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BIOCHAR IN SUSTAINABLE
SOIL MANAGEMENT:
POTENTIAL AND
CONSTRAINTS

Biochar is a material rich in carbon that results from the
pyrolysis of any biosolid material such as wood, fruit shells,
residues of plants, manure, industrial and municipal waste,
sewage sludge, farming, and fermentation residuals (Duku
Gu and Hagan, 2011; Wang et al., 2018a). Biochar remains
in the soils for thousands of years (Aslam et al., 2014), and it
is therefore considered more resistant to decomposmon than
organic matter, acting as an important long-term carbon sink.

The potential use of biochar in modern agriculture draws
inspiration from the ancient indigenous knowledge preserved
in Amazonian Dark Earths (ADEs), a type of highly fertile
soil containing large quantities of archaeological artefacts
and charcoal, commonly with high levels of calcium and
phosphorus, first described in the Amazon rainforest (Clement
et al., 2015; Myers et al., 2003; Sombroek, 1966). Since
sustainable soil fertility management is a major constraint
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in the humid tropics, ADEs achieved a .
high degree of public awareness as an example that g
shows that both longlasting carbon sequestration and

soil fertility improvements are possible, which has boosted

the interest in traditional practices translated in the form of
biochar. In 2006, the /International biochar nitiative formed to
promote the development of sustainable biochar systems.
Since then, the amount of research, conferences, workshops
and symposia on this theme has increased immensely
worldwide. A bibliometric analysis on biochar research in
Brazil from 2003 to 2021 has been presented in a paper by
Arias et al. (2023).

Due to the effects of better soil properties and long carbon
sequestration, biochar as a soil amendment has been proposed
as a strategy for mitigating climate change, along with
improving soil quality and productivity. The burning of crop
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residues 1s becoming a serious issue in most countries, since it
results in the release of black carbon in the form of suspended
particulate matter that can pollute nearby urban areas.
Hence, the conversion of organic waste to produce biochar
using the pyrolysis process is also one of the viable options that
can enhance natural rates of carbon sequestration in the soil,
reduce farm waste and improving soil quality.

There are several methods of applying biochar to the soil.
These methods include band placement, uniform topsoil
mixing, top dressing, and the use of planting holes. Biochar
can also be applied directly or through mixing it with crop
residue, compost, manure and seed. The choice of biochar
application method will depend largely on the availability of
labour and farming system (Duku, Gu and Hagan, 2011). In
some places where crops are established, surface application
(top dressing) of biochar can be employed. Banding is another
much-used technique that involves biochar addition below
the soil’s surface to a depth of 10 to 20 cm in an established
crop. The banding approach improves the contact between
the biochar, soil and plant, while avoiding the creation of dust

(De Gryze et al., 2010).

EFFECTS ON SOIL FERTILITY

The application of biochar has both direct and indirect
effects on soil fertility. The direct effects include an enhanced
nutrient availability (potassium [K], phosphorus [P], calcium
[Ca], magnesium [Mg] and sulphur [S]), while indirect effects
are through the improved physical, chemical, and biological
properties of the soil (Cheng ¢t al., 2012; Beusch, 2021, Singh
et al, 2022). The main reported effects on chemical and
biological parameters are increases in soil pH (Sohi e al.,
2010; Syuhada et al., 2016; Verheijen et al., 2010; Dong et al.,
2018), cation exchange capacity (Das et al., 2021), mineral
nitrogen (N) availability, dissolved organic carbon, and
microbial diversity (bacterial and fungal) (Sing e al., 2022;
Tian Hu ez al., 2023). Some of the effects on the soil’s physical
properties are increases in water holding capacity and porosity

(Ahmad Bhat et al., 2022; Hien et al., 2021; Major et al., 2009;
Rattanakam et al,, 2017; Sing et al., 2022). All these positive
results have been related to the improved yield of various
crops in different soil types and regions (Gopal ez al., 2020; Xu
etal., 2015; Zhang et al., 2015).

Biochar properties are affected by several technological
parameters — mainly pyrolysis temperature and kind of
feedstock — whose differentiation can lead to products with a
wide range of pH values, specific surface area, pore volume,
cation exchange capacity (CEC), volatile matter, ash, and
carbon content (Pituya, Thavivongse and Saowanee, 2017;
Tomczyk, Sokolowska and Boguta, 2020). The pyrolysis
temperature and soil pH both play an important role in
the biochar’s ability to hold nutrients (Gronwald et al.,
2015; Ghodszad et al., 2022). Most researchers focused on
the production of inorganic forms of N as NO,and NH *
(Aghoghovwia, Hardie and Rozanov, 2020; Fatima e al.,
2021), and phosphorus (Wang e al., 2021; Rashmi ¢t al., 2020).
The high negative charges and surface area lead to high
cation adsorption, higher than any other organic matter, in
which cations act as bridges that encourage soil aggregation.
Consequently, when biochar is applied to clayey soils, aeration
and water infiltration are improved (Laird, 2008; Lehmann,

2007).

Biochar has a good potential to neutralize soil acidity, which
enhances the availability of P and molybdenum (Mo) and
decreases the availability of iron (Fe), aluminium (Al), zinc
(Zn), and boron (B) (Van Zwieten et al., 2007). It results in
higher yields when applied to acidic soils, but the effect is
not evident in alkaline soils (Van Zwieten et al., 2010). It has
also been suggested that biochar application in P-deficient
soil results in higher grain yields and improves the response
to N and NP fertilizer treatments (Ding ¢t al., 2016). While
there are many references indicating that biochar significantly
improves soil quality parameters when applied at higher rates
to highly eroded, coarse-textured tropical soils, almost no
significant effects have been detected in other soils, such as
Mediterranean calcareous soils (Nogues ¢t al., 2023).




Indeed, the efficiency and viability of biochar application
depend both on the type of biochar and the soils where it
is applied. Siltecho et al. (2021) reported that Plerocarpus
macrocarpus 'wood biochar showed important adsorption
properties with a high specific surface area, CEC, and
nutrient adsorption on unfertile sandy soils in marginal
area in the northeast of Thailand. Regarding the origin of
biochar biological material, Silva ¢t al. (2016) report different
increases of the grain dry matter of common bean after
biochar application, depending on whether using rice husk,
sawdust, or sorghum silage (increasing order) as the source.
Contrasting results were also obtained when looking at the
long-time effects of biochar application. Application of
chemical fertilizers in combination with biochar increased
the soil pH, organic carbon, available nutrient content, and
improved soil biological activity (Saha et al, 2019). The co-
application of biochar and chemical fertilizers after five years
in China were shown to improve soil physical properties and
increased macronutrient availability and uptake by various
crops over five years (Gu et al., 2022). However, the beneficial
effects of a single application of biochar were also shown over
aperiod of eight years in Finland, where, despite the increased
nutrient content of plants, no significant improvement was
observed in crop biomass yield over the years. The enhanced
plant available water and reduced bulk density previously
reported during the initial years were diminished in the long
term, likely due to the dilution of biochar concentration in the
topsoil (Kalu et al., 2021).
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ROLE OF BIOCHAR IN IMPROVING FERTILIZER
USE EFFICIENCY

Animprovementin the water holding capacity and the increase
in cation and anion exchange capacities in biochar-amended
soils are reasons both for the higher retention of nutrients and
decreased leaching of applied fertilizers out of the soil-plant
ecosystem (Sohi et al., 2010). The effect of applied biochar is
also shown to alleviate abiotic stresses in saline—sodic soils and
positively affects maize and wheat productivity (El-Sharkawy et
al., 2022). Biochar produced from manure, greenhouse waste
and grasses are more effective for nutrient supplementation
than wood-based biochar, with the opposite being true in
terms of their carbon sequestration potential (Ippolito et al.,

2020).

EFFECT OF BIOCHAR ON SOIL PHYSICAL
PROPERTIES

The surface area and porosity of the biochar enhance the
soil’s ability to hold water (being held inside the pores and
between biochar colloids). Therefore, irrigation frequency
might be reduced in some cases due to the increased available
water especially in dry and semi-dry areas. Biochar may also
enhance water infiltration into the soil and consequently,
the water runoff may be reduced. Therefore, biochar could
be considered an option for water conservation and the
prevention of water erosion (Itsukushima ez al., 2016; Abrol
etal., 2016).

The effect of biochar on soil porosity is variable according
to soil types. It increases the percentage of large soil pores in
clay soil while increasing micropores in sandy soil (Major et
al., 2009). Consequently, soil aggregation is improved, which
seems to correlate to the amount of biochar amendment
applied to the soil. A recent study in Italy on biochar produced
from forest biological mass seem to confirm these findings
(Baiamonte ¢t al., 2021).

EFFECT OF BIOCHAR ON SOIL BIODIVERSITY

Biochar modifies biological properties as the microbial
community structure, microbial biomass and activity,
macrofauna activity, or nitrogen cycling enzymes. Due to its
high specific surface area, biochar pores could act as shelters
protecting soil microbial mass, enhancing microbial mass
growth, especially in dry conditions (Sohi et al., 2010). The
creation of extra spaces for the growth of microbes would
provide oxygen, and hence increase their biodiversity and
density in the soil (Reddy, 2014).

The microbial biomass living in the inner biochar structure
are active in the production of polysaccharide compounds
capable of 1improving soil aggregates, and therefore,
enhance soil condition and health (Aslam, Khalid and Aon,
2014). However, as biochar itself is resistant to microbial
decomposition, in the cases when it does not affect the pore
volume or other soil physical and chemical properties, no
major changes in microbial communities or biomasses are to

be expected (Soinne ¢t al., 2020).
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ENVIRONMENTAL IMPACT OF BIOCHAR

The formation of functional groups and adsorption sites both
on the surfaces and inner pores of the biochar increases the
soil’s CEC (Liang et al., 2006). Due to this effect, biochar has
been used for sorption of organic and inorganic contaminants,
since the bioavailability of heavy metals (lead [Pb] and
cadmium [Cd]) can be reduced by immobilizing them in soil
using biochar as an amendment which limits their movement
through the soil (Hartley et al., 2009). This function of biochar
is the result of the negatively charged groups on its surfaces,
which seems to increase with time due to the oxidation
processes in the soil (Cheng, Lehmann and Engelhard,
2009). Biochar along with phytoremediation strategies could
provide a good combination for effectively stabilizing and
decontaminating heavy metal-polluted sites. On the other
hand, some researchers have warned against health risks due
to exposure to polycyclic aromatic hydrocarbons (Wang ez al.,
2018b; Zhang, Zhang and Liao, 2021).

REDUCTION OF GREENHOUSE GAS EMISSIONS
(GHG)

Biocharapplication to agricultural soilshasbeen recommended
as a strategy to reduce increasing atmospheric carbon dioxide
(CO,) concentrations and mitigate climate change (Lorenz
and Lal, 2014). Several studies have reported that biochar
application reduces the emissions of soil greenhouse gases
(GHGsS) (Zhang et al., 2020), but the mechanisms responsible
for the effects of biochar on soil GHGs emissions are still
unclear. The biochar feedstock, pyrolysis conditions, C:N
ratio and application rates influence nitrous oxide (N,O)
emission. However, the increase in soil methane (CH,) and
CO, emissions were also reported after biochar application
(Mukherjee and Lal, 2013; Wang et al., 2012).

CONCLUSION

The efficacy of biochar in improving soil health, crop
productivity, land reclamation and mitigation of climate
change has been extensively studied over the last decade. This
research has shown varied results, from clear improvements of
soil health to almost no difference compared with the control,
depending on the types of soil, crop, type of biochar and the
environment. Moreover, information is still very limited from
large scale field trials, probably because of the high costs of
biochar in the market. Large-scale production of biochar
from all kinds of organic wastes may help in reducing the
costs. The greatest potential may be in having very targeted
applications to address specific environmental concerns. A
proper regulatory mechanism is required to avoid any possible
risks of soil contamination due to potential contaminants
present in biochar, and on the global GHGs emissions when
producing it, which should be considered when using it as a
carbon sequestration strategy.

ITPS SOIL LETTER | 4



e
o
=
?
Q.
o

R
€

Y. 0n .t oo
I
FHAC SR

Source : Pinipon Pituya (Huaysai Royal Development Study Center, Petchaburi Province, 76120, Thailand), persol

'f'éﬁ?“ o ‘51;,7' ch 3 'b

&Yalr/

L
2
Source : Pinipon Pituya (Huaysai Royal Development Study Center, M;hd: ri ailand), personal contact.
- -
’y‘l,,
%
o/.‘,’ »

L - &
WY N
A
. o"(
» ..
v - » - is,

©FAO/ Matteo Sala

Il




REFERENCES

Abrol, V., Ben-Hur, M., Verheijen, F., Keizer, ]J.,
Martins, M., Tenaw, H. & Graber, E. 2016. Biochar effects
on soil infiltration and erosion under seal formation condition:
rainfall simulation experiment. Journal of Soil and Sediments, 16:

2709-2719.

Aghoghovwia, M..P.,, Hardie, A.G. & Rozanov, A.B. 2020.
Characterisation, adsorption and desorption of ammonium and
nitrate of biochar derived from different feedstocks. Environmental
Technology, 43(5): 774—787. hitps://doi.org/10.1080/09593330.2020.1804466

Ahmad Bhat, S., Kuriqi, A., Dar, M.U.D., Bhat, O.,
Sammen, S.S., Towfiqul Islam, A.R.M., Elbeltagi, A.
et al. 2022. Application of Biochar for Improving Physical,
Chemical, and Hydrological Soil Properties: A Systematic
Review. Sustainability, 14(17): 11104 hips://doi.org/10.3390/su141711104

Arias, C., Da Silva, L., Soares, M. & Forti, V. 2023. A
bibliometric analysis on the agricultural use of biochar in Brazil
from 2003 to 2021: research status and promising raw materials.
Renewable Agriculture and Food Systems, 38(19): 1-11.
http://dx.doi.org/10.1017/S1742170522000412

Aslam, Z., Khalid, M. & Aon, M. 2014. Impact of Biochar
on Soil Physical Properties. Scholarly Journal of Agricultural Science,
4(5): 280-284.

Baiamonte, G., Crescimanno, G., Parrino, F. & De

Pasquale, C. 2021. Biochar Amended Soils and Water Systems:

Investigation of Physical and Structural Properties. Applied
Sciences, 11(24): 12108. hitp://dx.doi.org/10.3390/app112412108

Beusch, C. 2021. Biochar as a Soil Ameliorant: How Biochar
Properties Benefit Soil Fertility—A Review. Journal of Geoscience and

Euvironment Protection, 9(10): 28—46. https://doi.org/10.4236/gep.2021.910003

Cheng, C-H., Lehmann, J. & Engelhard, M.H. 2009.
Natural oxidation of black carbon in soils: Changes in molecular
form and surface charge along a climosequence. Geochimica et
Cosmochimica Acta, 72(6): 1598—1610. hitps://doi.org/10.1016/j.gca.2008.01.010

Cheng, Y., Cai, Z, Chang, S., Wang, J. & Zhang, J.

2012. Wheat straw and its biochar have contrasting effects on
inorganic N retention and N,O production in a cultivated Black
Chernozem. Biology and Fertility of Soils, 48: 941-946.
https://doi.org/10.1007/s00374-012-0687-0

Clement, C.R., Denevan, WM., Heckenberger, M.].,
Junqueira, A.B., Neves, E.G., Teixeira, W.G. & Woods,
W.I. 2015. The domestication of Amazonia before European
conquest. Proceedings of the Royal Society B, 282(1812).
https://doi.org/10.1098/rsph.2015.0813

Das, S.K., Ghosh, G.K., Avasthe, R.K. & Sinha, K.
2021. Compositional heterogeneity of different biochar: Effect
of pyrolysis temperature and feedstocks. Journal of Environmental
Management, 278(2). https://doi.org/10.1016/j.jenvman.2020.111501

De Gryze, S., Cullen, M., Durschinger, L., Lehmann,
J., Bluhm, D., Six, J. & Suddick, E. 2010. Evaluation of the
Opportunities for Generating Carbon Offsets from Soil Sequestration of
Biochar. San Francisco, USA, Terra Global Capital.

https://www.smartterracare.com/s/Soil-Sequestration-Biochar-Issue-Paper-1.pdf

Ding, Y., Liu, Y., Liu, S., Li, Z., Tan, X., Huang, X.,
Zeng, G., Zhou, L. & Zheng, B. 2016. Biochar to improve

soll fertility. A review. Agronomy for Sustainable Development, 36(2): 36.

http://dx.doi.org/10.1007/s13593-016-0372-z

Dong, X., Singh, P., Li, G., Lin, Q, & Zhao, X. 2019.
Biochar has little effect on soil dissolved organic carbon pool

5 years after biochar application under field condition. Soi/ Use
and Management, 35(3): 466—477. https://doi.org/10.1111/sum.12474

Duku, M.H., Gu, S. & Hagan, E.B. 201 1. Biochar
production potential in Ghana—A review. Renewable and Sustainable
Energy Reviews, 15 (8): 3539—-3551. hitps://doi.org/10.1016/j.rser.2011.05.010

El-Sharkawy, M., El-Naggar, A.H., AL-Huqail, A.A. &
Ghoneim, A.M. 2022. Acid-Modified Biochar Impacts on Soil
Properties and Biochemical Characteristics of Crops Grown in
Saline-Sodic Soils. Sustainability, 14(13): 8190.
https://doi.org/10.3390/su14138190

Fatima, I., Ahmad, M., Vithanage, M. & Igbal, S. 2021.
Abstraction of nitrates and phosphates from water by sawdust-
and rice huskderived biochars: Their potential as N- and
P-loaded fertilizer for plant productivity in nutrient deficient soil.
Journal of Analytical and Applied Pyrolysis, 155: 105073.
https://doi.org/10.1016/j jaap.2021.105073

Ghodszad, L., Reyhanitabar, A., Oustan, S. & Alidokht,
L. 2022. Phosphorus sorption and desorption characteristics of

soils as affected by biochar. Soi/ and Tillage Research, 216: 105251.

https://doi.org/10.1016/j.still 2021105251

Gopal, M., Gupta, A., Shahul, H.K., Sathyaseelan,
N., Khadeejath, R.T.H. & Thomas, G.V. 2020. Biochar
produced from coconut palm biomass residues can aid
regenerative agriculture by improving soil properties and plant
yield in humid tropics. Biochar, 2: 211-226.
http://dx.doi.org/10.1007/s42773-020-00043-5

Gronwald, M., Don, A., Tiemeyer, B. & Helfrich,

M. 2015. Effects of fresh and aged chars from pyrolysis and
hydrothermal carbonization on nutrient sorption in agricultural
soils. Soil, 1(1): 475—489. http.//dx.doi.org/10.5194/s0il-1-475-2015

Gu, W., Wang, Y., Feng, Z., Wu, D., Zhang, H., Yuan, H.,
Sun, Y., Xiu, L., Chen, W. & Zhang, W. 2022. Long-Term
Effects of Biochar Application With Reduced Chemical Fertilizer
on Paddy Soil Properties and japonica Rice Production System.
Frontiers in Environmental Science, 10: 902752.
https://www.frontiersin.org/articles/10.3389/fenvs.2022.902752/full

Hartley, W., Dickinson, N., Riby, P. & Lepp, N. 2009.
Arsenic mobility in brownfield soils amended with green waste
compost or biochar and planted with Miscanthus. Environmental
Pollution, 157(120): 2654—2662. hitps://doi.org/10.1016/j.envpol.2009.05.011

Hien, T.T.T., Tsubota, T., Taniguchi, T. & Shinogi, Y.
2020. Enhancing soil water holding capacity and provision of a
potassium source via optimization of the pyrolysis of bamboo
biochar. Biochar, 3(1): 1—11. http://dx.doi.org/10.1007/s42773-020-00071-1

Hu, T., Wei, J., Du, L., Chen, J. & Zhang, J. 2023. The
effect of biochar on nitrogen availability and bacterial community
in farmland. Annals of Microbiology, 73:4.
https://doi.org/10.1186/513213-022-01708-1

Ippolito, J.A., Cui, L., Kammann, C., Wrage-Ménnig,
N., Estavillo, J.M., Fuertes-Mendizabal, T., Cayuela,
M.L. et al. 2020. Feedstock choice, pyrolysis temperature and
type influence biochar characteristics: a comprehensive meta-data
analysis review. Biochar, 2(4): 421-438.
http://dx.doi.org/10.1007/s42773-020-00067-x

TPS SOIL LETTER | 6


https://doi.org/10.1080/09593330.2020.1804466
https://doi.org/10.3390/su141711104
http://dx.doi.org/10.1017/S1742170522000412
http://dx.doi.org/10.3390/app112412108
https://doi.org/10.4236/gep.2021.910003
https://doi.org/10.1016/j.gca.2008.01.010
https://doi.org/10.1007/s00374-012-0687-0
https://doi.org/10.1098/rspb.2015.0813
https://doi.org/10.1016/j.jenvman.2020.111501
http://dx.doi.org/10.1007/s13593-016-0372-z
https://doi.org/10.1111/sum.12474
https://doi.org/10.1016/j.rser.2011.05.010
https://doi.org/10.3390/su14138190
https://doi.org/10.1016/j.jaap.2021.105073
https://doi.org/10.1016/j.still.2021.105251
http://dx.doi.org/10.1007/s42773-020-00043-5
http://dx.doi.org/10.5194/soil-1-475-2015
https://www.frontiersin.org/articles/10.3389/fenvs.2022.902752/full
https://doi.org/10.1016/j.envpol.2009.05.011
http://dx.doi.org/10.1007/s42773-020-00071-1
https://doi.org/10.1186/s13213-022-01708-1
http://dx.doi.org/10.1007/s42773-020-00067-x

Itsukushima, R., Ideta, K., Iwanaga, Y., Sato, T. &
Shimatani, Y. 2016. Evaluation of Infiltration Capacity and
Water Retention Potential of Amended Soil Using Bamboo
Charcoal and Humus for Urban Food Prevention. Journal of Earth
Science and Engineering, 6: 150—163.
http://dx.doi.org/10.17265/2159-581X/2016.03.002

Kalu, S., Simojoki, A., Karhu, K. & Tammeorg, P. 2021.
Long-term effects of softwood biochar on soil physical proper-
ties, greenhouse gas emissions and crop nutrient uptake in two
contrasting boreal soils. Agriculture, Ecosystems & Environment, 316:
107454. https://doi.org/10.1016/j.agee.2021.107454

Laird, A.D. 2008. The Charcoal Vision: A Win—Win— Win
Scenario for Simultaneously Producing Bioenergy, Permanently
Sequestering Carbon, While Improving Soil and Water Quality.
Agonomy Journal, 100(1): 178—181. https://doi.org/10.2134/agronj2007.0161

Lehmann, J. 2007. Bio-energy in the black. Frontiers in Ecology
and the Environment, 5(7): 381-387.
https://doi.org/10.1890/1540-9295(2007)5[381:BITB]2.0.C0;2

Liang, B., Lehmann, S.D., Kinyangi, J., Grossman,
J., O°Niell, B., Skjemstad, J.O. et al. 2006. Black carbon
increases cation exchange capacity in soils. Soi/ Science Society of
America Journal, 70: 1719-1730. hitp://dx.doi.org/10.2136/sss2j2005.0383

Lorenz, K. & Lal, R. 2014. Biochar application to soil for
climate change mitigation by soil organic carbon sequestration.
Journal of Plant Nutrition and Soil Science, 177(5): 651-670.
http//dx.doi.org/10.1002/jpln. 201400058

Major, J., Steiner, C., Downie, A. & Lehmann, J. 2009.
Biochar effects on nutrient leaching. In: J. Lehmann & S. Joseph,
eds. Biochar for Environmental Management: Science and Technology.

London, Earthscan.
https://www.css.cornell.edu/faculty/lehmann/pubUFirst%20proof%2013-01-09.pdf

Mukherjee, A. & Lal, R. 2013. Biochar impacts on soil
physical properties and greenhouse gas emissions. Agronomy, 3(2) :

313-339.

Myers, T.P., Denevan, W.M., Winklerprins, A. & Porro,
A. 2003. Historical Perspectives on Amazonian Dark Earths. In:
J. Lehmann, D.C. Kern, B. Glaser., & W.I. Wodos, eds. Amazonian
Dark Earths. Dordrecht, the Kingdom of the Netherlands,
Springer. http://dx.doi.org/10.1007/1-4020-2597-1_2

Nogues, I., Miritana, VM., Passatore, L., Zacchini, M.,
Peruzzi, E., Carloni, S., Pietrini, F. et al. 2023. Biochar
soil amendment as carbon farming practice in a Mediterranean

environment. Geoderma Regional, 33(5).
http://dx.doi.org/10.1016/j.geodrs.2023.e00634

Pituya, P., Thavivongse, S. & Saowanee, W. 2017.
Properties of Biochar Prepared from Acacia Wood and Coconut
Shell for Soil Amendment. Engineering Journal, 21(3): 99-105.
http://dx.doi.org/10.4186/ej.2017.21.3.63

Rashmi, I., Jha, P. & Biswas, A.K. 2020. Phosphorus
Sorption and Desorption in Soils Amended with Subabul
Biochar. Agricultural Research, 9(2): 371-378.
https://doi.org/10.1007/s40003-019-00437-3

Rattanakam, R., Pinitpon, P., Mantana, S. &
Sitthisuntorn, S. 2017. Assessment of Hydrophilic Biochar
Effect on Sandy Soil Water Retention. Rey Engineering Materials,
751: 790—795 http://dx.doi.org/10.4028/www.scientific.net/KEM.751.790

Reddy, S.B.N. 2014. Biocharculture: Biochar for Environment and
Development. ‘s-Hertogenbosch, the Kingdom of the Netherlands,
Meta Meta.

Saha, A., Basaka, B.B., Gajbhiyea, N.A., Kalariyaa,
K.A. & Manivel, P. 2019. Sustainable fertilization through co-
application of biochar and chemical fertilizers improves yield,
quality of Andrographis paniculata and soil health. Industrial Crops and
Products, 140(4): 111607. hitp://dx.doi.org/10.1016/j.indcrop.2019.111607

Siltecho, S., Suvannang, N., Kaiphoem, J., Medeiros,
E., Romualdo de Sousa Lima, J., Prakongkep, N.,
Gilkes, R. & Hammecker, C. 2021. Characterization of
Prerocarpus macrocarpus (pradoo wood) biochar and its effect on the
retention properties of sandy soils in Northeast Thailand. Soi/ Use
and Management. 38(457): 1—14. hitp://dx.doi.org/10.1111/sum.12774

Silva, L.C.B., Basilio, J.J.N., Fernandes, L.A., Colen, F.,
Sampaio, R.A. & Frazio, L.A. 2016. Biochar from different
residues on soil properties and common bean production. Scientia
Agricola, 74(5): 378-382.

Singh, H., Northup, B.K., Rice, C.W. & Vara Prasad,
P.V. 2022. Biochar applications influence soil physical

and chemical properties, microbial diversity, and crop
productivity: a metaanalysis. Biochar, 4(1): 3.
http://dx.doi.org/10.1007/s42773-022-00138-1

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, 105(1): 47-82. nttp://dx.doi.org/10.1016/50065-2113(10)05002-9

Soinne, H., Keskinen, R., Heikkinen, J., Hyviluoma,
J., Uusitalo, R., Peltoniemi, K., Velmala, S. et al. 2020.
Are there agricultural or environmental benefits in using forest
residue biochar in boreal agricultural clay soil? Science of the Total

Environment, 731: 138955. hitps://trepo.tuni filbitstream/handle/10024/122700/
are_there_environmental_or_agricultural_2020.pdf;jsessionid=3C5CD381DF628916D679F-

0D4787954317sequence=2

Sombroek, W.G. 1966. Amazon Soils: A Reconnaissance of the Soils
of the Brazilian Amazon Region. Wageningen, the Kingdom of the
Netherlands, Center for Agricultural Publications and Documen-
tation.

Syuhada, A.B., Shamshuddin, J., Fauziah, C.I.,
Rosenani, A.B. & Arifin, A. 2016. Biochar as soil amendment:
Impact on chemical properties and corn nutrient uptake in a
Podzol. Canadian Journal of Soil Science, 96(4): 400—412. hitps://doi.
org/10.139/cjss-2015-0044

Tomczyk, A., Sokolowska, Z. & Boguta, P. 2020. Biochar
physicochemical properties: pyrolysis temperature and feedstock
kind effects. Reviews in Environmental Science and Bio/ Technology,
19(1): 191-215. https://link springer.com/article/10.1007/s11157-020-09523-3

Van Zwieten, K. C., Kimber, S., Downie, A., Joseph,
S., Chan, K.Y., Cowie, A., Wainberg, R. & Morris,

S. 2007. Paper mill Agrichar: Benefits to Soil Health and
Plant Production. International Agrichar Initiative (IAI) 2007
Conference, 27 April-2 May, Terrigal, New South Wales,
Australia, [AT
http://www.biochar.org/joomla/images/stories/IAl_2007_Conference_Booklet.pdf

Van Zwieten, L., Kimber, S., Morris, S., Chan, K.Y.,
Downie, A., Rust, J., Joseph, S. & Cowie, A. 2010. Effects
of biochar from slow pyrolysis of paper mill waste on agronomic
performance and soil fertility. Plant and Soil, 327(1-2): 235—246.
http://dx.doi.org/10.1007/s11104-009-0050-x

TPS SOIL LETTER | 7


http://dx.doi.org/10.17265/2159-581X/2016.03.002
https://doi.org/10.1016/j.agee.2021.107454
https://doi.org/10.2134/agronj2007.0161
https://doi.org/10.1890/1540-9295(2007)5%5b381:BITB%5d2.0.CO;2
http://dx.doi.org/10.2136/sssaj2005.0383
http://dx.doi.org/10.1002/jpln.201400058
https://www.css.cornell.edu/faculty/lehmann/publ/First%20proof%2013-01-09.pdf
http://dx.doi.org/10.1007/1-4020-2597-1_2
http://dx.doi.org/10.1016/j.geodrs.2023.e00634
http://dx.doi.org/10.4186/ej.2017.21.3.63
https://doi.org/10.1007/s40003-019-00437-3
http://dx.doi.org/10.4028/www.scientific.net/KEM.751.790
http://dx.doi.org/10.1016/j.indcrop.2019.111607
http://dx.doi.org/10.1111/sum.12774
http://dx.doi.org/10.1007/s42773-022-00138-1
http://dx.doi.org/10.1016/S0065-2113(10)05002-9
https://doi.org/10.139/cjss-2015-0044
https://doi.org/10.139/cjss-2015-0044
https://link.springer.com/article/10.1007/s11157-020-09523-3
http://www.biochar.org/joomla/images/stories/IAI_2007_Conference_Booklet.pdf
http://dx.doi.org/10.1007/s11104-009-0050-x

Verheijen, E., Jefery, S., Bastos, A.C., Van der Velde,
M. & Diafas, I. 2010. Biochar Application to Soils - A Critical
Scientific Review of Effects on Soil Properties, Processes, and
Functions. Luxembourg, European Commission.
https://dx.doi.org/10.2788/472

Wang, J., Pan, X,, Liu, Y., Zhang, X. & Xiong, Z. 2012.
Effects of biochar amendment in two soils on greenhouse gas
emissions and crop production. Plant and Soil, 360: 287-298.
https://link.springer.com/article/10.1007/s11104-012-1250-3

Wang, M., Zhu, Y., Cheng, L., Andserson, B., Zhao, X.,
Wang, D. & Ding, A. 2018a. Review on utilization of biochar
for metal-contaminated soil and sediment remediation. Journal of
Environmental Sciences, 63: 156—173. http://dx.doi.org/10.1016/}.jes.2017.08.004

Wang, J., Xia, K., Waigi, M.G., Gao, Y., Odinga, E.S.,
Ling, W. & Liu, J. 2018b. Application of biochar to soils
may result in plant contamination and human cancer risk due
to exposure of polycyclic aromatic hydrocarbons. Environment
International, 121(Pt 1): 169—177. hitp://dx.doi.org/10.1016/j.envint.2018.09.010

©FAO/ Matteo Sala

The Intergovernmental Technical Panel on Soils (ITPS) is composed
of 27 top soil experts representing all the regions of the world.
ITPS members have a 3-year mandate and provide scientific and
technical advice and guidance on global soil issues to the Global
Soil Partnership primarily and to specific requests submitted by
global or regional institutions. Created in 2013 at the first Plenary
Assembly of the Global Soil Partnership held at FAO Headquarters,
the ITPS advocates for addressing sustainable soil management in
the different sustainable development agendas.

———
INTERGOVERNMENTAL
TECHNICAL PANEL ON SOILS

Xu, C.Y., Hosseini-Bai, S., Hao, Y., Rachaputi, R.,
Wang, H., Xu, Z. & Wallace, H. 2015. Effect of biochar
amendment on yield and photosynthesis of peanut on two types
of soils. Environmental Science and Pollution Research, 22: 6112-6125.
https://doi.org/10.1007/s11356-014-3820-9

Zhang, D., Pan, G., Wu, G., Wanjiru, K. G., Li, L.,
Zhang, X, Zheng, J. et al. 2015. Biochar helps enhance maize
productivity and reduce greenhouse gas emissions under balance
fertilization in a rainfed low fertility inceptisol. Chemosphere, 142:
106—113. htps://doi.org/10.1016/j.chemosphere.2015.04.088

Zhang, Q., Xiao, J., Xue, J. & Zhang, L. 2020. Quantifying
the Effects of Biochar Application on Greenhouse Gas Emissions
from Agricultural Soils: A Global Meta-Analysis. Sustainability,
12(8): 3436; http://dx.doi.org/10.3390/5u12083436

Zhang, C., Zeng, G., Huang, D., Lai, C., Chen, M.,
Cheng, M., Tang, W. et al. 2019. Biochar for environmental
management: Mitigating greenhouse gas emissions, contaminant
treatment, and potential negative impacts. Chemical Engineering
Fournal, 373: 902—922. https://doi.org/10.1016/j.cej.2019.05.139

Zhang, F., Zhang, G. & Liao, X. 2021. Negative role of
biochars in the dissipation and vegetable uptake of polycyclic
aromatic hydrocarbons (PAHSs) in an agricultural soil: Cautions
for application of biochars to remediate PAHs-contaminated soil.

Ecotoxicology and Environmental Safety, 213: 112075.
https://doi.org/10.1016/j.ecoenv.2021.112075

.

<

©

GLOBAL SOIL

Global Soil Partnership (GSP)
Land and Water Division
GSP-secretariat@fao.org
www.fao.org/global-soil-partnership

Food and Agriculture Organization
of the United Nations
Rome, ltaly

CC8733EN/1/11.23

©FAO, 2023


https://dx.doi.org/10.2788/472
https://link.springer.com/article/10.1007/s11104-012-1250-3
http://dx.doi.org/10.1016/j.jes.2017.08.004
http://dx.doi.org/10.1016/j.envint.2018.09.010
https://doi.org/10.1007/s11356-014-3820-9
https://doi.org/10.1016/j.chemosphere.2015.04.088
http://dx.doi.org/10.3390/su12083436
https://doi.org/10.1016/j.cej.2019.05.139
https://doi.org/10.1016/j.ecoenv.2021.112075

