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Effects of Soil Types on Methane Gas Emission in Paddy During Rice Cultivation
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Anaerobic decomposition of organic materials in flooded rice fields produces methane (CH,) gas, which
escapes to the atmosphere primarily by transport through organs of the rice plants such as arenchyma etc.,
Although the annual amount of methane emitted from a given area is influenced by cultivation periods of rice
and organic/inorganic amendments etc., soil type also affects methane emission from paddy soil during a rice
cultivation. A field experiment was conducted to evaluate effects of soil type on CH, emission in two paddy
soils. One is a red-yellow soil classified as a Hwadong series (fine, mixed, mesic family of Aquic Hapludalfs),
and the other is a gley soil classified as a Shinheung series (fine loamy, mixed, nonacid, mesic family of Aeric
Fluvaquentic Endoaquepts). During a flooded periods, redox potentials of red-yellow soil were significantly
higher than gley soil. CH, emission in red-yellow soil (0.21 kg ha day'l) was lower than that in gley soil (5.25
kg ha™ day'l). In the condition of different soil types, CHs emissions were mainly influenced by the content of
total free metal oxides in paddy soil. The results strongly imply that iron- or manganese-oxides of well ordered
crystalline forms in soil such as goethite and hematite influenced on a CH4 emission, which is crucial role as
a CHy oxidizers in paddy soil during a rice cultivation.

Key words: Methane, Rice, Greenhouse gas emission, Red yellow soil, Gley soil

A A o] ghEo] mgho] A= Aom A=A Utk =&

Foz 7Y frjgoz mee] WE2 24 (molecular

B A HIEELE SAZIAL T uet (CHy) T diffusion), 7% (ebullition as gas bubble), W& E3t} v}

o} /;_]'3—’1]-{‘—__1 2 (NO)2 T-EE|H (IPCC, 1995; Rodhe, 1990) Z (rice mediated transport) 5] oj&| 7}4] A=Z7} o)
CH. oliksigtao] ofo] 2wiAz AFeuet mup e MO SEEAT SRb o] WA 00% ol HAsh=
2 A7LAolT} (Karl et al,, 2003). E3] wehifZe] 70% & Aoz Halwo] QI B &5 B A7) Zho] wet veke)
w7} 017ke] BHEO| of5k A 0= oFulA] Q)i MA|AA] 2o & FFE A= Ae&E dHA ot (Butterbach—
Y7k 25~100 Tgo] W[Elo] g oo A] HZEL Zoz 1w Bahl et al., 1997; Cicerone and Shetter, 1981; Hosono and
TE T 9lon (IPCC, 1995), S-a]Ubaboll A= 20064 w o Nouchi, 1997; Iversen and Jorgensen, 1985). 3t F-7]|2
oF 6,717 CO-Eo] SIgahs vete] o] Augot vhgel VIS RIS HIL A W, S9E, g e
Ros z2APEQITH (NIAST, 2009a). }%4% 9k op gk wgke] A, ARt viE Foll ¥

=EYo] WG T ol o8l EEit HH

Az7o] FAEIL 0y, NOy, Mn (IV), Fe (II1), SO 2} 2
o ARG AT} o]Lo] Ho] o] HH ok EAR Cao et al., 1998; Huang et al., 1998; Knox et al., 2000;
Matthews et al,, 2000; Minami, 1995, Schutz et al,, 1990,

o Rl Belslshd B4R e FaT 8902 B}
- T3l Q) (Bachelet et al,, 1995; Bodelier et al., 2000;

A= 2011 11, 17 2=%) : 2011 12, 8 Van Bodegom et al,, 2002; Wassmann et al,, 2000; Yan

*od2kx 2} . Phone: +82533200269 et al., 2003; Yang and Chang, 1999).
E—-mail: francisc@korea, kr



=Y &

=R o|gfeld EAE B Al wet 2jo]
7F A "k, eyt ds S8 shdoly g et 3
3% SHITHEA], AR, A Foll Easte] B0 W
o] Ao njeER AHoEV Q= FAE (Alluvial soil)2}
BRAA], FAR AN RSk o] P2 d717E vt
Hhgo] 22 Eoke] Ao] HuAel SAE (Gley soil) 1]
AR, 5% BN Bssiol ko] 5 43
A E (Red yellow soil)7} =EQFo] R ES x}x]5}aL ot
(NIAST, 1992). £3] H3INEE Zﬂxédg,’r (Fez03), Limonite
(2Fe,0y HO)olA] 7191 §21 3 o] & =opel vy,
0] 90% ha o) HEehe SWEL Askglrt ol
Q712 SRR Qg 2713 o] B8 S4E ven)
T ot APHEL FT BEels gpARge AR
OF 109} ha 7} s, S| PHclol A5t of
36%7} E3E%o] It} (Jung, 1986).

Wb EoFEA o] Ao|at MEMES} MEA EoF

O

% A, W gk 2Rl e ek WEe 24
shia} 2 A7E Saela,

Mz A e

NBEH U BAEY £ AP hrges] 27 2
1364 4751l YA|stAL = BYEEEY
35°57'02", AE 1 128°33'52", s alw
50 m)oll A Aol =35t AR Ede] AR Y] B
e T sHe] BEs ArA (NIAST, 2000a)E
o] g3t} BFE SkUth AFAE (Red—yellow soil)= &
At z|of FEZE AEA AFMEQ] 35 (fine, mixed,
mesic family of Aquic Hapludalfs)o] sjg= & A]E o)A
7R 2Heg AlskA] 2 URIAEI o] Eokolqlal, SME
(Gley soil)+= s HER o] H3EE] A1SZ (fine loamy, mixed,
nonacid, mesic family of Aeric Fluvaquentic Endoaquepts)
o= w57t ot Bt =EYOR AR HE A%
AEfstal = =TGRl pHe ARAE 5.7, IME
6,562 A4l 55~6.59 HAFIL 47|E2 AFME
23.0 g kg, SIME 22,7 g kg = W|5:E TS UERG
o APAE) L EHL HEFRFO] 31l gkg 9] 1]
AP AR, SMEE FEFFO] 156 g kg ¢l A
ZFEFRT} (Table 1),

iy

o} vghE 1221

Ao 2 A[H|ZZHA W= ARY (Oryzae sativa L,
cv, Chilbobyeo)S HA|5k] 4547t 8-HTE & FF 4~5E
2 AA712) 3014 e 68 1900] 4202 olofsien, 4t
Q0] 4R Al
Zre| 57 kg ha e A1%8}
o] B& & HeE
Hl7]S SHA] ear

= 4

Ao o4

A4S l"“\Qﬂrz’”] 4—4 EQF 9 AEA EAH (NIAST
2000b)e]l &sto] AAJsHl e, EQF pHE 2APISH

71 E3=E Tyuring], Ga QAR Lfcmcaster‘cH o2 B35}
A1, ZZHA] oFol-L SFeRS 1M NH,OAc 89 (pH 7.0) 0.2
Z2310] YRS T4 7] (Analyst 800, Perkin Elmer, USA)
sapstelon, BAL HEAMo R Zgskt s
191 Rowell (1994)] Wlo] ujet HAjstgon] W
45l 25} =EeFo 2 HE] vRE]l o
Tk A LF BAL Ko et al, (2011)2] B &38to] A
Algkact ek Al Z3 %= polyacrylic plastic A212]
4] chamber (60 cm X 60 cm X 100 cm)& ©]-83}% 2.

[kt 641 1047 el 3057F EASHON] AP
1 87} 221 60 ml polypropylene A& 2| F|8he], A
B3 Fof B22o]&34<7] (Flame Ionization Detector,
FID)7} AFzte] 7fpAT 2ulE I8 3 (Agilent GC6890, USA)
£ ARgsto] AT CHy #4348 918l Porapak Q column
(Stainless steel, 1/8"X2 m) ZHHS AE3} 2™ column
oven %= 40C, injector %= 50 C, detector 2E=
250CE2 B43t9ct E9fE 395 total Fe@l MnEaFS
Giesler et al, (2000)2] ol ufel EoFof Zgk AR 7}
sjof sojzmsloln BagAR HalE ¥ REAUR
Z0REA7] (Optima 3200 RL, Perkin Elmer, USA)E ©]83}
of B354t} S-2le] AFSHE: (total free oxides)+= Citrate—
bicarbonate—dithionite®] 0. &2 E-A5}99 31 (Bech et al,, 1997),
0.5 M HCI& F=Z3to] 2/Je)] AFSlE (Active oxide) 9Hda
311t (Thompson et al., 2006). ATE- 212)oluf]
W hoR steonl, AHRT HO4AEE oI
Axjssi,

o
s T

HU—{

T
E,k—o]

=l

_ELmE_r—V.E

I,

T—testE

Table 1. Physico-chemical properties of paddy soils used in experiment.

Exch. Cation

Soil type pH oM Avail. P,Os X Ca Mg Avail. SiO, Soil texture
(1:5) g kg'1 mg kg'1 ---------- cmol. kg'1 ------------ mg kg'1

Red-yellow soil 5.7 23.0 56 0.27 6.20 1.76 175 SiCL

Gley soil 7.0 41 1,129 2.16 9.99 3.27 1.78 SiL
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Fig. 1. Seasonal pattern of daily CH,; emission from paddy
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represent the mean value and standard deviation (n=3).
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Table 2. Contents of active metal oxides, total free metal oxides and total metal used selective dissolution procedures in

paddy soil before flooding.

Soil Soil Active oxides Free oxides Total
Horizon Type Fe Mn Fe Mn Fe Mn
-1
mg kg
Red vell
Ap edsf;l oW 1,399 169 14,599 401 23,589 411
Gley 3,548 133 9,410 151 16,699 264
Soil
t-value 5731177 8.178" 20366 444737 363937 23675
Bt Red yellow 860 98 13,175 399 24872 402
Soil
Gley 3,631 134 9,758 171 16,679 435
Soil
t-value 26136 126417 30.5457 232627 33.805 3.136°

+*, ok wkek | kkk are significantly different at p<0.05, p<0.01, p<0.001, p<0.0001 by t-test.
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