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Abstract accumulation, but total CH, flux in EC 5.50 dS/m treatment

was lower than those of EC 9.48 dS/m treatment. It seems
BACKGROUND: Salt accumulation in coastal reclaimed because of higher content of water soluble S04 in EC5.50
soil can decrease plant growth and productivity, which dS/m treatment than those of EC 9.48 dS/m treatment. Rice
could lead to considerable variation of methane(CHs) growth and grain yield were significantly decreased with

emission in a rice paddy. The objective of this study was to increase of salt accumulation. Soil properties, especially
evaluate the effect of salt concentration on CH4 emission in EC and pH were negatively correlated with CH, flux, while
a coastal reclaimed soil. rice growth characteristics like plant height and tiller
METHODS AND RESULTS: The effect of salt number show significantly positive correlation with CHs
concentration on CH, emission and rice growth characteristics flux.

was studied by pot test, which packed by reclaimed paddy CONCLUSION(S): Conclusively, salt accumulation
soils collected from Galsa, Hadong, Gyeongnam province. significantly decreased CHy4 flux in a rice paddy, which
Electrical conductivity(EC) of each treatment was could be useful information for evaluating CHs flux in
controlled by 0.98, 2.25, 5.05 and 9.48 dS/m and CH,4 reclaimed area in Korea.

emission was characterized a week interval by closed

chamber method during rice cultivation. The CH,4 emission Key words: CH, emission, Reclaimed soil, Salt accumulation
rate was significantly decreased with increase of salt
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05~1 % 7 7kl 23 §lew(Conrad, 2007), ©]itsler
28] o 25ulje]| gob= Al 723 A5 (Global warming
potential, GWP) wjiol vj$- Sk 247k~ A4 9)
tKBlake and Rowland, 1988; Rodhe, 1990; Minami
and Neue 1994). QA wek vjEZ2] ¢k 70 %= 1914 &
&(Anthropogenic activity)ell ¢J3l TA¥ = Zlow 4
S, A7AA e g oF 529 %l ddehs 25~
150 Tg/yr o] ¥ Aol wiEsar glo] Fu2h =2
T9% vgh viEd o= 151 QltiLe Mer and Roger,
2001).

2 lelld= 19601 o] FE A Sl w9 &
Ao gFE AT o AHARIES s 2a glo,
Al AL W AE A $AARA BEET
AT F=rsolE % b EaLA, 2009). 74 w84 Lt F
737 ¢} 71] Gl @ st e Eok Gnt w8 A
Hlaf =& pHE 7%1 e Wk OMEP e gololl H]
3 Zel i%%} ] PEHZ*OE yhol o] 2-9] Etgo] EA3
T Aow A vk B Ul Aiise] 3450 §4dE
7 3 FEEC] Yol Eoke] B wEl wlg- Egato] v
AL 8l % TEja v Fol Ank w73A el wlEl AaEe
Ao d#A SltHJung and Ryu, 2005). FE2} =ollx
&= oF 60-90 %2 HIERS W el §7]%2|(Arenchyma

channel)S %3l tf7] $o2 #jEF(Cicerone and
Shetter, 1981, Holzapfel-Pschorn and Seiler, 1986;
Holzapfel-Pschorn et al, 1986; Wassmann et al, 1996;
Wassmann and Aulakh, 2000), ¥ AS-2 dgt vjE&3Fs
285k F23 AAEA RauEnt QItiAlL ef al, 2009;
Kim et al, 2012, 2013). 7+8A] 52 =9 & F%of

Hgk wiE S4o] A4 % Ao R FdE] oA, o]
g A= o} EEA o 01 A3 Q= AAor),

gk 2 ]‘%‘r*ﬂ*éﬁ(Methanogens)ﬂr et ksl
(Methanotrophs) 8] &F%e] eSS wOom, Patel 7}
Roth (1977)% ESF Ul NaCl3} 2-2 49 7o) wgtAd
e A} He E*é% 9411]/\124 4 %loH, Balttlet &
(1987) &3t B=oF of ¢ o] STV} vl S o}
A GAAPIE A0 B sk e sk A
39 AT ] AN o) Fo AL, B v BEUS
ejste] in vitro AeIA 2 o|Fol37] witel] 4] 57
Aol @ w7t vigh miEwkel wx= e dig gkt
B7hz olFo] AA & Q= Aol 53] FuljelA= o]

of ¥k dA57F A gk Holtt.

AT E A Y AR bE 9 w2t v ulE
ol mA= dFs Bkl °H°% o F7F OE A
= T 47}5‘4 Sl Bk
sped B Mo A% SAS pot e Fotol 2AKSIA

-

TAIH A EQF Mt
B ATE S FAEGOR B shed 59W
Abeloll SIx|gh Aab 1h A 9] Eoke AAsigith Ak 11
AE A ke 2Ahd 7, Z—-_H}ﬂ e Aol 914
St P A ZA, FHAL oF 651 ha® F 403 ha”} 7lHs]¢]
199458 222 0% e deel o) w4 ghow,
ZIA} 7HE R o) HFAel EoF o]Ffeigd e antAel 71 A
= B9k EAT 1S58t Koo ef al, 1998). A3 A Z
AR A 1671 AR elM BSFE AFH TR B o3k
54 BAE Atk e 1A = EokelA o5&
of whE HehA 2jol S F7key] flsto] BAE B A
] uet 27 o) AR R 494 2ot v
£ 3% AYE(Low, EC 0.98 dS/m), ¥E% = (Medium,
EC 225 dS/m) E¥} A B4R 199 %(High, EC
5.05 dS/m), 213 %E(Very high, EC 9.48 dS/m)% U+
o] Eokg Aaalon, o] w Akd Ul #9e] Eek o]
3}st4 EAJS Table 13 Zth

i

Table 1. Chemical properties of the selected soils before
the experiment

Salt accumulation level

Soil properties

Low Medium High Very high
Electrical

conductivity (dS/m) 0.98 225  5.05 948
pH (15 with H,0) 493 537 621 658

Organic matter 198 204 198 143

(g/kg)

Exchangeable

cations (cmol*/kg)

K 0.24 0.27 0.45 047
Ca 244 2.56 3.35 413
Mg 0.87 1.92 249 3.46
Na 0.31 155 343 6.62

Water soluble Fe 087 192 249 346

(mg/kg)
2-
Water soluble SOy 183 275 401 392
(mg/kg)
Sodium adsorption
ratio (SAR) 0.76 3.27 6.35 10.75
24 el Aol glort AR HEFIES A9l

VHE9} 23¢%e] A9 US. Soil Salinity Laboratory
Staffe] 7244 72l EC 4.0 dS/m?] 7|&& Z3st
= 707 Hol Aeke) AR s akEly 9JeS o S 99
o} oA 0% 2AF Eok o SAR gk 13 ofekR UEF A
Al <% ”E’*ﬁ%ﬂ el B¢ welde s
= 7k 18 A o2 AR AdEllth mEA &
EopellA] o sk e wESe] v EaE AZ)
At Boko 7 whahE gk

=2
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ZE MY
W F7A NN @ ool uhE vE By 548 2R
7] flste] 2E AdS ANsIgl A9 thdom Add =

(]

e AH T AAURE F AHH<10 mm) S F ¥ AulE 9
g LE Aol ARHY AREE =% 135 kg= Wagner
pot(1/2000 a size) 25 cm %°17k4] 7M]%F 1.2 g/cm’ 9
o T F B frlEdoEA w3 94 5
Mg/ha HIEZ AZsigich #ETH X7 AHES <A
Z 3] o9k 194 7IME 50 kg N/ha(24), 45 kg
P,0s/ha(£7H), 40 kg KO /ha(ds7t)= A5 Alnlst
on, e 2AF 552 S(Oryza sativa L.)g 4
A5 Aulsle] 7F LEY 37|15 & oYtk 13F S
(Edu)E ol 25d F AAE 20 kg/has HPsion,
| S0 o1 2712 H(ES 159 A)oll AAis) 71
H2} 20, 17 kg/has A23ISTHRDA, 1999). A8 L&
FIE wiA Eglon], BE Aulas 3ukozslo] A
3kt AS7IE 5% 2F 5~7 ecm EOlE & 7Y
A om, v FEhE flste] £ of 194 v E

A3kgom, ol F 106200] Ahe F e A

N

Wi
o &
jx N

TR o
2
4

HEIA ZHZE L XM
7]’_/_\_ /\]_-E_L iH‘ZH'E‘ O]Zd_ Oj_:f’—oﬂ/q /\]._g_% Hohﬁ% 7]%—9‘5’:
W A1 F2k A5 18], HR wae] M we o

£ 2~3A] Afolol] AAJEATHLim et al, 2011). 5= 13] 7}t
2 AR AR B gHeh g B e we 4
o] Al e  glo), uoR EgE wol
W 2 RS FEAZOR WX Age] w3 e @

SAEE B AR T #E SE s e dEkaeE
H438 AHH(Closed chamber method, Rolston, 1986)
£ o]&3to] ARE AFEGleH, 4FF ol ad AW Ui
| 3715 &&al7] 98l 64 cm® (8 cm x 8 cm)Ato] =9
FAE AAsto] A5 S FrRsGITE v' 23]
J7RE 305t AAEH e 50 ml FAPIE o83 A
sigiek o] w Fw uiitel Eoke] 2uE A7 SA4sIIth
e ks 7hAA ZokE 783 (Shimadzu, GC-2010, Tokyo)
£ o]gste] 543190m, o] w Packed Porapak NQ
column(80-100 mesh)< ©|&3l%loH, A&7 B0l
3}71%7](Flame ionization detector, FID)S ARg-3to] #
Aot o] o 4 271 A3 80 C, Y5100 C, #
Z7] 110 T AAsiolon], £4F 7kAs AFE(He)S A4
TIAE FAa(H)E ol&sksith

A7z 5 EEZNY WEEE weiEde ok
S o]g3lo] AXFEIATHRolston, 1986).

F =p. V/AAc/At273/T

F: @92 7hg Mg &3 (mg/m*/hr)

p: ME7kA0] W 0.714(mg/cm’)

A: FEHA(7HE(m) <A Z(m):m?)

V: B3)(Axh:m’)

Ac: A8 AF A5 FEAHNL/cm’)

b 2

>~

A
a

H
Bl

At AE AAZ A7)

T: 273+53 A & Ba=5(C).

A7)zt 7 BAE F HE HAEL Singh 5(1999)°]
EYgt 2ls o] g3t BFE SRt

% Mg = (Seasonal CHy flux) = 2R x D))

Seasonal flux: AHl7|7t 5 AR F we T

(CH, g/m)

R i9A 2717 U & vigk 283 g/m’/day)

EY9| olzlety S4 Z=AL

H Al 7130 ol 2qFe] ARSI (Eh) S ARSI
o ok WMo gRE oF 5em zlolo] M HH(Platinum
electrode)s AAste] ARsEHAAS] S%71(Eh  meter,
PRN-41, DKK-TOA Corporation)E ©]-g-3l%] Z73}3it}.
A A FAES g F AR B AD Ax 7 A
(<2 mm)3te] SBHd Aol o] §algitt Bl pHe}
EC B =5 15 H&R HE §F 2% S47I(pH
meter, Orion 3 star, Thermo Electron Corporation)ﬂ
A7|MEE Z47](EC meter, Orion 150A%, hermo
Electron Corporation)® 7t} S43k3ict 2|8 ol
< IN NH,OAc®E % ¥ ICP-OES(Inductively coupled
plasma-optical emission spectrophotometer Perkin
Elmer Model OPTIMA 4300DV, Shelton Connecticut
USA)E olgsto] S4a3ith #71=2 Tyurin H& ©l&
a1 ZH3IITHRDA, 1988). B 49 59| Ca™ 9} Mg™
o gt F=H]E o]-83t] SAR(Sodium adsorption ratio)
= Ut 2ol ARtslSithSposito and Mattigod, 1997).

[NVa']

SAR=cat )+ g™ )

SH =M

A sho] WE EYY e He wiEd SAS
software(SAS Institute Inc., 1995)% ©]-§-5t°] One-way
ANOVA 207 Aelas vluwstion, Aasrt <l
4d A HAF2KLeast significant difference, LSD)
£ olgsto] A7tk Batgks vlasksich

sHE AR s, v ol 5 Algle] kel wel Eo
o B2 et )RR FUHAN e WEFS 2
A 7R A uStkFig 1), 53] tlie] vwke 1
K219 0l F 13449 AololA] HFH O W)
sl
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CH, —e— EC0.98 dS/m
—v— EC225dS/m
—m— EC5.05dS/m
—O— EC9.48 dS/m

- -
IS 3 IS} Y
S =3 S S

CH, emission rate (mg/mz/hr)

E
T

Eh
50 -

50 |

-100 -

Eh (mV)

-150 -

-200 -

-250 -

Days after transplanting

Fig. 1. Changes of CH, emission rates and soil Eh values
at different levels of salt accumulated soils during rice
cultivation.

= SAS dA7IRE 27] Aleldl S SRkl v
g o] 7P gAdsAl o] Fo] WAl ef al 2008, 2009;

Lee ef al 2010). o|&]3t A= B9 2% A5y wg
AdLel Akl Asghet el WHEh vale -200 mV
ola}) (Adhya et al, 1994; Takai, 1961; Garica et al,
2000), ¥ ASol w2 <A AEE(root exudate) YIH
SR gt 7haE] f7]E(labile organic carbon)®| ¥
%7HBouwman, 1991; Wassmann ef al, 1993), ¥ 2=
A Al 2t Hgk Mol Ftl(Mariko ef al, 1991)
ol We vlEF 718 T2 Qe = AT ek 31
ATl E ol AR thEA A% 271 o
o] dgte] MiEE= A3 1SSt ofejst A= &
u g A goR 18 thge] f7lEe] W S 27l
vl w}t methanogen ZA4Jo] A4 S7H Zlo= 2
wH, o]ol whe} B S ZHbol| wgh|Eeo] I St
Zo7 yEch

A ol wE Rk iiES ol AelgelA o =
ol BAIglo] vlsest Aeke Blo, AAES} HEHT
A9 7] vigk sjEEe] AL} 2k Hlste] tl%
=7 Uelsth Patel ¥ Roth(1977)2] ¢17tol] oJabd EoF
Y =& 99 sErt Webyde) 38 g S oA
She Ao Rslon, B A E B AS 270l A
gaeos o A FAHNYE 9 w57 1958 219%

off 2 of

ol o2

i

e

o

Ao v wjEF ael 2 4% =

(Fig. 2). L2k o] F 4% 3} % < o

g iEES o2 sk 4de Bt ole 9

T A §2Y 7Y AEAE T S5 Sk A%
I

.
o 120 3N Ea o
ol
=)

A
] AglrellA] A A okl
A % A F Ae WS (Fig. 3)> AYLES B
AmolM 747t 937 92 g/m’RE 7P ko, MAES}
ArellM F vk DAY 747F 507 58 g/m’E HE
H&l] oF 54~63 % W 210 % A SITE Balttlet
5(1987)2 E Ul 9 59 TVt e SRS fofdt
FEoZ A Qe ZoR Huselth SN # <l
ToldE 1QE ATl 2388 F He wiEswe] 2
AT AFET kA Wkt ol IUE AT FAE
FellAl 21Q% Aol vl 29kd 84 A (water
soluble SO;) o2 Qld| 23l (Sulfate reducer)?]
gAo] & Fhe 2107 Holn(Table 1), 27207 &
st 7]14(H9 CH;COOH)S 71 sk wlgh8/d+2]
S ATA 195 AP WghEEe] 219 E A
g7l HlF] vk 9SA YERd Aoz SdEt(Hori ef al,
1990; Ranjan et al, 2009).

PH —8— EC0.98 ds/m
—v— EC2.25ds/m

9.0 - —&— EC5.05ds/m

—O— EC 9.48 ds/m

85

8.0 -

pH(1:5)

75

7.0 |

EC
30 -

24

Electrical conductivity(ds/m)
>

ﬁ

10 20 30 40 50 60 70 80 90
Days after rice transplanting
Fig. 2. Changes of pHs and electrical conductivities (EC) of

the percolated waters from the potted soils with different
levels of salt accumulation during rice cultivation.
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Total flux Y=1.13X%17.24X+116.26, R>=0.898

100

—TN

[
o
T

Total CH, flux(g/m?)
H [=2]
o o

N
o
T

*

Y=0.059%-1.30X+8.92, R*=0.999""

Grain yield

Grain yield (Mg/ha)

0.98 2.25 5.50 9.48
Electrical conductivity(ds/m)

Fig. 3. Total CH, fluxes and grain yields at different
levels of salt accumulated soils during rice cultivation.

=
A7F dslshs Ao AR v 912 M (Singh et al. 2010),
A Y vgow EAshs AT gEE o] &(NHL)
2 A9 EAl= ECY S7HE xd & ¥ ofug], wgk A

RS EANA R Asls& A A 5 o
(Bodelier and Laanbroek, 2004). ¥ 7435 & %2
A FeT e AT BAE TAAA A vE uE
S IA A AoRE s, vek Abslre] B34 S
B e wet wMiEFE gy A9 Qe Row ¥

7Fee

EEs U EYO| 315N E4

oA 713 5 o s EYY] AE5 W EC W3k
ZARE A3NFig. 2), @ s=9F BAGe] A Aol A H
5% S Bolon AntH oz B S 7)o 7P w9k
Tt ¥o] A Sl whek AAs] Fhashs AEe Bt
53] B Ul 9 w57t =2 HEPdrE JAEFA o =
2 ECE YERSItE Hanna 5(2011)2 ¢3¢ skt wjgk
AL S o0 AL Ashe 20 Raskglor,
2 AFNME LA 4 sEg vk e 1% %9
A7 AAFEE 202 ARSIt Table 3). ¢ 522
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R 0&1_, o —
1y = Rl i
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o2 Mo
o\ FLE'« = rie
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oftt
:tn)L_',
R

T2 AEA H7hE i,

H A1 5 B9k T pH HSk(Fig. 2)5 AR
A3k AA Azl @ smell BAgle] visd A W
g5 Holod, aEel 2 ATeld ¥ %& pH
7 B9k W A4S 27]°] pH7F 6.7~7.2% 7 A2
7F R e mlo, o)k ¥ 304 o FHH nA=st
A% Aol AYEst REHEe] vl pH7F 82~
8.8 M7 =3tk o]l whel ARt TR A2l
H APR7IRE AN 0% pH7F S SIR fAEE A &
Qg UGlh YkA o webydee F43 welelA #
o] &4 Hol(Garcia et al, 2000), £ Ul pHel o}
F Wl wheehs Zlow kelA QItKWang et al,
1993). WPESF 2NPE Hel o)A =R pHIL wE A
e B4 el 4 F Ao dayn, F g )
FFUNE L] o] AL Sl Ao Hot v )
B =

U-U.l
off
ki

H 45 A 2 Y

T o Fho] mE WY A B RS AR 43
(Table 2), 27 (plant height), ¥ (tiller number per
hill), @9 (number of grains per panicle), HAT%
(straw yield), HHF(1000 grain weight) % T5&
(ripened grains) & 92| FE7F woblel uket AAnkA o
T HAEE S Hth Uik o = Eofelx] B Aful
W T vk SRS Bkl SR opet W AEA] &
el SJEiM s A S = Aow A Stk W o]
& 27 B Y 7l EelEe Y T vge] A A4
wo] EekoriE A wiEE= A3, A= A5l S
¥ lA] 57124 (aerenchyma channel) ] WHE 255 &
3l wiEEo] SuiEEA He wiEs STbF s B
= 4HA ik o] wWiEel = Bl WE Auishs 2
S IR iETEE] 90 % ool He] FTIRAE FEl wiEE
3L YA 10 % Wiel7F Ee RN we Ak gJE v E
e o dEA glok WAoo R we] Ae] s
& QAL viek wjEF} aE0] Yo AT lvkal &
HA QOoH(Kim ef al, 2012; Ali et al, 2009), £ <1
ME W S v ARkl aee] o] ATt e Al
ZAFE]QItHTable 3). 53] =& 99 $E= Qs ¥ 4
5 57t v A1zt 5 vElEE el 9SS + Al
e

Hu
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Table 2. Chemical properties of the surface soils (0-15cm) and Characteristics of rice growth and yields in the potted

soils packed with different levels of salt accumulation at rice harvesting stage

Salt accumulation level

Parameters - - LSDo.s
Low Medium High Very high
Soil properties
Electrical conductivity (dS/m) 0.8 1.15 1.71 1.78 0.8
pH (1:5 with H,O) 4.74 44 5.12 5.72 0.42
Exchangeable cations (cmol*/kg)
K 0.15 0.21 0.34 0.4 0.07
Ca 2.05 1.99 3.44 3.27 043
Mg 042 0.89 1.42 1.82 0.15
Na 0.1 0.16 0.32 0.65 0.28
Water soluble Fe (mg/kg) 12.33 251 1.37 18.02 11.26
Water soluble SO (mg/kg) 209 459 458 384 179.6
Sodium adsorption ratio (SAR) 0.34 0.53 0.8 1.6 0.67
Growth and yield properties
Plant height (cm) 102.5 96.5 94.5 80.7 25
Tiller number per hill 29 26 19 8 5.6
Number of grains per panicle 57 54 45 33 15
1000 grain weight (g) 26.6 249 229 254 2.7
Ripened grains (%) 58.7 49.7 37.5 43.8 17.2
Straw yield (Mg/ha) 84 84 5.9 2.7 0.6

Table 3. Correlation between total CH, flux and soil and plant growth characteristics at rice harvesting stage

Parameter Correlation coefficient (r)
Before rice transplanting After rice harvesting
Soil properties
Electrical conductivity -0.620° -0.245
pH -0.791" -0.676'
Exchangeable K -0.842"™ -0.765"
Exchangeable Ca -0.703™ -0.942™
Exchangeable Mg -0.626° -0.723"
Exchangeable Na -0.651" -0.583"
Water soluble Fe 0.773" -0.018
Water soluble SO4* -0.808™ -0.232
Sodium adsorption ratio (SAR) -0.669" -0.526
Growth and yield properties
Grain yield 0.524
Straw yield 0.470
Plant height 0.580°
Tiller number per hill 0.569
Number of grains per panicle 0.472
% o (Fig. 3> TH T TRV E B Y L, 2195 £0% ol w62, 3.8, 2.2 Mg/ha &
A 7t moPE ool aehs 2o AT B W 99 w5 sobdes AR b Aatol
A Bol, AUEY 4% 7.8 Mg/ha A dukAql B 4= 27-72 % FAdhe RO @Hﬁl&’it}. ol 1Y% A9
Fah 2 Aol molA] Goorh, B ) Pk WE, 1Y RS 9 ek A8 S RS e el s Beldt
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e vH7] Wi o® IhFETHU.S. Salinity Laboratory
Staff, 1954).
w2 AgelN Bk e, W 5548 2 o A
Q¢ vgh ¥y 7o) A E AR A3 (Table 3), W
o] A% W g SA njaEl] BE¥ sl SA4o] g
o

el B B G vAE 2

2 2 AW 59 =
FollM X3V ZHg, Zw, UEF, T84 F, 7849 g
o] T T Her wiE Y k0] Fof AAudAt Qe A
o7 HrlE el dukd o7 Eok o AxEA|(Fe®, Mn*,
SOs*, NOs)7F &A% 44 2balehel x$19) Zhae] tha
&S F F o, ol Ao WA GAR olojA|=
2k 555 AR A HeHIAdES & Fow AN
S tHConrad, 2007). A W Au#g F HAAEA=A
TAH HIE(10 Mg/ha)E 83te] Hgt &S T
oju] €k 28 % 7HA] A3t 7hsst Ao oln] Hary vl gtk
(Ali et al, 2008). {FHA| EQk- UWFESke] nlsl thzkl
T84 H(1.92-3.46 mg/kg)? FAH(275-392 mg/kg)<=
36t QoM (Lim ef al, 2011), AtiAo® AA44)
(Electron acceptor)®] &%=/} wgk &S] 7hae] f-2lst
FEE T AoE ey AR i A= 8 A
o] 75 vek wiE F-o AHAAE JERA sk,
o] ohitE AR oA Ak &l 1 gt v
& Yozl Aow yhdEnh EQF o] it o]Ro] EAIE
785 =2 EC £AlE op7|A1A B okt W A7z 5 vl
g A @A W] S JANA T oHE lEES
2AIZ Ao w gk 53] 27]9 w2 4 st Hgk
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