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Abstract

Details regarding field decomposition and transformation of biochar in Malaysia are scarce. The
objectives of this study were to investigate the physico-chemical changes experienced by Jatropha
pod biochar (JPB) in acidic mineral soil under field condition. Elemental composition was deter-
mined using CHNS-O analyzer and surface area with Brunauer-Emmett-Teller (BET) method. The
JPB surface chemistry and structure were studied using the Fourier Transform Infrared (FTIR)
spectroscopy and 13C solid state Nuclear Magnetic Resonance (NMR) spectroscopy, respectively.
The JPB short-term decomposition was investigated by using a litter bag study and decomposition
data were best fitted by a hyperbolic decay model compared to an exponential decay model be-
cause no significant dry weight loss was detected after 4 months. Two phases (volatile and near
stagnant) were detected for JPB field decomposition. The volatile phase was due to rapid loss of
labile fraction such as carbohydrate during the initial 4 months. The near stagnant phase was
probably due to adsorption of organic matter and soil minerals. The JPB was fragmented into
smaller pieces, encouraging surface adsorption. Redox reaction was prominent as shown by the
production of hydroxyl, carboxylic and phenolic functional groups. The JPB became more recalci-
trant after 12 months of application to the soils.
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1. Introduction

Biochar is recognized as C sequester due to its stability and long resident time in soil. Traces of biochar are still
found in the Terra preta of Amazon millennia after the last burning [1]. However, biochar is not invulnerable to
abiotic and biotic processes and could be degraded over time. In soil, biochar is exposed to a complex system of
physico-chemical process causing various changes to it. Biochar experienced surface oxidation and acquired O
functionalities like phenolic, carboxylic and hydroxyl after incorporated in soil for a short time span [2]. More-
over, further oxidation on biochar could alter its hydrophobic nature into hydrophilic due to the evolution of
surface positive charges into negatively charged functionality [3].

The hydrophilic nature of aged biochar promotes chemisorptions of readily available organic C and soil min-
erals; decreasing its surface area, over time [4]. Large and complex organic matter like humic acid was found
adsorbed < 2 nm to pores on the external surfaces of powdered wood biochar [5]. Reference [6] reported Fe, Al
and Si coatings on biochar that has been to soil for 10 years. This indicates possible complexation and bridging
between negatively charged biochar and the positively charged minerals. These interactions rendered biochar
biologically unavailable due to the occupied surface and pores, protecting the biochar from chemical degradation.

Biochar decomposition occured into two phases, the volatile and fast degradation of labile fraction and the
near stagnant slower degradation of recalcitrant fraction [8]. Volatile phases are attributed to the labile fraction
of biochar such as carbohydrates and mineral carbonates are rapidly lost or degraded. Meanwhile, the near stag-
nant phase was due to the recalcitrant fraction of biochar that lasts for decades or hundreds of years. This fraction
arises from stable chemical structure derived from high temperature restructuring during the pyrolysis process.
Thus, stability of biochar depends on the inherent properties of the feedstock and the pyrolysis condition.

Studying the short-term biochar decomposition and transformation can provide more clues in predicting
long-term stability of biochar. However, most incubation studies [9] [10] excluded the environmental factors
from the measurement. Environmental factors such as rainfall are prominent in the volatile tropical weather and
could exert serious impact on the degradation of biochar. In this study, we determined the 16 months decompo-
sition and transformation of biochar produced from seed pods of Jatropha curcas in acidic mineral soil. The
decomposition of the biochar was fitted to a decay model.

2. Materials and Methods

The JPB used in this study was produced in the laboratory at 275°C for 3 h with a Carbolite ELF 11/23 type
furnace. Raw Jatropha pod (RJP) feedstock was obtained from the Jatropha planting field of UPM. It was
air-dried and chipped into small pieces (3 - 5 cm) before pyrolysis. The JPB obtained was ground and sieved to
2 mm. Field decomposition study was based on 2 mm JPB.

2.1. Chemical Composition and Surface Area

The C, H, N and O content were analyzed using CHNS-O analyzer (LECO TruSpec CHN). Combustion tem-
perature of the analyzer was at 950°C with infrared (IR) baseline time of 2 s. Burning was divided into 3 phases;
starting with 30 s high furnace flow followed by 180 s medium flow and backed to 30 s high furnace flow. Iron
(Fe) content was determined using the dry ashing method [11] and Atomic Absorption Spectrophotometry
(Thermo Scientific S-Series). The surface area was determined using a surface area analyzer (Quantachrome
Autosorb-1) applying the Brunauer, Emmet and Teller method. Data and isotherm graph were processed or gen-
erated with AUTOSORB software.

2.2. Surface Chemistry and C Skeletal Structure

The infrared spectral properties of JPB were determined by Perkin-Elmer Spectrum 100 Spectrometer with a
Perkin-EImer Universal Attenuated Total Reflectance (ATR) sampling accessory. The results were normalized
to highest peak ranged from 400 to 4000 cm * with 32 accumulations. Resolution was at 4 cm * and 1 cm * in-
terval. Data collection and processing were conducted using Spectrum version 6.2.0.0055 software. The C ske-
letal structure of JPB was determined by a *3C solid state NMR (Bruker Avance 300 MHz).

2.3. Field Decomposition Study
The litterbag method [12] was used for this field decomposition study. Approximately 6 g of JPB was placed in
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a 6.5 x 10.5 cm nylon bag of 250 um mesh. The weight of the nylon bags was predetermined. A total of 32 ny-
lon bags were randomly buried vertically at 0 - 10 cm depth in acidic mineral soil of the Batu Lapan series
(Plinthic Paleudult) in University Agriculture Park, Plot D, UPM, Malaysia. Elemental characteristics are given
in Table 1.

A total of 8 bags were recovered every4 months till the end of the decomposition study of 16 months. The
harvested nylon bags were cleared of foreign materials and oven-dried at 60°C till constant weight to obtain the
dry weight. The weight loss of JPB from its initial weight over 16 months period was plotted and fitted into sev-
eral decay models.

2.4. Decomposition Model and Statistical Analysis

The field decomposition data over the 16 months were fitted into hyperbolic, single exponential and double ex-
ponential decay models. The decay models were generated by using the Marquardt-Levenberg algorithm in
SigmaPlot version 11.0 software to obtain the coefficients of the independent variables. The trend of JPB mass
remaining over time was determined using the regression analysis of the SigmaPlot version 11.0

3. Results and Discussion
3.1. Elemental Composition and Physical Changes

The elemental composition alteration of JPB over 16 months is summarized in Table 2. The total C content va-
ried without any specific pattern. This could be attributed to the dynamic continuum of surface adsorption and
loss of volatile C such as dissolved organic C on JPB. Total H decreased from JP 0 M to JP 12 M but there was
an increase from 12 M to JP 16 M. Total O content showed similar pattern as the total H with a gradual decrease
over 16 months but there was an increase from 12 M to 16 M. The increase of total O and H from 12 M to 16 M
could be attributed to adsorption of O and H rich dissolved substances like humic acid. The decreasing H/C and
O/C ratio implied the loss of H and O content relative to C content in JPB. This could due to the loss of H and O
rich organic molecules such as carbohydrates as carbohydrates are readily dissolved in soil water and minera-
lized by microorganism [13]. Besides that, declining H/C ratio indicated increased of aromaticity degree [14].

Table 1. Elemental composition of Batu Lapan soil series.

Properties Reading

pH 4.29

Total C (%) 0.40
Total N (%) 0.10

K content (mg/kg) 88.50
Ca content (mg/kg) 16.90
Al content (mg/kg) 53.40
Fe content (mg/kg) 5.12

Table 2. Elemental composition and surface area of JPB over 16 months (n = 3).

Samples
PR C (%) H%) N (%) S (%) 0 (%) Fe (%) HIC oc 5T ?“mquc)e
(M)
0 "2879+025 430019 168+0.02 0.29+0.10 37.42+210 019+0001 0.15+002 130+051 109047
4 30354046 4.11+026 2334007 011+008 37.16+384 0.93+0.006 014+003 122+0.64 1.24+0.35
8 20094034 365+021 219+008 008+00l 3011+530 105+0009 012+001 100+047 47.87+246
12 2562+026 2.89+033 208+010 010+004 27.30£318 122+001 011001 1.07+043 9.60 +0.94
16 3398+086 355+0.18 279+011 002+0008 3050489 114+001 010+001 0.90+0.11 11.04%0.10

N
mean + standard error.
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This suggested adsorption of dissolved organic matter with aromatic structures lowering the H/C ratio. The de-
creasing O and H content of JPB contradicted with the incubation result reported by [2] [3]. Frequent rainfall
and high microbial activities at field condition might enhance short-term degradation of biochar compare to la-
boratory incubation.

The BET surface area increased very slowly from 0 to 4 M but there was a drastic increase from 4 M to 8 M.
The highest BET surface area was recorded in JP 8 M (Table 2). This was attributed to physical fragmentation
of JPB due to hydrolysis or impact of raindrops [15] and fungal [16]. However, there was a sudden drop in sur-
face area from JP 8 M to JP 12 M and this could be attributed to organic matter and minerals adsorption [17].
Prior physical breakdown and mineralization might had exposed more surface functional groups of JP 8 M and
promoted surface adsorption and interactions with soil constituents.

The Fe content in JPB also gradually increased from JP 0 M to JP 12 M and decreased in JP 16 M. Increase of
Fe content could be due to ligand bridging or formation of complexes between Fe ion with biochar. The biochar
and Fe interactions might have protected JPB from degradation shown by the slow JPB weight lost after initial 4
months in acidic mineral soil (Figure 5). Mineralization of organic matter decreased by addition of free AI** [18]
and this suggested the plausible mechanism of adsorption of surface minerals in reducing bioavailability of bio-
char. This calls for further thoroughly research on the effect of minerals on recalcitrance of biochar.

3.2. Surface Chemistry Transformation

The FTIR spectrum of JPB buried under acidic mineral soil for different time period are shown at Figure 1 and
interpretated based on [19]. The JP 0 M was hydrophobic and lacked Bronsted acid functional groups like hy-
droxyl. Presence of sp® C-H (2854 cm ™) and sp? C-H (2920 cm™*) peaks hinted the presence of aliphatic struc-
ture. Alkyne group (C=C) was detected at 2226 cm . The shifting of alkene (C=C) from 1600 cm* to 1569
cm * wavelength could be due to conjugation of m electrons [20] by functional groups with high electronegativi-
ty like primary amines (1386 cm™ for C-N coupled with 3233 cm ™ and 3335 cm™* for N-H,) and alkyl halides
(<700 cm™). Since O-H was absent, C-O group detected at 1097 cm™* implied of ether group.

No major transformation was detected after 4 months in acidic mineral soil except detection of H bonded O-H
group (3394 cm™) and absence of C-O group. The absence of C-O group indicated loss of O content; comple-
menting the decreasing atomic O/C ratio (Table 2). Besides that, declining intensities of sp® and sp® C-H group
can be attributed to H loss (Table 2).

JPOM
2368.10 194789
222672
33353
323391 2§5415
292030
JP4AM 138611
1569.98
285445
JP8M 138241
202722
%T
JP12M 53577 ‘
466.71
269140 297635 42451
337149
362243 1563.18 135261
1646.04 143517
JP16M
143250
362099 297568
369173
337087
156265 135187 114939
4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400 280.0

cmt

Figure 1. JPB field transformation FTIR spectrum.
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After 8 months, the surface functional groups intensities of JP 8 M decreased compared to JP 4 M. The detec-
tion of the C-H out of plane at 918 cm * and absence of H-bonded O-H also suggested the disorientated structure
of JP 8 M.

At 12 months, surface chemistry of JP 12 M underwent a severe alteration due to surface oxidation. Both H
bonded O-H and free O-H were detected at 12 months. Besides that, the C=0 (1563 cm*) coupled with free
O-H indicated carboxylic acid, showing sign of surface oxidation on JPB. The peak at 1646 cm * and 1435 cm *
suggested aromaticity together with free O-H indicating the presence of phenolic group. This is possibly due to
the chemisorptions of foreign dissolved aromatic organic C on the hydrophilic surface of JP 12 M. Thus, JPB
became more hydrophilic after 12 months in the field as manifested by the presence of carboxylic, phenolic and
hydroxyl groups. The increase in negatively charged surface functional group in biochar was reported previously
[3].

Similar functionalities showed between JP 12 M and JP 16 M are indications that no major alteration occurred
after 12 months. This could due to the adsorption of organic matter by the functional group.

3.3. Carbon Structure Alteration

All the *C NMR chemical shift assignment was based on Lampman et al. [19]. Fresh JPB (JP 0 M) consists of
aliphatic and aromatic C structure (Figure 2). The peak at 29.89 ppm matched the aliphatic sp?> CH (R,CH,).
The detection of peak at 127.81 ppm confirmed the presence of aryl C or aromaticity.

After 8 months, the C structure experienced massive alterations (Figure 3). The aliphatic sp? CH (R,CH,) and
aromaticity were retained with peaks at 30.54 ppm and 126.11 ppm respectively. Alkyl C and alkene (C=C)
were detected at 55.92 ppm and 124.43 ppm respectively. Alkyl C could be attributed to the oxidation process
breaking the C structure. The alkene (C=C) could due to reduction of aromatic structure.

The alteration was even more drastic after 16 months for JP 16 M (Figure 4). Peaks at 13.40 ppm and 20.20
ppm were identified as sp> CH (RCH,) or alkyl C and anhydride (CH;CO-) respectively. The absence of alkene
(C=C) on JP 16 M hinted further reduction into alkyl C. Anhydride could be the results of oxidized sp’> CH
(R,CHy). The O-alkyl C at 72.67 ppm and 77.94 ppm could be the results of alkyl C oxidation from PS 8 M.
Alkyne group was detected at 84.10 ppm. Besides that, aryl C or aromaticity was characterized by 129.40 ppm
peak. The peak at 189.09 ppm was significant to carbonyl (C=0). Presence of various C-O structure (anhydride,
O-alkyl C and carbonyl) indicated JPB experienced oxidation reaction after 16 months in acidic mineral soil.
This process was facilitated with the physical breakdown or fragmentation on the JPB.
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Figure 2. 3C NMR spectra of JP 0 M.
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Figure 3. 3C NMR spectra of JP 8 M.
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Figure 4. 3C NMR spectra of JP 16 M.
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3.4. Decomposition Model

In general, JPB decomposition is best-fitted into hyperbolic decay model with 3 parameters (recalcitrant fraction,
labile fraction and decay rate) (Figure 5). It passed the normality test with low mean square error (MSE) (Table
3). Although double exponential decay model with 4 parameters exhibited the lowest MSE, it failed the normal-
ity test. However, hyperbolic decay model failed the constant variance test. This is due to long period of un-
changed dry weight. The decomposition can be divided into 2 different phases; the first phase was a rapid
weight loss from JP 0 M to JP 4 M and the second phase was a slow or stagnant weight loss from JP 4 M to JP
16 M. Equation (1) was generated by SigmaPlot version 11.

Wd *k

k+t @)

Watt :Wr +

W, ¢ = percentage of JPB weight at t (t in months)

W, = percentage of JPB recalcitrance fraction

Wy = percentage of JPB decomposable fraction

K = decay constant

According to this model, the recalcitrance fraction is 30.71% while the decomposable fraction is at 69.30%. It
differs from the double exponential decay model suggested by [8]. This could be attributed to the insensitivity of
litterbag study to detect significant short-term dry weight loss. Although this indicated that the decomposition of
JPB has stopped but in reality biochar decomposition still continued at a very slow pace. A more extensive study
with longer time scale is necessary to estimate biochar stability.
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Figure 5. Field decomposition model of JPB.
Table 3. Comparison of 3 different decay models fitted with JPB field decomposition data.
Decay model Normality test ~ Constant-variance test ~ R?>  Mean Square Error (MSE) (%%t%)
Hyperbolic decay with 3 parameters Passed Failed 0.98 8.86
Double exponential decay with 4 parameters Failed Failed 0.99 6.90
Single exponential decay with 3 parameters Failed Passed na” 770

“Unable to compute.
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3.5. Transformation of JPB in Acidic Mineral Soil

Short-term decomposition of JPB was a continuum process of abiotic reaction such as redox, fragmentation and
adsorption. The decreasing H/C and O/C ratio suggested continuous loss of H and O rich organic C such as car-
bohydrates. However, significant dry weight loss was only found for the initial 4 months (JP 0 M - JP 4 M). This
indicated the labile fractions of JPB such as mineral carbonates on the surface and pores play an important role
in the initial rapid dry weight loss.

No significant changes in dry weight were detected after 4 months as JPB decomposition reached the
near-inert stage. However, analysis on the spectral and structural properties suggested various physico-chemical
reactions on JPB still continued until the 12th month. Phenolic, carboxylic and hydroxyl groups found on the
surface of JP 12 M were attributed to surface oxidation. This was complemented by the detection of similar O
functionalities in the *C NMR spectrum. Thus, JPB was transformed from hydrophobic to hydrophilic over the
12 months of incubation.

The irregular pattern of total C content and a sudden drop in BET surface area from JP 8 M to JP 16 M hinted
possible adsorption of dissolved organic matter. Iron (Fe) content in JPB increased overtime although dry
weight remained and this hinted adsorption of Fe. These interactions between biochar and organic matter or
minerals could protect biochar from further degradation. Aged biochar are covered by minerals such as Al and
Fe [6] and they are more resilient to degradation [21].

The significant increase of BET surface area from JP 0 M to JP 8 M could have been due to physical break-
down by rainfall and/or hydrolysis by fungi. The fragmentation of biochar exposed C backbone of JPB to oxida-
tion. Aromatic C (JP 0 M) could have been reduced into alkene (JP 8 M) and further reduction might have con-
verted alkene into alkyl C (JP 16 M).

4. Conclusion

The JPB exhibited hyperbolic decay over 16 months under tropical weather in acidic mineral soil. Biochar field
alteration detected was attributed to the chemisorption on JPB as a result of vigorous redox reaction and frag-
mentation. Short-term litterbag study was unable to determine the true decomposition pattern of biochar in soil.
Future field biochar decomposition study should cover longer time scale for better estimation of biochars recal-
citrance.

Acknowledgements

This article is based upon work supported by the Fundamental Research Grant Scheme (FRGS) provided Minis-
try of Higher Education. Additional support was provided by Department of Soil Management, Agricultural Fa-
culty, Universiti Putra Malaysia.

References

[1] Glaser, B., Haumaier, L., Guggenberger, G. and Zech, W. (2001) The Terra Preta Phenomenon: A Model for Sustaina-
ble Agriculture in the Humid Tropics. Naturwissenchaften, 88, 37-41. http://dx.doi.org/10.1007/s001140000193

[2] Cheng, C.H., Lehmann, J. and Engelhard, M.H. (2008) Natural Oxidation of Black Carbon in Soils: Changes in Mole-
cular Form and Surface Charge along a Climosequence. Geochemica et Cosmochimica Acta, 72, 1598-1610.
http://dx.doi.org/10.1016/j.gca.2008.01.010

[3] Cheng, C.H., Lehmann, J., Thies, J.E., Burton, S.D. and Engelhard, M.H. (2006) Oxidation of Black Carbon through
Biotic and Abiotic Processes. Organic Geochemistry, 37, 1477-1488.
http://dx.doi.org/10.1016/j.orggeochem.2006.06.022

[4] Carcaillet, C. (2001) Are Holocene Wood-Charcoal Fragments Stratified in Alphine and Subalphine Soils? Evidence
from the Alps Based on AMS 4C Dates. The Holocene, 11, 231-242. http://dx.doi.org/10.1191/095968301674071040

[5] Pignatello, J.J., Kwon, S. and Lu, Y. (2006) Effect of Natural Organic Substances on the Surface and Adsortive Prop-
erties of Environmental Black Carbon (Char): Attenuation of Surface Activity by Humic and Fulvic Acids. Environ-
mental Science and Technology, 40, 7757-7763. http://dx.doi.org/10.1021/es061307m

[6] Nguyen, B., Lehmann, J., Kinyangi, J., Smernik, R. and Eaglehard, M.H. (2008) Long-Term Black Carbon Dynamics
in Cultivated Soil. Biogeochemistry, 89, 295-308. http://dx.doi.org/10.1007/s10533-008-9220-9

[71 Lehmann, J. and Joseph, S. (2009) Biochar for Environmental Management: An Introduction. In: Lehmann, J. and Jo-
seph, S., Eds., Biochar for Environmental Management: Science and Technology, Earthscan, London, 1-9.

)



http://dx.doi.org/10.1007/s001140000193
http://dx.doi.org/10.1016/j.gca.2008.01.010
http://dx.doi.org/10.1016/j.orggeochem.2006.06.022
http://dx.doi.org/10.1191/095968301674071040
http://dx.doi.org/10.1021/es061307m
http://dx.doi.org/10.1007/s10533-008-9220-9

C.P.Mengetal.

(8]
(9]
[10]
[11]
[12]

[13]

[14]
[15]

[16]

[17]

(18]
[19]
[20]

[21]

Lehmann, J., Czimezik, C., Laird, D. and Sohi, S. (2009) Stability of Biochar in Soil. In: Lehmann, J. and Joseph, S.,
Eds., Biochar for Environmental Management: Science and Technology, Earthscan, London, 183-198.

Zimmerman, A.R. (2010) Abiotic and Microbial Oxidation of Laboratory Produced Black Carbon (Biochar). Environ-
mental Science & Technology, 44, 1295-1301. http://dx.doi.org/10.1021/es903140c¢

Keith, A., Singh, B. and Singh, B.P. (2011) Interactive Priming of Biochar and Labile Organic Matter Mineralization
in a Smectite-Rich Soil. Environmental Science & Technology, 45, 9611-9618. http://dx.doi.org/10.1021/es202186]

Mitra, S. (2003) Sample Prepartion Techniques in Analytical Chemistry. John Wiley & Sons Inc., Hoboken.
http://dx.doi.org/10.1002/0471457817

Wardle, D.A., Nilsson, M.C. and Zackrisson. O. (2008) Fire-Derived Charcoal Causes Loss of Forest Humus. Science
320, 629. http://dx.doi.org/10.1126/science.1154960

Joseph, S., Peacocke, C., Lehmann, J. and Munroe, P. (2009) Developing a Biochar Classification and Test Methods.
In: Lehmann, J. and Joseph, S., Eds., Biochar for Environmental Management: Science and Technology, Earthscan,
London, 107-112.

Rice, J.A. and MacCarthy, P. (1991) Statistical Evaluation of the Elemental Composition of Humic Substances. Or-
ganic Geochemistry, 17, 635-648. http://dx.doi.org/10.1016/0146-6380(91)90006-6

Skjemstad, J.O. and Graetz, R.D. (2003) The Impact of Burning on the Nature of Soil Organic Matter in Australia.
Agronomia, 37, 85-90.

Warnock, D.D., Mummey, D.L., McBride, B., Major, J., Lehmann, J. and Riling, M.C. (2010) Influences of Non-
Herbaceous Biochar on Arbuscular Mycorrhizal Fungal Abundances in Roots and Soils: Results from Growth-Cham-
ber and Field Experiments. Applied Soil Ecology, 46, 450-456. http://dx.doi.org/10.1016/j.aps0il.2010.09.002

Kwon, S. and Pignatello, J. (2005) Effect If Natural Organic Substances on the Surface and Adsorptive Properties of
Environmental Black Carbon (Char): Pseudo Pore Blockage by Model Lipid Compounds and Its Implications for N-
Probed Surface Properties of Natural Sorbents. Environmental Science and Technology, 39, 7932-7939.
http://dx.doi.org/10.1021/es050976h

Sollins, P., Homann, P. and Caldwell, B.A. (1996) Stabilization and Destabilization of Soil Organic Matter: Mech-
nisms and Controls. Geoderma, 74, 65-105. http://dx.doi.org/10.1016/S0016-7061(96)00036-5

Lampman, G.M., Pavia, D.L., Kriz, G.S. and Vyvyan, J.R. (2010) Spectroscopy. International Edition, Brooks/Cole,
USA.

Kaczmarczyk, B. (2013) FTIR Study of Conjugation in Selected Aromatic Polyazomethines. Journal of Molecular
Structure, 1048, 179-184. http://dx.doi.org/10.1016/j.molstruc.2013.05.036

Hockaday, W.C., Grannas, A.M., Kim, S. and Hatcher, P.G. (2006) Direct Molecular Evidence for the Degradation and
Mobility of Black Carbon in Soils from Ultrahigh-Resolution Mass Spectral Analysis of Dissolved Organic Matter
from a Fire-Impacted Forest Soil. Organic Geochemistry, 37, 501-510.
http://dx.doi.org/10.1016/j.orggeochem.2005.11.003



http://dx.doi.org/10.1021/es903140c
http://dx.doi.org/10.1021/es202186j
http://dx.doi.org/10.1002/0471457817
http://dx.doi.org/10.1126/science.1154960
http://dx.doi.org/10.1016/0146-6380(91)90006-6
http://dx.doi.org/10.1016/j.apsoil.2010.09.002
http://dx.doi.org/10.1021/es050976h
http://dx.doi.org/10.1016/S0016-7061(96)00036-5
http://dx.doi.org/10.1016/j.molstruc.2013.05.036
http://dx.doi.org/10.1016/j.orggeochem.2005.11.003

Scientific Research Publishing (SCIRP) is one of the largest Open Access journal publishers. It is
currently publishing more than 200 open access, online, peer-reviewed journals covering a wide
range of academic disciplines. SCIRP serves the worldwide academic communities and contributes
to the progress and application of science with its publication.

Other selected journals from SCIRP are listed as below. Submit your manuscript to us via either
submit@scirp.org or Online Submission Portal.

tson srefone vt s nsaons ‘:.::( soanune P —— ‘m
’w\ﬁl\ . Advances in A .rlcqn Journal of
ingcfcnme and Biotechnology Ci Creative Education
I P ;{T
}’\f-_\'j N i sas ey ~ _ Inwestment of SO Captals
le |
> | -
=i |
e L 3 :
S ‘T!n"(

il LI B

AL £

Journal of

Modern Physics

{1

R ==

Journal of

Agricultural Sciences

Environmental Protection

Psychology

N

LI

LI e

o s o s O TRl - o
Natural lournallof Cancer Terapy, A Il\merical;dcouhmaluf
i B nalytical Chemistry
Science

I e 1] LT N (m



mailto:submit@scirp.org
http://papersubmission.scirp.org/paper/showAddPaper?journalID=478&utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ABB?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AM?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJPS?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/CE?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ENG?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/Health?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCC?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JMP?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JEP?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AS?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/FNS?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/PSYCH?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/NS?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ME?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCT?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJAC?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper

	Short-Term Field Decomposition and Physico-Chemical Transformation of Jatropha Pod Biochar in Acidic Mineral Soil
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Chemical Composition and Surface Area
	2.2. Surface Chemistry and C Skeletal Structure
	2.3. Field Decomposition Study
	2.4. Decomposition Model and Statistical Analysis

	3. Results and Discussion
	3.1. Elemental Composition and Physical Changes
	3.2. Surface Chemistry Transformation
	3.3. Carbon Structure Alteration
	3.4. Decomposition Model
	3.5. Transformation of JPB in Acidic Mineral Soil

	4. Conclusion
	Acknowledgements
	References



