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Abstract increased with increasing gypsum application and then
achieved maximum productivity at 1.0% gypsum

BACKGROUND: Gypsum(CaSOs - 2H,0) is known as application in two soils.

an ideal amendment to improve soil quality of the reclaimed CONCLUSION(s): Gypsum s a very good soil amendment

coastal land. Since gypsum has very high concentration of to suppress CH4 emission in reclaimed coastal paddy soils,
electron acceptor like SO4%>, its application might be and improve rice productivity and soil properties. The
effective on reducing CH4 emission during rice cultivation, optimum application level of gypsum is assumed at ca. 1% to
but its effect has not been studied well. improve soil productivity with reducing effectively CHa

METHODS AND RESULTS: The effect of gypsum on emission during rice cultivation.
CH, emission and rice growth characteristics was studied
by pot test, which was packed by reclaimed paddy soils
collected from Galsa, Hadong, Gyeongnam province.
Chemical-grade gypsum was applied in two soils having

Key Words: Calcium sulfate, CHs emission, Gypsum,
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EC 2.25 and 9.48 dS/m at rates of 0, 0.5, 1.0 and M B

2.0%(wt/wt). CHs emission was characterized a week

interval by closed chamber method during rice cultivation. HIEH(CHy)2 o1AF3IR(CO,) 9} o] T8 A2
CH; emission rate was significantly decreased with 3} 7pRmA, AT QA bt 7k of 200/ o= AHA
increasing salt accumulation and gypsum application dh= 20 4 A Qv (IPCC, 2007). Mgk oF 101 del=}
levels. With increasing gypsum application, dissolved + - 7] AR °F 1.7 ppmV e ‘5\}# 7 5 v

SO4* concentration in the leachate water was significantly N =7et, H2 A9 Fs witel olatshetA] of
increased, which might have suppressed CH, production in 23uljof] G5k A F2133}49%(Global warming potential,
soil. Total CH4 flux was dramatically decreased with GWP)E 741 Q/thBlake and Rowland, 1988; Rodhe,
increasing gypsum application. In contrast, rice yield was 1990; Minami and Neue, 1994). Z|7" % 2] gt 2y
& 515 Tg/year = F7d% 1L 9lom 5|9} &2 A=l
31014 2k 30%, WA oF 70%+= =3t 22 A914Ql &

"WAA 2K Corresponding author),

Phone: +82-55-772-1966; Fax: +82-55-772-1969; *lefl fetef A = Alew el glu A AplHew
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2 42X 31 QtKDickinson and Cicerone, 1986; Bronson
and Moiser, 1991; Houghton et al, 1992).

AAAOR o] AXEAL QA757}] mE A% FRE
A% AL 9 1 Fuok 2R ks Qe Sl

IRRI(2009)2] ZAtel| w2 w7} A= 1 gl A AlA] =
] W& 19601 120,138,000hacl 4 2008 155,711,000ha
2 9F30%7}F S7FeIAEk AulelM= 53] AA AAA F oF
58% ©do] =o& o]gEofaL 9ot AAAQ = WA
7ke] FAIghE AR Sle] = WA Agske B2 &
o R ARl AdSE Aastal k. =lelAE 1960
o] ZHHARJo] sl WEE I 9loH, FHaEof
A 7k w9 8A9 %5 flete] Aol it 1H
SAAE 2L Sl EFAE a4, 2009).
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© Ao® 44 ltiJung and Ryu, 2005).

A BEFE NEE BA0R Tkt TR0 ZE AA
7} ARgE o A a1 Qi) A a1(CaSOy) = A dFo R

ool 24 RS RS Qo ol BTY D B B
38

ol A B9k 58 pHE A% A7l a3t 52 A
o A ok Aar A8 3kl (Sulfate reducer) ]
GAFTHE Qleto] HEHYAdd(Methanogens) ¥t st 7]
2l Ho8F CH;COOHE 7L ZA8l7] whitel] b+t
o] S W] vigk WS 7 ARAE & e BloR
Ha1¥ 3 QItHHori et al, 1990; Ranjan et al, 2009).

Ali 5(2008) A7 FE&AE olgate] ¥ A7zt F
A wek WS oF 28% 7HA A & g Qe AR R
ARSIt whEbA AAEAIQ S-S v 2gekal Sl
Al AES B8l TRA] = BEoklA g AlS A A
A & AeR gk sHARE AA] T FH A A
ENEAZA Ao A7t ek g A7l njx|= o
ol sk A= FulelA AAlE vt gl AAgolnh whet
A B AT AA A = ERS dPFe R A1) A
w2 wgk A7 a7E Wrketa ol wE B9k E avE
7kt sl

Mz o U

TAICHA EQF MY
B TR % TAEFOR AT HEE 34

AL2(34'57'17"E, 127°47'38"N)°ll $1A8 2l 7

kS MAsIGITE ARIHA = A

k], 1z dde] YA HHARA, F

Table 1. Chemical properties of reclaimed coastal paddy
soils collected for pot test from Galsa, Hadong, Gyeongnam

province

Low salt  High salt
Parameters

Mean SD Mean SD
pH (1:5 with HxO) 537 0.01 6.58 0.07
Electrical conductivity (dS/m) 225 0.07 948 0.05
Organic matter (g/kg) 204 035 143 037

Exchangeable cations (cmol*/kg)
K 027 0.04 047 0.02
Ca 256 0.18 413 0.11
Mg 192 013 346 0.10
Na 155 0.16 6.62 0.34

Water soluble iron (mg/kg) 192 060 346 0.05
Water soluble sulfate (mg/kg) 275 214 392 230
Sodium adsorption ratio (SAR) 1.04 0.04 474 0.10

651ha® ©F 403ha7} 7HHEo] 19940578 244 0% o
S Fsoll o] H oA ghom, AR A9 FAQl B
olglsde UAWtAQl A = EQFe] 547 nlsisich
A A ZARIEA 167) A elM Ede AF et B
ojgletal SA FAS Al AFHE A = Bl
A Aa Aol whE wghid Atads Hrkeb] flete]
A Edes o vl we A F 7R ERsiSith
A AT (34'57'15"E, 127°47'47"N) 9} 119 5(34'57'18"E, 127
47'42"N)E U] EQRS Adelgl o, oju) ke F A
A9 B9 olgfsty 542 Table 13} Zh

EE MY 9 A4y
2 w7l Ao Helel whE vgk Ay BT B
WNF ars Ak fste] XE AES AAEelt 4
07 AAE AQUL(EC 225 dS/m)S} 1PE B
(EC 948 dS/m)> AF & AdAE & ARH(<10mm) 3t
F W AE 213k 2E Ao ARGH I AR E9F 135
kg< Wagner pot(1/2000a size) 25cm 350|714 7Hi|Z
1.2 g/cm?® 9] 2x10% FXIeeleh 18]al A 10cm &
9K5.4kg)ol 4] B2 5 Mg/ha HIEE Hsioltt. B
MBFAZA AREE FAIAARE Al A34(CaSOs - 2H,0,
95%)E o4t on, AelFe A 10em EF A9
0, 0.5, 1.0, 2.0%(wt/wt)9] Bl-&= 77} A 2jsteler, ¢
T3 5 3U7F I EHIE Qs & Aol ARSIt F
XA BT AN SAR 3] o]y 194 7mlE A
2(N)-12HP,0s)-7H(K0) & 712} 50-45-40kg/ha® X5
ARlERlom, W 2A8F 559 LUB(Oryza sativa L.)
IAAER Adsle] 7t TE o 3%7|5 & o]9k )

olef 25 ¥ AL(N) 20kg/ha¥, 23

oot
=
o

=




Effect of Gypsum Application on Reducing Methane (CHy) Emission in a Reclaimed Coastal Paddy Soil 245

S|

slo] AES eItk AS7I7E B9 oF 5~7cm Eo|2
& F9E AR o, ME o]t T 106Y0] HuE 3 4
a3t

§ ¥EE BZR Wi o, RE Ay 3uEoR
=
[e]

HE A 3 X HEEM
7k AT W A7 59 dFdel 18], wigk Bk
o] 7P W& 2% 2~3A] Afolel] AAJsIGiTk W Ai7|ZE &
HE 3 TAEE Wel7kAE Closed chamber method
(Rolston, 1986) & °|&3to] A& AFH0M, H&d of
a8 A e ¥715 3571 918l 64cm? (8cm x 8cm)
Aol A S AXst] A5 #EdS gEsglt H
Bhg] AIRRE 30 Et AAIE o, 50ml FAPIE ol
3 AFHBAE o] wf A gl B s 44 54
a3tk mle7kAs GC(Shimadzu, GC-2010, Tokyo)E ©|
g3to] S481elen, ©] w Packed Porapak NQ column
(80-100mesh)= ©]-&3}51 ™ 7%7]:= Flame ionization
detector(FID)E AH&-ste] A8IGIth ofwf 4] Z31
column 80 C, injector 100 C, detector 110 CE A7 3}
o, carrier gasi #F(He)S burning gas® Tax(Hy) &
o] &3tk
A7z 5 EEZNY WEEE weEde ok
25 o] gsto] AXFeRIthRolston, 1986).
F =p. V/AAc/At273/T
F: @A el &% (mg/m?/hr)
p: WEZFAS] W 0.714(mg/cm?)
A: Y THA TR (m) > A Z(m):m?)
V: A F3)(Axh:m?)
Ac: A& AF AF9 FE2HnL/cm?)
At: A= AH AlZHhr)
T: 273+578 A3t & Bt (°C).

A7t 5 HAE F vk A Singh 5(1999)°]
Eeh 2S5 o]gsto] E SiSith

% vehAE (Seasonal CHy flux) = Z(R; x D)
Seasonal flux: AH|717E & HAYE F wet 2

Ri ifA HEH7IZE W o vl 28K (g/m?/ day)
o)
=

EY H HES2 o3t |Y =AL

H Al 717 Foll BFe Abskehd 91(Eh) ¢ 2% WS}
= ARl oM, Bl Absteh gl B o
°F 5em EF Zlole] Platinum electrode® A*|3te] Eh
meter(PRN-41, DKK-TOA Corporation)& ©]-83}o] 54
SHOACE. HEk A5 ARkl FAsHAl W Al 7 F XES E4
HEEs JE7Y S ASHCR BUHY silor, 159
HAow FAE FEFY TS W AL ol

l

O:

HETS AT Hke o7 $ Ton Chromatography
System(ICS-3000, Dionex)% ©]-4319] Z73}ch

A A ARSI 72 F AFE B A Ax §
ARH(<2mm)3te] o3 Aol o] g3alSith Bk pH
o} ECE EY &85 1:5 &2 FZF ¥ pH meter(Orion
3 star, Thermo Electron Corporation)gr EC meter (Orion
150A*, Thermo Electron Corporation)® 22t 5743131
ok Xg ol IN NHLOAcE F%E $ ICP-OES
(Inductively coupled plasma-optical emission spectrophotometer
Perkin Elmer Model OPTIMA 4300DV, Shelton
Connecticut USA)E o]838lo] S433it) Bk Ul 34k
FFE BEGH =2 159 HEE FE F o398 Ion
Chromatography System(ICS-3000, Dionex)< ©]-§-3}
St 7152 Tyurin We ol83to A3t
(RDA, 1988). = &9 52| Ca2+8} Mg2+el tist FH]
£ o]&3to] SAR(Sodium adsorption ratio)= Tha 2
o] AtaFltSposito and Mattigod, 1997).

[Na']
SAR= e
via® " ]+ "]
A =M

FA F292 SAS software(SAS Institute Inc., 1995)5 ©]
g3lo] AArfsiglon] HA o) xK(least significant difference,
LSD)E ©]4% One-way ANOVA W2 0= 7} 227t
o] Bagke vkl
2 % og
AT HM2[of e HEH 2 X2 234

APE(EC 2.25 dS/m)9} 1P L] ESKEC 9.48 dS/
m)ollx ¥ A7 |3 5 ek & WskE Ak A9 Fig.
1), U0 gk W AS271Q1 o]of F 13~55¢Y Afole]
A JAe2 o dgehs A VERSIHL o] - 48 A3
T AYES} 1% Bl 247 11077 57.9 mg/m?/hr
2 7P EA Heo] MAESItHFig. 1). ol B § v
Aol At SH7I12A(ES Ak d S -200mV o]
sho] A, A8E f7]=e il Qdste] wvA L
o] o]go] ks frleAgEo] A FHE] WEoE
I tHDenier van der Gon et al, 1994; Yagi et al,
1994). thi-Eo] Aol o] ¥ 48 A F H9 s
o} #AGlo] wigbIAYS Fhashs A3 UERSIth
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Fig. 1. Changes of CH, emission rates in the
potted paddy soils amended with different
levels of gypsum application.

W A = EE e ARs Ak A3 A
AT EelME HaAZFS 05%, 1.0%, 2.0%= 217t &
7Rl wheh A A E T 99.7g/m? tib] 28.6(71.3%),
10.5(89.4%), 3.4(96.6%)g/m2C27}A] wghitaio] 7RAE|G)
3, I9E EGeIM= FAET 60.5g/m? ] 6.7 (88.9%),
0.9(98.5%), 0.7(98.9%)g/m? 7}A] wghiAlo] 7k ik
(Fig. 2). ol&|dt AlaAelol] we met Atash= Ad: &
el vlste] LPE EFeA & Aow etk Ak 2
?}ZA, Lindau 5(1993)< W AP7I7E F<k A3 Aol
et & vjek BAS 29~46% 7HA AZS o7 sk
11, Denier Van der Gon ¥ Neue(1994):= 55~ 70%7}4]
T e RS AN F s AoE Basglth 59
Mol HEjgo] kgl wet A&7 o St gk
A F7¥h Adgellon, AuxEFe] 7 =9 2.0%
AelTolA JEF ol A w57t M B FEdA 2
Aot FAEACE 2 VI B2 FEE fAEHE
& A B YelA Axpr8AR Agste] Sekdate] &
4L S7MF)E Wi RS A2 TAaAA WA
g 71ZF T WS AT Zog FdESItHVan
Breemen and Feijtel, 1990; Denier Van der Gon and
Neue, 1994). AGE Eofo| vl 1A% EoFoA] 2k 9]
571 v =4 YElTE Marzzaco(1998)+= HIEH] 44
7RIS A oA S felEe Skt Hast
Aok 2 APME udE B Y gEFo g EAEH: o)
o7 Q] o] gy} AA F7hE o] ¥ B2 FAkedo]
A717E &2t e dell A 5 AE Zow FrkATh

Gypsum application level (%)

Fig. 2. Seasonal CH; fluxes in the potted paddy
soils amended with different levels of gypsum
application.
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Fig. 3. Changes of dissolved SO in the
percolated water from the potted paddy soils
amended with different levels of gypsum
application.
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Fig. 4. Changes of soil Eh values in the potted

paddy soils amended with different levels of
gypsum application.

H Al 717E 5 Bl sl dS(Eh S 2ARE At
WEES) AEE AA Bl frAke #igh s Bolow,
53] @ o] g4 rashe AEE UERISITE W Al
713F Felli= -2200mV olskE ATt vl & F438t
A =7 ]—o]’—‘ A% HOITHFig. 4). Takai(1961)9} Garica
51(2000)<> H¥RS S8t A7 SEI(ESF ARsHEH 9] -200mV
olshellA AgtA o w wgh Aatel] &% f7]Ee] el
O RHE A= 0% Bastal vk FAE]rell A Abst
g ASl= 7P A8 Aot A atelA At
shekl A= FAE Tl vlste] tha @A hashke A
& WERASITE 58] Ao Aol 7P =39H 2.0% AT

oM 7P =¥ FHAE eIt o= Aa 78S B9 2
Abd E20]o] =717} E‘ﬂ:./] ALEeH A0S =g A A
dglow pekslv], M3 Helo] W =l AHEe A9
727k g A4S AR Zow ot Ak

Y_.

_::m

M Helol meE 2H ho%*xIBI EY s

A - DGEO E¢koA] A ;qa]sl—o] ue} o F A
Zo] s7kekE A ERISKItHFig. 5). A - 195 E
ofoll i Aa FAETelM HiE HEETE 4.05x100%
1.78x10%cm/secE ¢k 28] o]Ae] A& 212 Ho] 1Y
T Bk Eudd wigAdo] Beghs #9l & 4 QIQlth

A3 Aol mE Hdf FlE She AGE 195
F M1 2.0% ATl % 2.02x105%} 1.27 10%cm/
sec® Aol vlste] FAE l 1 oF 5ulle] wWiEE 7t
& Hol, JuAe7t B wiedE MAAR Aew H7t
ENE} o172 Aol m=w, i‘iﬁ A1, k8], AL
o] A3 AAL] Al A Bk BEAS NAAA
om, 1 % Aue 574 AFgEdrt 7P e Aow
16 FATHEERNEH B, 2002). A =olA] A are)
EOCHHEWH Al £ ez S B ES U &
vk ¥ Aol tha 7)o o

B 58 F AuAele) e 2o olgjshy S48 A
A3 Table 2) A3 Aol me} £k pHE Fo20
e A9 HSIEk ol Wlsl B e pH

HoEA %l'?‘ S ] EOWH&./] 3_»}7]— =3 40; J&E}%D}
e Aol wet gy 240 B fHOR F
IS A% 59 @ & gk Wb 09 547 e

AudE ol #7dE NPT 5 A& Ao dad

- EE A el wlet nek ARw Azl A A
Aol 9 FE /A= AR HEFoIE AT SAR#O]
Hashs 2l 2Rl & 4 QlSitk(Table 2). 7<) 4a A
SN A8 GEFOlt SARGRS] ha Evks 2 o)A
Aol LAl @b, ol Aae] W gl whi
Ql Zo= et

I EC 2.25 dS/m
1 EC9.48 dS/m
2.5e-5

2.0e-5

1.5e-5 -

0.5% 1.0% 2.0%

Mean water percolation rates (cm/sec)

Gypsum application level (%)

Fig. 5. Mean water percolation rates in the potted
paddy soils amended with different levels of gypsum
application.
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Table 2. Chemical properties of soils amended with different levels of gypsum application at rice harvesting stage

Gypsum application (%)

EC levels (dS/m) Parameters 0 05 10 20 LSDy.0s
pH(1:5, H,O) 4.40 4.09 3.90 3.74 0.51
Organic matter (g/kg) 252 254 25.0 256 2.1
Electrical conductivity (dS/m) 1.97 4.63 5.12 6.87 1.48
Exchangeable cation (cmol*/kg)
K 0.21 0.22 0.21 0.23 0.04
22 Ca 1.99 481 5.11 6.81 0.91
Mg 0.89 0.65 0.40 0.39 0.17
Na 0.16 0.15 0.11 0.13 0.11
Water soluble SOs (mg/kg) 459 624 789 978 192.6
Sodium adsorption ratio (SAR) 0.42 0.29 0.21 0.22 0.13
pH(1:5, H:O) 5.72 5.50 5.28 4.88 0.62
Organic matter (g/kg) 18.2 18.9 179 18.5 1.8
Electrical conductivity (dS/m) 1.67 3.03 3.32 6.36 2.51
Exchangeable cation (cmol*/kg)
948 K 0.40 0.35 0.34 0.33 0.09
Ca 3.27 5.28 6.53 104 3.02
Mg 1.82 1.08 0.82 0.38 0.20
Na 0.65 0.15 0.14 0.15 0.23
Water soluble SO (mg/kg) 471 741 843 1179 2243
Sodium adsorption ratio (SAR) 1.29 0.27 0.23 0.20 0.27

H Mg I 22 EY
MHauAgel w ¥ 5 Wg 9 A4S Fig. 6
Table 3¢ YEPAITE B 3 AT E 1.0% T7H
7Rl wet AR EokelMe A2l 5.3Mg/hacl
Hjlo] Aol 6.0Mg/ha(13.2%)7H o] F7lsigion,
IAE EYelrME FAET 2.3Mg/hacll Hlgte] FHu
3.2Mg/ha(39.1%) 7 ] FTEHE 20w FAES
th AQES IUE T Bl 22 A& o] g-ste] A
TS F% A7, F EdelA A1 AgE 72 0.76%
(ALE, Y= 52+ 2.3X-1.6X2, R2=0.993")9} 0.84%(1A %,
Y= 2.242.0X-1.2X2, R2=0.927")7H4] A2|3t3S vf 7Fd =
S S AS S Qe Ao HrhEdth HuAeHEe A
AL EoolM 0.76%, 1AL ESoA 0.84% o) Al
247t Ftaehe s UEIgith e AuAgs
¥ S 5498 FIA F gleH, o2 st
2 7ok o g eael v,
AR, S589 Il w3 Aa Aol wel S7tes
AEE YeRlQlon, Seastel Fdet A3 UERISIch
upeba] 7Hx R 9} o] ¢lo] HAE EokellA A1l A=

S Zaol Wel A% A B FRE Aow Brkan,

4> o
oft
lo

Grain yield (Mg/ha)
»~

@ EC 2.25dS/m, Y=5.2+2.3X-1.6X*,R*=0.993
O EC 9.48 dS/m, Y=2.2+2,0X-1.2X*,R*=0.927
r A

0.0 0.5 1.0

Gypsum application level (%, wt/wt)

15

20

Fig. 6. Grain yield in the potted paddy soils

amended with different

application.

levels of gypsum
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Table 3. Effect of gypsum application levels on rice plant growth and yield properties in reclaimed paddy soil packed
pots at the harvesting stage

Gypsum application (%)

EC levels (dS/m) Parameters 0 05 10 20 LSDo.os
Tiller number per hill 13 15 17 13 29
Plant height (cm) 95 98 98 84 10.9
Shoot biomass (g/hill) 83 83 101 47 18.4
Panicle number per hill 12 14 16 11 2.5
2.25 Number of grains per panicle 97 97 106 68 18.2
Ripened grains (%) 71 71 83 65 13.5
1000 grain weight (g) 249 26.4 26.6 245 22
Straw yield (Mg/ha) 5.9 5.9 5.9 29 1.8
Total biomass (Mg/ha) 11.1 11.7 11.9 6.4 1.9
Tiller number per hill 11 12 13 8 12
Plant height (cm) 76 78 84 71 9.2
Shoot biomass (g/hill) 29 40 43 24 16.4
Panicle number per hill 9 10 12 8 12
9.48 Number of grains per panicle 75 87 91 60 14.8
Ripened grains (%) 46.0 55.7 58.8 33.4 9.9
1000 grain weight (g) 20.3 21.2 21.8 194 1.6
Straw yield (Mg/ha) 2.0 29 29 1.7 24
Total biomass (Mg/ha) 4.1 5.5 6.1 3.0 29
HIEH 2ol 2HHEE QO1EM e RS RO AdudArt e ZeR H7E Helth
B Qo] Eoo) S8, W) A5 W S 74 Lindeu $(1993)8 v A B0 S £e oo
Q20} Hgk AT ARAAE ZAFE AN (Table 4), 2 FARATY AdRsk= Ao Husiglon, 2 ek
A9 S Y gl wlsl B shehAQl S40] v % A5t Bk} wghd e 15 o) oo Auart A7 s
£ IS AP Ao® 2, 59 adid A 2 slew 23l
A= EgelM AVIMER, A8 2, 784 el 9

Table 4. Correlation between seasonal CHy flux, soil properties, plant growth and yield components at the harvesting
stage (n=12)

EC levels (dS/m) Parameters Correlation coefficient (r)

pH 0.543
Electrical conductivity -0.872™
Organic matter -0.268

. ) Exchangeable K -0.359

2.25 Soil properties

Exchangeable Ca -0.927
Exchangeable Mg 0.488
Exchangeable Na 0.486

Water soluble SO,* -0.789"
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Tiller number per hill -0.406

Plant height 0.126

Shoot biomass 0.233

Panicle number per hill -0.240

595 Growth and yield Number of grains per panicle 0.344
components Ripened grains -0.046
1000 grain weight -0.284

Grain yield 0.162

Straw yield 0.395

Total biomass 0.353

pH 0.515

Electrical conductivity -0.570"

Organic matter -0.199

. ) Exchangeable K 0.538
Soil properties .
Exchangeable Ca -0.656

Exchangeable Mg 0.487

Exchangeable Na 0.451

Water soluble SO4* -0.727"

948 Tiller number per hill -0.269
Plant height -0.111

Shoot biomass -0.310

Panicle number per hill -0.287

Growth and yield Number of grains per panicle -0.114
components Ripened grains -0.102
1000 grain weight -0.207

Grain yield -0.114

Straw yield -0.205

Total biomass -0.188

Note) Asterisks (*, ** and ***) denote significant at 5%, 1% and 0.1% levels, respectively
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