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Soil organic carbon and total N stocks in paddy soils,

Central Plain of Thailand
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ABSTRACT: Soil organic carbon (SOC) and total nitrogen (total N) stocks are the important processes
affecting global warming crisis. Such processes also play a key role for improving soil productivity and
land use sustainability. This study aimed to investigate SOC and total N stocks in paddy soils, Central
Plain of Thailand. Representative paddy soils with different soil development, including 3 soil series
from Inceptisols, 3 soil series from Alfisols and 2 soil series from Ultisols were selected for study. Field
morphology was studied and soil sample from each genetic horizon was collected to determine SOC
and total N in whole soil and each soil particle size fraction. The results showed that each soil order had
significantly different SOC and total N stocks in plough layers. Inceptisols contained the highest SOC
and total N, followed by Alfisols and Ultisols, respectively. The relative proportions of total organic
carbon (OC) and total N in soil particle size fractions of all soil orders were ranked in the order of clay
> silt > sand, respectively. Contents of OC and total N in whole soil and soil particle size fractions were
negatively correlated with elevation, soil Munsell value and soil Munsell chroma.
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Table 1 Environmental settings and field morphological characteristics of studied soils.

Soil order Sail Soil horizon Soil color Elevation Physiography Parent
series Mottle color m (MSL) material
Inceptisols Sa Apg-Bg-Cg Gley1 4/1-7.5YR 6/2 6 Flood plain Recent
7.5YR 6/8-10YR 6/8 alluvium
Ay Apg-Bg-Bj-Cj Gley1 6/1-10YR 4/1 2 Former tidal flat Marine
2.5YR 3/3-10YR 3/3 brackish
and riverine
sediments
Bn Apg-Bg-Bssg-Byg- Gley1 3/N-10YR 3/2 2 Former tidal flat Marine
Cg 2.5YR 5/6-10YR 7/6 brackish
and riverine
sediments
Alfisols Np Apg-Btg Gley1 4/N-10YR 6/1 14 Low terrace Semi-recent
2.5YR 6/2-10YR 6/8 alluvium
Mn Apg-Btg 10YR 5/3-10YR 4/2 12 Low terrace Semi-recent
5YR 4/6-10YR 7/8 alluvium
Db Apg-BAg-Btvg-Btg 2.5YR7/1-10YR 7/1 20 Upper part of Old alluvium
2.5YR 4/8-10YR 6/6 low terrace
Ultisols Cr Apg-AB-Btvg-Btg 7.5YR 4/1-10YR 6/6 23 Upper part of Old alluvium
2.5YR 3/6-10YR 5/8 low terrace
Pth Apg-BAg-Btvg-Btg 2.5YR 3/2-10YR 7/1 30 Upper part of Old alluvium
2.5YR 5/6-10YR 6/8 low terrace
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Table 2 Some physico-chemical properties of studied soils.

Soil order Inceptisols (n=23) Alfisols (n=24) Ultisols (n=17)

Property Min Max Mean Min Max Mean Min Max Mean
Sand (g/kg) 4.00 391 116 27.0 455 217 175 535 352
Silt (g/kg) 255 543 392 264 554 397 226 430 325
Clay (g/kg) 250 731 492 195 607 386 203 465 322
Bulk density (I\/Ig/ma) 1.30  1.97 1.75 1.68 1.92 1.79 1.62 2.00 1.83
pH (1:1 HZO) 34 7.5 5.8 5.1 7.6 6.4 4.9 7.6 55
Extr. Ca (cmoIC/kg) 2.74 309 10.9 1.76 15.4 8.29 1.05 6.84 2.20
Extr. Mg (cmoIC/kg) 1.05 123 5.80 0.71 6.43 2.62 0.23 1.26 0.73
Extr. K (Cmolc/kg) 0.23 3.51 1.46 0.29 5.56 1.29 0.18 3.71 1.32
Extr. Na (cmoIC/kg) 0.07 042 0.21 0.07 0.32 0.16 0.05 0.27 0.14
CEC (cmolc/kg) 9.50 30.7 20.2 8.47  25.1 15.5 473 149 11.4

Remark: Extr. Ca = extractable Ca, Extr. Mg = extractable Mg, Extr. K = extractable K, Extr. Na = extractable Na, CEC =

cation exchange capacity.
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Table 3 Correlation coefficients of particle sized-fraction contents, organic carbon (OC), total N contents

and C:N ratio in whole soil (WS) and particle size fractions with elevation, soil Munsell value and

soil Munsell chroma.

Elevation Munsell value Munsell chroma
Sand 0.68*** ns ns
Silt -0.35* ns ns
Clay -0.56*** ns ns
OC-Ws -0.29* -0.57** -0.28*
Total N- WS -0.31* -0.63*** -0.30*
C:N ratio- WS ns -0.50*** -0.43**
OC-Clay ns -0.61*** -0.32*
Total N-Clay ns -0.67*** -0.29*
C:N ratio-Clay 0.37* -0.14 -0.34**
OC-Silt ns -0.62%** ns
Total N-Silt ns -0.47** ns
C:N ratio-Silt -0.45% -0.66*** -0.26*
OC-Sand -0.29* -0.40* ns
Total N-Sand -0.35* -0.40** ns
C:N ratio-Sand ns -0.31* ns
SOC stock -0.28* -0.51% -0.27*
Total N stock -0.32* -0.59*** -0.30*

*, % % Gignificant at P < 0.05, P < 0.01 and P < 0.001, respectively. ns = not significant.
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Figure 1 Profile distribution of soil organic carbon (SOC) and total nitrogen (total N) in paddy soils,

Central Plain of Thailand.
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Figure 2 Soil organic carbon (SOC) (a) and total nitrogen (Total N) (b) stocks in paddy soils, Central Plain of

Thailand. Different letters indicate significant differences at P < 0.05. Capital letters show significant differences

of soil orders in corresponding soil depths. Lower-case letters show significant differences of soil depths

within each soil order.
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ANTIALBIAUNHANANLAAS AL UDIBNTNATR
nrUqUNNFANtUlLANTLAAAINNNTTITN A AR
Wuszezinanuulusevl (Soil Survey Staff, 2014)
N9TUIBNITAINAIIANTILTLADENIINTE BLIAANE
AuviradngluAu Ivaenpdeanuanduiusidiay
semangenIgdauanfueu-luinsaulupuiuAduay
ANNATENAL (Table 3) Al AuluduaLBELVTead
PAEuFag luEnudiuaresan wgAlsemea
A AFLANENATRINTTUINNNTIANTUTNENIUIUNGN
P - o a o o a
WeaTauauduanludusuuealteaduay
dadraadiaimuwnsaguuiumiaggaull uay
a a = o £ dd‘ % 1
AUNTIa1IeIN e nda ULt e uTndaLnan
ANELTAINANIN NI LAUNTHR A8 LR
dwrdedng luAusuduBwaiteadiinluatiiedi
1 uwazvinliifiansazanafuenduvistuariulngiay
sanludulige dauanlususiuuesiaaaduss
o a < A Aa o Y o
fanTeadtaNdanaINautendaauwiistaianlu
sav) enavinlfinszLaunstiaaaanaresauisedng L
AUNATUBENIT9AI59 (Sarensen, 1974) waznlii
1BuunsgvanAsuauaurisdiarluingianganly
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Aunnuldtiesndnmuludusuavmlfoead Aulu



316

&

NnausuRIBuIunsiniuAIuauBUTTauAL

o o

ulnsiansnluAuanasa N Apg nenelTladAny
neadd sufludneossillaestuAuuuilEzy
milﬁuLﬁu'ﬁuﬁﬂf’fmqﬂﬂ'wmﬁﬁLammmﬂmmﬁm
waza Tl BN innndnduanan (AEUNANTE
nPATNLgAANEN, 2548)
AINNTANHIUTNIUNITUANNTZANETD
Adueuauistuarlulnsiausanlusuninaashu
WAAZAUNA (Table 4) WU ﬁu’lmqﬂ@“uﬁuﬁﬁmm
AfueudwrtuarlulnsaumnluayN AIUIARY
wilen > aynipswansauile > aygniarAnse
ANNANAL AnEaLeAananqLana UL LNYes
whniendeiuszaauuaziituiadimnzgsluns
dosgaduauisadnguazdudiuniafiagansilsznay
\Gedauszudnushumtianuaydunizadng (organo-
mineral complexes) MAwléA wanannii BYNIA
unaziaen IAUTIT e dEd NN Ta5 1 ARULAL
ﬂfr:‘uqumiﬂﬂﬂm%uﬁaimqmﬂaﬂa’ (physical
protection) 1ineluinauliignaaursdlunutios
#anglidne (Christensen, 1992; Six et al., 2000)
snaianfuaudurtuariulnsausmnlueynia
PUARWMTEI LAz AN ATUIAN BT NTDIRW Y

WAUINEAT 46 (2) 1 309-320 (2561).

T T s Apg agNalIg AN AR
atslafimu o fueudwiduasulnnaumu
TuaunpauIanaesEnI WALwsarausL lE AN
uanaAtsiuetaldudAnylunnsziuaanuan
anwuzAInanaLansliiiiuinanfuaudursduas
”LuTmmumu“lumémmmmmwmmﬁuﬁ'ﬁﬁmi
Ansianisasuulalfednemands Wenluy
Wauduaynipawansmauiluareuniarunby
wilen danrRasiunis@nnua9 Feller and Beare
(1997) fisneanudnFuaAtsua U uTIduay
1uimmumm‘1um§mﬂ°nmmmwmuﬁmﬂﬁlﬂuuﬂm
MHdhendneynirmmnanseuiluazeuninaunab
Witen AEEL Heeann Bsnoinnfuendwiduas
lulnsiausanlueyninzesiufidauwnlugndn
20 pm azlEFANENaaNBNEINAT 1L
AN (biomass input) WATNNFIANITAL K11 N5 INTIn
mﬂﬂdmgmmm'ﬁuﬁﬁmmmLﬁﬂﬂd’] 20 um
(Hassink, 1997) @8nAREINUANEMATIE91ANSLAU-
hulanalueumenansefifleign den ey
WeunuAdnsdauafuau-Tulasiaulusynia
AN NLATRLNATI ARLTEY

Table 4 Organic carbon (OC) and total N contents in soil particle-sized fractions of studied soils.

Soil order/ Clay fraction Silt fraction Sand fraction
Depth oC Total N C:N ratio ocC Total N C:N ratio oC Total N C:N ratio
(= g/kg-—— ) (= glkg——— ) (= g/kg———)
Inceptisols
Apg 21.6Ba 1.87Aa 11.7Aa 14.8Aa 0.91Aa 15.9Aa 0.19 0.14 1.34
Apg-100 5.74Ab 0.74Ab 8.38Aa 3.60Ab 0.27Ab 12.3Aab 0.07 0.14 0.58
100-200 3.45Ab 0.49Ab 7.22Aa 1.58Ab  0.19Ab 8.44Ab 0.06 0.13 0.47
Alfisols
Apg 16.9Ca 1.22Ba 13.6Aa 6.06Ba 0.58Ba 10.8Aa 0.17 0.14 1.71
Apg-100 5.43Ab 0.66Ab 8.12Ab 2.29Ab  0.32Ab  7.07ABa 0.19 0.16 1.03
100-200 2.49Ab 0.47Ab 5.54Ab 1.27Ab  0.29Ab 5.04Aa 0.12 0.14 0.78
Ultisols
Apg 25.9Aa 1.97Aa 13.6Aa 8.57Ba 0.62Ba 15.8Aa 0.14 0.16 0.81
Apg-100 6.87Ab 0.57Ab 13.0Aab  1.33Ab  0.26Ab 5.84Bb 0.05 0.10 0.58
100-200 2.83Ab 0.37Ab 8.43Ab 1.32Ab  0.26Ab 4.68Ab 0.04 0.08 0.59

Remark: Different letters in the same column indicate significant differences at P < 0.05. Capital letters show significant
differences between soil orders in corresponding soil depths. Lower-case letters show significant differences of soil depths
within each soil order.
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Figure 3 Percent distribution of total organic carbon (OC) (a) and total nitrogen (total N) (b) in particle-

sized fractions of paddy soils, Central Plain of Thailand.
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