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Comparison of Analytical Methods and Prediction of Soil Organic Carbon Content
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Abstract: Soil organic carbon (SOC) can be analyzed in many methods, with different advantages and
disadvantages. The objectives of this study were 1) to study the correlation between three SOC analysis
methods and to predict the dry combustion-SOC with wet oxidation and Loss on Ignition (LOI) and 2) to study
the correlation and predict the dry combustion-SOC with soil properties. One hundred fifty-eight soil samples
were collected in lowland and upland soils and analyzed for soil properties. The SOC content was analyzed by
3 methods as follows: 1) wet oxidation method 2) dry combustion method and 3) LOI method. The results
showed that the dry combustion-SOC had a statistically significant positive correlation with the wet oxidation-
SOC and the LOI-SOC in both lowland and upland soils. The correlation coefficients (r) between the dry
combustion-SOC with the wet oxidation-SOC in lowland and upland soils were 0.91** and 0.81**, while the r
values with the LOI-SOC were 0.95** and 0.77**, respectively. The regression equation to predict the dry
combustion-SOC in lowland and upland soils with the wet oxidation-SOC had a coefficient of determination (RZ)
of 0.83** and 0.66**, respectively. The R® of the regression equation to predict the dry combustion-SOC in
lowland and upland soils with the LOI-SOC were 0.90** and 0.59**, respectively. However, an equation for
converting wet oxidation-SOC and LOI-SOC to dry combustion-SOC were useful for interpreting the dry
combustion-SOC testing. The correlation between the dry combustion-SOC and soil properties showed that
lowland and upland were positively correlated with clay content and CEC and negatively correlated with sand

content and bulk density.
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unARsa: ANFUaNBUNTL LAY (soil organic carbon; SOC) 4141503LATI LR LANANEAT LAAZATATRALAY
TaidemnFnariy maﬁnmﬁ%qﬁiﬁ]qﬂi:mﬁﬁ@ 1) AnE AL 3B AT AN LI UR LY UAN ANarY
LAZAFI9ANNNIYITUNBUTNN AN TUBUB RN IAERT dry combustion A28 wet oxidation LA loss on ignition
(LOI) uag 2) e Anmauduiusuaraiaaunisvinun a3 e suenaunidlngda dry combustion A28
autPawdacdu Imﬂﬁflmiz\juLﬁuﬁq@ﬂ'wﬁuﬁuﬁzﬁmmm@u 158 faaeing WA AR Awda sy
LL@Vﬂ?ﬁmmm{muEum?ﬂrs 33 fail 1) wet oxidation 2) dry combustion k8% 3) LOI NaN1TANEI WUIN
ma‘uauﬂum‘ﬂmmﬁ Wineds dry combustlon (dry combustion-SOC) mmuwuﬂmmmn@mw
uamﬁmmmamnu 3% wet oxidation kaz LOI mwummm naw 1AeAd wet oxidation HANdNU 9y ZWlﬁ
ANANNUS () 10 0.91 LAz 0.81** MNATAL 35 LOI HA1 r 19inL 0.95 wa 0.77** ANANAL ANN1T
nAneeLieinu dry combustion-SOC #8733 wet oxidation 18 iusTiguuazaeuiiAddsavanissadula
(R?) WAy 0.83* waz 0.66™ AMNAIAL A1 R? N1991U18 dry combustion-SOC #9833 LOI m@ﬁuﬁ@jmm
paw RANTL 0.90" Uy 0.59" AL atelsfimuaInaunsi ldanunsniaeuAdinseianaa wet
oxidation waz LOI 13T dry combustion 18 aqifludselaailunisulanaiiasnsiannsueudusedaaeis
dry combustion dry combustion-SOC H@ndNAUSIFIuaniulFuimenn1Afwmuilas (clay) LazAIINg
wanuasuuanlenay (CEC) LLaxﬁwa?“uvv”uﬁrﬁmuﬁuﬂ?mmwmﬂﬁumm (sand) WAZAIMNAULUUIINTDY
A1 (bulk density, BD)

° % a A o - a ae A T & A
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AU ARz suenauiae luAu (soil organic
carbon; SOC) Hua"edsdaurasisdldaen
Buvzadn luAn (soil organic matter; SOM) wazdeldaunnsaiu AaNHanldlunsaimszd
a a A a = P o - a a a @ a oa Aa

Wudunsoansfiaglunu G9laannisannesn AU ugunITluAuIesieljiRn sl giinan
1099 1NNT TINART Wreanqdunae saniadunsy  Teadoulugy Hendiasnzidan 335 A9l 1) 35 wet
arsnsniglanlaeseanuiuariqaunidd- oxidation (Walkley and Black, 1934) L1438 oxidize
1ATIZWAY AR LA ATYARaNLTRNIINI8NIN prfuauliiluafuaulnaanladaenuna au-
AT UAZNNSTININIDIAY (Patharadilok, 2013)  lalaswm (K,Cr,0,) uaznsaniuzdudndy (H,50,)

.z y e da . oo v o 4 4 N .
fafu n1slddselaafreaiAuuaznsdan1saun udadnlalasanivae (Cr,0,%) lnanislnmsniu
wAnANeiuAsdanaldNUTuNuresAFuaudundd  reducing agent tuAT AN N U 1 uUNI ANy
PUANEINaiU (van Noordwijk et al., 1997) AaiL16)H dznaniansonarlifealdiaTeaNaN LAY We AN

a A o R gy o Ao a ~ % AN v o o ' d' ' \
aunsedngaslfidussidnannIneesn e ld nlatanudugan Ae@ recovery ot lutag
192 ANAN T UIRININEINTAU WANITAATIEH 71 - 92 wleafidusl (Nelson and Sommers, 1996) Y1

dunadagluiu ldaunsndinseilalansg TsiagAnsAn correction factor (CF) e lsSun o
aansmmeildannafueutwidldwiedng  avfueuBunidiaanugniesuiniy uazansiadl
lnserdaudnnisfidnanfueudunidiitsunm Al K,Cr,0, Fudusunsuedeuindan 2)33
58 1afidusl 2998UnTadRg (Grigal and Ohmann, dry combustion (LECO Corporation, 2016) +T1A33
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N19LNNARRUUNH 350 - 440 aeANLTaLTHA
Suwannaoin (2007) 1897491 N3ATIZHANFURL
8un3dA8AT dry combustion HAIINYNFBININ
n913% wet oxidation LW31¥AT wet oxidation &
%@ﬁﬁﬁmmmmuﬁmﬂﬁﬁ?mmﬂ%Lmﬁuﬁiﬂ
anysnl vin TSN fueudunseinnaeile
fandeandnarnuiiuate n1samseianfuau-
BuNTHA2838 LOIwWNNZAUN1TIATIZAUNIN Y
\Reaindu Aviamidis ef al. (2015) 13 guLiley
ATN199ATEANFUeURUNTER287E wet oxidation
LA dry combustion TneldAaat19AuE198 9
(soil certified references materials) Wua9 a3 dry
combustion HAYINYNABININNINTT wet oxidation
fauwmgiinisiinmzian fueudusddaeds dry
combustion A4t uAB A2 lanaensunaz 14y
mm:-gm‘lumﬁme:ﬁmmi’uauﬁuﬁfﬂuﬁu
waidaem ARt danefigedsiinAdaniad sz
AN ANFLIAUB U RA AT LA eiAE dry combustion

16:a1N3T wet oxidation ka¥Ad LOI Iaain153LA1EI
anAUANUS (correlation analysis) LA¥N1TILATIEZY

n1snAnNatE (regression analysis) Konare et al.
2010) ladsznnniAaANFuauaunIdreannlu
wanINIAZITURNAINANNT %SOC A283T dry
combustion = 0.03 + 0.36 (LOI-SOC) {A1 R? winriu
0.89** aNANYY FagunTatszan Al ATy
suvadrasivldlne\daurAidesdunianiuas
NNNNLAINLBIAU BNFBeNgLT mmmmmﬂﬁlﬂu
wARleaau (cation exchange capacity, CEC) A2N
MNLUUIINAY AL Tudy B9a1nnsmaaeTes
Konare et al. (2010) 9a11130Usu1UAIATLRL
duvirdresnuluuenininzdunn tneldusunnaes
AUNIARUIUTLEL AINANNTT ANFUAUBUYFETAINGD
dry combustion (g/kg) = 1.854+(0.019 x clay(g/kg)) i
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AN R WINAL 0.45** Syers et al. (1970) WL AIN-
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Alansu et A siantTd esduniand
29971 daunaiusietgeAuLuL i sUnIuAaatg
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Aulne a5t (pipette method) (Gee and Bauder,
1986) A2uLTuNTA-A19189AU (pH) Iaaldamsn
dauRusiatin 11 FaganiATeq pH meter (National
Soil Survey Center, 1996) A1n17u1 A1 209R 1
(EC)‘Emﬂ”L%fé’mmzhuawifaﬁﬂ 1:5 Fndaeiadeq
EC meter (Richards, 1954) mﬁwgl,l,@mﬂ?ilﬂmmm—
laaai (CEC) @fimmagl 1N ammonium acetate (pH
7.0) (ITA, 1979) Aps1zsfanfuauduyize 3 35 fai
1) 3% dry combustion Tnaldiaes CNS analyzer
(LECO Corporation, 2016) 2) 3% wet oxidation
(Walkley and Black, 1934) az 3) AtAsneuilTuny
ANFUBURUNTE A28RT loss of ignition (Jones, 2001)
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Figure 1. Map of soil sampling points of lowland (n=92) and upland soil (n=66)
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MFIATITUAISLAUBUNSS AQERE dry combustion
(LECO Corporation, 2016)
UNADENAUNILALAITAURIUAZ LN
9u1m 0.1 Dadwas irliAirseridanieies TruMac
CNS analyzer S/N 15552 Irﬂmmﬁfafafjwﬁqmuqﬁ

1,350 avAnaaidea \uean 6 w1 yan1sanse

FatnadaeAuganfiatemugneda (soil certified
references materials) ¥)n | 10 Aaeng {enmagey
mmqﬂﬁ’f@wmﬁﬁmmw‘”ﬂmmmm?}'ﬂ %recovery
299A15UeK IUANTIRIIE dry combustion 11nN31 98
ilasfidust

M5AATIZUAISUAUBUNSE AEAT wet oxidation
megaas Walkley and Black (1934)
UNA29E19AUTAUNIUAZILNTITUNA 0.5
HAaALNAT (32 mesh) L& Tafa0819AY 0.2-2.0
nin ldasluaangdannauin 250 Haaans AN
an7azane 1N potassium dichromate (K,Cr,O.)
atll 5 Hadans undaiun o Wanwazansazane
NANAYW LANNIANINeiududua w0l 10 Haaans
memmﬂwwamammm Fameltlszanns 30 1
FAutNnaY 15 DaAans Lmq\‘imm‘ﬂwwm%’f‘lu
Il LFN O-phenanthroline ferrous sulfate indicator
3 -4 ve1m N3A suspension AAEANTAZANE 0.5N
ferrous sulfate (FeSO,+7H,0) @umzﬁqﬁwmqﬁ
(end point) AnRT84 suspension azitlaguanALien
fludrinmnaunns i1 blank %aiﬂﬁﬁqaﬂ'wﬁumud
AUNMIIATIEHRLRENAR ANNITDATUILLTNI Y
AnfuaLBwRT LAl FaNnsfre L

1BunuANFURURWYITE (%)
_ (blank-sample) x N 184 FeSO,x0.003x100x 1.33

UMIN2RIALRILIA (g)

Tne# blank A8 a1sazane FeSO, AN
blank, sample A a17azany FeSO, filninss
Fnatng, N 189 FeSO, Aa Adnuiduduuas FeSO,
lumiag normality, 0.003 Ae U MYnAaNLya
(equivalent vveight)m@qm{uauﬁgﬂ@ﬂnmmm’iu
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. a4 s .
e meq waz 1.33 Aa AR A nnIsAwI Tne
ARAINANLRAY %recovery 189ATUAU TuAMWNTL
75 ilafidus

MFIATILUAISLRURUYSE A2eRT loss of ignition
(Jones, 2001)

11 crucible evlananuTuiigungd 105
asATaTea 1faan 2 $9lua tianld desiccator
F911mIn199 crucible Taf2a819AUTTAUE
AZULNINTUNA 2 HARLNAT A1UIU 5.0000 n5u 1d
crucible udaanuMinAauey tNfaasnaALild
crucible udalaufiquiunfl 105 asrvgaldag
Tunan 4 alu udatianld desiceator apinmiin
NAIBUFAIDE19AY ﬁwﬁq@ﬂwimmﬁfqmuqﬁ
400 aaALTaLdaa {an 4 99lu9 wdasinunld
desiccator AMTNMENUEINNIENFAREN AL 81750
Al AU udunIdluAulsfeannns
sasielylil

SN fuauauyize (%)

PMINAUMAILN 105 °C - LWInAUMANNT 400°C

PmInAUNAIaUN 105 'C

MSIATIEHTRYANWATA

auTAAwd e uALAssilae 1 aif i
wasun 18unl ALede (mean), AN3BEIg1U (median),
f&'qulﬁlmmum m3311 (standard deviation: SD), A1
futlsv A pnuutlstlsau (coefficient of variation: CV)
LAZANANNLLT (Skewness)

AATEWANAUNUS (correlation analysis)
1840153 AT1EANTUeUBUNTHA283T dry
combustion 1awA 1) AtA1zHaNENN LTI
1FUNUANFURUBUNTE 2131978 dry combustion
AU3F wet oxidation wazAT LOI Wag 2) FtAT1Li
gndunussendnedduinuanfueudunieingds
dry combustion fuguARwdoey

a¥19guniniieriuiedinauanfuey
BuNTA2838 dry combustion TagaF1aannis
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nANAae (regression analysis) 7¢ua19UTN U
ANFUAUAUNTENT dry combustion #2833 wet
oxidation Wa¥ LOI LAZAF19ANNITNITNIUNE
UFnuuA1fueudunsedas dry combustion Aag
anTAAulnedsd stepwise regression analysis
Tnaudedeyananidy 2 9m Ao training set for
calibration way testing set for validation Tnaigu
Tayaeaniiu dadau 70: 30 Im*’ﬁ’ﬂgmm‘ﬁ' 111
NIAF19ANNINANAELAZANNTATUAANART AN E
73 stepwise regression Zﬁqu%’@gmm‘ﬁl 2 YNl
lun1sdszunnuAtiuniasuesuduniedlumu
Lﬁ'famm@mumwgﬂéfmm@mumiﬁ@%’m"ﬁyu
TAEIAN1ILAN root mean squared error (RMSE)
(Saldafa-Villota and Cotes-Torres, 2021; Willmott,
1982) LAz A1 model efficiency (EF) waaﬂa‘ L1
mwmmmﬁnmmmmmmmmam‘wmwuu Rl
mmﬂw\mmmmqmmmu Tneltlsunandnidagy
NNADA

NANSANBILAZIANT DL

aniARuT e

N1TLAIN AT A LTSN TUUN IR AN LR A
Lﬁy@qrf’fummﬁq@ﬂ'wﬁu‘luﬁuﬁajm WL A1 pH 283AU
‘Lu‘ﬁuﬁ@iuﬁm@@mﬁqﬂ.% - 8.01 (Table 1) n"3-
nszaneFafluuLLITEne SAneAemingy 6.39 udnd
47@1 pH daulu)ilunsaaau Anisunlnineessy
(EC) vesituiiquegludns 0.01 - 0.48 faddudsie
VIUFLNAT AN EC fagflmxﬁuﬁ"l,ailﬁm FunennA
N9 (sand), aUNIANTIE WL (silt) uazayNIA
Ruwilen (clay) TAnLaRe 201.02, 358.97 uaz 440.77
nFusenianiu mNA1AL Wun ﬁumu“lmysluﬁuﬁzju
é}”mﬂuﬁfaﬁuﬂi:mwﬂ@iuLﬁ@@uﬁﬂmwmuﬁfaﬁmﬂu
Aunien AnNvINLLLIINYa9AY (bulk density, BD)
mmﬁu‘ﬁ@jm 2¢ U199 0.94 - 2.13 nfusegnuIAT
IURLNAT ﬂQWN'ﬂLL@ﬂLﬂgﬂuLLﬂmi’ﬂ’ﬂ’ﬂu (CEC) ag
W29 0.45 - 116.60 Ui luasanlaniy lulnsiay
Favun (TN) B¢jluta9 0.35 - 28.55 nfusenlaniu
S uN 09N FIa ALY T ETA LA =W A28 dry
combustion, wet oxidation Laz LOI ﬂ@ﬁﬁuﬁl quBg
luting 3.87 - 29.47, 1.66 - 31.22 LAz 6.78 - 70.36 NFN
feAlansy Audn s lnedlAnledeiny 13.16,
11.23 Iaz 29.71 nfuABN ANy MNATAL

Table 1. Soil properties of lowland soil samples (n = 92)
Parameter Minimum  Maximum  Mean  Median SD CV (%)  Skewness
Soil pH (1:1) 4.45 8.01 6.39 6.66 0.91 14.16 -0.33
EC (1:5) (mS/cm) 0.01 0.48 0.16 0.13 0.12 73.24 1.1
Sand (g/kg) 4.00 74410 201.02 100.79 213.16 106.04 1.12
Silt (g/kg) 95.53 561.70 358.97 388.60 103.28 28.77 -0.63
Clay (g/kg) 58.89 75111 440.77 44522 178.61 40.52 0.01
BD (g/Cm3) 0.94 213 1.52 1.49 0.26 16.95 0.41
SOC (dry combustion) (g/kg) 3.81 29.47 13.16 11.20 7.02 53.34 0.92
SOC (wet oxidation) (g/kg) 1.66 31.22 11.23 9.22 6.71 59.72 0.83
LOI (g/kg) 6.78 70.36 29.71 25.90 15.02 50.54 0.83
CEC (cmol/kg) 0.45 116.60 32.48 28.07 22.82 70.25 1.59
TN (g/kg) 0.35 28.55 1.64 1.02 3.63 220.64 6.61

BD = Bulk density, SOC = Soil organic carbon, LOI =
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Loss of ignition, CEC = Cation exchange capacity, TN = Total nitrogen
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udaa liNINNNTIAI TN AN T U LYITE
Tnedgaes LOI HAgendinisdiaszifaeisauiiu
Qdd’l o ] v v v
WI1LA T LT UN TN RRE19AN A TNFR LAY
Farnuinnuellenaniliansdunsdunsaiingn
e Ingeniyes1afanuiUsunamunilen
BN (Christensen and Malmros, 1982) a1NN1INAAD
489 Sutherland (1998) #3181 uD9T0a T A297 D
dl o v a I3 3 a = U 1
Lol ianannlinsaasnedianfuaudunssla la
e u nnsgaudeunainiasea¥isaasuslumiu
lﬂl & &

nalasugilifluansuenlasenlafaesaislsznay
ArFUaLLAluA Y WA daulFuiaianfuenaunde’
PR RaeaT wet oxidation H3u1aiANFuaw
a A el o | _aal . aa
BUNIENURUNIIAT dry combustion Wl 127E
wet oxidation {A1aAY recovery agjludas 71 - 92
wladifust (Nelson and Sommers, 1996) wid1An
A1 % recovery 184AFUAY LiNa lHLUTuNuAN R
BUNTHHAINYNADININTUN 75 1afiFusduan
(Allison et al., 1965) USNIUANFUBURUNTE N
A1 A2835 wet oxidation Tuiunguuaznau
JUFunniAnfueudunseiieandnas dry combustion
FAUANFAAYW 14 waz 35 Wafidusd niuaisy
TI4RAARBITUALNIUNAARIYRA Avramidis ef al.

Table 2. Soil properties of upland soil samples (n = 66)

(2015) WLI AUBI9BY 2 FreginaiaiAs LilFun 0l
ANTUBUBUNTEIRI43T wet oxidation (21.00 AL
4.94 wWafidus muansy) HUFu1aiaFuanduyiel
#%een919% dry combustion Gatfoandn 5 wWefifus
(29.00 K@z 5.60 LWafdus AINAIAL)
suTRAu s U0 uTine L wudn Al
pH 8¢/ lug99 5.17 - 8.03 fiAnadawintu 6.75 uang
91 A1 pH IR9AUR LT AU UL pH 1unans
(Table 2) An EC aglutag 0.01 - 0.19 Haddwuudsa
VIR AT @gﬂuizﬁuﬁimﬁm 31704 sand, silt uay
claymmﬁu‘luﬁuﬁlmuﬁmLfa?{mvhﬁ”u 471.81,
303.57 WAY 224.62 NfNAANIANTN ATNANAL
LL@mﬂﬁ&ﬁudﬂﬁumuim&iluﬁuﬁm@uﬁL‘f':faﬁu
ﬁm@ﬁiuﬂ@juamﬁwmu BD 2¢/l1194 0.75 - 2.59
nfusagnuIATIguALNAS A1 CEC waz TN HAN-
lRAainTy 21.98 lruAluaseilansy uay 0.97
niuseAlanst MNANSU ANLeANANFUALALYELT
QLmW”Mmmﬁ dry combustlon wet oxidation LAY
LOI 1897iufins AN IaREWINTL 13.77, 8.84 Uaz
22.73 nfuAANLlANTN ATNAIAL N1T3LATIZUUN
ANFUAUAUNTEIABATYRY LOI HANANTUR U WY TE
geninAaauwRsaTuiuNuTig

Parameter Minimum Maximum Mean Median SD CV (%) Skewness
Soil pH (1:1) 517 8.03 6.75 6.73 0.82 1212 -0.08
EC (1:5) (mS/cm) 0.01 0.19 0.06 0.06 0.03 54.86 1.00
Sand (g/kg) 67.68 904.36  471.81  471.78 21449 4546 0.16
Silt (g/kg) 67.44 540.83 303.57 31319 124.16 40.90 0.01
Clay (g/kg) 16.67 623.11 22462 189.22 14434 64.26 1.22
BD (g/cm®) 0.75 2.59 1.69 1.70 035 20.82 -0.18
SOC (dry combustion) (g/kg) 3.56 55.56 13.77 9.75 11.06 80.31 2.25
SOC (wet oxidation) (g/kg) 1.79 35.32 8.84 7.42 6.35  71.83 2.37
LOI (g/kg) 4.25 51.35 22.73 20.65 1136 49.99 0.63
CEC (cmol/kg) 0.23 104.45 21.98 12.37 2566 116.71 1.93
TN (g/kg) 0.26 3.45 0.97 0.84 0.64  65.85 2.61

BD = Bulk density, SOC = Soil organic carbon, LOI =

Loss of ignition, CEC = Cation exchange capacity, TN = Total nitrogen
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ANANNUTTEUINLUTNIUAS URUAUNS 2RI
dry combustion NUA8 wet oxidation Wazas LOI
ANFNAUTTLMINIDAATITT AN TRV
395 lun dry combustion, wet oxidation uag LOI
mﬂqﬁyuﬁ@immm@u (Table 3) W21 YFNIuAS-
veuduvIdresAuluRuTquiit AT sifaead dry
combustion HaANLEIFILANKIAE wet oxidation
waz LOI agafitiadAyn1eadad (P < 0.01) HAN
ﬁuﬂsxﬁwémuﬁuﬁuﬁ(r} Winiu 0.91* uaz 0.95*
ANEAL 13U UANFLAUR YRR AT e T
wet oxidation NANANNUSITILINALAT LOI aeinadl
wad1Atyni19add (P < 0.05) §An rivinfiu 0.89*
dauiunnianfueudunidresiuluiuiiney
AR =R EiAT dry combustion Hanguwus 1T
UANHIAR wet oxidation ua LOI atalwadnAty
N1940R (P < 0.01) HAN rwinAY 0.81* LAz 0.77**
ANNAFL USUNUAN Tl URUNIE AR LA T A
A% wet oxidation NauduWuE L Eauaniuds LOI
ageldad1Aynieaiis (P < 0.01) 8en rwinfiu
0.78" GaganAdaIfLaIUASaT89 Ramamoorthi
and Meena (2018) BN feUB WA
#1833 dry combustion & AV ANNUALTILANAIAT
wet oxidation uaz LOlag1eldad1Atyn19ann
(P<0.01) 8AN r WU 0.94* WAz 0.87** MINAAU
ViuLAeQ T UALNI1AA8289 Rowell and Coetzee

(2003) 391501 UANFLAUBUNIETA LA LR A
dry combustion NaUANAUTLTILINALAT wet
oxidation way LOI ageTiad1Atyn1eata dan r
WU 0.93* LAY 0.88** MINANAL Chen et al.
(2015) WuI BN uAN FLURUEERA AT LRt
3% dry combustion {A183N3133 wet oxidation 814
L'ﬁmmnmi@@n%mﬁuﬁmmdmnmumﬁfm
mmﬁ*@uﬁammﬁ@qmmdﬁ 1,150 a4ATaLTEe @
uenanidenuinainresi Wawssouilnmgu
ANHLIUNTAANS LAZATINANTDIAUY AINARD
% recovery LWaTAN correction factor UBINIGILAIIZH
ANTUAUBUNTE AT wet oxidation (Bisutti et al.,
2004)

n1siunglinnuasuaudunianltaszy
PERE dry combustion Taald38 wet oxidation
wag LOI
' [ a = rdla '3

NM9UsENIUAIAITUAUBUNTEN I LA LY
2 aa . vaa . .
AIEIT dry combustion 1ael475 wet oxidation 184
Auiunguuarnau laanisaieaunisnanes
ANAIRENAUTALIN (70 1laFiFus) aunisvinune
ArANfUauBUNTTrasAuluiunguilsnuaziden
At

SOC (dry combustion) (g/kg) = 2.16413 +
0.97343 (wet oxidation-SOC (g/kg)), R°=0.83" (1)

Table 3. Correlation of soil organic carbon analysis methods of lowland and upland soil samples

Lowland soil Upland soail
Parameter Dry et LO| Dry et LOI
combustion oxidation combustion  oxidation
(gko) okg) 9 oka (kg 99
Dry combustion (g/kg) 1.00 1.00
Wet oxidation (g/kg) 0.91* 1.00 0.81* 1.00
LOI (g/kg) 0.95* 0.89* 1.00 0.77* 0.78* 1.00

** = significant difference at P< 0.01, * = significant difference at < 0.05
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WUI1 N19LATIEHANTUAUBUN T AT
wet oxidation 4111902 F UL AITNE WKL TR

BunniANFuauaUNIeA28as dry combustion 16

83 wlafifus 1ot A lAsEiA FueuAYETae
33 wet oxidation mﬂqaum?{ 2 (30 Wafidus) un
wnuA1luauni (1) wanazlalFurnip1fua
BUVEETALAINZWAEAT dry combustion W5 Sl
RMSE 1Ny 1.68 wag EF 1W1fiu 0.93 AN R LAy
A1 EF fiAdnlng 1 waasliifiudnaunishansnsn
TEnuneA1diAT e AN FUeUBUNT T A283T dry
combustion TA bnNALALNALANATS azaInnIn 1 : 1
line (Figure 2a) aziiulgan A i1 & T Anlng-
WweasAuiuA1dAszasaanfesdjimnisg R
9U3Ra189 Uimer et al. (1992) TU18ATANSUBY
Bun3TR983T dry combustion 189AUluTgUaTN-
alAamn SOC (%) = 0.23+1.17 (wet oxidation-SOC
(%)) HA1 R°=0.99** dauaNnN1sNuneAIATLaU-
Suriresauluiuiineutineasdaadil

SOC (dry combustion) (g/kg) = 1.78434 +
1.39310 (wet oxidation-SOC (g/kg)), R*=0.66**  (2)

WUI1 NFFATIZUANFUeUBUNTE IR
wet oxidation @18190AT UL AINNENULL TR
1BuauANFUeURNNIEFneAT dry combustion 16 66
e fifus 180t AnAIAIsiAn FuauA YRR eAE

wet oxidation m@qﬁuﬂmﬁl 2 (30 Wafidus) N1un
Arluaunaf (2) udaarldunnanfuendunie
31A321E83% dry combustion w91 §1A1 RMSE
Winfiu 3.06, LAy EF 1MAAY 0.40 A1 R uazAn EF
T g 1 wanslfidindnannistlamunsanly
ANT¥IuNY GeganAdasLnIIN 1 -
2b) mwmuwimummm (overestimate) Wazm
(underestimate) NINANATN

N17U3v NN AN AN TR UAUNEETI A AT =
Fnti3% dry combustion Tae 433 LOI 2ee@uitufiga
uazAau INEAFINANNITANBEANAIBENIAUTALLIN

1 line (F|gure

(70 Lﬂ’ﬂiL"ﬂu[ﬂ) mJﬂ']';rmuwmmiufawaummm
mu‘luwumum’m@ L@ﬂmﬂ\‘iu

SOC (dry combustion) (g/kg) = -0.4002 +
0.45029 (LOI-SOC (g/kg)), R°=0.90** (3)

WUIN NTAATZEANFLRUB YT IAeidE LO
AMNNTNATUNEANKRLYTIRIUTN AT LAY
AUVEA287% dry combustion I& 90 WlafiFus 1ile
W1ARA AU UB UNTETALAS LOI 199U A
#i 2 (30 Wafidus) urunuAnluaunish (3) udn
IFU3uN AN FUAUBUNIE R 1AW R3] dry
combustion w191 JA1 RMSE Wiy 2.32 way EF
WiniL 0.86 AN R? uay EF HAdnlng 1 wansldfidiu
dnaunsiaunInldiiune AdiAs LA TLa Y-

@) Lowland © Upland
30 4 _
S e o 25
g 25 4 _ ) é
220 o« > > 20 |
@ - =
= o a S 15 4 P
£15 4 b o &. Py
k) e 2 4 od o
L 10 - 13] e
S .’:o 5 e
° -9 ® 5 |
g 5 o o -
o .
O T T T T | 1 0 T T T T T 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Observed value (g/kg) Observed value (g/kg)
Figure 2. Scatter plot 1:1 line of observed and predicted dry combustion-SOC content of lowland (a) and

upland soil samples (b) using wet oxidation-SOC
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BuNnIdRa838 dry combustion lalnaLALTUAN
AT9AzAINNIIN 1: 1 line (Figure 3a) mu"l,mwm
fivunald T A Ind A e eTuRuANe3e 899uise
499 Konare et al. (2010) Tfaun13lun19n111e
ANTUAUBUNTTA287T dry combustion 189m 111
LAWINIAZIUAN A1NaNN1T SOC (%) = 0.03+0.36
(LOI-SOC (%)) AN R* iU 0.89" daudaunng
FAurg AN AN FUauAUNTFre9Aulu Ui noudl
MEavLFARaL

-3.93329 +
(4)

SOC (dry combustion) (g/kg) =
0.78879 (LOI-SOC (g/kg)), R*=0.59**

WL NIAATIZAANFUBURUYIFE IAEAT LOI
AN T LT A INE UL TTRIUT N WA S -

vaudUYITeRae33 dry combustion 16 59 1aFidus

dlatnANAAseiAnfuauauNIalneAs Lol 184
uged 2 (30 wWefidus) wunusrlugunisi (4)
WUq1 NA1 RMSE winfiu 5.56 way EF Wiy -0.96
A1 R Wazen EF laidn1ngd 1 uaaslififiudnaunnsiily
Winzan lun19N g aanmraaeiuns n 1: 1 line

(Figure 3b) AvinunglafiAngauazangnanas

ANANNUSTTUINIAISUAUDUNTENILATIZU RS
3% dry combustion NUANTRAAULLIRIAY

ANANNUTIENINIANTUBUB LY TN AT

83T dry combustion fugaTFRu UL e
ANUATADY (Table 4) Lme‘LﬁLﬁudﬁuﬁuﬁ@uﬁ
138104299 sand way BD Handuwusluidsauiy
TNy e Y P ARy A AT TR
atin (P <0.01) TnaflAn rwnfy -0.43* way -0.62**
ATNA1AL UTHN0 clay kas CEC Fanduwuslu
L%qmnﬁumi“u'auauw?fﬂuﬁumm‘ﬁuﬁ@"mﬂw
TdadrAtynneada (P <0.01) InadAn rvindu 0.45*
LAY 0.63** ANNGIFY TadanAReIfLIN-
A]8984 Chaudhari et al. (2013) WuU31 BD HA21H-
avdunusludaauiulTunuasueudunselu
Pos Taefien r winiu -0.89* Buviedagiuduin
1% BD TuAuanad 4114348289 Zhong et al. (2018)
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WU d3unnd clay HAnudunusiudsunmuang-
& a - - RN
UaudunTed AL tngd3unns clay Minnaulasy
ANENANIAINANINEINIA TRYAUNHA waziady
ARBNINAFABNITRTIFIVBIAY TINN1TNHAT-
UAUBUNTETLUINNNITATIFIUBI AL
ANFURUTIENIN AN TUAURUN T T UANITR
- & . DA
AULLRIAUIRINUNABYW WL HUFNN0 clay Lag
AN CEC HANANNUS LT auaniuAFUauauy sl
AuresiuNnauae19luad1ATYnINalA (P <0.01)
A" r Wiy 0.47** Uaz0.45™ AINA1AU (Table 5)

n1svunadiutAIsuaudAUNIdluAu
AATILUR28AE dry combustion Taeldaniima
ey
n1sdszanuAlF NN AN FuauB UNT I
muimﬂmmmm WAae33 dry combustion Taeld

@NUM@HLU@QM%%’BQ@H%@W 1(70 Lﬂmmum Inel

i
U

'lﬁ stepwise regression AUNTIVIUNEAIANTUAU-
a a o a tﬂgl d‘ 1 = = o da/
@umﬂ‘ummuﬁluwumumwmmﬂmmu

SOC (dry combustion) (g/kg) = 31.2836 -
15.1449 (BD (g/cm?) + 0.1462 (CEC (cmol/kg)),
R°=0.60** (5)

WUIN NITNUNE AN FUBUBUN T AR AN1TR

a

A1 ATNITOAT LN AINE LTI 89LTHIUAFUB Y

a a v aa
AUNTEATIELIT

dry combustion 16 60 118 Fid s
BD lay CEC N’WLLV]uﬂ'ﬂuﬂNﬂ%‘

LHaUNANTATIET

7 (5)

%

2231 dry combustion WLA1 JA1 RMSE winriu 5.03
WA EF 7inAY 0.37 A1 EF ldd11ng 1 usilen R?

v PN & a = ralla I3
LL@’]qziﬂﬂﬁ‘NWMW']ﬁ‘UﬂuﬂuV]iﬂW'JLﬂﬁ‘qZ‘M

Winfu 0.60 DadsaNsule wanelfifiudnannisil
gunsnldnnuneAnls wiainns w1 1 line (Figure
4a) 1RIRAUNUNAN wansliviugn Ardinunelald
INALALNAIAT AIUANNNTNIWIEAIANTUDUB WNTET
a g ~ = o &
ga9nuluiuinauliseavidannall

SOC (g/kg) = -37.54045+0.07992 (clay
(g/kg)) + 11.87893 (BD (g/cmS)) + 0.02895 (sand
(g/kg))), R°=0.40** 6)



- as a o [ o a < a
malFauieudsmaiiaseinaznisyinunadsanumsuaudunselumiu

Lowland (b) Upland
30 o 30 —
° @
> 25 < 25 4
=) o 4 ) °
=20 e » 20 - °
[ = °
215 4 o T15 - W,
- o ‘ - :. °
510 A o'_.‘ . £10 4 .
= P o @
B 5 %8 T 5 A ® ¢
o ) [ ] & ®
0 = T T T T T 1 0 —- T T T 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30

Observed value (g/kg)

Observed value (g/kg)

Figure 3. Scatter plot 1: 1 line of observed and predicted dry combustion-SOC content of lowland (a) and

upland soil samples (b) using LOI-SOC

Table 4. Correlation coefficient between dry combustion-SOC and soil properties of lowland soil samples

Parametor SOC (Dry Sand Silt Clay BD 3 CEC
combustion) (g/kg) (g/kg) (g/kg) (g/kg) (g/cm’) (cmol/kg)
SOC (dry combustion) (g/kg) 1.00
Sand (g/kg) -0.43** 1.00
Silt (g/kg) -0.04 -0.27* 1.00
Clay (g/kg) 0.45* -0.86**  -0.27* 1.00
BD (g/cm’) -0.62** 0.35* 0.08 -0.39** 1.00
CEC (cmol/kg) 0.63* -0.52**  -0.32* 0.68**  -0.28* 1.00
SOC = Soil organic carbon, BD = Bulk density, CEC = Cation exchange capacity
** = significant difference at P< 0.01, * = significant difference at P< 0.05
Table 5. Correlation coefficient between dry combustion-SOC with soil properties of upland soil samples
SOC (Dry Sand Silt Clay BD CEC
Parameter combustion) (g/kg) (g/kg) (g/kg) (g/kg) (g/cma) (cmol/kg)
SOC (dry combustion) (g/kg) 1.00
Sand (g/kg) -0.27 1.00
Silt (g/kg) -0.11 -0.74** 1.00
Clay (g/kg) 0.47** -0.86**  0.28 1.00
BD (g/cm’) 0.26 0.16 -0.05 -0.19 1.00
CEC (cmol/kg) 0.45** -0.77*  -0.23 0.91* -0.01 1.00

SOC = Soil organic carbon, BD = Bulk density, CEC = Cation exchange capacity

** = significant difference at P<0.01, * = significant difference at P< 0.05
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Figure 4. Scatter plot 1: 1 line of observed and predicted dry

upland soil samples (b) using LOI-SOC

WUI1 N1TALATITHANTUa U UNT e
AN1TRAYN da1N1TNaTUNYANNR UL TR TN
ANFUBAUBUNTHA287T dry combustion 1& 40
Wefifus 1ilatnA1diased clay, BD wagsand
wrunuAnlugunisf (6) udaazrldusunuans-
LAUBUFETRALAIIAAR dry combustion WLIFA
F1 RMSE winfiu 3.64 way EF Winfiy -0.57 A1 R?
waz A1 EF ldid1lng 1 A1 RMSE fanldidnlng 0
LanlFiiudnauni sl it zansauniaune
yana1niingy 1: 1 line (Figure 4b) 1R9AuNUT
paw uaRs AN AnTivinung TN lndrness

G

ANz FuaudunTel
Tudu Imads dry combustion, wet oxidation Wa e
a ;A 5 a = rd‘ 1 o :l/ dsll dl
LOI H1fFu1 A FUauBunTENuANA9iY el uh
quuaraauliliuiaianfuaudunsdnainszi
Aa8138 LOI > dry combustion> wet oxidation 33 dry
combustion aNENWUTALAT wet oxidation WAL
A o 4
LOI MNUNQHLATADY 18 wet oxidation HAN
R?winfiu 0.83* uax 0.66** ANANAL 33 LOI HAN R?
WAL 0.90% LA 0.59** ANNATAL 4NN1T0A-
nealdlunisinungA1fueuaUNnIdAa8As dry
combustion faaeNIANIBINUNANAINIINATUNY
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