biomass-based 

power generation following wood and palm oil residues. (Hashim, 2005) recorded that 

the rice husk generated in year 2000 up to 471000  tonnes and also the potential power 

generated from the utilization of rice husk was approximately 72.07 MW during the 

gasification process. This trend is predicted while continue rising every year (Yusof et 

al., 2008).   

The stability of biochar in soil is an important whether it is to be used for carbon 

sequestration in addition to long-term enhancement of soil characteristics. It is widely 
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recognized that a substantial fraction of biochar is quite stable in soil;but CO2 gas is 

released immediately after application (Bruun et al., 2014). 

Although, biochars are produced in Malaysia; few research studies have been 

conducted on the decomposition of biochars in soil. Thus, an investigation on the 

biochar decay rate is important prior to the biochar application. This thesis correlates 

pyrolysis technologies and the resulting biochar characteristics to its stability. In 

addition, the carbon mineralization was assessed based on the characteristics of the 

biochar. The half-life was determined for the biochars produced by both pyrolysis and 

gasification.  

This thesis results have potential consequences related to the concerns about global 

warming; as decreasing the emission of CO2 gas from the soil might increase the value 

of the applied biochar, which in its turn, can contribute in producing  more 

economically productive bioenergy. These facts are valuable in an attempt to substitute 

feedstock sources for soil amendments, reducing greenhouse gas emissions, in addition 

to consider it as a sustainable source to obtain energy. 

1.2 Objectives 

 

The overall objective of this thesis was to study the short-term effects of soil 

application of slow pyrolysis and gasification biochar on carbon mineralization. It also 

correlates the pyrolysis technologies and the described characteristics of biochar to its 

stability. The half-life and mean residences time were determined. 

This main objective was attained by achieving the following objectives: 

1) To study the characteristics of three kinds of produced biochar from the slow 

pyrolysis and gasification. 

2) To measure the stability of biochars in soil, and to correlate between the 

defined stability and the biochar structure. 

3) To determine the effect of adding biochars to soil on the physical properties of 

the treated soil. 

4) To determine the effect of adding biochars to soil on growth of the sweet corn  

 

 



© C
OPYRIG

HT U
PM

  

89 
 

REFERENCES 

 

 

Abel, S., Peters, A., Trinks, S., Schonsky, H., Facklam, M., & Wessolek, G. (2013). 

Impact of biochar and hydrochar addition on water retention and water 

repellency of sandy soil. Geoderma, 202, 183-191.  

 

Ahmad, M., Rajapaksha, A. U., Lim, J. E., Zhang, M., Bolan, N., Mohan, D., Ok, Y. S. 

(2014). Biochar as a sorbent for contaminant management in soil and water: A 

review. Chemosphere, 99, 19-33.  

 

Ahmedna, M., Marshall, W., & Rao, R. (2000). Production of granular activated 

carbons from select agricultural by-products and evaluation of their physical, 

chemical and adsorption properties. Bioresource Technology, 71, 113-123.  

 

Alburquerque, J. A., Salazar, P., Barron, V., Torrent, J., del Campillo, M. D., Gallardo, 

A., & Villar, R. (2013). Enhanced wheat yield by biochar addition under 

different mineral fertilization levels. Agronomy for Sustainable Development, 

33, 475-484. 

 

Almendros, G., Knicker, H., & González-Vila, F. J. (2003). Rearrangement of carbon 

and nitrogen forms in peat after progressive thermal oxidation as determined 

by solid-state 13 C-and  N-NMR spectroscopy. Organic Geochemistry, 34, 

1559-1568.  

 

Amonette, J. E., & Joseph, S. (2009). Characteristics of biochar: Microchemical 

properties. Biochar for environmental management: Science and technology. 

Earthscan, London, 33-52.  

 

Angin, D., & Sensoz, S. (2014). Effect of Pyrolysis Temperature on Chemical and 

Surface Properties of Biochar of Rapeseed (Brassica Napus L.). International 

Journal of Phytoremediation, 16, 684-693.  

 

Alvarez, R., & Alvarez, C. R. (2000). Soil Organic Matter Pools and Their 

Associations with Carbon Mineralization Kinetics. Soil Sci. Soc. Am. J., 64, 

184-189.  

 

Ameloot, N. (2013). Biochar additions to soils: effects on soil microorganisms and 

carbon stability.PhD diss., Ghent University.    

 

Ameloot, N., Graber, E. R., Verheijen, F. G. A., & De Neve, S. (2013). Interactions 

between biochar stability and soil organisms: review and research needs. 

European Journal of Soil Science, 64, 379-390.  

 

Amonette, J. E., & Joseph, S. (2009). Characteristics of biochar: Microchemical 

properties. Biochar for environmental management: Science and technology. 

Earthscan, London, 33-52.  

 

Antal, M. J., & Grønli, M. (2003). The art, science, and technology of charcoal 

production. Industrial & Engineering Chemistry Research, 42, 1619-1640.  

 



© C
OPYRIG

HT U
PM

  

90 
 

Asai, H., Samson, B. K., Stephan, H. M., Songyikhangsuthor, K., Homma, K., Kiyono, 

Y., Horie, T. (2009). Biochar amendment techniques for upland rice 

production in Northern Laos 1. Soil physical properties, leaf SPAD and grain 

yield. Field Crops Research, 111, 81-84.  

 

Aslam, Z., Khalid, M., & Muhammad, A. (2014). Impact of Biochar on Soil Physical 

Properties. Agricultural Science, 4, 280-284 

 

ASTM (2007) Standard Test Method for the Analysis of Wood Charcoal (D1762-84) 

 

Atkinson, C. J., Fitzgerald, J. D., & Hipps, N. A. (2010). Potential mechanisms for 

achieving agricultural benefits from biochar application to temperate soils: a 

review. Plant and Soil, 337, 1-18. 

 

Ayodele, A., Oguntunde, P., Joseph, A., Junior, D., & de Souza, M. (2009). Numerical 

analysis of the impact of charcoal production on soil hydrological behavior, 

runoff response and erosion susceptibility. Revista Brasileira de Ciência do 

Solo, 33, 137-146.  

 

Azlina, W., Mohd Syafik Firdaus, A., Amin, K., Azil Bahari, A., & da Silva, G. 

(2010b). Physical and thermochemical characterisation of Malaysian biomass 

ashes. The Institution of Engineers, Malaysia, 71, 9-17.  

 

Bai, M., Wilske, B., Buegger, F., Esperschutz, J., Kammann, C. I., Eckhardt, Breuer, L. 

(2013). Degradation kinetics of biochar from pyrolysis and hydrothermal 

carbonization in temperate soils. Plant and Soil, 372, 375-387. 

 

Baldock, J. A., & Smernik, R. J. (2002). Chemical composition and bioavailability of 

thermally altered Pinus resinosa (Red pine) wood. Organic Geochemistry, 3, 

1093-1109.  

 

Bamminger, C., Marschner, B., & Juschke, E. (2014). An incubation study on the 

stability and biological effects of pyrogenic and hydrothermal biochar in two 

soils. (65). 

 

 Bekku, Y., Koizumi, H., Nakadai, T., & Iwaki, H. (1995). Measurement of soil 

respiration using closed chamber method: an IRGA technique. Ecological 

research, 10, 369-373.  

 

Belyaeva, O. N., & Haynes, R. J. (2012). Comparison of the effects of conventional 

organic amendments and biochar on the chemical, physical and microbial 

properties of coal fly ash as a plant growth medium. Environmental Earth 

Sciences, 66, 1987-1997. 

 

Bilba, K., & Ouensanga, A. (1996). Fourier transform infrared spectroscopic study of 

thermal degradation of sugar cane bagasse. Journal of Analytical and Applied 

Pyrolysis, 38, 61-73.  

 

Binkley, D., & Fisher, R. (2012). Ecology and management of forest soils: John Wiley 

& Sons. 

 



© C
OPYRIG

HT U
PM

  

91 
 

Bird, M., Moyo, C., Veenendaal, E., Lloyd, J., & Frost, P. (1999). Stability of 

elemental carbon in a savanna soil. Global Biogeochemical Cycles, 13, 923-

932.  

 

Black, C. (1965). Laboratory measurement of hydraulic conductivity of saturated soil. 

Methods, 13, 3.1.  

 

Black, G., & Hartge, K. (1986). Bulk density. Methods of soil analysis. Part, 1, 347-

380.  

 

Blackwell, P., Krull, E., Butler, G., Herbert, A., & Solaiman, Z. (2010). Effect of 

banded biochar on dryland wheat production and fertiliser use in south-

western Australia: an agronomic and economic perspective. Australian 

Journal of Soil Research, 48, 531-545.  

 

Blake, G., & Hartge, K. (1986). Bulk Density p.: 363-375. Methods of soil analysis. 

Part, 1.  

 

Bonelli, P. R., Della Rocca, P. A., Cerrella, E. G., & Cukierman, A. L. (2001). Effect 

of pyrolysis temperature on composition, surface properties and thermal 

degradation rates of Brazil Nut shells. Bioresource Technology, 76, 15-22.  

 

Bourke, J., Manley-Harris, M., Fushimi, C., Dowaki, K., Nunoura, T., & Antal, M. J. 

(2007). Do all carbonized charcoals have the same chemical structure? 2. A 

model of the chemical structure of carbonized charcoal. Industrial & 

Engineering Chemistry Research, 46, 5954-5967.  

 

Brady, N. C., & Weil, R. R. (2010). Elements of the nature and properties of 

soils:Pearson Educational International Upper Saddle River, NJ. 

 

Brandstaka, T., J. Helenius, J. Hovi, J. Kivelä, K. Koppelmäki, A. Simojoki, H. Soinne 

& P. Tammeorg 2010. Biochar filter: use of biochar in agriculture as soil 

conditioner. Report for BSAS Commitment 2010, 22 pp. December 2010, 

unpublished. 

 

Brewer, C. E. (2012). Biochar characterization and engineering. (Doctor Of 

Philosophy), Iowa State University, Biorenewable Resources and Technology.  

 

Brewer, C. E., Hu, Y. Y., Schmidt-Rohr, K., Loynachan, T. E., Laird, D. A., & Brown, 

R. C. (2012). Extent of Pyrolysis Impacts on Fast Pyrolysis Biochar 

Properties. Journal of Environmental Quality, 41, 1115-1122.  

 

Brewer, C. E., Schmidt-Rohr, K., Satrio, J. A., & Brown, R. C. (2009). 

Characterization of Biochar from Fast Pyrolysis and Gasification Systems. 

Environmental Progress & Sustainable Energy, 28, 386-396.  

 

Bridgwater, A. (1995). The technical and economic feasibility of biomass gasification 

for power generation. Fuel, 74, 631-653.  

 

Bridgwater, T. (2006). Biomass for energy. Journal of the Science of Food and 

Agriculture, 86, 1755-1768. 



© C
OPYRIG

HT U
PM

  

92 
 

 

Bridle, T., & Pritchard, D. (2004). Energy and nutrient recovery from sewage sludge 

via pyrolysis. Water Science & Technology, 50, 169-175.  

 

Briggs, C. M., Breiner, J., & Graham, R. (2005). Contributions of Pinus Ponderosa 

charcoal to soil chemical and physical properties. Paper presented at the The 

ASACSSA-SSSA International Annual Meetings Salt Lake City, USA. 

 

Brockhoff, S. R., Christians, N. E., Killorn, R. J., Horton, R., & Davis, D. D. (2010). 

Physical and Mineral-Nutrition Properties of Sand-Based Turfgrass Root 

Zones Amended with Biochar. Agronomy Journal, 102, 1627-1631. 

 

Brodowski, S., Amelung, W., Haumaier, L., Abetz, C., & Zech, W. (2005). 

Morphological and chemical properties of black carbon in physical soil 

fractions as revealed by scanning electron microscopy and energy-dispersive 

X-ray spectroscopy. Geoderma, 128, 116-129.  

 

Brodowski, S., John, B., Flessa, H., & Amelung, W. (2006). Aggregate‐occluded black 

carbon in soil. European Journal of Soil Science, 57, 539-546.  

 

Brown, R. (2009). Biochar production technology. Biochar for environmental 

management: Science and technology, 127-146.  

 

Brown, R. A., Kercher, A. K., Nguyen, T. H., Nagle, D. C., & Ball, W. P. (2006). 

Production and characterization of synthetic wood chars for use as surrogates 

for natural sorbents. Organic Geochemistry, 37, 321-333.  

 

Bruun, E. W., Ambus, P., Egsgaard, H., & Hauggaard-Nielsen, H. (2012). Effects of 

slow and fast pyrolysis biochar on soil C and N turnover dynamics. Soil 

Biology and Biochemistry, 46, 73-79.  

 

Bruun, E. W., Hauggaard-Nielsen, H., Ibrahim, N., Egsgaard, H., Ambus, P., Jensen, P. 

A., & Dam-Johansen, K. (2011). Influence of fast pyrolysis temperature on 

biochar labile fraction and short-term carbon loss in a loamy soil. Biomass & 

Bioenergy, 35(3), 1182-1189.  

 

Bruun, S., Clauson-Kaas, S., Bobulska, L., & Thomsen, I. K. (2014). Carbon dioxide 

emissions from biochar in soil: role of clay, microorganisms and carbonates. 

European Journal of Soil Science, 65, 52-59.  

 

Bruun, S., El-Zahery, T., & Jensen, L. (2009). Carbon sequestration with biochar–

stability and effect on decomposition of soil organic matter. Paper presented at 

the IOP Conference Series: Earth and Environmental Science. 

 

Busscher, W. J., Novak, J. M., Evans, D. E., Watts, D. W., Niandou, M. A. S., & 

Ahmedna, M. (2010). Influence of Pecan Biochar on Physical Properties of a 

Norfolk Loamy Sand. Soil Science, 175, 10-14.  

 

Buyanovsky, G., Wagner, G., & Gantzer, C. (1986). Soil respiration in a winter wheat 

ecosystem. Soil Science Society of America Journal, 50, 338-344.  

 



© C
OPYRIG

HT U
PM

  

93 
 

Campbell, D., Soane, B., & Ouwerkerk, C. v. (1994). Determination and use of soil 

bulk density in relation to soil compaction. Soil compaction in crop 

production., 113-139.  

 

Cao, X., & Harris, W. (2010). Properties of dairy-manure-derived biochar pertinent to 

its potential use in remediation. Bioresource Technology, 101, 5222-5228.  

 

Carrier, M., Hardie, A. G., Uras, Ü., Görgens, J., & Knoetze, J. H. (2012). Production 

of char from vacuum pyrolysis of South-African sugar cane bagasse and its 

characterization as activated carbon and biochar. Journal of Analytical and 

Applied Pyrolysis, 96, 24-32.  

 

Chan, K., Van Zwieten, L., Meszaros, I., Downie, A., & Joseph, S. (2007). Assessing 

the agronomic values of contrasting char materials on Australian hardsetting 

soil. Paper presented at the Proceedings of the Conference of the International 

Agrichar Initiative. 

 

Chan, K., Van Zwieten, L., Meszaros, I., Downie, A., & Joseph, S. (2008). Agronomic 

values of greenwaste biochar as a soil amendment. Soil Research, 45, 629-

634.  

 

Chan, K. Y., Van Zwieten, L., Meszaros, I., Downie, A., & Joseph, S. (2007). 

Agronomic values of greenwaste biochar as a soil amendment. Australian 

Journal of Soil Research, 45, 629-634.  

 

Chan, K. Y., & Xu, Z. (2009). Biochar: nutrient properties and their enhancement. 

Biochar for environmental management: Science and technology, 67-84.  

 

Chen, B. L., & Yuan, M. X. (2011). Enhanced sorption of polycyclic aromatic 

hydrocarbons by soil amended with biochar. Journal of Soils and Sediments, 

11, 62-71. 

 

Chen, Y., Shinogi, Y., & Taira, M. (2010). Influence of biochar use on sugarcane 

growth, soil parameters, and groundwater quality. Australian Journal of Soil 

Research, 48, 526-530.  

 

Cheng, C.-H., Lehmann, J., & Engelhard, M. H. (2008). Natural oxidation of black 

carbon in soils: Changes in molecular form and surface charge along a 

climosequence. Geochimica Et Cosmochimica Acta, 72, 1598-1610.  

 

Cheng, C.-H., Lehmann, J., Thies, J. E., Burton, S. D., & Engelhard, M. H. (2006). 

Oxidation of black carbon by biotic and abiotic processes. Organic 

Geochemistry, 37, 1477-1488.  

 

Cheng, C. H., Lehmann, J., Thies, J. E., & Burton, S. D. (2008). Stability of black 

carbon in soils across a climatic gradient. Journal of Geophysical Research: 

Biogeosciences , 113(G2).  

 

Chidumayo, E. (1994). Effects of wood carbonization on soil and initial development 

of seedlings in miombo woodland, Zambia. Forest Ecology and Management, 

70, 353-357.  



© C
OPYRIG

HT U
PM

  

94 
 

 

Chun, Y., Sheng, G., Chiou, C. T., & Xing, B. (2004). Compositions and sorptive 

properties of crop residue-derived chars. Environmental Science & 

Technology, 38, 4649-4655.  

 

Cochran, R., Collins, H., Kennedy, A., & Bezdicek, D. (2007). Soil carbon pools and 

fluxes after land conversion in a semiarid shrub-steppe ecosystem. Biology 

and Fertility of Soils, 43, 479-489.  

 

Cohen‐Ofri, I., Popovitz‐Biro, R., & Weiner, S. (2007). Structural characterization of 

modern and fossilized charcoal produced in natural fires as determined by 

using electron energy loss spectroscopy. Chemistry-A European Journal, 13, 

2306-2310.  

 

Collins, H., Elliott, E., Paustian, K., Bundy, L., Dick, W., Huggins, D., Paul, E. (2000). 

Soil carbon pools and fluxes in long-term corn belt agroecosystems. Soil 

Biology and Biochemistry, 32, 157-168.  

 

Crombie, K., Mašek, O., Sohi, S. P., Brownsort, P., & Cross, A. (2013). The effect of 

pyrolysis conditions on biochar stability as determined by three methods. 

Global Change Biology Bioenergy, 5, 122-131.  

 

D'Souza, T. M., Boominathan, K., & Reddy, C. A. (1996). Isolation of laccase gene-

specific sequences from white rot and brown rot fungi by PCR. Applied and 

Environmental Microbiology, 62, 3739-3744.  

 

Day, D., Evans, R. J., Lee, J. W., & Reicosky, D. (2005). Economical CO2, SOx, and 

NOx capture from fossil-fuel utilization with combined renewable hydrogen 

production and large-scale carbon sequestration. Energy-the International 

Journal, 30, 2558-2579.  

 

Deal, C., Brewer, C. E., Brown, R. C., Okure, M. A. E., & Amoding, A. (2012). 

Comparison of kiln-derived and gasifier-derived biochars as soil amendments 

in the humid tropics. Biomass and Bioenergy, 37, 161-168.  

 

Dempster, D., Gleeson, D., Solaiman, Z., Jones, D., & Murphy, D. (2012). Decreased 

soil microbial biomass and nitrogen mineralisation with Eucalyptus biochar 

addition to a coarse textured soil. Plant and Soil, 354, 311-324.  

 

Devereux, R. C., Sturrock, C. J., & Mooney, S. J. (2012). The effects of biochar on soil 

physical properties and winter wheat growth. Earth and Environmental 

Science Transactions of the Royal Society of Edinburgh, 103, 13-18. 

 

Devonald, V. (1982). The effect of wood charcoal on the growth and nodulation of 

garden peas in pot culture. Plant and Soil, 66, 125-127.  

 

Downie, A., Crosky, A., & Munroe, P. (2009). Physical properties of biochar. Biochar 

for environmental management: Science and technology, 13-32.  

 



© C
OPYRIG

HT U
PM

  

95 
 

Downie, A., Klatt, P., Downie, R., & Munroe, P. (2007). Slow pyrolysis: Australian 

demonstration plant successful on multi-feedstocks. Paper presented at the 

Bioenergy 2007 Conference, Finland. 

 

Dugan, E., Verhoef, A., Robinson, S., & Sohi, S. (2010). Bio-char from sawdust, maize 

stover and charcoal: Impact on water holding capacities (WHC) of three soils 

from Ghana. Paper presented at the 19th World Congress of Soil Science, 

Symposium. 

 

Duku, M. H., Gu, S., & Hagan, E. B. (2011). Biochar production potential in Ghana—

A review. Renewable and Sustainable Energy Reviews, 15, 3539-3551.  

 

Dumroese, R. K., Heiskanen, J., Englund, K., & Tervahauta, A. (2011). Pelleted 

biochar: Chemical and physical properties show potential use as a substrate in 

container nurseries. Biomass & Bioenergy, 35, 2018-2027.  

 

Eastman, C. M. (2011). Soil Physical Characteristics of an Aeric Ochraqualf amended 

with Biochar. (Master of Science), The Ohio State University, USA.    

 

Edwards, N. (1982). use of soda-lime for measuring respiration rates in terrestrial 

systems. Pedobiologia.  

 

Edwards, N., & Ross-Todd, B. (1983). Soil carbon dynamics in a mixed deciduous 

forest following clear-cutting with and without residue removal. Soil Science 

Society of America Journal, 47, 1014-1021.  

 

Ennis, C. J., Evans, A. G., Islam, M., Ralebitso-Senior, T. K., & Senior, E. (2012). 

Biochar: Carbon Sequestration, Land Remediation, and Impacts on Soil 

Microbiology. Critical Reviews in Environmental Science and Technology, 

42, 2311-2364.  

 

Fabbri, D., Torri, C., & Spokas, K. A. (2012). Analytical pyrolysis of synthetic chars 

derived from biomass with potential agronomic application (biochar). 

Relationships with impacts on microbial carbon dioxide production. Journal 

of Analytical and Applied Pyrolysis, 93, 77-84.  

 

Fang, Y., Singh, B., Singh, B. P., & Krull, E. (2014). Biochar carbon stability in four 

contrasting soils. European Journal of Soil Science, 65(1), 60-71.  

 

Ghani, W. A. W. A. K., Mohd, A., da Silva, G., Bachmann, R. T., Taufiq-Yap, Y. H., 

Rashid, U., & Al-Muhtaseb, A. H. (2013). Biochar production from waste 

rubber-wood-sawdust and its potential use in C sequestration: Chemical and 

physical characterization. Industrial Crops and Products, 44, 18-24. 

 

Gajic, A., & Koch, H. J. (2012). Sugar beet ( L.) growth reduction caused by hydrochar 

is related to nitrogen supply. J Environ Qual, 41, 1067-1075.  

 

Garrett, H., & Cox, G. (1973). Carbon dioxide evolution from the floor of an oak-

hickory forest. Soil Science Society of America Journal, 37, 641-644.  

 



© C
OPYRIG

HT U
PM

  

96 
 

Gaskin, J. W., Speir, A., Morris, L., Ogden, L., Harris, K., Lee, D., & Das, K. (2007). 

Potential for pyrolysis char to affect soil moisture and nutrient status of a 

loamy sand soil.  

 

Gaskin, J. W., Speir, R. A., Harris, K., Das, K. C., Lee, R. D., Morris, L. A., & Fisher, 

D. S. (2010). Effect of Peanut Hull and Pine Chip Biochar on Soil Nutrients, 

Corn Nutrient Status, and Yield. Agronomy Journal, 102, 623-633. 

 

Geim, A. K., & Novoselov, K. S. (2007). The rise of graphene. Nature materials, 6, 

183-191.  

 

Genuchten, M. T. (1980). A closed-form equation for predicting the hydraulic 

conductivity of unsaturated soils. Soil Science Society of America Journal, 44, 

892-898.  

 

Gheorghe, C., Marculescu, C., Badea, A., Dinca, C., & Apostol, T. (2009). Effect of 

pyrolysis conditions on bio-char production from biomass. Paper presented at 

the Proceedings of the 3rd WSEAS Int. Conf. on Renewable Energy Sources. 

University of La Laguna, Tenerife, Canary Islands Spain. 

 

Githinji, L. (2014). Effect of biochar application rate on soil physical and hydraulic 

properties of a sandy loam. Archives of Agronomy and Soil Science, 60, 457-

470.  

 

Glaser, B., Lehmann, J., & Zech, W. (2002). Ameliorating physical and chemical 

properties of highly weathered soils in the tropics with charcoal - a review. 

Biology and Fertility of Soils, 35, 219-230.  

 

Grogan, P. (1998). CO2 flux measurement using soda lime: correction for water 

formed during CO2 adsorption. Ecology, 79, 1467-1468. 

 

Guerena, D., Lehmann, J., Hanley, K., Enders, A., Hyland, C., & Riha, S. (2013). 

Nitrogen dynamics following field application of biochar in a temperate North 

American maize-based production system. Plant and Soil, 365, 239-254. 

 

Gurwick, N. P., Moore, L. A., Kelly, C., & Elias, P. (2013). A Systematic Review of 

Biochar Research, with a Focus on Its Stability in situ and Its Promise as a 

Climate Mitigation Strategy. Plos One, 8,19-29.  

 

Haefele, S. M., Konboon, Y., Wongboon, W., Amarante, S., Maarifat, A. A., Pfeiffer, 

E. M., & Knoblauch, C. (2011). Effects and fate of biochar from rice residues 

in rice-based systems. Field Crops Research, 121, 430-440.  

 

Hale, S. E., Hanley, K., Lehmann, J., Zimmerman, A. R., & Cornelissen, G. (2011). 

Effects of Chemical, Biological, and Physical Aging As Well As Soil 

Addition on the Sorption of Pyrene to Activated Carbon and Biochar. 

Environmental Science & Technology, 45, 10445-10453. 

 

 Hamer, U., Marschner, B., Brodowski, S., & Amelung, W. (2004). Interactive priming 

of black carbon and glucose mineralisation. Organic Geochemistry, 35, 823-

830.  



© C
OPYRIG

HT U
PM

  

97 
 

 

Hammes, K., & Schmidt, M. (2009). Changes of biochar in soil. Biochar for 

Environmental Management–Science and Technology, 169-181.  

 

Hammes, K., Smernik, R. J., Skjemstad, J. O., Herzog, A., Vogt, U. F., & Schmidt, M. 

W. (2006). Synthesis and characterisation of laboratory-charred grass straw 

(Oryza sativa) and chestnut wood (Castanea sativa) as reference materials for 

black carbon quantification. Organic Geochemistry, 37, 1629-1633.  

 

Hammes, K., Torn, M. S., Lapenas, A. G., & Schmidt, M. W. (2008). Centennial black 

carbon turnover observed in a Russian steppe soil. Biogeosciences, 5, 1339-

1350.  

 

Han, X., Liang, C. F., Li, T. Q., Wang, K., Huang, H. G., & Yang, X. E. (2013). 

Simultaneous removal of cadmium and sulfamethoxazole from aqueous 

solution by rice straw biochar. Journal of Zhejiang University-Science B, 14, 

640-649. 

 

Hardie, M., Clothier, B., Bound, S., Oliver, G., & Close, D. (2014). Does biochar 

influence soil physical properties and soil water availability? Plant and Soil, 

376, 347-361. 

 

Harris, K. r. (2011). Characterization And Mineralization Rates Of Low Temperature 

Peanut Hull And Pine Chip Biochars. (Master Of Science), University of 

Georgia,, Athens, Georgia.    

 

Hashim, M. (2005). Present status and problems of biomass energy utilization in 

Malaysia. Paper presented at the APECATC Workshop on Biomass 

Utilization. 

 

Hasinur Rahman, Allister W. Holmes, Steven J Saunders, a., & Islam, K. R. (2011). 

Biochar Impacts On Physical And Hydrological PropertiesOf Allophonic 

Soils. Massey University. 

 

Hassan, M., & Shirai, Y. (2003). Palm biomass utilization in Malaysia for the 

production of bioplastic. Paper presented at the Biomass-Asia-workshop. 

Available at www. biomassasiaworkshop. jp/presentation_files/21_Alihassan. 

pdf. 

 

Hassan, M. A., Yacob, S., & Ghani, B. A. (2005). Utilization of biomass in Malaysia: 

potential for CDM business. University Putra Malaysia, Faculty of 

Biotechnology.  

 

Haynes, B. E., & Gower, S. T. (1995). Belowground carbon allocation in unfertilized 

and fertilized red pine plantations in northern Wisconsin. Tree Physiology, 15, 

317-325.  

 

Herath, H. M. S. K., Camps-Arbestain, M., & Hedley, M. (2013). Effect of biochar on 

soil physical properties in two contrasting soils: An Alfisol and an Andisol. 

Geoderma, 209, 188-197.  

 



© C
OPYRIG

HT U
PM

  

98 
 

Hilscher, A., Heister, K., Siewert, C., & Knicker, H. (2009). Mineralisation and 

structural changes during the initial phase of microbial degradation of 

pyrogenic plant residues in soil. Organic Geochemistry, 40, 332-342. 

 

Hina, K., Bishop, P., Arbestain, M. C., Calvelo-Pereira, R., Maciá-Agulló, J., 

Hindmarsh, J.,Hedley, M. (2010). Producing biochars with enhanced surface 

activity through alkaline pretreatment of feedstocks. Soil Research, 48, 606-

617.  

 

Hoshi, T. (2001). Growth promotion of tea trees by putting bamboo charcoal in soil. 

Paper presented at the proceedings of 2001 International Conference on O-cha 

(Tea) Culture and Science. 

 

Hossain, M. K., Strezov, V., Yin Chan, K., & Nelson, P. F. (2010). Agronomic 

properties of wastewater sludge biochar and bioavailability of metals in 

production of cherry tomato ( Lycopersicon esculentum). Chemosphere, 78, 

1167-1171. 

 

Houben, D., Sonnet, P., & Cornelis, J. T. (2014). Biochar from Miscanthus: a potential 

silicon fertilizer. Plant and Soil, 374, 871-882.  

 

Hutchinson, G., & Mosier, A. (1981). Improved soil cover method for field 

measurement of nitrous oxide fluxes. Soil Science Society of America Journal, 

45, 311-316.  

 

Ibrahim, H. M., Al-Wabel, M. I., Usman, A. R. A., & Al-Omran, A. (2013). Effect of 

Conocarpus Biochar Application on the Hydraulic Properties of a Sandy Loam 

Soil. Soil Science, 178, 165-173.  

 

Jaiswal, A. K., Elad, Y., Graber, E. R., & Frenkel, O. (2014). Rhizoctonia solani 

suppression and plant growth promotion in cucumber as affected by biochar 

pyrolysis temperature, feedstock and concentration. Soil Biology & 

Biochemistry, 69, 110-118.  

 

Jeffery, S., Verheijen, F. G. A., van der Velde, M., & Bastos, A. C. (2011). A 

quantitative review of the effects of biochar application to soils on crop 

productivity using meta-analysis. Agriculture, Ecosystems & Environment, 

144, 175-187. 

 

Jensen, E. (1994). Mineralization-immobilization of nitrogen in soil amended with low 

C: N ratio plant residues with different particle sizes. Soil Biology and 

Biochemistry, 26, 519-521.  

 

Jia, M. Y., Wang, F., Bian, Y. R., Jin, X., Song, Y., Kengara, F. O., Jiang, X. (2013). 

Effects of pH and metal ions on oxytetracycline sorption to maize-straw-

derived biochar. Bioresource Technology, 136, 87-93.  

 

Jien, S. H., & Wang, C. S. (2013). Effects of biochar on soil properties and erosion 

potential in a highly weathered soil. Catena, 110, 225-233.  

 



© C
OPYRIG

HT U
PM

  

99 
 

Jones, B., Haynes, R., & Phillips, I. (2010). Effect of amendment of bauxite processing 

sand with organic materials on its chemical, physical and microbial properties. 

Journal of Environmental Management, 91, 2281-2288.  

 

Jones, D. L., Murphy, D. V., Khalid, M., Ahmad, W., Edwards-Jones, G., & DeLuca, 

T. H. (2011). Short-term biochar-induced increase in soil CO2 release is both 

biotically and abiotically mediated. Soil Biology & Biochemistry, 43, 1723-

1731.  

 

Jones A, B. (2010). Can organic amendments be used to improve the properties of 

bauxite processing residue sand? .Paper presented at the 19th World Congress 

of Soil Science. 

 

Joseph, S. (2009). Socio-economic assessment and implementation of small-scale 

biochar projects: Earthscan Publications, London, UK. 

 

Jusoff, K., & Majid, N. M. (1992). An analysis of soil disturbance from logging 

operation in a hill forest of Peninsular Malaysia. Forest ecology and 

management, 47, 323-333.  

 

Kaal, J., Cortizas, A. M., Reyes, O., & Solino, M. (2012). Molecular characterization 

of Ulex europaeus biochar obtained from laboratory heat treatment 

experiments - A pyrolysis-GC/MS study. Journal of Analytical and Applied 

Pyrolysis, 95, 205-212. 

 

Kameyama, K., Miyamoto, T., Shiono, T., & Shinogi, Y. (2012). Influence of 

Sugarcane Bagasse-derived Biochar Application on Nitrate Leaching in 

Calcaric Dark Red Soil. Journal of Environmental Quality, 41, 1131-1137.  

 

Karaosmanoglu, F., Isigigur-Ergundenler, A., & Sever, A. (2000). Biochar from the 

straw-stalk of rapeseed plant. Energy & Fuels, 14, 336-339.  

 

Karhu, K., Mattila, T., Bergstrom, I., & Regina, K. (2011). Biochar addition to 

agricultural soil increased CH4 uptake and water holding capacity - Results 

from a short-term pilot field study. Agriculture Ecosystems & Environment, 

140, 309-313.  

 

Kawamoto, K., Ishimaru, K., & Imamura, Y. (2005). Reactivity of wood charcoal with 

ozone. Journal of Wood Science, 51, 66-72.  

 

Keiluweit, M., Nico, P. S., Johnson, M. G., & Kleber, M. (2010). Dynamic Molecular 

Structure of Plant Biomass-Derived Black Carbon (Biochar). Environmental 

Science & Technology, 44, 1247-1253.  

 

Keith, H., & Wong, S. (2006). Measurement of soil CO2 efflux using soda lime 

absorption: both quantitative and reliable. Soil Biology and Biochemistry, 38, 

1121-1131.  

 

Kim, S.-S., Agblevor, F. A., & Lim, J. (2009). Fast pyrolysis of chicken litter and 

turkey litter in a fluidized bed reactor. Journal of Industrial and Engineering 

Chemistry, 15, 247-252.  



© C
OPYRIG

HT U
PM

  

100 
 

 

Kimetu, J. M., & Lehmann, J. (2010). Stability and stabilisation of biochar and green 

manure in soil with different organic carbon contents. Australian Journal of 

Soil Research, 48, 577-585.  

 

Kinney, T., Masiello, C., Dugan, B., Hockaday, W., Dean, M., Zygourakis, K., & 

Barnes, R. (2012). Hydrologic properties of biochars produced at different 

temperatures. Biomass and Bioenergy, 41, 34-43.  

 

Kloss, S., Zehetner, F., Wimmer, B., Buecker, J., Rempt, F., & Soja, G. (2014). 

Biochar application to temperate soils: Effects on soil fertility and crop growth 

under greenhouse conditions. Journal of Plant Nutrition and Soil Science, 

177, 3-15.  

 

Knoblauch, C., Maarifat, A.-A., Pfeiffer, E.-M., & Haefele, S. M. (2011). 

Degradability of black carbon and its impact on trace gas fluxes and carbon 

turnover in paddy soils. Soil Biology and Biochemistry, 43, 1768-1778.  

 

Kolb, T., Agee, J., Fule, P., McDowell, N., Pearson, K., Sala, A., & Waring, R. (2007). 

Perpetuating old ponderosa pine. Forest Ecology and Management, 249, 141-

157.  

 

Kong, S.-H., Loh, S.-K., Bachmann, R. T., Rahim, S. A., & Salimon, J. (2014). Biochar 

from oil palm biomass: A review of its potential and challenges. Renewable 

and Sustainable Energy Reviews, 39, 729-739.  

 

Krull, E. S., Baldock, J. A., Skjemstad, J. O., & Smernik, R. J. (2009). Characteristics 

of biochar: organo-chemical properties. Biochar for environmental 

management: Science and technology. Earthscan, London, 53-65.  

 

Krull, E. S., Swanston, C. W., Skjemstad, J. O., & McGowan, J. A. (2006). Importance 

of charcoal in determining the age and chemistry of organic carbon in surface 

soils. Journal of Geophysical Research: Biogeosciences, 111(G4),  

 

Kuzyakov, Y., Bogomolova, I., & Glaser, B. (2014). Biochar stability in soil: 

Decomposition during eight years and transformation as assessed by 

compound-specific 14C analysis. Soil Biology and Biochemistry, 70, 229-236.  

 

Kuzyakov, Y., Subbotina, I., Chen, H., Bogomolova, I., & Xu, X. (2009). Black carbon 

decomposition and incorporation into soil microbial biomass estimated by14 

C labeling. Soil Biology and Biochemistry, 41, 210-219.  

 

Laird, D. A., Fleming, P., Davis, D. D., Horton, R., Wang, B. Q., & Karlen, D. L. 

(2010). Impact of biochar amendments on the quality of a typical Midwestern 

agricultural soil. Geoderma, 158, 443-449.  

 

Lehmann, J. (2007). Bio-energy in the black. Frontiers in Ecology and the 

Environment, 5, 381-387.  

 

Lehmann, J. (2009). Biological carbon sequestration must and can be a win-win 

approach. Climatic Change, 97, 459-463.  



© C
OPYRIG

HT U
PM

  

101 
 

 

Lehmann, J., da Silva Jr, J. P., Rondon, M., Cravo, M. d. S., Greenwood, J., Nehls, T., 

Glaser, B. (2002). Slash-and-char-a feasible alternative for soil fertility 

management in the central Amazon. Paper presented at the Proceedings of the 

17th World Congress of Soil Science. 

 

Lehmann, J., da Silva Jr, J. P., Steiner, C., Nehls, T., Zech, W., & Glaser, B. (2003). 

Nutrient availability and leaching in an archaeological Anthrosol and a 

Ferralsol of the Central Amazon basin: fertilizer, manure and charcoal 

amendments. Plant and Soil, 249, 343-357.  

 

Lehmann, J., Gaunt, J., & Rondon, M. (2006). Bio-char Sequestration in Terrestrial 

Ecosystems – A Review. Mitigation and Adaptation Strategies for Global 

Change, 11, 395-419.  

 

Lehmann, J., & Joseph, S. (2009). Biochar for environmental management: science and 

technology: Earthscan. 

 

Lehmann, J., Kinyangi, J., & Solomon, D. (2007). Organic matter stabilization in soil 

microaggregates: implications from spatial heterogeneity of organic carbon 

contents and carbon forms. Biogeochemistry, 85, 45-57.  

 

Lehmann, J., Liang, B., Solomon, D., Lerotic, M., Luizão, F., Kinyangi, J., Jacobsen, 

C. (2005). Near‐edge X‐ray absorption fine structure (NEXAFS) spectroscopy 

for mapping nano‐scale distribution of organic carbon forms in soil: 

Application to black carbon particles. Global Biogeochemical Cycles, 19.  

 

Li, Q., Ling, W., Gao, Y., Li, F., & Xiong, W. (2006). [Arbuscular mycorrhizal 

bioremediation and its mechanisms of organic pollutants-contaminated soils]. 

Ying yong sheng tai xue bao= The journal of applied ecology/Zhongguo sheng 

tai xue xue hui, Zhongguo ke xue yuan Shenyang ying yong sheng tai yan jiu 

suo zhu ban, 17), 2217-2221.  

 

Liang, B., Lehmann, J., Solomon, D., Kinyangi, J., Grossman, J., O'neill, B., Petersen, 

J. (2006). Black carbon increases cation exchange capacity in soils. Soil 

Science Society of America Journal, 70, 1719-1730.  

 

Liang, B., Lehmann, J., Solomon, D., Sohi, S., Thies, J. E., Skjemstad, J. O.,  Wirick, 

S. (2008). Stability of biomass-derived black carbon in soils. Geochimica Et 

Cosmochimica Acta, 72, 6069-6078.  

 

Lima, I. M., & Marshall, W. E. (2005). Granular activated carbons from broiler 

manure: physical, chemical and adsorptive properties. Bioresource 

Technology, 96, 699-706.  

 

Liu, H. M., & Liu, Y. (2013). Effect of Different Solvents on Cypress Liquefaction to 

Fuels and Characterization of Products. Bioresources, 8, 6211-6219.  

 



© C
OPYRIG

HT U
PM

  

102 
 

Liu, X. H., Han, F. P., & Zhang, X. C. (2012). Effect of Biochar on Soil Aggregates in 

the Loess Plateau: Results from Incubation Experiments. International 

Journal of Agriculture and Biology, 14, 975-979.  

 

Lua, A. C., Yang, T., & Guo, J. (2004). Effects of pyrolysis conditions on the 

properties of activated carbons prepared from pistachio-nut shells. Journal of 

Analytical and Applied Pyrolysis, 72, 279-287.  

 

Major, J. (2009). A guide to conducting biochar trials. The international biochar 

initiative. Document version information: www. biochar-international. org. 

 

Major, J., Lehmann, J., Rondon, M., & Goodale, C. (2010). Fate of soil-applied black 

carbon: downward migration, leaching and soil respiration. Global Change 

Biology, 16, 1366-1379.  

 

Major, J., Rondon, M., Molina, D., Riha, S. J., & Lehmann, J. (2010). Maize yield and 

nutrition during 4 years after biochar application to a Colombian savanna 

oxisol. Plant and Soil, 333, 117-128.  

 

Mankasingh, U., Choi, P. C., & Ragnarsdottir, V. (2011). Biochar application in a 

tropical, agricultural region: A plot scale study in Tamil Nadu, India. Applied 

Geochemistry, 26, S218-S221.  

 

Mariko, S., Bekku, Y., & Koizumi, H. (1994). Efflux of carbon dioxide from snow-

covered forest floors. Ecological research, 9, 343-350.  

 

Martınez, L., & Zinck, J. (2004). Temporal variation of soil compaction and 

deterioration of soil quality in pasture areas of Colombian Amazonia. Soil and 

Tillage Research, 75, 3-18.  

 

Maschio, G., Koufopanos, C., & Lucchesi, A. (1992). Pyrolysis, a promising route for 

biomass utilization. Bioresource Technology, 42, 219-231.  

 

Masto, R. E., Ansari, M. A., George, J., Selvi, V. A., & Ram, L. C. (2013). Co-

application of biochar and lignite fly ash on soil nutrients and biological 

parameters at different crop growth stages of Zea mays. Ecological 

Engineering, 58, 314-322.  

 

Masulili, A., Utomo, W. H., & Syechfani, M. (2010). Rice husk biochar for rice based 

cropping system in acid soil 1. The characteristics of rice husk biochar and its 

influence on the properties of acid sulfate soils and rice growth in West 

Kalimantan, Indonesia. Journal of Agricultural Science, 2, P39.  

 

Matthias, A., Blackmer, A., & Bremner, J. (1980). A simple chamber technique for 

field measurement of emissions of nitrous oxide from soils. Journal of 

Environmental Quality, 9, 251-256.  

 

Mbagwu, J., & Piccolo, A. (1997). Effects of humic substances from oxidized coal on 

soil chemical properties and maize yield. The role of humic substances in the 

ecosystems and in environmental protection. IHSS, Polish Society of Humic 

Substances, Wroclaw, Poland, 921-925.  



© C
OPYRIG

HT U
PM

  

103 
 

 

McHenry, M. P. (2011). Soil Organic Carbon, Biochar, and Applicable Research 

Results for Increasing Farm Productivity under Australian Agricultural 

Conditions. Communications in Soil Science and Plant Analysis, 42), 1187-

1199.  

 

McLaughlin, H., Anderson, P. S., Shields, F. E., & Reed, T. B. (2009). All biochars are 

not created equal, and how to tell them apart. Paper presented at the North 

American Biochars Conference. Boulder, CO, USA. 

 

Méndez, A., Gómez, A., Paz-Ferreiro, J., & Gascó, G. (2012). Effects of sewage sludge 

biochar on plant metal availability after application to a Mediterranean soil. 

Chemosphere, 89, 1354-1359.  

 

Meyer, S., Glaser, B., & Quicker, P. (2011). Technical, Economical, and Climate-

Related Aspects of Biochar Production Technologies: A Literature Review. 

Environmental Science & Technology, 45, 9473-9483.  

 

Mukherjee, A., & Lal, R. (2013). Biochar Impacts on Soil Physical Properties and 

Greenhouse Gas Emissions. Agronomy, 3, 313-339.  

 

Mukherjee, A., & Zimmerman, A. R. (2013). Organic carbon and nutrient release from 

a range of laboratory-produced biochars and biochar-soil mixtures. Geoderma, 

193, 122-130.  

 

Nagori, G.P., 2010. Biomass Gasification and Biochar, Presentation to National 

Biochar Consultation. Appropriate Rural Technology Institute (ARTI), Pune, 

             India. 

 

Nakadai, T., Koizumi, H., Usami, Y., Satoh, M., & Oikawa, T. (1993). Examination of 

the method for measuring soil respiration in cultivated land: effect of carbon 

dioxide concentration on soil respiration. Ecological research, 8, 65-71.  

 

Nguyen, B. T., & Lehmann, J. (2009). Black carbon decomposition under varying 

water regimes. Organic Geochemistry, 40, 846-853.  

 

Nguyen, B. T., Lehmann, J., Kinyangi, J., Smernik, R., Riha, S. J., & Engelhard, M. H. 

(2008). Long-term black carbon dynamics in cultivated soil. Biogeochemistry, 

89, 295-308.  

 

Nik-Azar, M., Hajaligol, M., Sohrabi, M., & Dabir, B. (1997). Mineral matter effects in 

rapid pyrolysis of beech wood. Fuel Processing Technology, 51, 7-17.  

 

Novak, J. M., & Busscher, W. J. (2013). Selection and Use of Designer Biochars to 

Improve Characteristics of Southeastern USA Coastal Plain Degraded Soils. 

In J. W. Lee (Ed.), Advanced Biofuels and Bioproducts (pp. 69-96): Springer 

New York. 

 

Novak, J. M., Busscher, W. J., Laird, D. L., Ahmedna, M., Watts, D. W., & Niandou, 

M. A. (2009). Impact of biochar amendment on fertility of a southeastern 

coastal plain soil. Soil Science, 174, 105-112.  



© C
OPYRIG

HT U
PM

  

104 
 

 

Novak, J. M., Busscher, W. J., Watts, D. W., Laird, D. A., Ahmedna, M. A., & 

Niandou, M. A. S. (2010). Short-term CO2 mineralization after additions of 

biochar and switchgrass to a Typic Kandiudult. Geoderma, 154, 281-288.  

 

Ogawa, M., Okimori, Y., & Takahashi, F. (2006). Carbon sequestration by 

carbonization of biomass and forestation: three case studies. Mitigation and 

Adaptation Strategies for Global Change, 11, 421-436.  

 

Oguntunde, P. G., Fosu, M., Ajayi, A. E., & Van De Giesen, N. (2004). Effects of 

charcoal production on maize yield, chemical properties and texture of soil. 

Biology and Fertility of Soils, 39, 295-299.  

 

Ouyang, L., Wang, F., Tang, J., Yu, L., & Zhang, R. (2013). Effects of biochar 

amendment on soil aggregates and hydraulic properties. Journal of soil 

science and plant nutrition, 13, 991-1002.  

 

Ozcimen, D., & Ersoy-Mericboyu, A. (2010). Characterization of biochar and bio-oil 

samples obtained from carbonization of various biomass materials. Renewable 

Energy, 35, 1319-1324.  

 

Paris, O., Zollfrank, C., & Zickler, G. A. (2005). Decomposition and carbonisation of 

wood biopolymers—a microstructural study of softwood pyrolysis. Carbon, 

43, 53-66.  

 

Pastor-Villegas, J., Pastor-Valle, J., Rodríguez, J., & García, M. G. (2006). Study of 

commercial wood charcoals for the preparation of carbon adsorbents. Journal 

of Analytical and Applied Pyrolysis, 76, 103-108.  

 

Patwardhan, P. R. (2010). Understanding the product distribution from biomass fast 

pyrolysis. (Doctor of Philosophy), Iowa State University.  

 

Peng, X., Ye, L. L., Wang, C. H., Zhou, H., & Sun, B. (2011). Temperature- and 

duration-dependent rice straw-derived biochar: Characteristics and its effects 

on soil properties of an Ultisol in southern China. Soil & Tillage Research, 

112, 159-166.  

 

Pereira, R., Kaal, J., Camps Arbestain, M., Pardo Lorenzo, R., Aitkenhead, W., Hedley, 

M.,Maciá-Agulló, J. (2011). Contribution to characterisation of biochar to 

estimate the labile fraction of carbon. Organic Geochemistry, 42, 1331-1342.  

 

Pereira, R. C., Arbestain, M. C., Kaal, J., Sueiro, M. V., Sevilla, M., & Hindmarsh, J. 

(2014). Detailed carbon chemistry in charcoals from pre-European Maori 

gardens of New Zealand as a tool for understanding biochar stability in soils. 

European Journal of Soil Science, 65, 83-95.  

 

Piccolo, A., & Mbagwu, J. (1990). Effects of different organic waste amendments on 

soil microaggregates stability and molecular sizes of humic substances. Plant 

and Soil, 123, 27-37.  

 



© C
OPYRIG

HT U
PM

  

105 
 

Piccolo, A., Pietramellara, G., & Mbagwu, J. (1996). Effects of coal derived humic 

substances on water retention and structural stability of Mediterranean soils. 

Soil Use and Management, 12, 209-213.  

 

Pietikäinen, J., Kiikkilä, O., & Fritze, H. (2000). Charcoal as a habitat for microbes and 

its effect on the microbial community of the underlying humus. Oikos, 89, 

231-242.  

 

Piskorz, J., Scott, D. S., & Westerberg, I. B. (1986). Flash pyrolysis of sewage sludge. 

Industrial & Engineering Chemistry Process Design and Development, 25, 

265-270.  

 

Poitras;, R., & Straubing, S. (2009). The Effects of Biochar Applications on Soil 

Fertility & Crop Production for aSmall Farm in the Northeast US. Morgan 

Bay: Northeast SARE Farmer Grant Program in cooperation with MOFGA. 

 

Qadeer, R., Hanif, J., Saleem, M., & Afzal, M. (1994). Characterization of activated-

charcoal. Journal of the Chemical Society of Pakistan, 16, 229-235.  

 

Qayyum, M. F., Steffens, D., Reisenauer, H. P., & Schubert, S. (2012). Kinetics of 

Carbon Mineralization of Biochars Compared with Wheat Straw in Three 

Soils. Journal of Environment Quality, 41, 1210.  

 

Qiu, Y., Cheng, H., Xu, C., & Sheng, G. D. (2008). Surface characteristics of crop-

residue-derived black carbon and lead (II) adsorption. Water Research, 42, 

567-574.  

 

Raveendran, K., Ganesh, A., & Khilar, K. C. (1995). Influence of mineral matter on 

biomass pyrolysis characteristics. Fuel, 74, 1812-1822.  

 

Reddy, K. R., Xie, T., Xu, K., & Wang, C. (2014). Effects of Amendment of Biochar 

Produced from Woody Biomass on Soil Quality and Crop Yield 

Geoenvironmental Engineering (pp. 170-180). 

 

Revell, K. T., Maguire, R. O., & Agblevor, F. A. (2012). Influence of Poultry Litter 

Biochar on Soil Properties and Plant Growth. Soil Science, 177(6), 402-408.  

 

Richards, L. (1947). Pressure-membrane apparatus, construction and use. Agricultural 

Engineering, 28, 451-454.  

 

Ro, K. S., Cantrell, K. B., & Hunt, P. G. (2010). High-Temperature Pyrolysis of 

Blended Animal Manures for Producing Renewable Energy and Value-Added 

Biochar. Industrial & Engineering Chemistry Research, 49, 10125-10131. 

 

Roberts, K. G., Gloy, B. A., Joseph, S., Scott, N. R., & Lehmann, J. (2010). Life Cycle 

Assessment of Biochar Systems: Estimating the Energetic, Economic, and 

Climate Change Potential. Environmental Science & Technology, 44, 827-833. 

 

Rodriguez-Mirasol, J., Cordero, T., & Rodriguez, J. (1993). Preparation and 

characterization of activated carbons from eucalyptus kraft lignin. Carbon, 31, 

87-95.  



© C
OPYRIG

HT U
PM

  

106 
 

 

Rodríguez, L., & Preston, T. R. (2009). Effect of biochar and biodigester effluent on 

growth of maize in acid soils. Livestock research for rural development, 

30,112-123.  

 

Rojith, G., & I.S., B. S. (2012). Lignin recovery, Biochar Production and 

Decolourisation of Coir pith Black Liquor. Research Journal of Recent 

Sciences, 1, 270-274.  

 

Rondon, M. A., Lehmann, J., Ramírez, J., & Hurtado, M. (2007). Biological nitrogen 

fixation by common beans (Phaseolus vulgaris L.) increases with bio-char 

additions. Biology and Fertility of Soils, 43, 699-708.  

 

Rondon, M. A., Molina, D., Hurtado, M., Ramirez, J., Lehmann, J., Major, J., & 

Amezquita, E. (2006). Enhancing the productivity of crops and grasses while 

reducing greenhouse gas emissions through bio-char amendments to unfertile 

tropical soils. Paper presented at the 18th World Congress of Soil Science. 

 

Ronsse, F., van Hecke, S., Dickinson, D., & Prins, W. (2013). Production and 

characterization of slow pyrolysis biochar: influence of feedstock type and 

pyrolysis conditions. Global Change Biology Bioenergy, 5, 104-115.  

 

Samsuri, A., Sadegh-Zadeh, F., & Seh-Bardan, B. (2014). Characterization of biochars 

produced from oil palm and rice husks and their adsorption capacities for 

heavy metals. International Journal of Environmental Science and 

Technology, 11, 967-976.  

 

Sarmah, A. K., Srinivasan, P., Smernik, R. J., Manley-Harris, M., Antal, M. J., 

Downie, A., & van Zwieten, L. (2010). Retention capacity of biochar-

amended New Zealand dairy farm soil for an estrogenic steroid hormone and 

its primary metabolite. Australian Journal of Soil Research, 48, 648-658.  

 

Schimmelpfennig, S., & Glaser, B. (2012). One step forward toward characterization: 

some important material properties to distinguish biochars. Journal of 

Environmental Quality, 41, 1001-1013.  

 

Schjønning, P., Thomsen, I. K., Petersen, S. O., Kristensen, K., & Christensen, B. T. 

(2011). Relating soil microbial activity to water content and tillage-induced 

differences in soil structure. Geoderma, 163, 256-264.  

 

Schnitzer, M. I., Monreal, C. M., Jandl, G., Leinweber, P., & Fransham, P. B. (2007). 

The conversion of chicken manure to biooil by fast pyrolysis II. Analysis of 

chicken manure, biooils, and char by curie-point pyrolysis-gas 

chromatography/mass spectrometry (Cp Py-GC/MS). Journal of 

Environmental Science and Health Part B, 42, 79-95.  

 

Shaaban, A., Se, S.-M., Mitan, N. M. M., & Dimin, M. (2013). Characterization of 

Biochar Derived from Rubber Wood Sawdust through Slow Pyrolysis on 

Surface Porosities and Functional Groups. Procedia Engineering, 68, 365-

371.  

 



© C
OPYRIG

HT U
PM

  

107 
 

Shackley, S., Carter, S., Knowles, T., Middelink, E., Haefele, S., Sohi, S.,  Haszeldine, 

S. (2012). Sustainable gasification–biochar systems? A case-study of rice-

husk gasification in Cambodia, Part I: Context, chemical properties, 

environmental and health and safety issues. Energy Policy, 42, 49-58.  

 

Shepherd, M., Harrison, R., & Webb, J. (2002). Managing soil organic matter–

implications for soil structure on organic farms. Soil Use and Management, 

18, 284-292.  

 

Shinogi, Y., & Kanri, Y. (2003). Pyrolysis of plant, animal and human waste: physical 

and chemical characterization of the pyrolytic products. Bioresource 

Technology, 90, 241-247.  

 

Singh, B. P., Cowie, A. L., & Smernik, R. J. (2012). Biochar carbon stability in a 

clayey soil as a function of feedstock and pyrolysis temperature. 

Environmental Science & Technology, 46, 11770-11778.  

 

Singh, B. P., Hatton, B. J., Singh, B., Cowie, A. L., & Kathuria, A. (2010). Influence of 

biochars on nitrous oxide emission and nitrogen leaching from two contrasting 

soils. Journal of Environmental Quality, 39, 1224-1235. 

 

Sivakumarana, S. S., Sivakumaranc, S., Jeyakumarb, P., Mellisho, C. D., Salasd, M. 

D., McIvora, I., & Clothiera, B. (2010). Effect of charcoal (biochar) 

amendments in Manawatu sandy-loam soil (New Zealand) on white clover 

growth and nodulation. Paper presented at the 19th World Congress of Soil 

Science. 

 

Sjöström, E. (1993). Wood chemistry: fundamentals and applications: Gulf 

Professional Publishing. 

 

Smidt, E., & Meissl, K. (2007). The applicability of Fourier transform infrared (FT-IR) 

spectroscopy in waste management. Waste Management, 27, 268-276.  

 

Smith, C. R., Sleighter, R. L., Hatcher, P. G., & Lee, J. W. (2013). Molecular 

Characterization of Inhibiting Biochar Water-Extractable Substances Using 

Electrospray Ionization Fourier Transform Ion Cyclotron Resonance Mass 

Spectrometry. Environmental Science & Technology, 47, 13294-13302.  

 

Sohi, S., Lopez-Capel, E., Krull, E., & Bol, R. (2009). Biochar’s roles in soil and 

climate change: A review of research needs. CSIRO Land and Water Science 

Report, 5, 1-57.  

 

Sohi, S. P., Krull, E., Lopez-Capel, E., & Bol, R. (2010). A Review of Biochar and Its 

Use and Function in Soil. Advances in Agronomy, Vol 105, 47-82.  

 

Solaiman, Z. M., Blackwell, P., Abbott, L. K., & Storer, P. (2010). Direct and residual 

effect of biochar application on mycorrhizal root colonisation, growth and 

nutrition of wheat. Australian Journal of Soil Research, 48, 546-554.  

 



© C
OPYRIG

HT U
PM

  

108 
 

Som, A. M., Wang, Z., & Al-Tabbaa, A. (2012). Palm frond biochar production and 

characterisation. Earth and Environmental Science Transactions of the Royal 

Society of Edinburgh, 103, 39-48.  

 

Sopian, K., Othman, M., Yatim, B., & Daud, W. (2005). Future directions in Malaysian 

environment friendly renewable energy technologies research and 

development.  

 

Sparks, D. L. (1989). Kinetics of soil chemical processes:Academic Press. 

 

Spokas, K. A., Koskinen, W. C., Baker, J. M., & Reicosky, D. C. (2009). Impacts of 

woodchip biochar additions on greenhouse gas production and 

sorption/degradation of two herbicides in a Minnesota soil. Chemosphere, 77, 

574-581.  

 

Spokas, K. A., Novak, J. M., Stewart, C. E., Cantrell, K. B., Uchimiya, M., DuSaire, 

M. G., & Ro, K. S. (2011). Qualitative analysis of volatile organic compounds 

on biochar. Chemosphere, 85, 869-882.  

 

Steinbeiss, S., Gleixner, G., & Antonietti, M. (2009). Effect of biochar amendment on 

soil carbon balance and soil microbial activity. Soil Biology & Biochemistry, 

41, 1301-1310. 

 

Steiner, C., Teixeira, W. G., Lehmann, J., Nehls, T., de Macêdo, J. L. V., Blum, W. E., 

& Zech, W. (2007). Long term effects of manure, charcoal and mineral 

fertilization on crop production and fertility on a highly weathered Central 

Amazonian upland soil. Plant and Soil, 291, 275-290.  

 

Streubel, J., Collins, H., Garcia-Perez, M., Tarara, J., Granatstein, D., & Kruger, C. 

(2011). Influence of contrasting biochar types on five soils at increasing rates 

of application. Soil Science Society of America Journal, 75, 1402-1413.  

 

Sullivan, D. M., & Miller, R. O. (2001). Compost quality attributes, measurements, and 

variability. Compost utilization in horticultural cropping systems, 95-120.  

 

Sun, Y. N., Gao, B., Yao, Y., Fang, J. N., Zhang, M., Zhou, Y. M., Yang, L. Y. (2014). 

Effects of feedstock type, production method, and pyrolysis temperature on 

biochar and hydrochar properties. Chemical Engineering Journal, 240, 574-

578.  

 

Tammeorg, P., Brandstaka, T., Simojoki, A., & Helenius, J. (2012). Nitrogen 

mineralisation dynamics of meat bone meal and cattle manure as affected by 

the application of softwood chip biochar in soil. Earth and Environmental 

Science Transactions of the Royal Society of Edinburgh, 103, 19-30.  

 

Tatzber, M., Stemmer, M., Spiegel, H., Katzlberger, C., Haberhauer, G., Mentler, A., & 

Gerzabek, M. H. (2007). FTIR‐spectroscopic characterization of humic acids 

and humin fractions obtained by advanced NaOH, Na4P2O7, and Na2CO3 

extraction procedures. Journal of Plant Nutrition and Soil Science, 170, 522-

529.  

 



© C
OPYRIG

HT U
PM

  

109 
 

Tian, G., Kang, B., & Brussaard, L. (1992). Biological effects of plant residues with 

contrasting chemical compositions under humid tropical conditions—

decomposition and nutrient release. Soil Biology and Biochemistry, 24, 1051-

1060.  

 

Tian, Y., Sun, X. Y., Li, S. Y., Wang, H. Y., Wang, L. Z., Cao, J. X., & Zhang, L. 

(2012). Biochar made from green waste as peat substitute in growth media for 

Calathea rotundifola cv. Fasciata. Scientia Horticulturae, 143, 15-18.  

 

Topoliantz, S., Ponge, J.-F., & Ballof, S. (2005). Manioc peel and charcoal: a potential 

organic amendment for sustainable soil fertility in the tropics. Biology and 

Fertility of Soils, 41, 15-21. 

 

Troeh, F. R., & Thompson, L. M. (2005). Soils and soil fertility: Blackwell Iowa. 

 

Tryon, E. (1948). Effect Of Charcoal On Certain Physical, Chemical, And Biological 

Properties Of Forest Soils'. Ecological Monographs, 18, 81-115.  

 

Tsai, W., Lee, M., & Chang, Y. (2006). Fast pyrolysis of rice straw, sugarcane bagasse 

and coconut shell in an induction-heating reactor. Journal of Analytical and 

Applied Pyrolysis, 76, 230-237.  

 

Uchimiya, M., Orlov, A., Ramakrishnan, G., & Sistani, K. (2013). In situ and ex situ 

spectroscopic monitoring of biochar's surface functional groups. Journal of 

Analytical and Applied Pyrolysis, 102, 53-59.  

 

Umamaheswaran, K., & Batra, V. S. (2008). Physico-chemical characterisation of 

Indian biomass ashes. Fuel, 87, 628-638.  

 

Uras, Ü., Carrier, M., Hardie, A. G., & Knoetze, J. H. (2012). Physico-chemical 

characterization of biochars from vacuum pyrolysis of South African 

agricultural wastes for application as soil amendments. Journal of Analytical 

and Applied Pyrolysis, 98, 207-213.  

 

Uzoma, K., Inoue, M., Andry, H., Zahoor, A., & Nishihara, E. (2011). Influence of 

biochar application on sandy soil hydraulic properties and nutrient retention. J. 

Food Agric. Environ, 9, 1137-1143.  

 

Uzun, B. B., Pütün, A. E., & Pütün, E. (2006). Fast pyrolysis of soybean cake: product 

yields and compositions. Bioresource Technology, 97, 569-576.  

 

Van Zwieten, L., Kimber, S., Downie, A., Chan, K., Cowie, A., Wainberg, R., & 

Morris, S. (2007). Papermill char: benefits to soil health and plant production. 

Paper presented at the Proceedings, International Agrichar Initiative 

Conference, 30th April-2nd May. 

 

Van Zwieten, L., Kimber, S., Morris, S., Chan, K., Downie, A., Rust, J., . . . Cowie, A. 

(2010). Effects of biochar from slow pyrolysis of papermill waste on 

agronomic performance and soil fertility. Plant and Soil, 327, 235-246.  

 



© C
OPYRIG

HT U
PM

  

110 
 

Varela Milla, O., Rivera, E. B., Huang, W.-J., Chien, C., & Wang, Y.-M. (2013). 

Agronomic properties and characterization of rice husk and wood biochars 

and their effect on the growth of water spinach in a field test. Journal of soil 

science and plant nutrition(AHEAD).  

 

Ventura, F., Salvatorelli, F., Piana, S., Pieri, L., & Pisa, P. R. (2012). The effects of 

biochar on the physical properties of bare soil. Earth and Environmental 

Science Transactions of the Royal Society of Edinburgh, 103, 5-11.  

 

Verheijen, F., Jeffery, S., & Bastos, A. (2010). Biochar application to soils: A critical 

scientific review of effects on soil properties, processes and functions: 

Publications Office. 

 

Wang, Y., Hu, Y. T., Zhao, X., Wang, S. Q., & Xing, G. X. (2013). Comparisons of 

Biochar Properties from Wood Material and Crop Residues at Different 

Temperatures and Residence Times. Energy & Fuels, 27, 5890-5899. 

 

Wildman, J., & Derbyshire, F. (1991). Origins and functions of macroporosity in 

activated carbons from coal and wood precursors. Fuel, 70, 655-661.  

 

Winsley, P. (2007). Biochar and bioenergy production for climate change mitigation. 

New Zealand Science Review, 64, 5-10.  

 

Witkamp, M. (1969). Evolution of CO_2 from litter, humus and subsoil of a pine stand. 

Pedobiologia, 9, 358-365.  

 

Yakkala, K., Yu, M. R., Roh, H., Yang, J. K., & Chang, Y. Y. (2013). Buffalo weed 

(Ambrosia trifida L. var. trifida) biochar for cadmium (II) and lead (II) 

adsorption in single and mixed system. Desalination and Water Treatment, 

51, 7732-7745.  

 

Yu, X.-Y., Ying, G.-G., & Kookana, R. S. (2006). Sorption and desorption behaviors of 

diuron in soils amended with charcoal. Journal of Agricultural and Food 

Chemistry, 54, 8545-8550.  

 

Yuan, J. H., Xu, R. K., & Zhang, H. (2011). The forms of alkalis in the biochar 

produced from crop residues at different temperatures. Bioresource 

Technology, 102, 3488-3497.  

 

Yusof, I. M., Farid, N., Zainal, Z., & Azrnan, M. (2008). Characterization of Rice Husk 

for Cyclone Gasifier. Journal of Applied Sciences, 8, 622-628.  

 

Zabaniotou, A., Stavropoulos, G., & Skoulou, V. (2008). Activated carbon from olive 

kernels in a two-stage process: Industrial improvement. Bioresource 

Technology, 99, 320-326.  

 

Zhang, A., Cui, L., Pan, G., Li, L., Hussain, Q., Zhang, X., . . . Crowley, D. (2010). 

Effect of biochar amendment on yield and methane and nitrous oxide 

emissions from a rice paddy from Tai Lake plain, China. Agriculture, 

Ecosystems & Environment, 139, 469-475.  

 



© C
OPYRIG

HT U
PM

  

111 
 

Zhao, X., Wang, S., & Xing, G. (2014). Nitrification, acidification, and nitrogen 

leaching from subtropical cropland soils as affected by rice straw-based 

biochar: laboratory incubation and column leaching studies. Journal of Soils 

and Sediments, 14, 471-482.  

 

Zimmerman, A. R. (2010). Abiotic and Microbial Oxidation of Laboratory-Produced 

Black Carbon (Biochar). Environmental Science & Technology, 44, 1295-

1301.  

 

Zimmerman, A. R., Gao, B., & Ahn, M.-Y. (2011). Positive and negative carbon 

mineralization priming effects among a variety of biochar-amended soils. Soil 

Biology and Biochemistry, 43, 1169-1179.  

 

.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	CHARACTERIZATION AND STABILITY OF SELECTED BIOCHARS AND EFFECT OF THEIR APPLICATION ON SOIL PHYSICAL PROPERTIES AND CORN GROWTH
	Abstract
	TABLE OF CONTENTS
	CHAPTER 1
	REFERENCES



