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Role of biochar in soil carbon sequestration and mitigation of greenhouse
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ABSTRACT: Biochar has gained attention for its application as a soil amendment since its high porosity increases the
capacity for water and nutrients absorption. Biochar is a carbon rich charcoal-like substance created by thermal
decomposition of biomass under limited oxygen conditions, a process known as pyrolysis. This process reduces
carbon loss in the gaseous state, resulting in a high carbon concentration, and the structure of biochar has more
organized C layers. The biochar products are highly durable when applied to the soil and resistant to soil microbial
degradation, as a result it is a viable option for long-term soil carbon sequestration. However, biochar is not
considered a direct sequestration of carbon from the atmosphere, but it leads to the conversion of carbon stored
in biomass into a more stable form, which contributes to increasing the carbon sequestration in the soil. In addition,
biochar has some beneficial properties in reducing emissions of nitrous oxide and methane to the atmosphere, a
slight reduction in such emissions could bring significant environmental benefits. This is due to the global warming
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potential of nitrous oxide and methane is approximately 310 and 25 times higher than that of carbon dioxide. As a
result, biochar is a potential material for mitigating climate change through long-term carbon sequestration and
reducing greenhouse gas emissions that are a major problem of global warming.

Keywords: biochar; carbon sequestration; greenhouse gases emission
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Table 1 Yields from the pyrolysis process by the fast pyrolysis, slow pyrolysis and gasification

Temperature Yields
Pyrolysis Time
(°O) bio-oil syngas biochar
Fast pyrolysis 400-600 seconds 75 13 12
Slow pyrolysis 250-500 seconds -hours 30 35 35
Gasification 700-1,500 seconds -minutes 8 85 10

Source: Abdelhafez et al. (2017); Chintala et al. (2013); Tomzyk et al. (2020)
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and Rousset (2018) Tesududanmindnainludosdsngu 0.1 msaunsonsu uaziiufiiadimeg 253.2 msauns
sonsy Fegenindudinmannzauendndisigngu 0.1 msauasieniy wazfufiindmne 25,8 msaunsronsu il
Dunamnanauwansisvesnsinlslada sunadniuuezivaglaguesingiiu Tnevhaluautfmsneamvsadudinini
Aeatosimmsuasndeutunsfitudinminededu Welddwdnmifuiuenansenudelassadsosiuduegten
Wy nsgMusonungy uazandARusentslansiu MsiUdsuuvasnamuLuTINve iy MsiUdsunladassinves

dinfiu nsnszarevunvesgngulufu Wudu (Brady and Weil, 2008)

Table 2 Surface area and pore volume of biochar

Pore size Surface area (m” g™) Volume (cm’ g™
Small pores 750-1,360 0.2-0.5
Big pores 51-138 0.6-1.0

Source: Downie et al. (2009)
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Figure 1 Pyrolysis temperature effect on biochar: a amorphous carbon; b turbostratic carbon; ¢ graphite carbon

(Source: Downie et al. (2009))
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a

Wiagedls 204 wudluasenlansu aruudsusiuvesdn CEC ominandadevateusenisifinasienyflenduuuiuii
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U
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2018) MstinANNUANIUGEULARLoRaUYRIRY (Munera-Echeveri et al., 2018) AWAMTAlUNSNLVDIAY (Blanco-
Canqui, 2017) NMsyiasg@MsIuAY (Deluca et al, 2006) waziiudnan nlunisiuwasiiogendefivesqfunidndu
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\Judu (Liang et al., 2008) Faudnannsfiduiinmilaseadisedlsininfiudwilstianumunuanngdu wasUssnsd
@09 ﬁam’mLﬂﬁm%wuaqmifuauﬁmqﬁmﬁaL17|'auﬁ’ummvﬁwﬂ'ummma%amw (Nguyen et al,, 2010) Faprnanduduiiay
winafumuUssinnvesingAviazmsinlslada Tuseninnisinlslagavesiudinn wadinmeesiigazaaiediain
arwdou Ssdniifurewdsasiinnuduturesivousnniy siglelnsuuareendiouargapdelulutinaiiuinnd
arsuau Mlsnndinlalasiaudeaiueunazsnsduesndiausensueuiiuuiliuanas ieswinuiadanineiunng
Lﬂﬁaugﬂimﬂumu%amw (Nsamba et al., 2015) snsdnlelasiaurensusuuazosndiausonasuaudusivadsedunis
WnAsUsUlutY KagALETEIURIE1UTININ (Lehmann and Joseph, 2009) saRansulstuneluresdudinng
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Figure 2 Carbon sequestration process through biochar (Source: Gupta et al. (2020))

Tuiiuinensnssy nsinwdulngaivayulilfiswndonnmanuns Uadnd wazlliiduingiulunmsndndiu

IS o a '

Fanm losnluusasdingiumaniaziiegiduswauinn msudndudanmldnadoutiedy uazdwdnmindelday
gnihlulduAulnenss msfnwdasnisldaudinimlugag 10-100 dudesnuasluiuiinuasnssy wuddiudanm
amnsauismananiivegannidlewIeuifisuiuudasmuauddilaldddinmuulgeiu effery et al, 2011) Liesan
nsldaudininuiulsiuanunsaiilugnisinfiuasueudssana 10-100 fupisueusaignuastussesainiely 2 T
uineslsfinu Smsnsinifvansveulagldaudinmazunnsrsiulunuauiveanislddwiinwadudiu Wewisudy
spuudu dudinmazasansgsdeiiewasanalneinisgydevieaasdilufutosuin 1iesainmnunumiusiens
aanesnlufiu (Major et al, 2010) msanwlufiuftneasnuindsunamdveuluiufisusgannudianinsldaugnmn
U§UUs9Au (Table 3) 917 Zhang et al. (2018) s1ssmudmdannslnnudanmsdmaausulshusnsdus 0-40 fu
soienund luszazinat 5 3 wuidunidaiveuluiuulasildiudinmsns 40 duselenuas dusinanfiudy 7629

Woasidus WawSsuisuiunlasilafinisldanudinim udu

Table 3 Effect of biochar application rates on carbon sequestration in agricultural areas

Sources Location Biochar application rate Soil carbon
(g kg™
UITANANU LazAN Thailand 1. Control 9.60
(2562) 2. Biochar rate of 3.13 t ha' 11.2
3. Biochar rate of 6.25 t ha' 124
4. Biochar rate of 12.50 1 t ha'! 14.0
5. Biochar rate of 18.75 t ha' 18.7
F-test *
Cornelissen et al. (2013)  Kaoma, Zambia 1. Control 3.0
2. Wood biochar 5 g kg'! 31.0
3. Corn cob biochar 5 g kg™ 34.0
UNZA, Zambia 1. Control 8.0
2. Wood biochar 5 g kg'! 35.0

3. Corn cob biochar 5 ¢ kg™ 41.0
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Mkushi, Zambia 1. Control 4.0
2. Wood biochar 5 g kg'! 32.0
3. Corn cob biochar 5 g kg™ 33.0
Lusaka, Zambia 1. Control 9.0
2. Wood biochar 5 g kg'! 38.0
3. Corn cob biochar 5 g kg™ 41.0
Shimabala, 1. Control 16.0
Zambia 2. Wood biochar 5 g kg'! 44.0
3. Corn cob biochar 5 ¢ kg™ 51.0
F-test *
Zhang et al. (2018) China 1. Control 7.55
2. Biochar rate of 2.5 t ha't 7.44
3. Biochar rate of 5 t ha'? 8.47
4. Biochar rate of 10 t ha? 8.71
5. Biochar rate of 20 t ha 10.48
6. Biochar rate of 30 t ha'! 11.36
7. Biochar rate of 40 t ha'! 13.31
F-test *

agalsAny dnsinisiniuasusulagldaudnnainazianaeiull Fetladeffinanounuimvesaiudininlunis

faiuansuaulsenaunie 1) UsunaaudinnkasUsunumsusuiidussdusenaurenudinn eaesdadediianudy
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=~ 5

wlsge wazdusgiurdavesingivuazmsinlslada 2) Sasuazanudvesnsldaudinmaduiu Wefisuiuszuudy
dutinmazavanedeliesmasanan Inefinsgadevieaaedalufudesunn esanmsnumusionisaanesilufu
(Steiner et al., 2007; Major et al., 2010) 3) 3Fn15lduarn153an1siu d1udrnmaydeeenlvainauldatuniddaun
nMsvzdteanaNiIRL NMsaaeiidiesnnaninuinden warnsteramensiinin dslafematininuazdunndoniing
demsgadsaiudinmlinndnideifisuiunisvedne (Gupta et al, 2020) 4) nansznun1savveInIsldaudiniw
uennUsglesinanmalnunauds sudinmenadimsuudoulassssund lidzananiagiu (W Taveutn) vieiiniy
Tusyninanisinlsladadildwanzan wu Indleeadnezlsundnlslnsansuou Wudu (Hilber et al, 2017) aehslsAny AL
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a =
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Ussindnual wazAuy (2562) AnwIN1seauiureununInsieani1sidaudinimnudl tnwasnsdiuuniiauaulaly
d1udanm uifinuasnsursdrudslsifulayssloviuazisnisld Feazdesinisaduayudaasy wasimounsnud uas
waluladdudanmsamstaiunu gunsal uiedsermsanuasanlunmsairanimiadaniudanmliuninuasng

aa v 4

Wiy A3dnwal wag asan (2556) laswuduinuasnslidaudinmiievgnazt wazdssilluszauanuiianelaves
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NYATNTUABLIMTNNITIBNUWALIaRN1S T INAINTTUNUTY agluszAuiianalannn Wevinisinaugidisiufanssy
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audinnuazn1sann1suanUaseinuiseunszan
suthamdiunumddalunisannisvanudesiudounsyanuazifiuanuanansalunsinfufesidounsyanuie
wiald Insamsielunsasenled Sy wazasveulasenles Fsnsannistanaesinglunsasenlesuasimuaniion
dntesenansliinuszleviogrwnndedwindey Wosandnaammsiliinnzlansouvesinglunsasenloduas
fimuganiAwensusulaeenleduszana 310 uay 25 wih auddu (Forster et al, 2007) sgdlsAmuanudlaieiu

nalnaIuTINNEINaNSENURBI9RsVBIR Tl nULay lunSaeanlenllag 31 N lanenalniaItar e uuAUNUIN

Y

yostudinmlunisannsudesiedounsraniazanuanssnusuaudun filvedwuindouilelfauianmdugediu
1. auBainnuaznisaanisuanUdssinglundaeenlyn

nslddrudinmannsnannisanudes inglunsasenladeangtuussennidld (Table 4) isil unumusasiu
FanwlumsussmmstanUdesfngluniaeenlasiuagfumansilade wu anmiu audnuusvesdudanm Wudu (Fan
et al, 2017) Cayuela et al. (2014) sreauitgudaninarannisuanvaesfinglunsaeonleslamufuid pH Indifesiu
A1 pH Mdunansvieidunsa Suferdestunshnureseuledifeidostunszuiunisilusdiiady Yanai et al. (2007)
MenuhmsUiulssiuieuianmitldanues sunidviliauianisanudes indlundasenludivindy 383 lulasndu
somsaiuns lusagiisnsnsvanuassfnglufuiililaldanudnmildrgsninfiou 7 wih Tnefidwindu 2,620 lalasn3u
Aon1519eAs Twiuediediu Rondon et al. (2006) wWisuiisunisandassfinglunsasenladluauluunou uagnuil
nslddnuganmsns 8 uay 20 Ausioisnuaiuuussiuwilinisanuaesfingluniaeenladanadlaeinds 15 fadndude
mrsunsdiossuiisusudanildldlddmdanm uazanmsinuluiesujoinsteaelianudulufuiuiy 70
Wesidudvesenuannsnlunsduiwesiu wailduandiiui mslfduianminsusesiwlundasenlasanas dadnu
FanmusazriadanuanansalunisannisUaesfeuansiaiu (Rondon et al, 2006) uanani n1sAnwINITAANIS
UanudesfelunsasonladanfudeiudanmanyadniUndliiiui diudanmanyadeidndasusznaunisesed
FudanshauveseulwiivildiAensdeulussadulunfaeenled wag/miadiunsnaureseuleflunil 3
(denitrifying enzyme) Tigadastunisiasulunsasenlemdululasd lnaanzegrsdduvsnailiiioandauas fas
An$uauBunEgluysInamn Tunanduiu Aanssuflusdiiady (denitrification) agifisdulufuiiusuysdedudanimues
Juvi3d wavestuiinmanvezurddgrmaaeulufusenisusfiuiduna 72 $9lus Ty Vance et al. (1987) wuindanaa
vosqduvsluduiinmanasszinaiesas 40 luvagiidudinmvesezyadnidnlivinlidunavesqaunidlufuanas
wtogdlsfini Faudnsfnwiluededihndutanmlifnadenafulnesaunis uitoyailfuandiiuineulesifvls

Wnnsgegaanglulnsiauiiusunamundy

Table 4 Some results of reduction of nitrous oxide emission after biochar application to the soil

Mitigation of
Sources Experiment conditions Biochar application
N20O emission
Cayuela et al. (2014) Meta data analysis of 30 publication Meta data analysis 54%
Fan et al. (2017) Greenhouse experiment with four Wheat straw biochar 36.4-59.1%
types of soil Swine manure biochar 37.0-49.5%
Borchard et al. (2019) Meta data analysis of 88 publication Meta data analysis 38%
Change et al. (2016) Field experiment Corn stover biochar 21.7%
Yanai et al. (2007) Lab experment Organic waste biochar 85%

Zhang et al. (2010) Field experiment Wheat straw biochar 40-51%
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nseanauiinnuazgunniinisinlslada (Grutzmacher et al., 2018; Cayuela et al,, 2014) Ll alda1UTININAG

=

Ufduiusseninsduiuaudinmyilien pH vesiiu seduveseandiaulufiu ssdusznaulasianIsuvesaunsd Jedma
TinsUanUaseinalunsasanlanainfuanas (Edwards et al,, 2018; Harter et al., 2014) ﬂﬁﬂisqﬂm"ﬁmu%ammﬁaaﬂ
mudiduvesaslunsnuazwonlidondmivufazelussiiadunasAlusdiladu Wi pH vesiiu uazannwidudy
voseulwilifnnavedluniaeenludas uilugnsasuluniaeenledifuielulnsiou uasvineiign annisuanUdesly
n¥aeanlus (Harter et al, 2014) agdlsiny fasinisuszendldaudinmanunseannisuantassinglundasanlasle
og19un wafildfliannsaussgndldldfuautanmyneiin uazdnvaziamzresdnTinmazdmanofonssuvegaurss

[

Wendesiunmsdsuguredulasiau Fxdndudedinisfnuideiududierhaudilasgndnauiwavosdiudininuay

A

dudsznouiiiisatesiionainduld lnsaneranszmusenanssuvesdunisiisafunismud susmormslufy
(Gundale and Deluca, 2006; Yanai et al., 2007)
2. auFanmnazn1sannIsuanuaseineiinu

AuflunumlunisUanUdesfieiiimueengussennauszanm 15-30 wWesidud waznisUasdaesfingdinulszua
12 LU@%L%uﬁmmn‘ﬁuﬁwaﬂqﬂﬁﬁ’n (Xiao et al., 2018) miﬁﬂ‘mmsammi‘da'aaﬁwﬁmumaﬁuﬁmw3?1'2‘141‘1/1@101'3@
fnunsluiiuiudng Ssmsaanisvanudosfefimuamndmiivannuaiouums wu nsugninnlagldisdeiusiaonsg

+

(Gupta et al., 2016) MR nuasusaduiu (Gupta et al,, 2015) waznistununaadudeTanin (Malyan
et al,, 2019) \udu uenaindu mslduiinmuivdssiuluundmftuduammisiuandiiuiddnenmlunsan
nstanvaseinaiiinuluuiti Ueffery et al., 2016) FensanmsvanaesfneiimuiaztvanUsinamedeunsyanly
USEIMIALADNAIY Liu et al. (2011) naasusnsinisuantassiieimuluundnaienisidaudinin 2 ¥da As 61uT101mn
nlifliagying deIeuiiisuiuwasmuauitlifinislddndanm nuinsvanddesieiinuanuuasiudiniman
Tluazvinsanas 51.1 uaz 91.2 wWosidud muddu Tuieadieaiu Pratiwi and Shinogi (2016) 31891W31N3USUUTAY
FreguTInnNLNausne 2 uaz 4 Wesidus wuinsuassfineiiviuanas 45.2 uaz 54.9 Weddud sy Wewieu
funvasmuauiilifinsléanudanin Nan et al. (2020) euiusiuindnignslddndinmsns 2.8 fuseien
uns ilinsuaesfneiimuanas 41 Wesidusd 9nn1sAnwnanduandiiiuianisldaudanmanunsaannisaes

fatiwmuanndule (Table 5)
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Table 5 Some results of reduction of methane emission

Biochar Mitigation of
Sources Experiment conditions Mechanism

application CH, emission
Liu et al. (2011) Paddy field experiment Bamboo biochar Decreased methanogens  51.1-91.2%

Straw biochar

Pratiwi and Shinogi ~ Paddy field experiment  Rice husk biochar - Decrease soil bulk density  45.2 - 54.9%
- Increase soil saturated

(2016) hydraulic conductivity
- Increased porosity
Nan et al. (2020) Paddy field experiment Rice straw biochar  Increased methanotrophs  41%
Han et al. (2016) Paddy field experiment Rice straw biochar  Decreased methanogens 39.5%
and increased
methanotrophs

Feng et al. (2012) Paddy field experiment ~ Corn stalk biochar  Decreased methanogens  64.5 - 80.6%

with two types of soil
Xiao et al. (2018) Paddy field experiment Rice straw biochar Increases in soil dissolved 25.6 — 29.7%

organic carbon, NH,™-N,

nalnnisannislantaseinedimuanauluwignnldaiuiiinmlasunisdnwisgesninewnesiinisvaasslugnin
nszanansenimaunluszerdy naannsanwidulugdiiiiuiinsannisuanUaseinaiinuetadunaniannnisan
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o

(methanotrophs) GTJ!QLﬂuqﬁwfﬁﬁmﬂﬁﬁ%mﬁuﬁmu (Juunadsasusundnlunisudnndsau) (Han et al, 2016; Nan et
al, 2021) wazgn1saudanmwiliuinannfivianmivnzasdmsunmsasydularesiuafiFownlulnsm Tay Feng
et al. (2012) M8auIduanmesiisanumsuezUuslasaisvesiu Jedeliuuaiidommnlulnsvaiunse
wigivlnuartaunluusnaiuldinniu fuuaiiGomea e ldmeiiuduudmdenu Seihldnnsvanvdesfeiing
ponNALanas uenntu Jadeduq Wy audfimsneninuazmaaivesiu UsziamvesIngAuiindndudinn uay
nIzUIUMIATENnUTIN M (Qaungiivesnisinlslada) dewasenszuiunisudesfingdinuiyuiu (Feng et al,, 2012)
suTanmenatiudinsudesineiimilaensvinls pH veshiufinigu Yang et al. (2017) 51899031 pH voshuiliva Wil
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