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Table 1.1 Taxcnomy, physical and chemical characteristics of soils {major rice, 1999)
Table 1.2 Taxonomy, physical and chemical characteristics of soils (irmigated second rice, 2000)
Table 1.3 Taxonomy, physical and chemical characteristics of soils ( rainfed rice, 2000)
Tabie 1.4 Taxonomy, physical and chemical characleristics of soils (second rice, 2001).
Table 1.5 Taxonomy, physical and chemical characteristics of soils (rainfed rice, 2001).
Table 2 Rice growing seasons and representative treatments
Table 3.1 Cultlvation practices and calendar for Ratchaburi-soil plots at Ban Don Do ( major rice, 1989 ).
Table 3.2 Cuithvation practices and calendar for Rolet-soll plots at Ban Kok Sai { major rice, 1999 )
Table 3.3 Cultivation practices and calendar for Ratchaburi-soil plots at Ban Don Do {second rice, 2000)
Table 3.4 Cuitivation practices and calendar for Roiet-soil plots at Ban Nong Ka (second rice, 2000)
Table 3.5 Cultivation practices and calendar for Roiet-soll plots at Ban Na Ngam {second rice, 2000}
Table 3.6 Cultivation practices and calendar for Ratchaburi-soll plots at Ban Nong Pho (rainfed rice, 2000)
Table 3.7 Cultivation practices and calendar for Roiet-soil plots ai Ban Nong Nam Giang (rainfed rice, 2000
Table 3.8 Cultivation practices and calendar for Roiet-soll plots at Ban Kud Kwang ( rainfed rice, 2000)
Table 3.9 Cuttlvation practices and calendar for Ratchabur-soll plots at Ban Song Puay (second rice, 201y,
Table 3.10 Cultivation practices and calendar for Roiet-soil plots at Ban Nong Ka (second rice, 2001).
Table 3.11 Cultivation practices and calendar for Roiet- soil plols at Ban Na Ngam (second fice, 2001).
Table 3.12 Cuitivation practices and calendar for saline-soil plots at Ban Toom (rainfed rice, 2001).

Table 3.13 Cuitivation practices and calendar for saline-soll plots at Ban Kham Pla ( rainfed rice, 2001).

Table 3.14 Cultivation practices and calendar for Roiet — s0il plots at Ban Nong Nam Giang (rainfed rice. 2001),

Table 4 Average and total methane emisslon from farmers' paddy fields with different variations in soils,
cultivations and varieties ( 5 seasons).
Table 5 Methane emission per unit graln vield (MPG) obtained from farmers' paddy fields (5 seasons).

Table 6 Grain yields, dried plants and roots at harvest (5 seasons, 1999-2001}.
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Figure 1 Seasonal variations of methane emission rate from major — rice continuously
flooded paddy fields on Ratchaburi soil in 1999,
Figure 2 Seasonal variations of methane emission rate from major- rice intermittently
flooded paddy fields on Roiet soil in 1999.
Figure 3 Seasonal variation of methane emission rate from second - rice continuously
flooded paddy fields on Ratchaburi soil in 2000.
Figure 4 Seasonal variation of methane emission rate from second - rice continuously
flooded paddy fields on Roiet soil in 2000.
Figure 5 Seasonal variation of methane emission rate from second - rice continupusly
flooded paddy fields on Roiet soil in 2000.
Figure 6 Seasonal variation of methane emission rate from rainfed paddy fields on
Ratchaburi soil in 2000.
Figure 7 Seasonal variation of methane emission rate from rainfed paddy fields on Roiet
sail in 2000.
Figure 8 Seasonal variation of methane emission rate from rainfed paddy fields on Roiet
soil in 2000.
Figure 9 Seasonal variation of methane emission rate from second - rice continuously
flooded paddy fields on Ratchaburi soil in 2001.
Figure 10 Seasonal variation of methane emission rate from second - rice continuously
flooded paddy fields on Roiet soil in 2001.
Figure 11 Seasonal variation of methane emission rate from second - fice cantinuously
flooded paddy fields on Roiet soil in 2001,
Figure 12 Seasonal variation of methane emission rate from rainfed saline paddy fields at
Ban Toom in 2001.
Figure 13 Seasonal variation of methane emission rate from rainfed saline paddy fields at
Ban kham Pia in 2001,
Figure 14 Seasonat variation of methane emission rate from rainfed paddy fields on Roiel

soil in 2001,
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FAO
GWP
HFC
IPCC
MPG

N,0
PFC
RMC

h, hr
ha

Mg

rai

Tg

Abhbreviatinn, unis

Heudnwol uaz v

carbon

methane

carbon dioxide

Food and Agriculture Organization

global warming potential

hydrofluorocarbon

Intergovernmental Panel on Climate Change
methane emission per unit grain yield
number of experiment, data efc.

nitrogen

nitrous oxide

perfluorocarbon

Readily mineralizable carbon

correlation coefficient

Coefficient of determination

soil organic carbon

United Nations Framework Convention on Climate Change

total methane emission

day
gram = 10" mg
gigagram (lOgg) = thousand ton

hour
hectare = 625 ral =10 m’
kilogram =10 g

megagram ( lOGg) = (metric) ton

1,600 m’
teragram(l()”g) = million ton
metric ton = 10’ g
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§9 67.84 - 222.66 gCH, kg grain”’ Lﬁaamnhnauﬁm}’ahﬂ%mmg@ nnqgﬂgnﬁuuﬂﬁmﬂm
wihulld1 MPG éhniwien lqum’nfmlu 2000 usswhduEudy 2001 Sadudanld MPG



olluata9 89.92 - 138.64 gCH, kg grain L&z 57.02-167.46 gCH, kg grain @ u&Gy wiwinud
wnliulvnsnaasaulusnefivdas CH, damizananandalddninussuen ﬁuﬁﬁlﬁwwﬁ@t
Susildae CH, sBuwndannitlumaioandy o Toswm 1 1y 10 vMeanusd 105 uas
N6 &2 WiEwad ladehanuwann

TOFHAUUTUWINNIMTNA  CH,  Dnsnuasnnnanaadna lalvaessiwlduusilviln
nani’mﬁmﬂﬂ%aldﬂuﬁuﬁu‘luﬁmwﬁuﬁu 2 dlevinewmaedendn wuzihlihuniiulu
ﬁuﬁmﬂﬁ:mulﬁﬂmmﬁuﬁw 16-20-0 AudwwfieIusz 16-16-8 NUAUTINIUGGT 15-20 kg
rai | Lﬁnﬁﬁmq 15 ~ 20 TunRIniuwnie 7 Tundsindr  ududewirdaeils urea, ammonium
sulfate ¥38 gypsum Idam 20-30 kg rai Twtisiuannafisinansriag mslafleafarnudels
Sashhdsluw 5 o ﬂaaﬂqg}ﬂgnL‘énmn's:uzﬁﬁ'aﬁv’aﬁ’aﬂ’n@Lmﬁuﬂ"nlimfwlﬁﬁmwﬂaﬁuuﬁm
3 Sugmiudumileande 4-5 Sudnivduim whdmadudwnlivag 5 ou Iﬂﬂﬁﬂuaﬁ'ﬂiﬁ
Wanahlugrsdnaaisdfetneanaon  ussszinesihean 14 Sunewdudedmiuman
wileande 7 SunawAufordwinwdunu
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Project Code : 3/14/2542
Project Title : Methane Emission from Thai Fammers' Paddy Fields in Northeast, Thailand
Investigators : Patcharee Saenjan1, Duangsamom Tulaphitakz, Thepparit Tulaphitak1,

and Soupachai Tangchupong3

1 Depament of Land Resources and Environment, Faculty of Agriculturs,
Khon Kaen University, Khon Kaen 40002, Thailand.
2 Center of Agricultural Research and Development, Faculty of Agriculture,
Khon Kaen University, Khon Kaen 40002, Thailand.
: Khon Kaen Rice Experiment Station, Khon Kaen 40000, Thailand.
Email . patsaei@kku.ac.th
Project duration : May 1999 to January 2001

In order to obtain CH, inventory and identify potential mitigation measures while
sustaining high yield. Methane emission rates were directly measured from farmers' paddy
fields in & growing seasons with variation in soil: Ratchaburi {(Rb) and Roiet (Re) soil series
(non-saline and saline), rice varieties: glutinous and indica rice, and cultivation methods:
transplanting and broadcasting, In irrigated major rice 1999, total CH; emission (TME)
ranged from 6.73 — 16.78 g m", while TME from Re sail ranged from 24.54 — 86.89 g m"~.
This was 4.5 times higher than from Rb soils due to incorporation of 18 t rai'1(112.5 t ha'1)
fresh Impomoea aquatica. Broadcasted rice reduced TME over transplanted rice 58.97 %
and 33.10 % for RD 6 and KDML 105, respectively. Twice aeration abated TME §7.75 %
compared with single aeration. In second rice 2000, TME in Rb soils were 6.20- 29.18 g m
2. Lesser number of submerged days from 92 to 72 days decreased TME by 58.4 %. CNT 1
emitted lesser CH, than RD 10. For Re sqil in the same season, TME ranged from 10.01 -
2434 g rn-z. Rainfed rice 2000 was overflooded in Rb soils, proeduced TME 896 — 1472 g
m'z. whereas in Re soil TME ranged from 27.1 —~ 4194 g m~. Influence of incorporated
weeds in rainfed rice soils increased TME by 71.56 % and 68.70 % for RD 10 and KDML
105, respectively. In second rice 2001, TME ranged from 9.33-15.70 g m'2 while TME from
Re soils ranged from 156.27 - 22.80 g m'2 . In rainfed rice 2001, saline soils contributed TME
18.98-32.36 g m_ while Re soil (non-saline) contributed TME 26.28 g m .

Grain yields from 5 rice growing seasons obtained from Rb soils were 387 — 819 kg
rai (2.42 - 512 tha'') and higher than from Re soils which provided 256 — 733 kg rai (1.60
- 458t ha'1) and CH, emission per unit grain yield (MPG) resulted in 12.11 — 222.6 gCH,
kg'1grain. In irmigated rice 1999, MPG from Rb soils were very low 17.88 — 56.40 gCH, kg



1gl'ain while from Re soils were very high 67.84 — 222,66 gCH, kg'1grain due to farmers
incorporated high amount of Impomoea aquatica. This research resulted in lower MPG from
broadcasted rice than transplanted rice. In rainfed rice 2000 for Re soils and 2001 for saline
soils MPG were 89.92 — 138.64 gCH, kg'1grain and 57.02 - 167.46 gCH, kgdgrain,
respectively. Broadcasted rice showed potential to produce higher grain yield while emitted
lesser MPG when compared to fransplanted rice. Potential of cultivars to mitigate CH, with
sustainable grain yield was decreased in this order: CNT 1, RD 10, KDML 105 and RD 6.
The two latters were not different.

Strategy to mitigate CH, emission from rice fields and to maintain sustainable rice
vield was infroduced. Green manure and organic matter should be incorporated into soil
under aerobic condition 2 weeks prior to land preparation. In irmigated area, broadcasted rice
should be cultivated. Combined fertilizer 16-20-0, 5-20 kg rai ' is recommended for fine-
textured soils and 16-16-8, 5-20 kg rai'1 for medium-textured soils at 15-20 days after
broadcasting or 7 days after transplanting. Urea, ammonium suifate or gypsum as top
dressing fertilizers are advised to apply during tillering and panicle initiation period when
flooded water is approximately 5 cm. Multiple aerations ¢an be done by leaving paddy
fields to evapotranspirate until the surface soil cracks for 3 days in clayey soils or 4 - 5
days in loamy soils, then reflood to 5 cm again. From panicle initiation to flowering stage,
paddy soil should be maintained flooded. Drainage 14 days and 7 days before harvest are
recommended for clayey soils and loamy soils, respectively.

Keywords : methane, rice, farmer, mitigation
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unii

nnulAeuuasgiannelan  (climate  change) -fqrhéiltﬁm%uﬂtiwiﬂ-]daua'lﬁTan‘fau%u
{global warming) gnAIANITOIIISCRINANTENUABSTTHTNA STULTIOR Nyt LA R R BRI
uazmedion mAnsmmsireslantafaadasiuausulnenssiazgnuansmulifon (FAO, 1907)

uilaqiulrzmnutanidWinrmsulafufiefioe (methane, CH) Fadhufwdaunszanii
dfiryresanfinsanfueulaesnies (carbondioxide, CO,)IPCC,1992) unnnd1 90 % nmﬁuﬂﬂgnﬁw
vealanaglviliede  uedensfussndalugugnivlufuiisstsmu  ewzluedunzfuaen
deidgnine Tuufsausznu 40 % (RRK, 1991) whe 26 % umﬁuﬁ:ﬂgnﬁ'nﬁqfﬂn (FAO, 1994)
UsznevneimuRfuden dusufuasereainiulaiids

nsAmnnlden CH, sanurdnabulswatnminiundelusmilnasednalufieumnmed
UssmA@TRuasanis, 2542; Yagi et al., 1094; Jermsawatdipong et al., 1994; Katoh et al., 1999 a and
b) Uuneu CH, v%quuﬂﬁdﬁﬂﬂﬂanmaanqqﬂqnmnﬁum fresh water alluvial atfluta 4 fia 59 gC m*
qqnﬁumtﬂ";m(acid sulfate paddy fields) ¢jlutiaq 0.6 Tla 17 gC m* uazaInAuungy (low humic gley
paddy fietds) agjluting 21 fiv 35 gC m* (Jermsawatdipong et al., 1994) usnsiunduinden
CH, 10 gC m” @RuszAny, 2542)

M iumasninlaas CH, aanuring liun nrdmnni BunTidng uaztly (Buendia et
al., 1996; Corton et al., 2000; Sass et al., 1992 Az Wang et al., 1996) naTulsiinariAguiitean
maldse CH, anurdinadieslinssvusenananda(Buendia et al., 1996) nasldijuduveitorganic
manure) fanfumsrsuaetineenuuetredunasa e g (easible strategy) umeaa CH,usl
anrninwandndnalél (Wang et al., 1996) wmrnTiunTan CH, uﬁ’mﬁ'lmwjﬁumnﬁuuﬂuﬁm
fhsiemiouinudee (Corton et al., 2000)

qquﬁq"ﬂi‘:ﬂﬁ'mqﬂ?:mﬂ"ﬁﬂﬁnmuf‘:’m.f‘mfamn'nﬂﬂﬂﬂéw CH, ~=a1nw1'zT'1f:1n1a~mrns‘a.m'qﬂﬁw'ni
AN nlgnaneiuALitamiiessnd uuiunssdrznueesumirulunansfusen

IBeamtiauasiuamwaanimlaey CH, sanuninlasidmalulatinemens
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nensssdluuiineasns
Runanay
- 4 LY . . . 1 3 -J ? - -
nadudunislduntiefaey  CH, emission inventory annuadiunumensivinunLuAnii
| o o - - - 4 Wy ° ) , Y v &
s 7 wadudunureunlunisnsfussnieavile S9lERuuRswni (focation) TWarauAfIaNL
i 1 . . , ek - - p1 - -
#iung (flaod plain) (Hydromorphic Alluvial soil) SausaunufuuniiassiBun (fine-texture) Tnufm
- o . . - 3 .
AurimF (Ratchaburi series) gniieninimasesda CH, Auumaiiiien 0.17 Auananf awn
1 [ » - -l -l J dt’ 1 3 -~ - d - .
WdwidumaunguessnianziuaeniBeamiletlnamn 0.90 fAuanmaid (aRumTyi, TRAuANe,
- . 'ag J o
oAuATaNATIN KA Alluvial complex) Tustusiinuiudauugireimensiusan@eavilefiindiouu
o Lo doda o oa
AMURLANIUAT (low terrace) (Low Humic Grey soil) faiillaAwiudiulunany (medium - texture)
' - o d ad . N ot o
nmmassiificeniunfouidedeilned 3.51 dwanmf awnraldidusicounandalugindugniu
v -3 - ] - J -lz -l v - - - -: 1.
Youds qaRWingn ussgemLTny TiNURTN 3.84 Snuananf duAuunAnfiinssmnnlgninnieg
UnAsswuasiuinde (salt patches) Tunguas uiszatmiroiun Wluggehiuacgnanid sightly salt-
. - = H - 1 . . . -t 1’ - -
affected soil uaziluAmmsniAnneglugaAuTenn (Roiet series, saline phase) HilleR 2.02 Awanmnf
(Panichapong, 1988; Arunin, 1983) WANTIMART NTRTULNRY AMSULITIN NNBAIWLAZN NN
- - |- 4 A -
sedduBFuasiuunfeuidaildnasesdn CH, snunemensiduandldlu Table 1.1 - 1.4 uazoeq
AudnAnToudananalilu Table 1.5
- e - . X r 4 .
FUNTITTHAMAMIFIN NN A9l NA3TELIEUIA0 (poorly drained) Taszwudtlungru
siimiandia (stagnant water) Ansafuihuoauvatadauy Anuyumguing Anuganauymol
. a4 - Y A e oa o« - o - - e ¥
ATtaLuna Jansnsiviudiofouivfuu feadauasfuunifuude fu 2 steudednmersunen
.-d‘; - [T = .r - L [ Bd g
W widiuduowtnluggie maglunsfinnit anugeusuymivesiuieudauasiudn
] :’/ : -t - ol -l':: - c‘ - o g N
famdaimnisiinezilinnn clay ussBunTdingiduiuuus fuunsmyill oxidizing capacity
(37 MnQ,uaE Fe,0,) ganinasduunfeugnuasmuiiAnfondn AuuAnfardadAinaniriia
0.44-0.47 mSfem TuAutuuu (fudetng 22 wountan 2544) waituggfau(mouliuian)asny salt
] I/ x - o L) - -
patches TalludnwniritugiiesduAnuacat EC U salt patches g4l 17-20 mS/em Tufvunifin
fom@mmomgananyraisinuan oxidizing sz reducing capacity 1a4AUANNITLAR (Table 1.5)
aaUgnuazdrFunanes
3 g . ¥ ot .
wuidau g iumeanzfusoni@saviiofuumindu (rainfed) INuRA 5296 Auanad vie
¥ 4o ¥ AX .
87 4 % vosuiumavinlunin wiundaadluunsaronmiinug 0.768 Anuanand ute 12.6 % 199
X 4% H . . .
HuRumiamnluntpuaslgndnf 2 afs anllussundie) inmenrlunianzfusaniBeaviiavian
Auazwmdnuuaziinlgndne 2 ailaleedgninmtleaiBuiinaluaic Feuuaslgniitada idmin
N 3 SO -
1t TneAuginassauiugalgniaidnmiluaiug ne 6 (RD 6) uarimdrrnanenuzd 105 (KDML
-— J - ko | 2 -
105) Hendgnluggund) Tuvausndmbeniug ny 10 (RD 10)uaztadrdaum 1 (CNT 1) duanlgnlu
gaudfa nwranmiddeialasnislrzneudaaqedu mrlgndin Wugine Ialgniugguidussundf

Lo & X v | o v o
wluufmadrsnussrunedaduliusaalilu Table 2 Touiund 1999 virnasdnfing CH, huun 2
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UV 394 8 uUAd (neznann) dauluunli 2000, wall 2000, unlF 2001, uazunil 2001 vnsiaRelu
winalgnaz 3 whi TuggeT 10 wlsg Tmu#‘lqu]mﬂ 2001 Wwiuunisin CH, sauAudy 2 wh
uahndulivdn 1 wie maidlasnnsianasin CH, 970 48 ulse Mnmredulatuimessmon
wlaadnnafous 800 a2 a2

uiinfunsin CH, s nuntneasns ansuzamiiaddu actual trail (on site cultivational
and management practices) Wl ausunmassaitafouifinuneresiadesedaninlandon
CH, naiin
msifudaesiafie

iusathefmanyaifuniaethalasdilaniss 2 af andulunaugrunll 1998 My
dnwing 1 Ak AEaaiuiduLuy closed chamber Tnefigas chamber § 3 dauiidedeuiildatinnsn
Wam winsnfuussauiesnmareuidld foindanuiula acrylic fiber WU1 5 uN MUATEN
chamber €7Ug1u 60*60*45.5 I AIUNA 58*58*42.5 1N uaTAMLL 56*56*40 1N Inudaugnius
dounsniveuiadumain snufiainamin uesifoumeTuiinefuay septum dwiifush
atiafe TnsifadudnidligeanasuidauLunratiganes chamber withsuingannazidisan
AANUASALLLAILAMNAINGIUREY 'luuvia:uﬂmﬁm%\zﬁ'wgqu chamber 3 90 Awiniuga
atiefng 3 90 W syringe \fiufingUFuams 10 cc yn 5 WITAIAN 0, 5, 10, 15 UAY 20 LW TsAETY
Jaqnuuniilu chamber uﬂ:ﬁmmmqwmﬁﬁﬁqlum (IRRI, 1996}
nsAlAsERiIe iy

AmmoiidaniAte Gas chromatograph ARndefay detector uuu Flame lonization
Detector (FID) Ayadaefint H, 16fins He lu carier gas gounil FID 4as Injection port 100 °C iy
frunniyed column iuﬂﬂﬁmﬁmmmrﬁmﬁmqq?‘:‘li column #Us19%8 Molecular Sieve SA i
OangIR 80 °C dquqq-?‘;'l'ﬁ’ column Aussqdng Polapack N ;qumuqﬁﬁ 60 °C lﬁﬂiuqq‘tmiqnﬂﬁ}uu
column whanifLwin calibration fine Wi standard CH, #ianadisdiu 2 # W standard 1 cc AW
furugTEwing peak area Musrrmr UL linear 7ilviFn R = 0.999

a e o o - . . -l o .

st AfiuniRnulsaun axindt gas tight syringe 1A 1 cc TnunBavnsned i
wlanoluiidifiufive (b Ao siope sapsuadindu CH, snsadfifiuyn 5 wwiiy
1M (do/dt) uazAmaniA R Faemnafs A1 RY Aaslatng 0.99 Aanmasn CH, emission rate Tu
winwyad mg CH, m” " azlé 3 AienaFu wilddt mean Wwfaunuusiazsindu (IRRI, 1996)
mMasuatayameiing

1. enslaesnsanggugnuaaaiiunswiidu plot rzuinegitaniedn (iFaudaudn) fu

2 da o . @ .
imslsas CH, (CH, emission rate, mgCH, m? h”) uamsawsifuesnifiufat winteuiisiugnying
O
(Rafiuien)
” 4 1 o ] - n g
2. inanfiv CH, #Aldesanumssanisimslang (Total CH, emission) Aruanlaans

. X J 17 [ -i o » 1 -l as 1 N -2
integrate WWATH curve anduurniiufatwiviuganiemicey gCH, m
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1 4 - i 0] . . .
3. Auedudnr Ay CH, (Average CH, emission rate) 141N Total CH, emission wisding
- o - Jv - - - H . v J
Smauiusanduumpiniag suieTugaviae wdaenfu mgCH, m? d” (Wia Daily CH, emission) uaziile
wassiedae 24 Whndaenilu mgCH, m® n™ (houry CH, emission)
- - - o g &
4, Bunnu CH, semdionandndna 1Haan Total CH, emission uridaeusu@ndof ianiun
winfi wdatilu gCH, kg™ grain
= ar
MANuTayanITIAMITUT
o at ] - o I -i' L » [ JJV
tnsmrnriuAnynedwiina luuwuefdlannruanli Ursneudon Suindanmr A
v Y . o o . . .
v nirldde Wienaliausrdnesionud nrldarrindaunes arsidalaie avsindmy s
. o v X . o .
fndaues mmmiidun wetiidunirdansiaanummmaninanieediy arauaaindnnimn
Turaz ukausndlili Table 3.1 14 3.14
-3 Y L
nsinuteyatto
2 - o a - - v - X H “ v v b ¥ -
vnegaugmitnnfuifisafenuanninanacuu 14 % dwilnukduinaussiininmn
. X o @ - . 2 e e - LI T ¥ & d 2
sanun Taeffuainiun 22 1° dwufumuandnuasininsiudne dasiwinsinunanniun 1 3% sl

v
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1. asmMeiA CH, emission Tuutlyalssnau 1999

TRAUTINS (Figure 1, a, b, ¢ URE d)

wweAL I i gawihauseniinastn 20 -nu.ﬁ'l'lﬁmmrmﬁuﬁﬂﬁmnmnﬂmqq
ﬂgnuam'lﬁtﬁufi'atﬂuﬂn’mmmﬁﬂuﬁu {moisture regime) WLL continuously flooded Figure 1,
a, b uAz ¢ uaAd flux 184 CH, ﬁﬂa’ﬂﬂﬂﬂnmnﬁuﬂﬁq?udmmﬁ'\ NY 6 UWITIMBANER 105 UAZUN
Wi nal 6 ﬂ'ﬂﬂ']L‘IT;N%uﬂ‘m 02 mgm?h' Turrszusnan wasRnAUssne 10.16 mg m? B Tusens
thagnur q:tﬁwi'\'dqqrr‘l’qLﬂ'u'nmcH,,ﬁ;f'fm'lﬁ'ﬁfiw‘i"lmnﬁwi’u 3 ullna Tuaniziien CH, filanuaonain
wlaaumdnurramenisR 105 (Figure 1, d) fdfuan CH, Usstasninnndmnulasyasfusay? Vi
et asii readily mineralizable organic carbon (RMC) Nannidnynuuaq Farmdndinan
prwhissiianazesnislonasnirraRuui WilBnuwdemfueussantuoaed Tinamadld
afsariuifasu i haninemens 'luﬂmmﬁﬂuv]mnumﬁmmﬁ:uwﬁwanﬁh 4 ulnauwifudang
anm anaerobic 3dwLdN CH, Udeneanluiufiuifins (Figure 1. a uas b) wsiluulaauudnu
(Figure 1, ¢ uaz d) inluAuuieaiindony CH, Duguilufufuiies athalifimna CH, fux S nfuwn
msalfddadnnnnaenggugn

YaAuTasian (Figure 2, a, b, ¢ WAL d)

TifeudaiamuianhmmosninbEbided Bnihschmadhisinaue wiswnm
FaanmpaEuT AU continuously flooded firoulnng intermittently flooded (Figure 2, a,
b, ¢ uaz d) MiuFeuSanudneasldlonaudaioan Useneufaudns (Impomoea aqustica)
uANBnUAZNNLNTLHA iﬁqil"ur'fumhqumuﬂumnfmﬂmm::ﬁnﬁq devminninantesdrittAngng
TuRuAineiumLwant 18.2 Maiwninandield vie 3.2 Mulwinuiiels sazimemens A lonaudy
rsnlurzndnawiniu Ao bimnlden CHfﬂﬂiu‘u’ﬁﬂﬂlﬁﬂ'ﬁuﬁaéﬁﬂuﬁﬂﬂd‘l‘ﬁﬂtﬂW"l:‘l‘u
szuzuunaugn WumnuReund7iau (and use) Smundnifadund

Tuund ny 6 (Figure 2, a) Wsstsusatinannirasadvesdunising (Ionauisan) 1ﬁn‘-ﬁu;uum
wazihiletnmadoiniFnnusssnmden CH, Mrtugenn 121.1 mg m2n feudfuusniitingn
uranasntumAdasuntsiesvinaresnTaa LitesunTeRgsarlaen CH, 3englurzdl
frideangiinn 38 Sundesn (DAT) ues CH, asifuldengsiulutinnanidenfusoudmaaien
parpnietuinndnszes reproductive stage

it CHAanulasndenanenisd 105 (Figure 2, b) HAndnizAfeiULsqwlemnd ny 6
e UARH LU NN ENENAYRaduvTedng lussu s umndnddtoundudndes Tuulsansing 6 Hdas
AUUY (aeration) 410 52 — 60 U (Figure 1, a) TurueAluulaandmnaanuzi 105 oAk 2
42497 27-36 TULATAIN 55-65 TUTaWLAUL 2 fasin e CH, Fauunanas 57.8 % e
Weiresdueia 1 1499

Figure 2, ¢ WAL d uAMdnT e CH, SMnWamIndu N 6 uRSUIMIMUINIRBANER 105 ez

wuhdntlden CH, Turrazusnufaniminuufnfiniuaindrannat Tneanasain 50 mg m*h’
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L 3 » 1 73 >
TuSuurnudou (DAB) vz unrsununamiadwdnaimnin. udinmanumanits s il des
¥ . . . . . 4 i .
widmnaundvinazgeatoaies 10 10 AvnbiRunTedngsanudaluan i aerobic  usvinti
i dnraldey CH, sanuntiesndnndt Jawudinon CH buuduenas 77.6 % uaze9.9 %
d s . - . o
WaeLALTUUIAY N1 6 LRZIMIABNNER 105 ANATFL
J [l 1] a ] ] : .

dunthdunndmnulasasiidnmudey CH, ddausanuniuludae reproductive stage (nA1e
- % | - '3 3 ¥ t‘ -t (]
Wweudunow udsugaien)  Tuugaaufosdailineminlaemiaannaruasugainn sz

Uinnew CH, anavatwiinau (Figure 2, a, b, ¢ uas d)

2. uamein CH, emission nulfagadstniu 2000

1AAUTITYT (Figure 3, 3, b, ¢ uaT d)

fumia 4 waediEFumrlansunnddnauasmetfmdesanunt Fmudt Tnevial oH, Ades
senraanUitalsmiuazinadissaniiatsonig snwinhanda ny 10 (Figure 3, a) fiinnsen
qalgn Smrmden CH, azituan 4.80 mg mh" uazimsldandeudsinauaegludas 8.29 -
12.63 mg m’h" MABATH vegetative stage AUATENMM 52 414 uaztiledadhrruresniy (heading)
WA ny 10 Ussafive CH, anilAie 3969 mg m?n mmzdanansiyduinrade nu 10
wlasirouineg Fowu CH, Usptanunanenssazaansan (65-75 u) (Figure 3, a) vanantuszes
fnagnurt (ipening) 189UAY NY 10 (80-9774) faWL peak 184 CH4mm:mm%u’luﬁuﬁqmﬂﬂfjmn
wafifi En maqﬁuﬁw‘iﬁmj ﬁ'uﬁﬂﬁuﬁ’mqmamw strong reductive  uailadnrrazfiuiinadnm
Uden CHj‘ﬁ‘m‘lﬁﬂnm Turnizinsdoum 1 binu peak CH, uszay reproductive stage (Figure 3,
b) Meiwmzidadn 68 fu tiluudediiien  @edh 74 AuAuFnwiniuam CH, anmatiedniau
s zAugn oxidized Mafussuing Figure 3, a sz b waaznd W frdunuiuidaiitentuen o2
Fue 70 Suastuam average CH, flux 990 13.21 1w 5.5 mg CH,m*h™ vt 58.4 %

Figure 3, c L]‘mﬂmﬁ'ﬂumwhu Nt 10 guAKDANH snEEILLL continuous flooding
nnen Inevinldmrlden CH, fiFinsin uaia:ﬁﬁu']tfiu%mqn 2.32 mg m~h" auidneny 65 M ieuds
70 fushrninldenssiniuetuiniaunsen reproductive stage Wi4TLtY heading (85 W) €M™
Udenfuhudnmmzitnivhan widedhsznfiuiion Sarmlden CH, azanssatinemniie

dodhiumdudeum 1 (Figure 3, d) dmrdos CHﬁ:p’iqmnmﬂmqq sepzueminhuion
T CH;‘a’Qu'iﬁ«ﬂuﬁnumwmugq'lumwhu Wikt mde 30 HuRunanhasianniuiredan
nnlden CH, fnwney Shrudandon 7 Ruduethedn - aufienny 106 Tuldes CH, e 8.01 mg
m*h" uf2 CH, anaaifinsanBnonideanscudnszenfivfien  deRansnrowing Figure 3, ¢
ufe d warsnanalididouon 1 awnrnddae CH, Wdesnds ny 10

qaius"ﬁmgn (Figure 4, a, b, ¢, d s Figure 5, a, b}

unia 6 wlasdiimnuamedaussmudennaslonay T 6 wlasiiidrrsuzusniriniaous
anwinfuwy Continuously flooded quirenzinouriRersunetheen handa ny 10 wudidmmnag
Udan CH, azasinanausi] wnlbufisdudntiananiunsniinga (Figure 4. 2) tazazwudnsninldes

x - | 3 = 2, 1 - - . .
getuiiaanginn 70-77 Fu Saldan CH, W 38 mg m’h”" Suilursazndunda (yeliow ripening)
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uezilersuntieen i CH, Jesamagemadaauiuan  usisidtum 1 (Figure 4, b) Sas
nrldee CH, azafefiLund Nt 10 uazses reproductive stage (1avany 62-88 Hu) fuualindn
dnrlden CH, mntudnienfialsmnn 17.88 mg m?h”

Wueaumdne N1 10 (Figure 4, ¢) wodndmsdanfingiusan 0.75 auila 1357 mg m2n”
el 2 Aumviudrdsratanassuagihnld 37 A Tefnenuznanldes CH, Tutae 37 Suusnitadne
fiufi 3 readily mineralization carbon (RMC) Tusstnnndilasdy sannslonaunfousndud
4 unmAn 2543unsiuiirudunnwuinlugne 36 ﬁ’uﬁutﬁ'\ﬁumnuﬁqmumnrﬁﬂn'n‘lnnaun;”uﬁ 2
FpTsiAudauuduLazwUdn RMC 102 mgGC/100 g soil 'lu-nm:\'n"uﬂaq%mm-qmﬁu?ﬂuu‘im'lurw:
wnl¥ organic cabon sdEiINmMmed Figure 4, d wuindnsdaes CH, luumdag
Frum 1 dunnuiiniueindilutee 41 S Taedrrusenfdusuie 802 mg m?h da
reproductive stage 1BUMITU AN10 uatumadtum 1 sxnudiarmlaen CH, Rtuldnaz
I a7 fmw swfiuminabdutmeghandedunie 113 d 118 u wezdedihees
maturity inumznsazldetnineanyin CH, 6AaMUR (Figure 4, a, b, ¢, Waz d)

u’n.li‘q'naﬂf:w'luﬁ’aunuqnﬁu%’amﬁmﬁﬁﬂumnu (Figure 5, a usr b) fnuniznanldasean
CH, fnu#n nY 10 (Figure 5, a) azpandressmdeum 1 (Figure 5, b) ilgsanulaainga ny 10

dadirlifesndrulasunsndeum 1

¥
3. aamsim CH, emission aanutlinedu 2000
YAAUTIEYT (Figure 6, a, b, ¢ ueE d)

wuddnsnnlaes CH, Tuszezusn (Urzann 30 fuudalgn) Hrnegludas 0.84 - 7.00 mg
CH,m?n" uAz 1.63 — 13.66 mg CH,m " s1nusi1 N 6 UAZ MIMBNNTR 105 MNARL (Figure 6, a
uas b) lunnsfiuwmdnilinaafieiu Ao 0.47 - 5,19 mg CH,m h" uaz 0.68 - 10.60 mg CH,m"h"
AuFUNMIU NY 6 uAZ 11IABNNER 105 MINRIAL (Figure B, © UAT d) ArvRninldes CH, HAaulin
: y oy d . R . . 4
Artursezurnilivezdrizrongnlanauluruiawieniuliaasdin i ud newnimaziinnlgn

- -l -il v oL - %’ ] - | T 1 ] - J [ ] - -l.

wdLmilsamiumussinsiimivongaiueeafudnarzwdiniui 13 Aereu B Jui 10

Aean 2543 ihanaunu 28 A4 inbidutvme  wisnideiadlseanlindnmninléen CH, sie
¥ o ' ) v w - - ¥ g -

wrsFaammmudRsUde CH, amnnanraatessssrnfuiminiaudainss wodidl peak 189 CH,
InfiAeeii Ae 9.26, 12.76, 7.06 uax 9.73 mg CH,m*h " snudadIAl N1 6 wIAIBImBNNER 105
UMW M6 WA WINMUIMABNUER 105 MNAIAL

HANYIANEY CH, emission SmnAuwiizagaaus iy Aiumueding amaralfithsiounu

1 v > L
1aangARUTMEMgMIviaimind wmiumidul 2543 viniu
<3
HnAugarian (Figure 7, a, b, ¢, WRE dus Figure 8, a, UsX b)
¥ TR TV §- P a = °

anwi luwRuiuidnidmustoulgnauivisuniuiios wuasisrezusn (lrzunns 30
LA L 1 ] .I x L - L] 1] nl 1
Fu) aswudmnininlasy CH, Aesfutudnsiiudiu (oroad shoulder) wibindniann aglutn
4.07 - 28.24 mg CH,m"h" & mFLUAY 1Y 6 (Figure 7, a) usx 11.22 - 24.81 mg CH,m h" dwFun

AIUIIRBNNZR 105 (Figure 7, b) uasviv 2 wlas axides CH, AaudnasinanaauiaTazeanTN



(heading) Buaxil peak §923.52mgCH,m™h" &g na 6 uax 19.12 mgCH, m°h" dufuunsn
1manuei 105 (Figure 7, a waz b)  Useifisunanay 2543 TunAtAuudiafuam CH, fiwanau
Meudugudnaanseazgnur (ipening)

TwwmdruraanAuiou wuingl peak 184 CH, galutad 20 fuusn otk Wi nu 6 Uden
CH, §480 39.44 mg CH,m’h" A 13 3 (Figure 7, c) uazluminumanenuzA 105 lse CH, gugn
70,615 mg CH,m*n" # 11 4u (Figure 7, ) Fuflurasinnasendu lonaustitaamufaansn uas
winndagniun

lm:tm?nﬂnnﬂuf‘f-nﬁ‘mm'lumunzmuﬁ’qum?ﬂqnﬁﬂﬁ’ﬁnﬁwmmﬁuw?ﬂf‘z’mqﬁﬁuimﬁmm CH,
Favam widaraudann A 27.53 LA 42.88 % Tuuwi nY 6 LAZIMABNNEA 105 {Figure 7, ¢ UA
o) wiaImisamnnides CH, #4 2 wled Udeneanliseuminane ua:mj’lwﬂoqﬂv’;ﬂﬁqﬂmnmq’tu
TEEIZERNIN (heading) é’mmn’nﬂJﬁ'ﬂﬂﬁi'\mmnﬂutﬂuquﬁ wzdamwALwinaenrzasdngnun

wihirduuudutuyadufendanthuganirmuisnmwiluiuiuonddadmiesiviu
uﬁ@tmﬂ:ﬂ'ﬂgﬂmmj (Figure 8, & WA b ) LAY NY 6 LAZ YNARNNER 105 Laan CH, ﬂﬂnuﬂé’quﬁrzﬂ:
usndnTutog 20 Su Smelden CH, $uge 86.42 mg CHm?h” uax 75.19 mg CHm " Amillu 71.56
uaz 68.70 % eJTuNnl CH, Faualuuda AY 6 UATINIABNKER 105 AINANAL (Figure 8, a Uax b)
¥4 2 wiaalden CH, aanmwsnmin LAy taedn 21¢) 30 ~ 70 fismrninldourziivile uazudy
Al (Ruuvie, aeration) ﬁ’mﬂﬂéﬂﬂf;qmnwtﬂuﬂuﬁmﬁﬁutﬁmﬁm dufinganausidn
ﬂ‘m'\mﬁfl'lumﬁﬁmqnn’hq'lﬂu'muﬂ:ﬁmﬂm?ﬂéw CH, wivameryina 20 fuasianen  uazus

woanslansudrianil@vinasianislden CH, gman

4. nan15iA CH, emission amu11l§? 2001
YARUTIEYT (Figure 9, 8, b, ¢, Wt d)

TuynusarasdursyTutaand ny 10, winndeumt, wwdiu ny 10 uszuwdndtum 1
fidmsnlaee CH, Aunnlurzazusnduacufowing Snsden CHﬁmﬂﬂmzu:m?Lﬂﬁ'mLﬁuTmmq
vegetative SUa maximum tillering Tuunsam n. 10 ussdoum 1 Tursus heading deantag) i
Smrlaan CH, guiulda 27.99 uaz 31.70 mg CHmh" (Figure 9, a uaz b) Tmenivhlu 2 e
iR AL 13 uae 0 - 10 1. wiluudndenm 1 999 57 - 65 Sumdeinliihindy {Figure 9,
b) filawr CH, ﬂﬁaﬂﬂann‘mmnﬁﬂ'lﬁﬁuq«wﬂ:tﬁumq’u'lnﬁnnmﬁﬁﬂimmﬁﬁ Tustusumines
fava 2 Wugfing peak CH, Turstzheading IBufuudsnenlédenssdanda (Figure 9, ¢ wax d)
windauw 1 wininden 79 SussuusiaanduantitldAutenWhin CH, (Figure 9, d) T arar
ﬁ%q'umuﬂmmﬂi"qﬂ'nu?{‘:tﬂumdu

Fath U InaRuluresy root zone whiaznudnild CH, Mndusnithigud Sowlusses
fgnun u'jﬂmqﬁ'mﬁu 70 FudmFinen ( Figure 9, a uar b)uaz 101 TudwmFutrauwmd (Figure
9, ¢ uaz d) sziiui lugeAunTyFansnareaiuinalursus reproductive Hussiedniéey CH, ptin

dmaulugguidiall 2001
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[ 3
gaRudasian (Figure 10, a, b, ¢, d UaE Figure 11, a, b)
v ¥
Twirssiamsesiugianivldanaenngugnuus continuously fiooded mslden CH,
n' -l [ :‘a 1 o el - -’ . %’ J
gintntunaadeiunndudTusninfisiufiuinea (Figure 10, a uaz b) InsmInTssuneiteantile
419811 72 Fu udasiwsifing peak a9 CH, grateinsuudodaamaaiugus
‘ 14 o A p oo oo, Lo ; s
umdnresdinavisaeaiug Tudrnndimsamdnaiussnuddnsnldas CH, siainnau
-~ L] I'J [) lﬂ’ L !’ it -l x 1
Wugudeguimnn 2 dlaniiiesanbifividy sanhdaduiuetwit q aweglin inweensld
¢ . e .
szuntneantiadnoany 103 Sumdarinug Usingdtwu peak 199 CH, §4Te 69.14 uar 49.17 mg
cH,m*n" udadsannadugud (Figure 10, ¢ usx d)
- o J ° ] bt g e -: LA ) 1 3 L3
wAnferdiantdninan widn ne 10 widnssfnhivazegissiudeAuusluiudonad
2 Y o X P .
AN TN (Figure 11, a) gt nldes CH, utudmauanfuurnduaznaengaugn widtnnazui
ufa Wedhaeagulszinn 75 SunAsiuefidonu peak 189 CH, gatfiau 40 mg CH,m*h” ufadaanaq
(e (Figure 11, a uaz b)
Al & - A & v o - o - Yo , o
Wanufardailaoniuduiaindmesfisiimugndslilumumbuddihivgnsenan  usidle
‘u’ - a (2] - 1 :‘f 1 x
szuaemannduin Wissinaimuuaniimgrasnunlu gas chamber Wdireiudalsmngiu peak

CH, ¥ufndaszunetirean (Figure 10, a, b, ¢, d UAE Figure 11,3, b)

5. uani3A CH, emission 9mutaey 2001
yaAusaeidn-AulAn (Figure 12, a, b, ¢, d WsE Figure 13, a, b, ¢, d)

'?’sﬁquvju'lus':ﬂmﬁqﬂnﬁﬂf:ﬁuﬁqiqm‘jﬁﬁqﬁuuﬂ:wu CH, Udensanatiniisinane anddl
vatfiAumaitusuLsia il CH, soniat Wun widn n 6 wledmany 26 Fundein (Figure
12, a) widnmanenuza 105 deddnes 20 u (Figure 12, b) Wi 1. 6 AATLYAT (cow manure,
CM) 129ii1981g) 22 -32 4U (Figure 12, ©) UAZUNAIN9ABNNER 105 ﬁ’"lﬁi"u:;qm’q'd%ﬁmm 25-29 4y
{Figure 12, d) peak 184 CH, ﬁﬂﬂﬂﬂﬁ’«:umﬁﬂwudw'ﬂﬂ'lwﬂqq 0-15%u wu'luwﬁ‘i‘lﬁi‘uqﬁf‘h 830 nn/l¢
(Figure 12, ¢ uns d) asildmmuanininies CHunnduLlasr 1A (Figure 12, a) dauluwles
wdnnenusd 106 ALIER CM fAiwu peak 184 CH, lutdasurnanduiuwiihianiwataanitlonay
Fiwoaa (M) (Figure 12, b) i tneny 46 Sudurngnanduidaufiavann vatilugnudlasd
CH, Udeteanathaminauasmanmeings Tuumindy 4 wisddiliwodni peak 184 CH, ot lurzes
reproductive wiatihgla frnundiiiurueghaumeuds 141 Sundang Audsilenindussin
Wirndusnauasliduglanasenmignivunt dnsniziiiolunienziusandsaiie win
Macduudsuaznmszarulbindnananinigniviahilius

Atmndadnngdindtingy sndudeuionanduandndbivuiiifiuedutets
dmslean CH, Lﬁﬂiumaﬂﬂqq]dqni'ﬂq'lunnmjmua:ﬁi‘]’mﬂﬂﬁaﬂ‘lwdqqﬁqﬁqﬂmna'w (Figure 13, a,
b, c, unz d) uletnlsimaluutianndia ny 6 uazinenuzd 105 WEFeTr 509 nn/tid Endwa
seayadstaninleas CH dmisuluszuzusnaadulaunsn ne 6 winnda (Figure 13, c) ﬁ'ﬁmmmﬂvumq

thaudana 102 - 106 Tu
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- [ '« o
Autani@a- iRy (Figure 14, a K8E b)
; Yox ol oy e e e Ao d ¥
Aeninfeadufnfendanliin Fuamniladnidauionen  Bunoniduineen
4. ] -: -’i’ [ o J - . ar i -J ] L -l
Tawu9n CH, inIusnduusnduiissainnnranefasesizitaanlonaunauat nanAeunaIANEy
vanawFaniudnsdase CH, fananswifugul (Figure 14, a uas b) uazliwy peak 189 CH, tursus
reproductive  Ardagsiunlifuena lisafinidindanmnadutowlaegg  duliduagiuanm

aerobic

6. USuruSimuntanain(Total CH, emission, TME) (Table 4)

Tungunil 1999 1fiunm Total CH, emission (TME) WAuMmiAwnn SAnedtves 4 wag
(plot no. 1 - 4) WieLs 10.19 g m*(Table 4) 1i"ifa~mnmumnwmmuﬁ'\ﬁuﬁﬂn 20 1 YW readily
minerafizable carbon Razhuarsamsley methanogens TR dluAusansn (plot no. 5-8)
oy TME fiAniade 45.95 g m? NANNIEaNRUTITLT 4.5 wi'uii'aaﬂ'\mnumini‘"lﬂnﬂuﬁnﬁq (fiﬂuﬁn
#M18 Mwiald adunaua I (Larieuud) agnlsfinaunarmimuvdnszaaBuin TME adldun
Wi ny 6 afouiiunst n1 6 an TME 9970 86.89 g m*® iflu 3565 g m” wia 58.97 %
{plot no. 5 uax 7) T LAMLTI9ARNNER 105 WaRELAULAGMINENNER 105 an TME 84410
36.71 g m? lu 24.55 g m*® vide 33.10 % (plot no. 6 uax 8) unsdifiiinarlanaurjeRsaaniuly
Thnoman mminaiutien TME seetnadman udufoudmitouduennsimnanuss
106 Tignaiumis (aeration) 2 194 Tanusfinlaeundn N1 6 tgaAuwi 1 929 (biRaniaefumsezue
ﬁqﬁmqqtﬂmﬁmﬁ'm) amnInan TME aslsiann 86.80 g m® (e 36.71 g m? w4 57.75 % (plot no. 5
ug 6) meuwdunaznislerifutnniireuRnwiinenszuqunirrme (evapotranspiration)
uddmemindun Fitaunrosn TME sdldunninaanisiuniinirlonsuoRasaiaindnasiinng
Uden CH,

Tuggunnifa 2000 hunnuefs TME 1RAUTIIT 17.45 g m? gadninAn (plot no. 9 - 12) sl
Fngeninmasunil 1999 e TME geiuan 10.19 g m® lu 17.45 g m® vsa 716 % Hjesan
Lm:tm?n?"lnnaumﬁ'ﬁ'qriﬂuﬂqnﬁqtﬁunﬂﬁmnn?mﬂuﬂnﬁ mm'h'ﬁmﬂu’luqq}t":wufi'zmwi'mmmmam
TME adléi 23.71% (plot no. § uaz 11) uaz 49.01 % (plot no. 10 usx 12) &t nu 10 uazfum 1
AN uenAIALLEaRLdA A TIwm 1 Uday TME vieandadna nu 10 58.32 % (plot no.9 uaz 10)
UAE 72.14 % (plot no.11 uaz 12) Tuwsnuar luuwitnumusiu lugauiis 2000 rnouaie TME
1asAuFatIER (plot no.13 - 16) UA1 21.09 g m” Andmennd 2000 Wiukeda Jaildniean 4595
g m? ilmwmsmsmnaniaediieusE e 11eves TME ravusn iU luRuTetdn Ul 2000
T lisnaiann srreammmienaussRugnfisnaan TME Ashifaeu B TME vaanda ny
10 UREWIANFELM 1 (plot n0.17 LAY 18) HFdmninesiinnnwnedenousiusu

wiedttindud 2000 LUAUTIIT (plot no. 19 - 22) UFunns TME AuAn deenRatavio
W ignsofusesafistunsmou 28 5 s wuiiiuiailesfuuacsiier TME
Fuazdmuuikies TME aniuiiiou CH, Fuseseansnmessneaessandudnafiag i iy

Yogngs X ooda 4 ¥ .
TME usz Average CH, emission Tungil WAfUAWRGUmTAgninvianTu w.e. 2543 vimiu
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wr

il

i) 2000 LLRLLEFREdA (plot no. 23 - 26) U TME gutlunansiidniaie 32.91
g m* v?aﬁmm:ﬁms"lnnauff-nﬁﬂuﬂq-:Lm?ﬂuﬁuﬁ'auﬂqn Tneuniluniduar biinsiudiowies
Usenmm Al irhamalmn 6 Wensundhaziagguuiiasaman Bnastiedanamweiasi
hildadmrniden CH, geluszusurniign Enﬁ’q'lurmduﬂ 2000 sufiFunannuszandauinadiase
viliifin CH, Ausnimings meniint¥ TME gaumiaehs 2000 gandnaald W plot no. 27 uas 28
WAntaAn TME 33.89 g m? Teln&iAseiudnai

Wl 2001 WAu¥ada (plot no. 20-32) Ty TME BunsiiAnede 11.51 gm? flasaan
fimnemeteludousfaduneulgn Turnsimuandaiisinae TME PNIMBIAUTILT 1.8 Wi Wy
danminmdmindne ny 10 usdenm 1 (plot no. 35 uax 36) Wi Daily CH, emission shndims
AU (plot no. 33 uaz 34) witrumdmidmmiuag luuundrdhaundndwia il TME vee
fanmdnugandisaanimld Yo TME it nu 10 (plot no.37) gendnluuaddeum 1 (plot
no. 38)

mﬁﬂdu 2001 'lwr;mﬁu'ﬁmﬁ'mﬁﬂuﬁmﬁu (Re, saline phase) wirAeRE TME T18diaaay
widlndiFeaiann Ae 23.17 g m? unz 2427 g m? (plot no. 39 - 42 AT uaz plot no. 43 - 46 7
ﬂ’qummﬁﬂ) upitiefan s Daily CH, emission 124 plot no. 39 - 42 STALANT e piot no. 43 -
46 ipsanitiuiidinsimadainhi Daily CH, emission Iatiadeiln 166.73 mg CH, m? d” dnd
plot no. 43 - 46 ir';ﬁmT'lnnﬂu'i"nﬁ‘uﬁaudqn%\:ﬂfh 238.02 mg CH, m* d” (Fuanliliuamelilu Table

" d. o ) d’ ] -t ar o } 5 3
4) usitanaMIamie CH, Mineviiuiua 139 fuinlils TME gat

7. usuRAT1(Grain yieldustUTiuiimusemionusuiag1a
{Methane emission per unit grain yield, MPG)(Table 5)
HauRAY7 (Grain yleld)

winnAesten NN Taan TUdes cH, smutninelfinalulatinemns
Suiuotindiazfoandnsuaiuanussziiusulrnaudaeiindu Fannlgn uasiuginaflgn
fwiumUfTRsemaulannlatinmens  uiensednaar W llinddunniinmensing huas
vnFuafuiniuiuninlden CH, tion  duiias Wit inmatulaiinaminneunsaensi Bus
pamdnnnst Wuriusedndne (Grain yield) ussLiunn CH, Aevdiunandndig (CH, emission per kg
grain, MPG)

anafinrnueastul 1997/1908 wanAmaRsTewranaing 381 kg rai’ Tunniciuedlan
614 kg rai’ Tun1MsunieiiuauAnann 5 qrUgnuansnefii (Table 5) Tneialuaudndnasmnmmg
agfluiag 387 - 819 kg rai” gundrunamandninaarnufendnteeylutae 256 - 733 kg rai” lugguat
wadszna 1999 WannmmyTWinsufnd oatiugag 476 - 683 kg rai” uatluAuuiendnliuanan
117 365 - 733 kg rai’ gl 2001 rosRuSaEn HALARATNAN 280 - 502 kg rai’ yathiashs
2000 Rgnuiiumagiyminviandomne hwusivesduleudaliuauan 329 - 606 kg rai” Fannnndn
FAtRaNARNUI Ny aaLrmARiAN 289 kg ral” WAL (saline soil) WianAnaglutng 256

13 3 1
- 577 kg rai” andayaviaunn 48 ullse Hiien 6 ulsavimiuinanfindnagendt 614 kg rai” vitauan@n
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fhaitradtan unzdiayainnndusuARaAnIesLlszg 381 kg rai’ § 32 ulae atidlsinan nandn
frasaRuRrasnemmnrinmaiasimanziusen@saiedmalrzma
USurilmusieaniienaningio (MPG)

mﬂﬂﬂqqdﬁnﬁwﬁq 5 ggwudn MPG A uunnsirainniiAteglugon 12.11 - 222,66 gCH,
kg”grain (Table 5) Tugguall 1999 A1 MPG seauARLTTETANdgau 7 aylutae 17.88 -
56.40 gCH, kg 'grain athwinau Wesmninummmyaewidueen 20 1 vinWh B audurdedmgen
upz TME rf‘i'iﬁqunﬂﬂiﬁ’umumrnrquﬂﬂi’mn'nﬁ'lﬁuauﬁmqﬁqﬁq'lﬁﬁ'} MPG ndae atilsfinu uggau
7 vediurmFT I ualinT MPG Arndntagedufonda uiil 1099 Wnfeudarn MPG qengalu
5 fUgn MPG atludn 67.84 — 222.66 gCH, kg 'grain (Tabie 5, plot no. 5 - 8) ﬁ’a&tWM:Lnumrnﬂn
naudafiann 39 lRurudnsinenmadeinisnamuihundyy Fnadnjaimrinansinia 18 t i’
e S uaduieingiianinsetuivied MPG  uiinluAudedusel MPG gausinudnlun
winfiAndAgaRa 67.84 gCH, kg'grain (plot no. 8) yngaUgnileuniirdmnimdiinn MPG sandn
vaau snduluunulaeiifouminu Wnaudasdainbi MPG 4 (plot no. 35 uax 36) ua:qqmﬁ'\
tha 2000 wazuminchidudn 2001 Waennduduszdmsushedrounhivininstesiaie il
MPG geag/lutae 89.92-138.64 gCH, kg grain (plot no. 23-28) uat 57.02-167.46 gCH, kg 'grain (plot
no. 39-48) MNAIAL 39 MPG 1e9umiath 2001 smundudnd i MPG gaiduu {plot no. 36-46)

8. AMuTNNUIsENINenART (Grain yield) AuLTimiimusianaa (TME) usslfaniiong
AeavulnnsaEandn2 (MPG)

mniﬂqaﬂmﬁa 5 19 (48 wlsq) WaAnaruduiusTIaLaRARE AR TME WY
F1 T = - 0,114 (n = 30) ueNTNAMALRLTARN wituu Wi £ = - 0.456 (n = 14) WiraAam
fusAdmma ey Taunmuseaniniu MPG Wien r = - 0.411 (n = 30) udluwamandvisn r =
0762 (n=14) tufeumindunadanfionnssundnng A SuuhbbinauAngeiu s
Usan CH, femintuaAn ldRnd e

dlauunAnsuanisiufiawudmandadiaesiug ny 6 uazwamenuzd 105 Mu TME W
AMNENALSTANAS = 0.191 Usx 0.052 MuAFL TurmusTinaudndrnvaniug ny 10 uss Faum
1 A TME WikauduiugTidmaauludeny ¢ = - 0.367 uas — 0.743 muAd dudewufing ny
10 usz Fenm 1 SunltivinWiauAniduus TME anae etndoum 1 Weafiiusiigaa
nda Ny 10 u'jﬂﬁ"ﬂwunmwummmﬂmﬁuﬁﬁwqmﬁnfi'\‘lﬂmﬁﬁﬂu“lﬁﬁqﬁﬁﬂ 4 1, nu 10, Tamen

HEA 105 1Az N1 6 Taeaiguaalioinafunn

9. maluls@i faniwalvusniathagaussfaniimudamiseasaiiadnan

MmARIR 5 qaléda MPG Aumnansiunnnaglutaantie 12.11 - 222,68 gCH, kg'grain
FoluArAnLe st MPG St (uiasildvinlademninaed sz fuasdadinaudadin
Arlurzduwitedion AW dAnsuaninedtyanlsznn 381 kg rai’ dugmlunnidend MPG e

‘c:v 1 ) J d. - . .f, ) -l-i -~ -
YAYUMA 18 2N 48 ulas Wddnedt MPG 3414 69.48 gCH, kg 'grain VlABuLiNaNERITUNG

ftnal report {TRFAResult
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LAmaREYELTEe (381 kg rai") usriinnlden MPG siandh 69.48 gCH, kg'grain (Table 5, plot
no.1,2,3,4,8,10, 11, 12, 14, 16, 17, 18, 29, 30, 32 38, 40 uaz 42) parldfunisianrnnuasAnedn
inumensIfdantsguailaeesndds snsderMmsieUnngniraiias CH, emission rate naamgatign
@aldmannsm Figure 1, a, b, ¢, d W Figure 14, a, b) figswnraaralmfuRiRgtestLman CH,
1

1, fradevhivmiauiudunsesauauan funumiisagwnsoiiiauda i daaansg
wliduean wifiesguaiasnisldiyWuidhe Tnuseeudae]y urea 9.6 kg rai” uazusanifom]y 16-
16-8, 2-3 Afarn 50 kg rai” (plot no. 1-4)

2. mrlonaujeiaan dnffunaRsaaninasyinll MPG g ussunroan MPG & Taunas
Vauudnu ?mwsmﬁuLlﬂ:umuﬁﬂﬁoﬂﬂﬂ 16-16-8, 2 ¥asam 50 kg rai’ ArWinAKARALAT MPG Ainaq
{plot no. 8)

3. mavunlflundumiien windasmslonsutnaefenmdeannnfufaiiundad
‘luﬁuv'h'lzﬂmﬂmm‘ﬂﬁulﬁﬂuﬁm‘lﬂnnumﬁwmﬁ’ﬂdﬂmmﬁuua:mﬁqm’hﬁ’wﬂﬂ urea M 31.5 kg
rai” wasnmuIasn W WanAngeuas MPG fiass (plot no.10,11 uax 12)

4. meinndRhanauioueaerefineulnmieusiu uﬁ:ﬂfmmﬁuun:um‘mﬁﬁquﬂa 16-
16-8 $M311IN 30-40 kg ral” Tﬂuﬁ‘n’n?ﬁ’m’mdﬁm:ﬁﬂﬁlﬁuauﬁmqquﬂ: MPG Finaa (plot no. 14 Uz
16)

5. mauidiluunfuiu erwanedineunnaTuNAuLeAInnNAdEy urea 20-25 kg
rai’ (piot no. 17 uax 18)

6. mmimunfhunAuminrenanaotiieustosauuazuiotdijuad 16-20-0, 2 akisam
2N 32 kg rai’ pwsnuvTeadLld]e urea 12 kg rai” (plot no. 29 uas 30) uazdmiumdnus: s
LAREIALEE MPG e (plot no. 32)

7. widfaluAutuenaimnwnedanaun istunAuuaz 1y 16-20-0 §am 25 kg rai”’ (plot
no. 38)

8. Tuthipudurarndsiruunieulowsouauuas 1dije 16-16-8 §75 14.2 kg rai'(plot
no. 40) uaxtinleyumaniyain)dne 830 kg rai’ AoulatenAus s iiNANRARIILLA MPG fna (plot
no. 42)

9. Arldanlimudin il aunssiaAuuia (evapotranspiration AUIfia aeration) ufNmA
tnlivinnde 5 ~10 1 1thisfifie seration 2 AR axamLRAN CH, lAuanndnmsiiia aeration pis
\AEn MY aeration Tudaetaumnna (tilering) Autivinauannegeqa (maximum tilering) 49tiam CH,
17 (Figure 2, a uaz b} Sasrsfmnldesiudnliiauiumiois funmldTasfiafuieauunn
wanITUAR aeration 3ehinaniu 4 Fu Kemarindun

10. mﬁ:mﬂﬁ'mﬂnﬁwqqtﬁmm’r’uuw?ﬂuﬁumﬂﬁmﬁ‘m'ﬁquﬁmﬁ‘mm CH, almenlnd 2

dUamfdeuifiudien (Figure 2,3, 4,7.8.9, 10, 11, 13 uaL14)

final report { TRFY Result
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1. mmdmdusamnldon CH, wssazum’® Tauownziuunilonaudaimiteduiizan
viadnsldgunadng ludfunnenn

12, Hilnsladuntudnguie lonsuljoasnasnldes Widuituingaaiuialuaniw  aerobic
sty 2 AlamiudrSuniuniu

13, mamndmzLlgninaiesaduauiidudnagunasin il TME das

14. Wugnduum 1 Uden CH, etndn na 10 Turnifinnanenuzd 105 uss no 6 Wssia
nnildat CH, indnufi

15. finl4Js ammonium sulfate (AS iuussree N ) A2T1AIAK 10 kg rai” 3easiunanaayls
199 SO, Tunaram CH, anrildan CH, Tauassmgnandn AS WWur phosphogypsum (corton et al.
2000)

10.hminukdudrauazain (Table 6)

s qqﬂqnwudqﬁwﬁnuﬁqﬁuﬁ’qqﬂ'ﬂqqm’w 636 - 2612 kg rai’ dautiwinsneglutag
164-1,573 kg rai’ AnudnBnaiuinduieussuandnsietheimauAagquini 2001 umues
A1 (plot no. 33-36) ynuAuAy 2001 Aurwienudnininuiniissneazussaniaafay
(plot no, 43-46) FdinlusnmeRainifuREIFLrtesnIsimIEaMAT IR UALWBANAT Wi

-

[T A - dlw L 4 |t - [ J & e ] 4. d‘i‘ all
sramilwiafudnasiepdnldsrnnimasesuiuninuifmaeitiamaney Tdauieagnniiel

- ey WV

nau wFanAurntraasiulurswdnanssitondu - Anldanduiruazsinthadudaufidérdyunniiun

[
-l -

L msaamuganayrnitaduussiiuemaiqfuritauinsatasiunirasednuassanivaniivialu
- x - z -~ o oy ) " [} b 3 o -
anWALTUUATAUMEY  uariiEvEnaselfunnuasdnrlden CH, avnurdmlurzuzurn@n(uiaurn

winwlnems
riaun swtesALnsasnaisei ussaeds WaneAwd CH, Udeuaen 0.43 - 0.90 %
vevtfnuanfuenludag uazdnlden greenhouse gases Madusing Wur CO, uaz N,OnFaniyinhf

X A
qmmw'a'm'm'luwun WIRIE

final revort { TRFYResult
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- L4
T
- 4 ] -
fngnssenalanAanisideniinu
] -II: 3 ” ] L : [ J . . L)
Tuwinzqpugnisnaiiduiinnegluuiassisiuliveyiusumnsseara e (timing) fie
X - -i’ - ) N | 4 o ol 3 :
ATuluAN danutunamnzinemsnsarER inefunAwiul - doussiwndwfeumtnniududu
1 P wt — a X o % = -4 o ]
WG IARedd  ArumnzaNAsiuALunauluateuni  Mduneninemsiendinnga i
¢ R, Cod da X Y oaoa da o
TIMRNUINEATITROILMI andussuudmussiuiielniuiuniduiuiduigaasdu
. o - : 1 [l ¥ 4 - - Ju o J L4 - d‘
satuasmaniuiuiegiun unimasssdiwudasssunuiuiinfim@indiAeseius i
» )
Fudnaagluuman 78-139 fuilaluusinzgguignazumnsineily uansINIUMIaANITEUTY 1du nafln
naLMTen TN BWTEing nrladeduntd mesanani waniia Wi CH Wauue (TME) vedusi
- a . - . Y x .
axgaugnuansfiunnuasianinanndsgaumgiliinfueusiasggemiudvicuuasthiiodng usily
¥ LI £ ¥ ; i
wndeuwuliguniviond site vautiuvuesiweaaaunind 2000 (Figure 6) kazwurindunnios T
¢ KR T T Sy P
Uil 2001 mauFuAf site yuhwiiwia v uAuieg il sdunwiuewn (field
, . Ay 4 ¥ L . ¥
capacity, FC) (Figure 12) daunaubinutingurFeaiuas Iaeialuuanisin TME Tuumindy 2000ua:
t - x { J - -l
2001 ganimannileasunfluiuiat senmusnduludswdfunislanaufasnlulininman
Corton et al., (2000) wudininldae CH, ﬁﬂf)'mumnvhqi‘:wiwqqﬂqn Tar CH,Addassinun
gAHUATHNATIAINUGUAY 2 - 3 Wi uaswLdn CH, Hrrmusnfersudaliduiu wanidarueu
' 1o e - . = . i
duliusisinfuneg (reference treatment) usmeanuulrLirmlungugnuazrswdndindgnetann 3
wini Mmguadiguu)iindy  quuglinngaiady  iscquunigegaederaagguds (furtanis
panew) Andrreaggdu @quied - woeAnew) Holzapfel-Pschom and Seiler (1986) mMudWin
- ey ' ] [ ) -] . . -il x ]
ruuglinuiininastwnnsiednddey CH, Tas methanogenic bacteria Auani@olivudndu
d e a o - o . o
mesophilic AieteyALinldARgUMNTINaIMUIY 30 - 40 °C (Voge! et al., 1988) usigrUAniRABHuAN
> 2
AnfurzninggUgmiliidiasinnhilnemunnsreinrlées CH, siwingqugniiaisivien v
Tlunquidugrupifeissioiindnmg (rate) ssanrzumninin CH, winlulilfliunadie
Uiunng (magnitude) Atlaey TTastniangwasialFun CH s Ayt liurianuunnstenfiinuens

funfdafuaunaaeindeuazulspNangabile)luAuisaaang

Enfnnasanrsdunidnanisaesiiny
‘lummmnmﬁwummmmﬁmmﬁuw‘i‘uf‘:’mq‘lumumﬂm"Nﬁuumu"fa‘%uﬁ’uqqdqn(mﬂu?ﬂm
15 Tufufesurnmaieiuiuind Tund 1999 (Table 4, plot 5-8) inwmenslanauisfisaauia
(AN impomoea aquatica) 18 furmwinaasieli Sawuinfidnmuden CH, Tussezutngann (Figure
2 uﬂ:ﬂﬁmmﬁmuﬁwum (TME) ﬂéﬂuﬁﬂnmnndﬂuﬂm'é‘unmuwh wudrinitlnnautinsutaouas
m'a-Eq'luqqmﬁﬁ’q'mﬁuwuu?ﬁl'luqqu'\ﬁmummr’lﬁqmuﬁ'\ﬁuaﬂn 20 T (NamAHATaImFInITEa
Yil¥han Table 4, piot 9-12) Lﬂﬂﬁqqquﬁﬂ%’qtnumsnTﬁmnﬁrﬁuﬂﬁuﬁqh‘“lnnaumnv‘fui'n IEELT S0
WU BN TME Redusnndiniede 10.19 gm? i 17.45 gm™® 1 1.7 Wi 'luqqmﬂs’q‘lmﬁuﬁ:m

- - e - 1 e
Ursng (Table 4, plot 13-18) tHawminsAsnsiinamAniufgaiunlldunduintivuwnmnsiu
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. ] - - b - ::‘ : -
fi(bumt residues) uszmederieuuETEAWINLR FlResnfiuvu INOULAzEAREAY
-t - 3 P - 4’ - o -\‘ » -
axman) TunneFensu Iddnmass N Ndulfrsonuaniuiu TuittNrzezamEumn
-— L + L] Y. ]
UAZAWNUNAN  Uneauivagfigninnauasugnraes  CH,  Tursuzusnannudsemsniiaabige

(Figure 4, 5,10 ugz 1 1lameufunslanaudTitaaaun

v ¥ o
)

TuumvhansmensiiedlanauSoineandu (natural organic matter cycling) (MatitneaamH
evraenanansintuuminy) %\lﬂ‘mﬁmﬁ'ﬂﬁ-ﬂa:ﬁauﬁwmnLf'i'a\mnﬁuﬁqnﬂe’mu'lﬁdwﬂﬁmﬂumm
wimedeusas Runndsiseannidedestufn hrotduged snnmassmudrdamlden
CH, lurzazusnilrgunninmamlufunfendaibidu (Figure 7. 8 uax14) Tuvnsithududv
Unngmmiitbiviunnn e ndfrirhuntonvmziufiiinutanguiaiunrandiiufuiies
rtuireR i FestinusuFmsienundidei Funoaleodeduuilhumiduibid

nmrldijunoneyndo)lunduAnludnm 830-909 kg rai’ uaslnnaussduwinlidnrulday CH,
gelutnuenan (Figure 12, ¢, d usx Figure 13, ¢, d) wildlvin Wi TME qﬁummiiﬂqmmﬁm
megrudetsren it

uitaensidanrturidined il pundumsemiddedwounnnimeaiunisldnietnn b
nmaaedTilsmARELTLEEI N Seasonal CH, fluxes anuasiidFumadnaiidamnn 2.5 fe 3.5
m”mmuﬂmmdﬂu urea uszwiusilutlaaile phosphogypsum (PG) sanfuveing Ilanunsadid
ninldan CH, TuFunnannd mrlonauvinagina (incomoration of rice straw) TussminasFanAuszyin
Winmlaen CH, TwinumussnmneTydiules (eary vegetative stage) yanaulFauRe 30 A
Ineeuatdn CH, RannamiiTzme (volatile fatty acids, VFA) Sl intermidiate annneAL
savoarednalaed methanogens W VFA iy substrate Tunszumumniin CH,  wiluulaeilAfuy
wiinrinedng (ice straw compost) Uden CH, aandetpdnduuasiiinly urea (Corton, et al.,
2000) MIvARsRLITZMAGL YRS Yagi UAS Minami (1990) 19 1¥in annual CH,  emission
rates SaNBUAATLINNE 6 t ha' FuLijoiaiiiangs 2 s 3 wirnsswadd Wijsmildouiowsiuu
gt mrldjeminvadnadiumnlses  oH, @ndeudledeuiuwadibild Vet
mfuau‘?';uﬂr;ﬂhﬂﬁ?ﬂtﬁﬂﬂﬂmﬂdm (readily mineralizable carbon, RMC) (Yagi and Minami, 1990) w
iR LIFF R wTeing RMC WannAuuniisimsaufuouss CH, Rudenaansinumindadinen
AsELITUAYE fermentation (Neue, 1993) naswiinvasdnlusnwiil 0, (aerobically) 8W1raaMAY C/N
urietinsanta 25 - 45 aande CN 6-10 hujeuinwatan Wuse Wit Fumsssewmisicarbon
substrate) anasunzTufigaidan CH, amaa (Corton et al., 2000) nisleviaeinaluriuaninn 8-12 tha
" Wuridluiy Texas iumnides CH, wiliuauaniinanag (Sass et al., 1991 a, b) Atberto et al,
1996 Tt dntTu CH, ldanaanuanlutaann (early stage) INANANITRAEFANTEIEWTEINY
TduussAldRN Ay gu vivdnn FwanimesswesidefWisiiadefuiunirlonauien
(intfa 'i’ﬁﬁ-u'lumb‘w]uazmﬁﬂ) podadna ussmisldienen yata) saunrldss CH, luszucdnug
(later stage) Flummanetszaniu vegetative stage Fnsanuvsannransfiidann root exudates

UASINNITRABAITEITINALING
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nsldijudln (chicken manure)Beid C/N lutne 5-8 WinrnFuaaztldes oH, hufnaiiieyls

»
ol

fundaminiredingiel ON aglutos 6 -10 u‘jﬂtﬁuum‘mﬂqwmmfuau'lumrﬁunmuu'] (Corton et
al., 2000)

Avinsnasieiaiidanislseniinu

TunmaRedis wudinsmens et Funosmnn fmsldijonsngnr 16-16-8 thnouge
i 50 kg ra” Tauuvicld 23 Ak finsldJe 16-20-0 Fanmugeiign 53 kg rai” Tanutield 23 afuuey
wudaiinislaily urea hnnugaiign 31.5 kg rai” Tneld 2 A unzwunarldijs ammonium sulfate (AS)
§nre 10 kg rai’ uﬂnﬁfulﬂun'1r‘ldf]uﬁ’qndqqﬁwﬁu‘lué’mﬂ?ia'i'ﬁmm Folummnaadiuaranisld
Juinildadnmuaey CH, wulihwdrdusiunsden CH, (Figure 2, 3, 4, 5, 8, 9, 11 usz 12) nrld
ammonium sulfate $m#Ain 10 kg rai’ hikasian1san CH, [aindnmauiuly ynsdseiianim
Auwivioean CH, Winndn (Figure 13, a uaz b) widviwavea]uinfisleninlaen CH, fulianndn
IvEwaTvATRLVITUAz AN N T

50,” luijs ammonium sutfate aTNaANTIARY CH, NInnd" urea  Saenjan and Wada
(1990) #1enwdnnIei $O,” WAuswrtasmnaniin CH, (CH, formation)  ngifim CHﬂuﬁuug'an"lstq
Tuuwitsluisalfifinnifinaannszuauntg transmethylation ¥esnTa acetic Az CO, reduction
(Takai, 1970) n1rutaiuiurzwdng sulfate reducing bacteria uae CH,-producing bacteria (et H'
WAz acetic acids MnuadiasiLnalnnrzLMNTAn CH, Ao H,S MARvN sultate
reduction fia CH,-producing bacteria &ususliamnindin CH eR1 (Wang et af., 1993) nalndin
i Hori et al. (1993) aBLIAMATUEN acetic acid AUTUUTSINNNIANILLS H, yaiiiiadusinai
puAn B, uiu n1118 SO,” Tnuldi]er ammonium sulfate 3sdaa3u sulfate reducing bacteria

Lindau et at. (1990, 1991) muuitnsndes CH, Lﬁuilruu‘jﬂé’mﬂm?'l'ﬁ'ﬂﬂ urea W
sudumss NH,” 971 urea ﬂﬁwﬁwﬂﬁ’ué’q (inhibitory effect) nszUaUNTT CH, oxidation (Conrad and
Rothfuss, 1991)

Corton et al., (2000) Wiiutiuins0,> dusarisananldes CH, bild NH,” Denier van der
Gon and Neue (1994) rtnuivTluiu Aguandic Epiqualfs#lﬁ"m gypsum 6.66 t ha" au1TnAm CH,
1 55-70% ﬂﬂﬁﬂuﬁuﬁ"la‘f?uﬂuﬁ-um (green manure) 118 Phosphogypsum (PG) 3 t ha™ WiLiAwi
Wiuvasdman swnmasn CH, W 27% dedeuiuuiiivdnetradion uenantmINIINg
pBUMRNAN L e Fusulueiniian izt 50,7 T PG vinll 50,2 fifuindline
Wi sulfate reducing bacteria il CH, producing bacteria inWidnrLiden CH, fumgeay athw
Irfimunnsld PG m"aLﬁm'lﬁuriﬁ'n'luqqﬁ'ﬂqnmm:ﬁwﬂm CH, 380411 27% 1T 37% lurlsziduney
Um0 SO, PG (85-90 % gypsum) TIAIGNNGT ammonium sulfate uazfmiLiumaa]e N ufa urea
fiTAgn Aiunsld urea Tl PG oreithumadenvitiunisen CH, Tntiawizriuduuigues
Ussvuiinm S (sulfer deficient) fssfvuedunedefunisld 50,7 Adnidla 50,7 gn reduced (flu
H,S oafinpilufmsadtndr luAulrudnduta 007 ppm (Freney et al., 1982) wiatinlainm

Tanah H,S azisamiuie dinlatninmes H,S awnsamnazneu (precipitate) TdiuAfulans

finai report (TRF)\Discussion.doc
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iy metaliic sulfide Awuyivll gy FeS wazlannait H,S szgn oxidized Wiflu S0, viosm S TuAu
L nduinafiige FannlneRsnTye chemosynthetic microorganisms (Huang, 1991) nfruau
m2 reoxidation 410 S° iflu 50,7 MAmFrnduinastansaninlden CH, Wirzeze (Freney
etal., 1982) fmpmmmasediilsmaARALTuddn7l8 PG 6 t ha' WinARumilen Maligaya tufiu
w&n (active iron, Fe) TudmsnAee 7502 pg g 0iie g ) udalidsngitviutinalennisinees
sufide upnsMiLiTELh PG daelum il eAwdy (saline soil)(Alcado and Rechcigl, 1993)
Uhnmnisman PG Aethislandszunndf 125 &1 Mg (Mg = ) 1#ee 4% (5 Mg) Wi
nsnEAs EAnIsdnLu ezl PG AwBanesieusiacl 120 & Mg (Alcado and

Rechcigl, 1995) amnsaniwn Midusnlin]pauuasanninldes CH,

Sninsvsnihluuiussiinsvinndenislseafiny

unmassiiiieinluiuitslsouussiutain i diufinawugueninaengg
'luﬁuf';'naﬂs:mu'lﬁﬂmwﬁﬂiq’lﬁquﬁqri'awr'tutﬁimqn'-i'm'lﬁtﬂumm%uuuu continuously ftooded uei
TuunulsaibigmrrnifuirFidemnasssdaiviaiednniudwin auwk  (aeration)  usilaifa
1:ﬁuu’wmm§’n(mﬂu§uﬂfzmrumwﬁm*m%uﬂmu field capacity, FC vadndn FC fmine) ms
Anpuuuiuudsuing unmesesiiiuiloalenou 1999 udufeuds uFeereanisaiunm
hluunlnulnfudainumensdatuss bivonrsuneiresnanmueniuteufufsuasiiun e
ﬂﬂﬁﬁLﬁﬂWW}ﬂﬂ?ﬁf{ﬁfﬂmﬂ) qnim‘lﬁtﬂumm%uuuu intermittently fiooded (Figure 2, a uss b) luAaw
ﬁﬂﬂmq"‘ﬁﬂmsimn’:?ﬁ'flﬁlﬁm aeration Tunetadlnglissmmadnnt Ae UseWithdnaldvhausu
whfanmaInRaAuFHAnzia 2-3 AluAuwilaues 4-5 RiluAuiu udadmaridnun B
510 1 FaLbiswanrznuransuARTnuaskifeersurntiaananunEm NI n s N L (/90
mmmaﬁumumrnmmuﬂummzuﬁnﬁquﬂuami’wqqmnndﬁmmmnﬁw CH, <) dau
ATy 2000 vty continuous flooding s zRunniuAasAIINTESY
stiusneRnaengn Husiied site thunuesinaRegLy flood plain i@y (rainfed rice
2000) (Figure 6) Anuunmindhuuuiudy 2001 inwArnsEusTWA T e nusInM R Tz
30 DAT wirluavia uﬁﬁuﬁqﬁluﬁquazﬁuﬂg (Figure 12)

AN AT AN M N niuReannnider CH, Wiurinsrzunemin Wi
(aeration) drnanguUgn (midseason drainage) lutrmdinnurnnegegauazieuaantiiheading)
flrzmmRumLdRILaNAR T I usiean nldes CH, (Wang, 1986) n1sW1 midseason drainage W
2 iﬂmu"lu?:n:ﬁwumnnﬂqqqmu?m:ﬂ:ﬁuaﬂnmq (panicle initiation) A MNTnaRdAINlfey CH,
{Bronson et al., 1997 a)

P e o o 1 1A L ava 4
uanantimmldesfitaFeuntzanfauaimndin 1y N,0 W nrssunenit iuuiiase

v
1]

iwTndnsden N,O Teastasuaanaseanaiaduwiauntsiamulifiniy nanin midseason drainage
. o . X Y4 ~

prmmdsandudingalitlo N (eanureaiw vuauds velliRevdndeanisgdeds N lupd N0

uazaanisUseufnsfeunssan  mmadidiaiminluszar panicle initiation  uwdnAdldds N s

(Bronson et al., 1997 a) N,O Ageyifinainnisldils urea w3a ammonium sulfate HLFHNuIAE 0.1 %
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seafunnajuild (Bronson, 1994) mmia mulliple aeration &a CH, a4l 88 % uazlianuauAngns
(Sass et al., 1992)

'lun'lmﬁawi‘::d”?ﬁﬂwufhmﬂﬁﬂ aeration 2 pRailefiuuAL 1 AfazemBun CH, ol
57.8 % (Figure 2, & WY b) NMTAMMIAINITOAA CH, 'luuﬂam“lnnauﬂunmqmqm‘lm 69.9 - 77.6
% aftufnnilutosumusanision Tusieafinmismiwasaaans CH, Howun (TME)
1% 33.1 - 58.9 % vunasesiiLlszmARBLTIuAWL IR MWL (direct - seeded rice) AmNTARANTT
Usiat CH, & 16 - 54 % Wiaiftufium nalnosmndoumiuAundeans s mauaenn
uaznIzs LTI EAsaT Y CH, gn oxidized iflu CO, Ssammnldan CH,ee (Corton
et al., 2000)

ndnngesiufiadanislaaeiing

Tunmanadis wuindrafilgnlusmmanneunsmenssieuasiwaliihamnsoaaninldes
CH, wiswnradnnisWiuaudndnamaduld Wur duum 1 Andn n 10 Tuunisiiinanenusd 105 wax
n1 6 e uiatielsfmaledeiuitiBninareniniunenAnuazsianinldey CH, duilSnwany
tRdanasfimamsunnniiuginio - sdlsfimusmenseirestinousasiuganaarldfunisnannia
s n 10 HegmondrfeRufuifion 130-136 Tu Arug. 120 T szazadng 5 dlaf fu
vulzaluliinnana dramiles ne 6 Aufufealneurznm 21 worRniew ANGY 150 T FzEzER
Yinda 5 dulaf dnsnuzidunuuds dummledusclnluqadimas Fdiennenusd 105 Sufu
(Rutlszane 25 WOARNIEL ATINGY 140 T trezuiRmng 8 fa i Ansrusisalgnliuiuiney
muude AL i Fundseiddeudesmnle dradndium 1 anndrdeufuden
119-130 T4 AR 120 TN TEuzmfininda 8 dlanv ansnizsifinmmnanszinadtinme mat
niclpandayng ualralovdn (raqg) Asudefumulzalud (snmiwidedin 2542)

nmanadhlrmaRAUTuE wudvinodiug IR 72 Uken seasonal CH, emission Wanniign
ufimﬁuuﬁ'uﬁuﬁ'%u'ﬁn 4 Wug (Wassman, 2000) um’mnmé’ud’ummmnmuﬂmmﬁuﬁﬁwiﬁmrdéﬂu
CH, BiswnroWidmauldsnnimaaaudun iuna CH, ﬁﬂﬁauﬂﬂnmnﬁmﬁ’us{mqﬁuﬁuﬁnum:
ynasfrzyaednniug PSBRe 14 BfnynuzmasTrzadiaiu IR 72 uiinmig Dular g wifidmuiunouss
Unumntistussiefidnsmiin A mnanmesduinivlinaniaon CH, Avluszuzusn dauiug
Magat S duigeuazWiuauAngaindt IR 72 Wiugiieuls Ae IR 65507 ez liuaudniiu 25 %
ilesnildnunsiia As Swaunetien wiredmunalgjussRzsuumninius Wunsdaflsan
CH, sanvetnii IR 72 wiinfvdn (decisive function) aadidinafitiuarientslden CH, A9 nef gas
AHTNEAW aerenchyma wazn1saiuastantaat root exudate (Wassman uaz Aulakh, 2000) wan
ndangnadndimmanaaluun (under field conditions) fuuginasinranislden CH, Winantia
UEUGN (enormous plasticity){Aulakh et al., 2000)

siandsedu 1t Al ezTumlusesamamas (Nutrient availability)(Lu et al., 1999) ﬂ']i‘”’a
FUATMNIREMNENIANIENW {physical impedance){Marschner 1996) Lm,n'ﬁ'tﬂﬂﬂuuﬂawmm redox m!ﬂ
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L
potential (Kiudze et al., 1993)msnllamnsaumianuuansinawiugitodaninlass CH, nmaas

J & W i -l ﬂl i g
mmﬂuwuﬁtmmmmﬂunmmmu

WU UNISARTNUAINN

mmeasedn  CH, nuinmanslunmanzfussni@aavilaldnimunitadelagiunnnil
wmam'lﬁmmumquﬁuﬁ’num:wiuquﬂqmfﬁﬂwﬂumnﬁ unzlfduien]sziiunisguadanisulaannes
insnsneitnaReusLBRgUUAARMTdRY CH, s1nun mmaagsnsiigmrotfituuoni it
Tunadiviniu atihelsfinunisen CH, anunimiuareituazarannamuaeisidiuAuuias
FashisnuandninnTaiuimgUrzasiudin maniissdedWunruanusninsmenssay

'lumﬁumﬁmmnﬁmmﬂﬁuﬁﬂuu'\mmmﬁﬁ‘lm‘%ummmuﬁqﬁuﬂﬁer:mm 20 1M uFRE
ﬁmé’mn1?1"&':'5\1n'w'ldﬂuiﬁuﬁﬁu{f’wﬂdmﬁmm

tWnndumdsussAuinoniusonti  asdudomrlonsumnnedimiasnmaiu
Lf';mmnqqf';uﬁq dwiAuimawnalonauFiilemty  wismiuAuminwin AT nanrudilu
reumslanau wndaenizaouszaanararmeduieuriuuiu udainumdns Juszaziifnaaild
ﬂmﬂq'ﬁuﬁqu 16-20-0 wig 16-16-8 Tudnsdszinny 1520 kg rai’ ufadausiwmidauy urea viatly
ammonium sulfate (AS) Tauutisld 1-2 A 'lmﬂdﬂﬂ'luﬂmm"ﬁﬁﬁmﬁﬂﬂmmmmlﬁu N Tugdees N,O
Inefingsusiaihainrzesdudnfaifarsasuannegagn Tumsdanzaadituuniuaanldedlit
ﬂfm'l'ﬁ’ﬁ'lﬁiq'agjquuumquﬁuuﬁé FefanpliiinAussunnial 2-3 1 WAumilenie 4-5 Rilufuion
Amaindnniondalrnm 5w ukaldeuiifdralii uunsduidn swnroiudils
Manenk {multiple aeration) aufarsustnsaked (panicle initiation) WinatinWidia 5 T sensdoieat
7:ﬂ:ﬂ'anmnquamj'1'lﬁmmﬁ'1 TuumiionWtneean 2 fusiteuduifien daituAuiuliszu
Yheen 7 Sunawifiufe lufunne

Tugauiiing ne 6 uazu1anenzd 105 WK 2 W udousimaudesnireanuams uasl
gaulfidadeum 1 amarmlasy CH, veundiite nu 10

TuiuAnArldduyadn dns 830-909 kg rai” tatlnnsuluineipud duadaseyaans
fiuanwlium 2 flaniiausiaAmuieinai nemes oA mzRn
pmidustursesindiiiiesindecenfniiuisivsadon)  afSausaantslsijoustanilu
vevdnfafesdan iju urea vle AS Tudnm 2030 kg rai” uaativiiAnTIAUATUNAY

Tumriangagnaasresdaazetlgndnniiniull  dergiiumalinon total  CH,
emission q:mnfumumqﬁw uaznednai lag vegetative phase wndllduneannudnuandnasg
sz liusin v dry seeding mmsuaNARRzATRIIndTRTIAN TiRorldijeRTanuanfull
(18 t rai”’) wtzszduasuifie CH, parlanauluFnmmemun 500-1,000 kg rai”

uananinalulsiinuasnsudadiauisnantiuaunsldes CH, m‘lm"'ﬂ'n'[ﬂﬂmmmvﬁuﬁﬂqn
IruimifauslgnitnansgRsuwn du fowdes Waenlitsdu dn wasitRbhyaA g luszazdl
dqm?u'lm‘ﬁﬂwﬁnﬂqqﬁ’ﬂﬁq&umﬂTuTaﬁmrﬁqﬂuuﬁnﬂfn‘lﬁi’unwdqlﬂ'ﬁ‘u AMIMTUMITULAS multiple

aeration INTAAUNIIL 1287 uazAt R eilaRauAunIMLIAY
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g = ukalg RINE] uvivld
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Tungquillasszng 1999 Aurmilse Rnadmiomn (TME) agluta 6.73 - 16.78 g
m? fAnedusn 10.19 g m? asininumsnsgaemnivdueen 20 w dnduiufeudaliAenfuldon
TME atjluting 24.54 - 86.89 g m”* fifadn 45.95 g m? %qmnnrz‘wmﬁuﬂm? 45 Wi finesan
wemanslaneuinaan 18 fusiels wmdw ne 6 deftuiiuiian TME sesiudemdaiidfunarla
naufnjehafiunngadd 58.97 %  tuurunvinmonenuzd 105 WeRuLfnndnanentsA
105 n TME 84 33.10% n"7ifin aeration 2 Tavtheam TME &s 57.75 % iaifiuufil aeration 1 19e T
qauLli 2000 wordluALLTILET TME 6.20 - 20.18 g m? iledmemiufiniranasan 92 A
70 U qz6m TME &9 58.4 % uaswuindtum 1 tdet CH, ldviaundy nu 10 douludufendnlugy
@nflden TME 10.01 - 24.34 g m® tugguaiiiaehy 2000 wu TME ogflutas 8.96-14.72 g m? aan
Aunraiignivion snuiunfemdatuge@eniu TME 27.10 - 41.94 g m? Svanazeanasln
naLiTiasin TME gafile 71.56 % Tuunmn ntt 6 uaz 68.70 % Tudasnmanannsd 105 qaumlia 2001
TuAurmii TME 9.33-15.70 g m? TunossiluuSeudnil TME 15.27 - 22.80 g m* ‘luqqmﬁqdu
2001 TuAuFeuidiaiithuAudu (saline soil) TME 18.98-32.36 g m? uasAufondnfilifinon-saline
soilWi TME 26.28 gm™

maon 5 qaugn nandndhaanimunmmyFegludan 387 - 819 kg ral” gandnrmiiuunieuida
%ng’lu‘tlw 256 - 733 kg rai" usswudinan CH, siewditnandatig (MPG) fldnagludas 12,11 -
222.66 gCH, kg grain luuailear/senou 1999 MPG mqﬁuufm-nu?ﬁn‘w’;ﬁmﬂwﬂw 17.88 - 56.40
gCH, kg grain wiluuunFeumdalf MPG §¢ 67.84 - 222.66 gCH, kg grain ilevan Winjfeanly
Uitnmugs 18 t rai” Nagatgniuualiriuudndien MPG Andauadia 'luqqmﬁﬂdu 2000 uRzunin
dufvdin 2001 Fedussnnti MPG agjlutae 89.92 - 138.64 gCH, kg 'grain usx 57.02-167.46 gCH,
kg grain MwERL uwiinaTiianangauliinciien CH, sieuanandatnldfands
veaund WufAluanARRusldey CH, mdmaniunnitlimilenndt Ae doum 1y 10 91
AanuEd 105 Was Nt 6 19 2 Wufuddbiseiunn

KMMAMTRA CH, samuniiinnaskasing bilfananiiusih Wlonsustiesaieldl
vt Intlonavlusnwandu 2 dlamfieumseioniu i bhiuwinuuisedsn sl
wsTurjaroaiuing16-20-0 FuRumilunie 16-16-8 fuusouludng 1520 kg raiilangre7g 15 -
20 Tuvdawinuite 7 fundaindn ududwmirdaen]s urea, Ly ammonium sulfate, W gypsum’lu
§n 2030 kg rai Tudasdumnnedvirniate mﬂﬂﬂumﬁm?uﬂﬂﬁtﬂﬂﬁﬁ'ﬁl’q'lumﬂr:u'lm 5
maﬂﬂqqﬂqnG"mﬁn?:u:ﬁ'nﬁquﬁqﬂfmgua'lﬁﬁm‘m'liﬁqﬁ'mumuﬁoﬁume 3 udmiuAumiinonie 4-
5 fudmiuauin udadmadndnn ol rnm 5 Tnefiguadnaiilinnaiilutodhadoiestiedn

!; ~ 3 @ i L] -y and A E .4 4 o b 1
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Table 1.1 Taxonomy, physical and chemical characteristics of soils (major rica, 1999)

Scil senies Ratchaburi series (Rb)” Roiet series (Re)z
Geographic position
GCS N 18°21.223' N 16°28.217
E 102°54.468' E 102"56.686'
U™ 48Q 276838 E 48Q 280588 E
1818881 N 1822477 N
Phase of great group Clayey Tropaquepts Coarse-loamy Paleaguults
Characteristics 0-15¢cm 16-30 cm 0-15cm 15-30 cm

Sand (%) 2442 22.40 75.39 79.28
Sift (%) 40.20 39.29 13.11 9.80
Clay (%) 35.38 38.31 11.49 10.28
Texture Clay Loam Sandy Loam
RMC(mg C/100 g soil) 52.00 38.00 49.33 26.67
MnO, (%) 0.089 0.075 0.011 0.034
Fe,0, (%) 0.860 0.095 0.250 0.150
s0,” (ppm) 130.86 65.2 20.48 24.99
Mn’® (ppm)28days) 676 588 36 16
Fe' (ppm)(28 days) 1,128 1,050 1,186 735
OM (%) 0.990 0.700 0.470 0.330
TN (%) 0.020 0.020 0.006 0.005
Avai. P {ppm) 15.64 9.72 18.47 9.04
Ca (ppm) 2,300 2,048 184 08
Mg (ppm) 319 288 27 12
Na (ppm) 98 150 33 36
K {ppm) 94 77 31 14
CEC {me/100g) 10.32 10.22 1.78 1.72
pH (1:2.5) 6.74 6.74 5.18 499
EC (mS) (1:5) 0.080 0.060 0.030 0.020

Y Soil was sampled at Ban Don Do,Tambo! Bung Neim, Amphor Muang, Khon Kaen on 15 June 1999.

Z Soil was sampled at Ban Kok Sai, Tambo! Kok Sai, Amphor Muang, Khon Kaenon 15 June 1999.



Table 1.2 Taxonomy, physical and chemical characteristics of soils ( Irigated second rice, 2000)
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Soil series Ratchaburi series (Rb)" Rolet series (Re)” Roiet series(Re)”
Geographic position
GCS N 16°21.223 N 16° 32,997 N 16° 32 832'
E 102°54.468' E 102°51.250° £102° 51. 271
UT™ 48Q 276838E 48Q 271004 E 48Q 271038 E
1818881 N 1830880 N 18305675 N
Phase of great group Clayey Tropaquepts Loamy Paleaquults Loamy Paleaquuits
Characteristics 0-15cm 15-30 cm 0-15cm 15-30cm 0-15 ¢cm 15-30 cm

Sand (%) 24.42 22.40 46.48 4552 49.43 45.59
Silt (%) 40.20 39.29 43.28 44.70 36.14 37.55
Cilay (%) 35.38 38.31 10.29 9.78 14.43 16.74
Texture Clay Loam Loam Loam
RMC(mg C/100 g soil) 47.75 41.25 71.00 45.50 93.00 48.00
MnQO, (%) 0.117 0.073 0.011 0.023 0.014 0.043
Fe,0, (%) 0.789 0.792 0.240 0.301 0.587 0.818
s0,” (ppm) 137.38 71.97 2401 25.31 31.76 20.68
an*(ppm)(ze days) £96.25 19225 127 335 98.5 245
Fe' (ppm)(28 days) 858.5 41,00 1,716 1,503 2,049 1,225
OM (%) 0.773 0.489 0.787 0.377 0.716 0.622
TN (%) 0.047 0.037 0.038 0.023 0.060 0.038
Avai. P (ppm} 445 13.53 6.76 476 4476 4438
Ca (ppm) 2573 2834 676 727 957 1,342
Mg (ppm}) 307 315 a0 91 114 165
Na (pprm) 115 193 48 54 106 87
K {ppm) 91 99 29 31 126 91
CEC (me/100g) 12.95 13.19 4.33 3.83 6.35 7.05
pH{1:1) 594 595 5.38 6.60 4.90 6.18
EC (mS) (1:5) 0.058 0.081 0075 0.043 0.081 0.064

! Soil was sampled at Ban Don Do, Tambol Bung Neim, Amphor Muang, Khon Kaen on 7 December 1999,

“ Soil was sampled at Ban Nong Ka, Tambol Nonton, Amphor Muang, Khon Kaen on 4 December 1999.

¥ Soil was sampled at Ban Na Ngam, Tambol Sila, Amphor Muang, Khon Kaen on 14 January 2000.
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Table 1.3 Taxonomy, physical and chemical characteristics of soils ( rainfed rice, 2000)

Solil series

Ratchaburi series (Rb)"

Roiet series (Re)zl

Roiet series (Re)sl

Geographic position

Ges N 16° 19.622 N 16" 32.848" N 16° 23.635"
E ‘i020 47 025 E 102D 48 975" E 102o 47 687
UTM 48 Q 263251E 48 Q 266988 E 48 Q 264511 E
1806253 N 1830612 N 1813642 N
Phase of great group Clayey Tropaguepts Loamy Paleaquults Loamy Paleaquults
Characteristics 0-156 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm

Sand (%) 36.24 5.09 68.36 68.54 52.88 45.22
Silt (%) 24.36 54.32 26.48 25.72 34.28 33.66
Ciay (%) 39.40 40.59 5.1 5.74 12.84 21.18
Texture Clay loam Silty clay Sandy loam | Sandy loam | Sandyioam Loam
RMC{mg C/M100 g soih 72.00 40.50 32.10 13.35 52.80 13.80
MnQ, (%) 0.061 0.043 0.008 0.008 0.022 0.006
Fe,0, (%) 0.535 0.506 0.087 0.077 0.201 0.185
s0,” (ppm) 12.175 7.555 13.765 7.528 15.400 3.470
Mn”"(ppm)(28 days) 490.0 297.5 54.0 65.8 193.0 51.0
Fez'(pprn)(28 days} 1840.0 5785 660.3 323.3 1966.0 2954.0
OM (%) 1.668 1.423 0.617 0.276 0.852 0.904
TN (%) 0.069 0.065 0.026 0.012 0.033 0.038
Aval. P (ppm) 3.525 3.065 6.738 3.082 1.390 3.470
Ca (ppm) 899.5 798.5 2223 167.0 760.0 581.0
Mg (ppm) 116.5 g85.5 275 18.5 110.0 116.0
Na (ppm) 153 134 20.5 25.5 568 289
K (ppm) 54.0 20.5 7.5 2.5 38.0 220
CEC (me/100g) 11.4 12.12 2.355 2.225 5.86 7.62
pH (1:1) 5.1 5.0 57 5.0 5.1 48
EC {mS) (1:5) 0.072 0.063 0.031 0.034 0.063 0.123

! Soil was sampled at Ban Nong Pho, Tambol Nong Wang, Amphor Phra Yuen, Khon Kaen on 2 June 2000.

z Soil was sampiad at Ban Nong Nam Kiang, Tambol Samran, Amphor Muang, Khon Kaen on 8 June 2000.

¥ Soil was sampled at Ban Kud Kwang, Tambaol Muang Kao, Amphor Muang, Khon Kaen on 10 June 2000.




Table 1.4 Taxonomy, physical and chemical characteristics of soils (second rice, 2001).
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Soil series Ratchaburi series (Rb)” Roiet serigs (Re)m Roiet series (Re)aj
Geographic position
GCS N 16° 26.717" N 16° 32.997" N 16°32 832
E 102”54.157" E 102°51.250 E 102° 51. 271"
UTM 48 Q 276089 E 48 Q 271004 E 48Q 271038 E
1819205 N 1830880 N 1830575 N
Phase of great group Clayey Tropaquepts Loamy 'Pafeaquults Loamy Paleaquults
Characteristics 0-16 cm 16-30 cm 0-15¢cm 15-30 cm 0-15cm 15-30 cm
Sand (%) 7.63 16.93 46.48 4552 49.43 45,59
Silt (%) 46.95 43.11 43.28 44.70 36.14 37.55
Clay (%) 45.42 39.96 10.29 9.78 1443 16.74
Texture . Silty clay  Silty clay loam Loarn Loam
RMC(mg C/100 g soil) 1275 48.0 700 310 86.5 625
MnO, (%) 0.093 0.242 0.001 0.017 0.009 0.015
Fe, O (%) 1.482 0699 0.201 0.181 0.353 0.392
s0,” (ppm) 1535 10.52 1127 7.57 11.94 9.29
Mn” (ppm)(28 days) 348 546 112 178 24 96
Fez+(ppm)(28 days) 4,923 1,030 1,255 510 1,708 1,290
OM (%) 2.943 2.349 0.847 0.377 1.337 0.865
TN {%) 0.091 0.074 0.034 0.014 0.049 0.041
Avai. P (ppm) 3.0 3.66 11.93 8.19 71.39 68.21
Ca (ppm) 2,085 2,540 539 640 776 933
Mg (ppm) 310.0 377.0 69.3 66.3 92.0 1155
Na {ppm) 81.0 159.0 46.7 42.7 30.0 33.5
K (ppm) 80.5 60.5 19.3 21.3 37.5 29.0
CEC {me/100q) 21.13 21.18 5.09 4.33 7.29 7.92
pH (1:1) 4.95 5.64 4.59 6.21 4.40 527
EC {mS/cm) (1:5) 0.060 0.051 0.087 0.059 0.082 0.053

Y Soil was sampled at Ban Song Puay, Tambol Bung Neim, Amphor Muang, Khon Kaen on 8 January 2001,

" soil was sampled at Ban Nong Ka, Tambol Nontan, Amphor Muang, Khon Kaen on 23 January 2001.

¥ Soil was sampled at Ban Na Ngam, Tambol Sila, Amphor Muang, Khon Kaen on 31 January 2001,



Table 1.5 Taxonomy, physical and chemical characteristics of soils (rainfed rice, 2001).
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Soil series

Rolet (saline phase)”

Roiet (saline phase)z

. .
Roist series

GCs

UTM

N 16" 26.885'

E 102° 43.694'

48 Q 2574B1E

1819716 N

N 16° 13.453'

E 102" ‘4.827

48 Q 259211 E

1794916 N

N 16° 32.848'

£ 102° 48.975'

48 Q 266988 £

1830612 N

Phase of great group

Loamy Paleaquult

Sandy Paleaguult

Loamy Paleaquult

Characteristics 0-15cm 15-30 cm 0-15cm 15-30 cm 0-15¢cm 15-30 cm
Sand (%) 77.05 63.35 82.81 79.26 68.36 68.54
Sitt (%) 19.22 27.58 13.47 17.52 26.48 2572
Clay (%) 3.73 9.07 3.72 3.22 5.16 574
Texture Loamy sand | Sandy loam | Loamy sand | Loamy sand | Sandy!oam | Sandy lcam
RMC(mg C/100 g soail) 35.0 25.5 55.0 45.0 33.0 26.0
MnO, (%) 0.002 0.009 0.005 0.007 0.003 0.003
Fe,0, (%) 0.023 0.065 0.008 0.007 0.050 0.050
50, (ppm) 13.54 12.00 24.33 14.71 13.08 11.08
Mn” (ppm)(28 days) 13 65 42 43 15 17
Fe' (ppm)(28 days) 236 450 82 91 302 324
OM (%) 0.280 0.280 0.320 0.200 0.420 0.450
TN (%) 0.008 0.008 0.018 0.009 0.014 0.012
Avai. P {ppm) 1.50 0.85 8.21 7.30 2.89 3.06
Ca (ppm) 162 289 208 292 141 149
Mg {ppm}) 27.0 41.0 15.0 18.0 18.0 18
Na (ppm) 56.0 53.0 §0.0 45.0 200 18
K {ppm) 48.0 80.0 720.0 96.0 8.0 13.0
CEC (me/100g) 1.00 1.65 1.21 1.21 1.52 1.42
pH (1:1) 5.00 571 9.18 9.13 4.40 44
EC (mS/cm} (1:5)“ 0.490 0.34 0.58 0.47 0.020 0.020

Y Soil was sampled at Ban Toom, Tambol Ban Toom, Amphor Muang, Khon Kaen on 22 May 2001.

-
Soil was sampied at

Ban Kham Pia, Tambal Ban Had, Ging Amphor Ban Had, Khon Kaen on 17 May 2001. wSoil was sampled at Ban Nong Nam Giang,

Tambol Samran, Amphor Muang, Khon Kaan on 24 May 2001.“In March 2001 at Ban Toom, EC in the rice field was 1.8 mS, while

at Ban Kham Pia was 1.6-1.9 mS. At both site, in saline spaois without grass, EC was 17-20 mS.




Table 2 Rice growing seasons and reprasentative treatments.

31

Rice - season . year MR 1999” | SR2000% | MR2000Y | SR200* | MR2001*
Soil series | Cultivation| Varieties | Imigation | Irigation | Rainfed Imigation | Rainfed
Ratchaburni Glutinous | RD 6 RD 10 RD 6 RD 10 -
Transp.
{Rb) Indica KDML105 | CNT 1 KDML105 | CNT 1 -
Glutinous | RD 6 RD 10 RD6& RD 10 -
Broadc,
indica KDML1D5 | CNT 1 KDML105 | CNT 1 -
Roiet Transp. Glutinous | RD 6 RD 10 RD6 RD 10 RD 6
{Re) Indica KDML105 | CNT 1 KDML105 | CNT 1 KDML105
Broadc. | Glutinous | RD 6 RD 10 RD 6 RD 10 -
Indica KDML105 | CNT 1 KDML105 | CNT 1 -
Roiet Transp. Glutinous - - - RD 6
{Saline soil) Indica . - - - KDML105
Transp. Glutinous - - - - Rb 6
+CM Indica - - - KDML105

" Rice growing season : MR and SR indicate major rice and second rice, respectively.

? Methane measurements were conducted at 2 sites (Table 1.1), total was 8B piots.

¥Methane measurements were conducted at 3 sites (Table 1.2, 1.3, 1.4 and 1.5), total was 10 plots

per season .




32

Table 3.1 Cultivation practices and calendar for Ratchaburi-soil plots at Ban Don Do { major rice, 1999 ).

Date Transpianted Transpianted Broadcasted Broadcasted
RD & KDML 105 RD 6 KDML 105
30 Apr 1999 um%uﬁuuu 20 Tu. m%uﬁuuu 20 1. nﬂ%uﬁuuu 20 1. um%’uﬁuuu 20 1.
4 Jul 1999 i Fan Favin favin
15 Jul 1999 - . Tonaw lonsu
16 Jul 1999 Tonau Tanau ATIALN ATIALN
17 Jul 1999 ATIAUN AT - -
18 Jul 1999 - - winu uity
21 Jul 1999 AT - - -
25 Jul 1999 i i (i wtinidh
26 Jul 1999 Taeeiny - ldunginy 1henging
27 Jul 1999 4ty 46-0-0, - - -
9.6 nn/l4
31.Jul 1999 - A, ldeein ldusiny laenginy
1 Aug 1999 - laife 16-16-8, ldies 16-16-8, dije 16-16-8,
10 nn/ls 10 nn/ld 10 nn/ls
2 Aug1999 i i 1t @it
11 Aug 1999 i tatined 1 it
8 Sep 1999 1ev]u 16-16-8, dilu 16-16-8, ldv]e 16-16-8, 1d1]u 16-16-8,
20 nn/ld 20 nn/ld 20 an/l{ 20 na/ls
25 Sep 1999 4]t 16-16-8, ey 16-16-8, dt]e 16-16-8, d1ju 16-16-8,
20 nn/ls 20 nn/ld 20 nn/ls 20 na/ls
29 Oct 1999 srnminean seuEtheen FeLntNeen ssnetinasn
16 Nov 1999 - (LA - -
23 Nov 1999 it i e i
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Table 3.2 Cultivation practices and calendar for Roiet-soil plots at Ban Kok Sai ( major rice, 1999 )

Date Transplanted Transplanted Broadcasted Broadcasted
RD B KDML 105 RD 6 KDML 105
6 Jul 1999 i i g la i
7 Jul 1999 lonauitam Tonauisan Tonauiigas Tonauntan
18 s/l 18 st 18 fy/ls 18 sw/ls
8 Jul 1999 ATIALN ATIALN ATIALN ATIALN
9 Jul 1999 AN - - -
10 Jut 1999 . AN Wiy Wiy
17 Jul 1999 i @ - -
3 Aug 1993 Tdi]e 16-16-8, é1je 16-16-8, ér]u 16-16-8, di)s 16-16-8,
3.8 nn/ls 3.8 nn/ls 3.8 nn/ls 3.8 nn/ls
4 Aug 1999 i ttiidin inindn l i
26 Aug 1999 i i fnind [t
21 Sep 1999 dtJe 16-16-8, 1d1)e1 16-16-8, 1di]w 16-16-8, 1] 16-16-8,
3.8 na/ld 3.8 nn/ls 3.8 nn/ls 3.8 nn/ls
160ct1999 |  sLntvingen ssunminaan i :
22 Get 1999 - - TZ!..I’]E.I&']‘EI?JH ?:mmi'mﬂn
16 Nov 1999 - e - LR
23 Nov 1999 uifien - Fuden -




34

Table 3.3 Cultivation practices and calendar for Ratchaburi-soil plots at Ban Don Do (second rice, 2000)

Date Transpianted RD 10 Transplanted CNT 1 | Broadcasted RD 10 Broadcasted CNT 1
19 Dec 1999 Town Toun Town Town
29 Dec 1999 laidn i i it
9 Jan 2000 - - - AT, UIU-
13 n/ls
15 Jan 2000 . - ATIOLN -
17 Jan 2000 - . i 20 nn /1 -
23 Jan 2000 . : : i,
Aptnsinuat
25 Jan 2000 : : i i
26 Jan 2000 - - Anengimon Anensimat
6 Feb 2000 - - ltudn, i,
fnznginungi Amengiaven
17 Fab 2000 ATIAUY ATIAUY - -
18 Feb 2000 AU - - -
19 Feb 2000 - AU - -
1 Mar 2000 ARtFivay AnEsivatl - -
5 Mar 2000 t it l i feind lnidn
6 Mar 2000 é]eigms 46-0-0 lajuant 46-0-0 laijuans 46-0-0 levjuams 46-0-0
19 nn/lf 19 an/l§ 19 an/l{ 19 nr/ls
28 Mar 2000 lejugns 46-0-0 jugns 46-0-0 ldi]ugms 46-0-0 dtjugms 46-0-0
125 nn/14 12.5 nn/ls 12.5 nn/ld 12.5 nn/lf
4 Apr 2000 i tandn i i
22 Apr 2000 Antnsimag AntnsinaY - .
29 Apr 2000 seLmeen srunetieen reUETAEeN srunerhean
11 May 2000 ; i Fuifien .
12 May 2000 i : : Fuifen
26 May 2000 Fuifen Wuifen - -
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Table 3.4 Cultivation practices and calendar for Roiet-soil plots at Ban Nong Ka (second rice, 2000}

N Transplantied CNT 1

Date Transplanted RD 10 Broadcasted RD 10 Broadcasted CNT 1
20 Dec 1999 wmedy wnad wrmata wmady
25 Dec 1999 - - - Toun
4 Jan 2000 - - Town -
12 Jan 2000 - - - At w20 nn/ld
18 Jan 2000 Town Toun . -
26 Jan 2000 ' . i
4 Feb 2000 - ATIAUN - -
5 Feb 2000 - AU - -
9 Feb 2000 - PR AN Tawn -
10 Feb 2000 - - - Angngimein
12 Feb 2000 ATIAUN - -
13 Feb 2000 AN - ATIAN -
15 Fen 2000 - - wins 20 nn/ls -
22 Feb 2000 dn i TR (@i
26 Feb 2000 lévJugms 16-16-8 layjuans 16-16-8 - djegms 16-16-8
16.5 nn/ls 16.5 nn/ls 16.5 no/li
29 Feb 2000 - 1?]’]13’] Wi - -
19 Mar 2000 - - latlt 16-16-8 -
25 n/ts
2 Apr 2000 - - ldtjagas 16-16-8
25 nn/ld
3 Apr 2000 ldiJugms 16-16-8 ldjegas 16-16-8 - -
12.5 nn/ld 12.5 nn/ld
7 Apr 2000 - - lajugms 16-16-8 -
20 nn/l3
18 Apr 2000 - - 11 seaetieen
26 Apr 2000 T:U'lﬂ;iﬁﬂ‘ﬂﬂ TZ‘IJ']FJ&']‘B‘QH l‘ﬂ’]l,i’ll.'f]"] -
5 May 2000 - - i:Uﬂuﬁﬂﬂﬂn -
10 May 2000 - - . e
12 May 2000 . i . .
16 May 2000 FuAee - . :
7 Jun 2000 - - Wiuifien -

Table 3.4 Cultivation practices Roiet Ban Nong Ka (SR, 2000).doc
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Table 3.5 Cultivation practices and calendar for Roiet-soil plots at Ban Na Ngam (second rice, 2000)

Date Transplanted RD 10" Transplanted CNT 1
20 Dec 1999 PRI ety
22 Dec 1999 @it etdn
13 Jan 2000 wmndn -
18 Jan 2000 Town -
24 Jan 2000 fauUNA1, ATIALN -
25 Jan 2000 AN -
29 Jan 2000 - Town
31 Jan 2000 - i, ATeu
1 Feb 2000 - AN
20 Feb 2000 @t i
21 Feb 2000 - ajuams 46-0-0, 25 nn/ls
25 Feb 2000 laugns 46-0-0, 20 nn/l -
21 Apr 2000 ) : sTneieen
10 May 2000 Wiuifen e

Remark . * Around beginning of April, imigation dilch was broken, no water supply to this field, however

the soil was saturated.

Table 3.5 Cultivation plactices Roiet Ban Na Ngam (SR, 2000).doc
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Table 3.6 Cuttivation practices and calendar for Ratchaburi-soil plots at Ban Nong Pho (rainfed rice, 2000)

Date Transplanted Transplanted Broadcasted Broadcasted
RD 6 KDML 105 RD 6 KDML 105
29 Apr 2000 tnA¥aR 1 '1:1?1;'\1171'“1 Topsad 1 loaTad 1
20 May 2000 lopan 2 TaAfaft 2 Topkadi 2 Topad 2
6 Jun 2000 - . ATIAWY ATIAUN
7 Jun 2000 - - NI winu
11 Jun 2000 - - witudausu winidiuwe
25 Jun 2000 ATIMUN - - -
26 Jun 2000 AN : - .
9 Jul 2000 - ATIAUN - -
10 Jul 2000 Tdensiny A, ldeging ldenginyg lauging
9 Sep 2000 ldtugne 16-16-8 lajugms 16-16-8 léugms 16-16-8 leajegme 16-16-8
12 kg/rai 12 kg/rai 12 kg/rai 12 kgfrai
13 Sap 2000 viviouiuiiun N P TN T T L‘iﬁmuﬁuﬁ:m ﬁﬂviquw:"u\?'iuﬁ
11 Oct 2000 vhanmAe 15 cm mae 15 cm trsamie 15 cm vinaAWREe 15 cm
Sudnanitidiim | dudnadnindimne | dufnaninidiene | fudtenitindionne
'q'umnﬁ'umﬂu ﬁuz«im‘éumﬁu Fusanduouy ﬂudqnﬁ'umﬁu

LI P g -
WHAEUR  WIYIMHWHVLREUNE LilAnanan
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Table 3.7 Cultivation practices and calendar for Roiet-soil plots at Ban Nong Nam Giang (rainfed rice, 2000)

Date

Transplanted Transplanted Broadcasted Broadcasted
RD 6 KDML 105 RD 6 KDML 105
3 Jun 2000 Town - - -
7 Jun 2000 - Town Toun Taun
10 Jun 2000 - - ATIALN WL AT, W
6 Jul 2000 ATINUN ATIALN - -
7 Jui 2000 Al AN - -
29 Jul 2000 léije goir 16-20-0 duy qme 16-20-0 lafy gms 16-20-0 dtjs gms 16-20-0
20 kg/rai 20 kg/rai 10 kg/rai 10 kg/rai
29 Aug 2000 8 qmr 16-20-0 aus qms 16-20-0 ey gmr 16-20-0 larje gms 16-20-0
20 kg/rai 20 kg/rai 20 kg/rai 20 kgfrai
9 Nov 2000 gt Hending (gt fendine




39

Table 3.8 Cultivation practices and calendar for Roiet-soil plots at Ban Kud Kwang ( rainfed rice, 2000}

Date Transplanted RD 6 Transplanted KDML 105
25 May 2000 loun Town
12 Jul 2000 ATINUN ATIAUA
13 Jul 2000 AN AU
25 Jul 2000 d]egat 16-20-0, 30 kg/rai ldtjugms 16-20-0, 30 kg/rai
13 Sep 2000 léugnr 16-20-0, 23 kg/rai dyjugms 16-20-0, 23 kg/rai

10 Nov 2000

-
N

a4
WAL
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Table 3.9 Cultivation practices and calendar for Ratchaburi-soil plots at Ban Song Puay {second rice, 2001).

Date Transplanted RD 10 Transplanted CN 1 Broadcasted RD 10 Broadcastaed CN 1
1 Dec 2000 Reda mada R ada IAD
19 Dec 2000 tetinidin i foindin l
4 Jan 2001 Town Tosn [y Town
13 Jan 2001 - - ATIALN ATIAUN
14 Jan 2001 . - Wi ny 10 Wi Fenm 1
18 Jan 2061 - . ETTL IV Antnginunin
27 Jan 2001 g @i [ 9 i
8 Feb 2001 - - ldt]e 16-20-0, 6y 16-20-0,
12.5 ne/ls uaz 125 n0/l8 us
g3y 125 no/ld g3y 12,5 nn/ls
12 Feb 2001 ATIAUN ATIALN - -
13 Feb 2001 AU NY 10 A0 e 1 - .
21 Feb 2001 g latinign tamind e
2 Mar 2001 tdfy 16-20-0, lavju 16-20-0, drls 16-20-0, 1&da 16-20-0.
12 nn/lf uas 12 nn/ld uas 12 nn/lf uae i2 an/ls uas
4Gy 12 na/ld g 12 na/ts yite 12 nn/ld ydu 12 anli
4 Mar 2001 i i 1 tdin
8 Apr 2001 4tje 16-20-0, ldie 16-20-0, dle 16-20-0, 1dv]e 16-20-0,
20 nn/ls 20 nn/ls 20 nn/ls 20 na/ls
1 May 2601 . : . Fudien
4 May 2001 L \Fulfen (AL -
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Table 3.10 Cultivation practices and calendar for Roiet-soil plots at Ban Nong Ka {second rice, 2001).

Broadcasted CNT 1

Date Transplanted RD 10 Transplanted CNT 1 Broadcasted RD 10

27 Nov 2000 ety wnady ARL S wWAn ety
15 Dec 2000 la i ltnd i Ve
23 Dec 2000 - - Towy Toun
26 Dec 2000 - . ATIAUN ATIALA
27 Dec 2000 - - Wit N 10 U Fuuaw 1
29 Dec 2000 Toun Town - -

10 Jan 2000 - - i, deingin) i, ldeging
21 Jan 2001 ATIA, AU ATIA, AU - -
25 Jan 2001 - . d1ju 16-16-8, diln 16-16-8,

12.5 nr/ld 12.5 nnfld
26 Jan 2001 i, deginy i, st - -
it 16-16-8, ety 16-16-8,
17 nn/ld 17 nnfls

28 Jan 2001 - - Anensiun Angrsimgin

1 Feb 2001 i it ‘@i g

5 Feb 2001 wnindn lanindn - -

23 Feb 2001 r i i l i i

4 Mar 2001 ldiJu 16-16-8, - - -

10 nn/l
5 Mar 2001 - dije16-16-8, lav}e 16-16-8,
25 nn/ld 25 nn/li
19 Apr 2001 LA FUIfea Fufen \Fuifes




Table 3.11 Cultivation practices and calendar for Roiet- soil plots at Ban Na Ngam (second rice, 2001).

42

Transplanted CNT 1

24-25 Feb 2001
1 Mar 2001
16 Apr 2001
1 May 2001

L 1
GRiTelbig
H
TEUNELNDER

o
WILLNgn

Date Transplanted RD 10
8 Dec 2000 REELS -
16 Dec 2000 - RGN
25 Dec 2000 vmﬁmﬁ'mﬂm @duag
22 Jan 2001 Town -
30 Jan 2001 ATIALN -
31 Jan 2001 A 01 10 -
1 Feb 2001 . Tn.a7m
3 Feb 2001 - A Feum 1
6 Feb 2001 i et
16 Feb 2001 i et
18 Feb 2001 14je 16-20-0,16 nn/ls -

g
Td1jy 16-20-0, 25 nn/li
FTUNENTBEN

P
LRLINEN
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Table 3,12 Cultivation practices and calendar for saline-soil” plots at Ban Toom (rainfed rice, 2001).

Date Transplant_ed Transplanted Transplanted Transpianted
RD 6 KDML 105 RD 6 (CM) KDML 105 (CM®)
5 Apr 20011 LTS wmada AR mag
20 May 2001 Tunakeit st Towaiait1 14 tonneafaite 14
tuman, 830 na/lf | 1Juaen, 830 nals
21 Jun 2001 trnidiutlag s i ag @ lag
24 Jun 2001 n, AT1AwN 1n, AzAUN 0, ATAWn la, Arimun
25 Jun 2001 A AU AN A
31Aug 2001 | lddugms 16-16-8 | ldtugms 16-16-8 | ldijugms 16-16-8 atjugns 16-16-8
Ame1 14.2 nn/ld fm91 14.2 an/ld m 14.2 an/ls w1t 14.2 na/ls
12 Nov 2001 fiuifun Fuifien Fuifen Futien

" Saline soil is Roiet series (saline phase).

2
CM represents cow manure.
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Table 3.13 Cultivation practices and calendar for saline-soil” plots at Ban Kham Pia ( rainfed rice, 2001).

Date Transplanted Transplanted T Transplanted Transplanted
RD 6 KDML 105 RD 6 (CM”) KOML 105 (CM”)
27 May 2001 Tonnaiad 1 TounaTad 1 At 1 ennaked 1
25 Jun 2007 - - léijunan gnm lét]enan dnm
909 nn/ts 909 nn/ld
30 Jun 2001 Tonnaden 2 Tonaiad 2 lounpdan 2 Tounaiai 2
30 Jul 2001 AN - - .
31 Jul 2001 - AN . -
31Jul2001 | AS® 100/l As” 10 nn/ls . -
8 Aug 2001 - - i @i
10 Aug 2001 - AN A
16 Aug 2001 - - ldiju16-16-8 141]e16-16-8
#m3110 nn/l§ fm9110 nn/ld
20 Aug 2001 . - anennndnlsaiis AnenmanitAnTg
12 Nov 2001 Audien Futfien . - .
18 Nov 2001 - - uifen A

¥ Saline soil is Roiet series (saline phase).

¥AS represents ammoenium sulfate: N= 21% and S= 24%.

3
CM represents cow manure,
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Table 3.14 Cultivation practices and calendar for Roiet - soil plots at Ban Nong Nam Giang {rainfed rice, 2001).

Date Transplanted RD 6 Transplanted KDML 105
30 Jul 2001 ovAfad 1 Tonnafai 1
9 Aug 2001 Town, A Tn, fiua
9 Aug 2001 dijugas 16-16-8 , 5 nn/ls 1dijugns 16-16-8, 5 nn/ld
24 Sep 2001 dijugns 16-16-8, 5 nn/ls lajugns 16-16-8 , 5 nn/li
19 Nov 2001 fudea \FUfEn
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Table 5 Methang emission per unit grain yield (MPG) obtained from farmers’ paddy fields (5 seasons).

49

Grain Totat CH,  CH, emission
Plot Soil-cultivation
o . yield emission per kg grain On farm practices
no-. practices » 4 4
(kgrai’) (gCH,rai’) (gCH, kggrain')
Major rice 1999 Dn_g_glng surfacesoil 20 cm depth
1  RbTRDSG 683 14,928 2185" urea 9.6 kg/rai; 16-16-8, 40 kg/rai
2 RoTKDML 105 602 10,768 17.88" urea 9.6 kg/rai; 16-16-8, 50 kg/rai
3 RbBRDS® 531 12,688 23.89" 16-16-8, 50 kg/rai
4  RbBKDML 105 476 26,848 56.40" 16-16-8, 50 kg/rai
5 ReTRDB 625 139,168 222,66 GM™ 18 vrai; 16-16-8, 7.6 kg/rai
6  ReTKDML 105 733 58,736 80.13 GM 18 t/rai; 16-16-8, 7.6 kg/rai
7 ReBRDSG 365 57,040 156.27 GM 18 tirai; 16-16-8, 7.6 kg/rai
8  ReB KDML 105 579 39,280 67.84" GM 18 tirai; 16-16-8, 7.6 kg/rai
Second rice 2000
9 RbTRD10 387 46,688 120.64 IR* ; urea 31.5 kg/rai
10 RbTCNT 1 474 19,450 41.03" IR ; urea 31.5 kgirai
11 Rpo B RD1Q B804 35616 58.97% IR ; urea 31.5 kg/rai
12 ROBCNT1 819 9,920 12.11% IR ; urea 31.5 kg/rai
13 Re TRDI0 365 33,024 90.47 BRY:16-16-8, 29 kg/rai
14 ReTCNT 1 526 32,272 61.35" BR;16-16-8, 29 kg/rai
15 ReBRD10 442 38,944 88.10 BR;16-16-8, 45 kg/rai
16 ReBCNT1 642 30,736 47.87" BR;16-16-8, 41.5 kg/rai
17 ReTRDI10 508 16,016 26.78" BRY; urea 20 kg/rai
18 ReTCNT1 612 20,6902 33.64" BR; urea 25 kg/rai
Rainfed rice 2000
19 RbTRD6 ND 14,336 ND Natural fiood
20 RbTKDML 105 ND 21,728 ND Naturai flood
21 RbBRDG ND 16,352 ND Natural flood
22 Rb BKDML 105 ND 23,552 ND Natural flood
23 ReTRD6 461 52,560 114.01 NOMC®; 16-20-0, 40 kg/rai
24 ReTKDML 105 532 47,584 89.44 NOMC; 16-20-0, 40 kg/rai
25 ReBRDG 329 43,360 131.79 NOMC; 16-20-0, 30 kg/rai
26  Re 8 KDML 105 484 67,104 138.64 NOMC; 16-20-0, 30 kg/rat
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Table 5 (continue) Methane emission per unit grain yield obtained from farmers' paddy fields (5 seasons).

27 ReTRDS6 606 54,496 89.92 NOMC®; 16-20-0, 53 kg/rai

28  ReT KDML 105 537 53,952 100.46 NOMC; 16-20-0, 53 kg/rai
Second Rice rice 2001

29  RbTRD 10 522 14,939 26617 BR®; 16-20-0, 32 kg/rai; urea 12 kg/ral

30 RbTCNT1 605 25,121 41.52" BR; 16-20-0, 32 kg/rai; urea 12 kg/rai

31 RbBRD10D 365 17,278 47.33 BR, 16-20-0, 44.5 kg/rai; urea 24.5 kg/rai

32 RbBONT1 670 16,403 24.48" BR: 16-20-0, 44.5 kg/rai; urea 24.5 kg/rai

33  ReTRD10 332 29,598 89.15 BRY; 16-16-8, 27 kg/rai

34 ReTOCNT1 319 29,832 9351 BR; 16-16-8, 17 kg/rai

35 ReBRD10 293 36,257 123.74 BR; 16-16-8, 37 kg/rai

36 ReBCNT? 280 36.486 130.30 BR; 16-16-8, 37 kg/rai

37 ReTRD10 281 34,776 123.75 BR": 16-20-0, 16 kgirai

38 ReTCNT: 502 24 435 48 67" BR; 16-20-0, 25 kg/rai
Rainfed rice 2001%

39> ReTRD6 432 30,374 70.31 BOM®; 16-16-8, 14.2 kg/rai

40°  Re T KDML 105 499 33,270 §6.67" BOM:; 16-16-8, 14.2 kg/rai

41*  ReTRD6 (CM) 520 51,788 99 59 BOM; CM” 830 kg/rai: 16-16-8, 14 kg/rai

42°  ReTKDML105(CM) 677 32,902 57 02" BOM: CM B30 kgfrai; 16-16-8,14 kgfrai

43° ReTRD® 370 35,750 96.62 NOMC®, AS* 10 kgirai

44  Re T KDML 105 256 42 872 167 .46 NOMC, AS 10 kg/rai

45°  Re T RD 6 (CM) 478 41,160 86.10 NOMC: CM” 908 kafrai; 16-16-8, 10 kgirai

46° ReTKDML105@cw) 381 35,603 93.44 NOMG; CM 908 kgirai; 16-18-8, 10 kg/rai

47 ReTRDG 371 41,880 112.88 NOMC®: 16-16-8, 10 kg/rai

48  ReT KDML 105 443 42 248 95.36 NOMC; 16-16-8, 10 kg/rai

" Plot no.1 - 4 were conducted at Ban Don Do, 5 — 8 at Ban Kok Sai, 9 - 12 at Ban Don Do, 13 - 16 at Ban

Nong Ka, 17 - 18 at Ban Na Ngam, 16 - 22 at Ban Nong Pho, 23 - 26 at Ban Nong Nam Giang, 27 — 28 at

Ban Kud Kwang, 28-32 at Ban Song Puay, 33-36 at Ban Nong Ka, 37-38 at Ban Na Ngam, 39-42 at Ban

Toom, 43-46 at Ban Kham Pia and 47-48 at Ban Nong Nam Giang.

# Rainfed rice in 2001 was conducted in Roiet soil series (saline phase) for plot no. 39-46, except for plot no.

47-48 were in typical Roiet soil (non-saline).

¥ oM, green manual; IR, incorporated residues; BR, bumt

residues; NOMC, natural organic matter cycling; BOM, bumt organic matter; AS, ammonium sulfate; and CM,

COow manure.

>381kg rai”’ (nation average).

¥ Selected MPG <69.48 gCH, kg *grain obtained by averaging MPG data whose grain yield
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Table 6 Grain vields, dried plants and roots at harvest (5 seasons, 1999-2001).

51

Piot no. Soil - Cultivation Practices Rice Yield Dried Plants Dried Roots
(kg rai’) (kg rai’) (kg rai")
Major rice 1999 "
1 Rb - Transplanted RD 6 683 1,852 ND"
2 Rb - Transplanted KOML 105 602 2612 ND
3 Rb - Broadcasted RD 6 531 1,196 ND
4 Rb - Broadcasted KDML 105 476 844 ND
5 Re - Transplanted RD & 625 2,326 ND
6 Re - Transplanted KDML 105 733 1,852 ND
7 Re - Broadcasted RD 6 365 1,827 ND
8 Re - Broadcasted KDML 105 579 2220 ND
Second rice 2000 "
g Rb - Transplanted RD 10 3By 1,193 ND
10 Rb - Transplanted CNT 1 474 1,080 ND
11 Rb - Broadcasted RD 10 604 1,305 ND
12 Rb - Broadcasted CNT 1 819 835 ND
13 Re - Transplanted RD 10 365 1272 ND
14 Re - Transplanted CNT 1 526 864 NG
15 Re - Broadcasted RD 10 442 1273 ND
16 Re - Broadcasted CNT 1 642 940 ND
17 Re - Transplanted RD 10 598 1,272 ND
18 Re - Transplanted CNT 1 612 853 ND
Rainfed rice 2000
19° Rb - Transpianted RD 6 ND ND ND”
20 Rb - Transpianted KDML 105 ND ND ND
21* Rb - Broadcasted RD 6 ND ND ND
227 Rb - Broadcasted KDML 105 ND ND ND
23 Re - Transplanted RD & 461 1,504 893
24 Re - Transplanted KDML 105 532 1,392 1,573
25 Re - Broadcasted RD 6 329 1,815 1,149
26 Re - Broadcasted KDML 105 484 1,909 967
27 Re - Trangplanted RD 6 606 1,803 833
28 Re - Transplanted KDML 105 537 1,387 786
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Table 6 (continue) Grain yields, dried plants and roots at harvest (5 seasons, 1999-2001).

Plot no. Sail - Cultivation Practices Rice Yieid Dried Plants Dried Roots
(kg rai’) (kg rai’") (kg rai’")
Second rice 2001
24 RE - Transplanted RD 10 522 1,184 280
30 Rb - Transplanted CNT 1 605 1.315 -316
31 Rb - Broadcasted RD 10 365 1.106 240
32 Rb - Broadcasted CNT 1 670 1,456 355
33 Re - Transplanted RD 10 332 649 266
34 Re - Transplanted CNT 1 319 725 283
35 Re - Broadcasted RD 10 293 668 223
36 Re - Broadcasted CNT 1 280 636 269
37 Re - Transplanted RD 10 281 669 353
38 Re - Transplanted CNT 1 502 1,115 263
Rainfed rice 2001”
39 Re - Transplanted RD & 432 1,728 267
40 Re - Transplanied KDML 105 459 1,819 217
41 Re - Transplanted RD 6 (CM) 520 2,080 365
42 Re — Transplanied KDML 105(Cm) 577 2,508 243
43 Re - Transpianted RD 6 370 1,423 186
44 Re - Transplanted KDML 105 256 g14 164
45 Re - Transplanted RD 6 {CM) 478 1,770 169
46 Re - Transplanted KDML 105¢cwm) 381 1,313 169
47 Re - Transplanted RD 6 371 1,374 360
48 Re - Transplanted KDML 105 443 1,527 210

" Roots were not sampled in neither major rice 1899 nor second rice 2000.

? Plot no 19-22 were destroyed by natural fiood.

¥ In rainfed rice 2001, measurements were performed in Roiet soil (saline phase), except for plot 47-

48 wera In typical Roiet soil (non-saline soil.)
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Figure 1 Seasonal variations of methane emission rate from major - rice continuously flooded paddy

fields on Ratchaburi soil in 1899, (a) transplanted RD 6, (b) ransplanted KBML 105, (c)

broadcasted RD 6, and (d) broadcasted KDML 105.
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Figure 2 Seasonal variations of methane emission rate from major- rice intermittently flooded paddy

fields on Roiet soil in 1999, (a) transplanted RD 6, {b) transplanted KDML 105, (c)

broadcasted RD 6, and (d) broadcasted KDML 105.
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Figure 3 Seasonal variation of methane emission rate from second -~ rice continuously flooded paddy

fields on Ratchabuni soil in 2000, (a) transplanted RD 10, (b} transplanted CN 1, (c)

broadcasted RD 10, and {d) broadcasted CN 1.
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Figure 4 Seasonal varation of methane emission rate from second - rice continuously flooded paddy fields
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on Roiet so0il in 2000, (a) transplanted RD 10, (b) transpianted CN 1, (¢) broadcasted RD 10 and

{d) broadcasted CN 1.
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Figure 5 Seasonal variation of methane emission rate from second - rice continuously flooded paddy

fields on Roiet soil in 2000, (a) transplanted RD 10, and (b) transplanted CN 1.

[:CHY Protect\Reoort 1-5\Full Repost Not Use\eraoh final season 2 (Fiewne S.doc

57



cH, (mgm 2 1)

dn o | Ag Sp | Ot | N |
Rainfed (Rbsail) [ %
{a) Transplanted RD6 ‘;'g

—— CH, emission rate

Height of water (cm)

CH, (mgm Zhr)

(b) Transplanted KDML 106

B
:

Flood

Height of water (cm)

4; r 10
T = -0

T

50 50 40 -30 20 -10 0O

T T

10 20 30 40 S50 B0 70 80

90 100 110 120 120 140 150 160 DAT

Ot Nov

CHglmgm Zhet)

0,
€0 50 40 30 -0 10 0

A

My | Jn

Pesticide

10 20 30 40 50 € 70 80

Jul | Ag

[120

Height of wetter (cm)

S0 100 110 120 130 140 150 160 DAB

Sep | Ot

CH, (mgm * hr)

0- -
60 S0 40 30 20 10 O

(d) Broadcasted KDML 105

|NJV_120

Height of water (cam)

0 20 30 40 S0 60 70 60 90 100 110 120 130 140 150 160 DAB

Figure 6 Seasonal variation of methane emission rate from rainfed paddy fields on Ratchaburi soil in 2000,
(a) transplanted RD 6, {b) transplanted KDML 105, {c} broadcasted RD 6, and (d) broadcasted
KDML 105.
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(a) transplanted RD 6, (b} transplanted KDML 105, (c) broadcasted RD 6, and (d) broadcasted
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Figure 8 Seasonal variation of methane emission rate from second — rice continuously flooded paddy
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RD 10, and (d) broadcasted CN 1.
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Methane Emission from Farmers’ lrrigated Paddy Fields in Khon Kaen.

Patcharee Saenjan’, Duangsamomn Tulaphitak?, Thepparit Tutaphitak’
Soupachai Tangchupon93 and Suwat Jeam.—zkongman3
! Department of Land Resources and Environment, Faculty of Agricuiture,
Khon Kaen University, Khon Kaen 40002, Thailand.
% Center of Agricultural Research and Development, Faculty of Agriculture,
Khon Kaen University, Khon Kaen 40002, Thailand.

* Khon Kaen Rice Experimental Station, Khon Kaen 40000, Thailand.

Abstract

An experiment was conducted 1o study methane emission from farmers’ paddy fields.
Methane emission was directly measured from 8 rice plots in 2 sails; an heavy- {extured Alluvial soil,
Ratchaburi series {(Rb) and a light- textured Low humic giey soil, Roiet series (Re) in Khon Kaen.
Two varieties of fice (Oryza sativa L.), RD 6 and KDML 105, were grown by broadcasting and
transplanting. The ploté were irrigated to maintain flooded condition throughout the growth period.
Agricultural cultivation were practice by farmmers. Methane emissions were examined in three
replication at least once weekly from planting (or broadcasting) until harvesting. Above-ground

biomass and grain yields were measured.

Through the whole growing season, the average methane emission rates for Ratchaburi soit
ranged from 2.76 to 5.82 mg m™ h™ which are equivalent to 66.07 to 139.63 mg m” d” and 6.73 to
16.76 g m “season”’, The rates grouped as low emission. The rates for Roiet soil ranged from 8.25 to
28.73 mg m* h™* which are equal lo 197.94 to 689.63 mg m” ¢ and 24.54 to 86.89 g m”season”.

These rates are grouped as moderate emission .

Yield of KDML 105 rice grown on Re soil reached the highest 733 kg rai”, while that of
glutinous rice RD 6 transpianted to Rb soil was 683 kg rai’. These yield were higher than average
yield from imrigated farmer’s area in Khon Kaen, and these yield were 570 and 566 kg rai’ for KDML
105 and RD 6, respectively. A high grain yield was not always observed with a high CH, methane

emission.

Keywords : methane, rice, paddy, soil, farmar, variety, Khon Kaen
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Climate change over the long-term, in particular globai warming, could affect agricuiture in
a number of ways, e.g. the majority of which would threaten food security for the world's most
vulnerable people. Future possible effect of long-term climate change on world agriculture could

wall include (FAD 1997):

The overall predictability of weather and climate would be less reliable, making
plan of farm operations more difficult, Climate variability might be encountered, putting
additional stress on fragile farming system. The sea-level would rise, threatening
valuable coastal agricultural land, particularly in low-lying small islands. Biological
diversity would be reduced in some of the world most fragile environments, such as
mangroves and tropical forests. Climate and agro-ecological zones would shift,
threatening natural vegetation and fauna. The current imbalance of food production
between cool and temperate regions, and tropical and subtropical regions could be
worsen. Distribution of fish and seafood in both quality and quantity could change

dramatically. Pests and vector-borne diseases would spread into exotic areas.

Public concemn about global warming maostly focuses on carbon dioxide(CQ,), the most
prevalent greenhouse gas. Methane {CH,}, the major component of natural gas, is second in
importance as a greenhouse gas. Wetland rice fields recently been identified as a major source of
atmospheric methane. More than 90% of the world' s rice is produced in Asia. The harvested rice
area increased mainly because double rice cropping was made possible by the development of
rice cultivars and by expanded imigatiorn. In East Asia, almast all rice is grown on irrigated land, 40%

of the rice-growing land in Southeast Asia is irmgated (IRR! 1991).

The first comprehensive measurements of methane fluxes in rice fields were reported only
in the early 1980s (Cicerone and Shetter 1981, Cicerone et al. 1983, Holzapfel-Pschorn et al. 1986,
Seiler el al. 1984), Recant global estimates of emission rates from wetland rice fields range from 20
to 100 Tg yr", which comesponds to 6-20% of the total annual anthropogenic methane emission

(IPCC 1992).

For methane emission from Thai paddy fields, all of the measurements had been done in
fice experimental stations in central plain, northern and nartheastern Thailand (Yagi et al. 1994;
Jermsawatdipong et al. 1994, Katoh et al. 1999 a and b). Clayey paddy fields in Supanbur showed
a range of average CH, fluxes of 19.5-32.2 mg m'zh".CIayey acid sulfate paddy fields in Klong
Luang and clay loam acid paddy fields in Chai Nat emitted CH, 3.8 and 1.6 mg m*h”, respectively
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(Yagi et al. 1994). The average value of fiuxes from loamy sand paddy fields measured for the main
rice at Khon Kaen and Surin were 19.8 and 13.3 mg mh™, repectively, and for the second rice were
15.1 and 15.4 mg m’n”, respectively (Katoh et al. 1999b). The average values of CH, fluxes
measured for the major rice on light clay in Phitsanulok, light clay in San Pa Thong and silty clay
joam in Phrae were 7.4, 16.1 and 22.2 mg m°h ", respectively, and for the second rice were 6.6, 8.8

and 16.9 mg m*h”, respectively (Katoh et al. 1999a).

The total amount of CH, emission during the rice growth period ranged from 4 to 59 in the
fresh water alluvial paddy fields, 0.6 10 17 in acid sulfate paddy fields, and 21 to 35 in the low humic

gley paddy fields, respectively (Jermsawatdipong et al. 1994).

Since an inventory of CH, emission rates from Thai paddy fields is limited, especially from
farmers’ paddy fields. Therefore, in the present experiment, CH, emission rates were directly
measured from paddy fields with variations in s0il series of different textures and rice varieties under

farmers' management and practice.

Materials and Methods

Physical positions, soil series and sites. Two farmers’ paddy fields were selected (as follows),
one is Alluvial soil formed on flood plain, classified as Ratchabur series (Rb) with the phase of
grate group as Clayey Tropaguepts, located at Ban Don Do, Tambol Bong Nium, and the other is
Low humic gley soil formed on low terrace, classified as Roiet series (Re) with the phase of grate
group as Coarse-loamy Paleaquults, located at Ban Koksai, Tambol Koksai, both sites are in
Amphore Muang, Khon Kaen. Water percolation rate of the former is very slow whereas the flatter is

moderately fast. Chemical properties of both paddy soils are shown in Table 1.

Rice cultivational practice. Paddy field at each site has 4 plots. The paddy was submerged,
ploughed and harrowed before planting rice. Two varisties of Rice {Oryza sativa L.}, a glutinous rice
as RD 6 and an Indica rice as KDML 105, were grown by 2 methods, broadcasting seeds and
transplanting seedlings. The plots were imigated to maintain the flooded condition throughout the
grown pericd. The area of the plots varied to the shapes of the fields, ranged from 200 to 3,200 m’.
Cultural practice by the farmers (land owners) and calendar plans were different among the plots as

shown in Table 1 for Ratchaburi soil and Table 2 for Roiet soil.
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Methane emission measurements. Methane emission rate from paddy fields into the atmosphere
were measured by applying a closed chamber method at least once weekly from transplanting {or
broadcasting) until harvesting. For each experimental plot, gas samplings were performed in three
replicates at 10 am. 5 times at intervals of 5 minutes. This was achieved by using syringes take
CH, samples from 3 acrylic chambers of known cross-sectional areas. Methane analysis was done
by using a Shimadzu (GC-14B) gas chromatograph equipped with a flame ionization detector (FID).
Methane emission rate was calculated from the increase in CH, concentration in the air and the

volume of the chamber.

Plant biomass and vyield measurements. Plant growth was determined as above-ground biomass,
randomly sampled from an area of 1 m® from each experimental plot. Samplings were done 5 times
covering alt vegetative and reproductive periods, and then oven dried to a constant weight at 80°C.
Grain yields were measured by randomly sampling from an area of 10 m’ , oven dried as previously
mentioned and the weight was corrected to moisture content of 14%. In addition yields of rice crop
were coolected from 7 tambols in the imigated areas in close approximation of the project's areas.

The average yield was considuced as farmer's everage yield.

Results and Discussion

Rice yields in plots with different cultivational methods and vareties in clay loam soil

(Ratchaburi series, Rb) and loamy soil (Roiet series, Re).

Yield of RD 6 and KDML 105, vaieties from farmers yield were 566 and 570 kg rai,
respectively (not show). In the present studies yield of KDML 105 rice transplanted lo Re soil
reached the highest 733 kg rai’ while that of glutinous rice RD 6 transplanted to Rb soil were 683 kg
rai’. In general, rice yield of each varety obtained from transplanting plot in each soil was higher
than that of farmer's average yield. On the other hand, rice yields of both varieties obtfained from
broadcasting plots on both soils gave lower average yield than those from transplanting plots and
lower than those of the farmer's average yields (Table 4). The minimum yield was recorded for
broadcasting RD 6 in Re soil as 365 kg rai". It was observed that in broadcasting plot in Re soil,
water management for weed control was done to late after seed emergence and then allowed many
weeds to interfere much enough to disturb rice production. It is noteworthy to present here that this
condition very common in farmers' paddy fields.there was not cbvious relationship between rice

grain yield and methane emission (Table 3, Table 4).
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Seasonal variations of methane emission rate from major-rice imigated paddy fields in
Ratchaburi soil.

Figure 1, A shows methane emission rate from plots with transplanting RDS and KDML 105
slowly started from 0.2 mg m~ h™ at transptanting to 7.8 mg m™~ h™ at harvesting. Though, this range
of emission is remarkabiy low, it clearly reveals that methane emission rate increases with the age of
rice transplanted to Ratchaburi soil, probable due to the increase in above-ground biomass of rice
plants (Figure 3), releasing organic substances into the rhizosphere by biomass litter and root
, exudation as well as providing channels for gas lran.sport. Such very strong dependence of
methane emission rate on above-ground vegetative biomass was previously abserved by Sass et al.

(1990} and Huang et al.(1997).

Methane emission rate from plot with broadcasting RD 6 (Figure 1, B} also shows a simitar
trend to the above mentioned transplanting plots (Figure 1, A) while methane emission from plot
with broadcasting KDML 105, at the early stage, emitted double rate as high as other plots in
Ratchaburi soil ranging from 7.7 to 13.2 mg m™ ™. The later piot is suspected to have higher
readily mineralizable carbon (RMC) than others and may be caused by.uneven tilage. A
dependence of methane emission rate on biomass was not observed on broadcasting plots (Figure
1, B and Figure 3). Methane emission rates derived from ciay loam Ratchaburi soil, in general, are
quite low and this can be attributed to the high quantity of reducible Mn and Fe (Mn"" and Fe™")

existing in Ratchabun soil (Table 1), suppressing methane formation.

Seasonal variations of methane emission rate from major-rice immigated paddy fields in Re soil.

Methane emission rate from Roiet soil at the early stage was generally 10-100 folds higher
than from Ratchaburi sail (Figure 2, A and B). This could be due to the fresh green manure
pioughed into the soil during soil preparation. Weed were sampled for fresh weight then oven dried
and the majoritiy of weed were Impomoea aquatica and few kinds of grasses. Total biomass of
weeds was as high as 18.2 ton fresh weight rai ' { 3.2 ton dry weight rai ). The maximum methane
emission rates observed from the plots transplanting with RD 6 and KOML 105 at the first few gas
sampling to be 121.1 and 72.2 mg mh’t, respectively, then dramatically decreased over 40 days

after transplanting to a certain level. The rate slightly increased again during reproductive period
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when rice plants were approximately 65 to 95 days old. It is well established that methane produced
in the sediment diffuses into the ceil-wall of the root cells, gasifies into root cortex, and then is mostly

released to atmosphere through the micropores in the leaf sheat (Nouchi 1994).

Figure 2,B shows less guantities of methane emission from plots with broadcasting RD 6
and KDML 105.The emission rapidly decreasing over 14 days of the early growth period. This is
because, over that period, the soil is under semi-anaerobic condition as a consequence of delayed
flooding which is quite common for paddy field with broadpasting. Moreover, the rest of the growth
period shows a similar trend of methane emission to the respective transplanting plots (Figure 2, A

and B}, i.e. methane emission boots at reproductive stage.

Comparison of methane emission rates from farmers’ paddy fields with those from

experimental paddy fields.

During the growing season, the average methane emission rates for Ratchaburt soil range
from 2.76 to 5.82 mg m” h”", which are equivalent to 66.07 to 139.63 mg m* d” and 6.73-16.76 g m’
*season” (Table 5). These rates are comparable 1o those for no-fertifizer plot in a sitty clay soil in
Ratchaburi and all plots in Pathumthani and Chainat (Table 6). They can be grouped as low
emission rates, and can be most probably atiributed to the fixed characteristics of such soils. That is
not only little readily mineralizable organic carbon (RMC) but high oxidizing capacity in Ratchaburi
soil and high easily reducible Mn existing in clay loam in Chainat. In addition, scil in Phathumthani is

acid sulfate.

Throughout the whole growing season, the average methane emission rates for Roiet soil
range from 8.25 to 28.73 mg m*? h', which are equivatent to 197.84 to 689.63 mgm~ d”' and 36.71
to 86.89 ¢ m*season” (Table 5). These emission rates are comparable to those from chemical
fertilizer plot and organic matter plot on silty clay in Ratchaburi, clayey paddy field in Supanburi,
light clay in San Pa Thong, silty clay loam in Phrea, loamy sand in Surin and Khon Kaen (Table 6).
These results can be grouped as moderate methane emission rate. Soil characteristics as heavy
texture, higher organic carbon content, not too high oxidizing capacity and especially some external
factors as organic carbon and fertilizer supply play important roles on significant methane-emission

from such s0ils.

It should be worthwhile to state here that there is strong need to develop mitigation
techniques for reducing methane emission from irmigated rice fields and to quantify the contribution

of Thai-rice agricuiture to global methane emission.
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Conclusion

Yield of KDML 105 rice transplanted to Roiet sail reached the highest 733 kg rai”* while that
of giutinous rice RD 6 transplanted to Rb soil were 683 kg rai’’. They are higher than the average
yields, 570 and 566 kg rai’ for KOML 105 and RD 6, respectively. Methane emission rates from
plots with transplanting RDS and KOML 105 slowly started from 0.2 mg m? h™" at transplanting to 7.8
mg m?n' at harvesting. A similar trend with broadcasting RD 6 also occurred. Methane emission
from plot with broadcasting KDML 105, at the early stage, emitted double rate as high as other plots
in Ratchaburi soil ranging from 7.7 to 13.2 mg m?h’'. In general, methane emission rates derived
from Ratchaburi soil are quite low can be attributed to the high quantity of easily reducible Mn and

Fe existing in Rb soil.

The maximum CH, emission rates were observed from the plots with transplanting RD 6
and KDML 105 in Re soil at the first few gas samplings to be 104.4 and 72.2 mg mn’
respectively, then dramatically decreased over 40 days after transplanting to a certain level and
slightly increased again during reproductive period. Methane emission rate from Roiet s0il was
generally 10-100 foids higher than from Ratchaburi soil due to farmer ploughed fresh green manure
into the soit. Lesser quantities of CH, emission from plots with broadcasting RD 6 and KDML 105
over 14 days of the early growth period were found to decrease rapidly because the soil was under

semi-anaerobic condition as a consequence of delayed floading.

Tnrough the whole growing season, the average methane emission rates for Ratchaburi soil
ranged from 2.76 10 5.82 mg m™ h"', which are equivalent to 66.07 to 139.63 mg m” d” and 6.73-
16.76 g m season’, they can be grouped as low emission rates. And the average methane
emission rates for Roiet soil ranged from 8.25 to 28.73 mg m™ h™', which are equal to 197.94 to
698.63 mg m*° d” and 24.55 to 86.89 g m‘season” . These results can be grouped as moderate

methane emission rate.
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Table 1 Taxonomy and Chemical properties of paddy soils.

Soil series

Fe,0, (10° kg kg™
Fe* (ppm)(28 days)
Mn’"(ppm)(28 days)
RMC(mgC/100g soil)
Total C (107 kg kg™
Total N (107 kg kg™
CEC (cmol(+) kg™)
Avai.p (ppm)

Ca (ppm)

Mg (ppm)

Na {(ppm)

K (ppm)

EC ( mS) (1:5)

Ratchaburi (Rb}

0.06

Roiet (Re)




N

Table 2 Cultivation practices and calendar for Ratchaburi plots { major rice ,1999 }.

Date Broadcasting plots Transpianting plots

30 April 1999 Digqing up surface soif 20 cm Digging up surface soil 20 cm
4 July 1999 Flooding Fleoding

15 July 1999 Plowing -

16 Juily 1999 Harrowing Plowing

17 July 1999 - Harrowing

18 July 1999 Broadcasting RD6 10 kg/rai -

KDML 105 10 kg/rai

21 July 1999 - Transplanting RDB, 15 x 20 cm.
25 July 1989 - Flooding

27 July 1999 - Fertilizer application

40- 0- 0, 9.6 kg/rai
31 July 1999 - Transplanting KDML 108,

1 August 1989

2 August 1999
11 August 1899
8 September 1999

25 September 1999

29 October 1999

16 November 1999
23 November 1939

Ferlilizer application
16- 16- 8, 10 kg/rai
Flooding
Flooding
Fertilizer application
16- 16- 8, 20 kg/rai
Fertilizer application
16- 16- 8, 20 kg/rai
Drainage

Harvesting RD6 and KDML 105

15 x 20 cm.
Fertilizer application
16- 16- 8, 10 kg/rai
Flooding
Floading
Fertilizer application
16- 16- 8, 20 kg/rai
Fertilizer application
16- 16- 8, 20 kg/rai
Drainage
Harvesting KDML 105
Harvesting RD6
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Table 3 Cultivation practices and calendar for Roiel plots { major rice ,1899 ).

Date Broadcasting plots Transplanting plots
6 July 1999 Flooding Flooding
7 July 1999 Green manure piowing Green manure plowing
8 July 1999 Harrowing Harrowing
9 July 1999 - Transplanting RD6
15 x 20 cm.
10 July 1989 Broadcasting RDE 15 kg/rai, Transplanting KDML 105
KDML 105 15 kg/rai 15 x 20 cm.
17 July 1999 - Flooding

3 August 1999

4 August 1999
26 August 1999
21 September 1999

16 October 1999
22 Gctober 1999
16 November 1999
23 November 1999

Fertilizer application
16- 16- 8, 3.8 kg/rai
Flooding
Flooding
Fertilizer application
16- 16- 8, 3.8 kg/rai
Drainage
Harvesting KDML 105
Harvesting RD6

Ferilizer application
16- 16- 8, 3.8 kg/rai
Fleoding
Flooding
Fertilizer application
16- 16- 8, 3.8 kg/rai
Drainage

Harvesting
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Table 4 Compariscn of major rice production from farmers' imigated paddy fields in Khan Kaen.

Glutinous rice, RD6 (kg/rai) KDML 106 (kg/rai}
Soil-Cultivation
Experiment (1999) Experiment (1999)
Rb- Transplanting 683 602
Broadcasting 531 476
Re- Transplanting 625 733
Broadcasting 365 579
Average 551 5975

Table 5 Average and seasonal methane emission from farmers' paddy fields with different variations in soils,

cuHivations and varieties { major rice, 1998 ).

Piot Measuring Average CH, emission }ota! CH, emission’
Soil-Cultivation Practice
no. period (day) | (mgm”hr') | (mgm?d™) {g m* season™)
1 | Rb-Transplanting RD6 116 3.35 80.41 9.327
2 Rb-Transpianting KDML 105 100 2.80 67.28 6.728
3 | Rb-Broadcasting RDS 120 2.76 66.07 7.928
4 | Rb-Broadcasting KDML 105 120 5.82 139.63 16.755
5 | Re-Transplanting RD6 126 2873 689.63 86.893
6 | Re-Transplanting KDML 105 124 1212 296.01 36.705
7 | Re-Broadcasting RD6 124 11.98 287.01 35,589
8 Re-Broadcasting KDML 105 124 8.25 167.94 24 544

! Totall CH, emission was computed by integration of the first measurad values through the last one.
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Table 6 Methane emission from paddy fields (major rice) in some rice experimental stations,

Thailand.

Major- rice paddy fields

in experimental stations

Average or range of

CH, emission (mg m*h™")

References

Silty clay in Ratchaburi
No fertilizer plot
Chemical fertilizer plot
Qrganic matter plot
Heavy clay in Pathumthani
No fertilizer plot
Chemical fertilizer plot
Organic matter plot
Clayay paddy field in Supanburi
Clayey acid sulfate in Pathumthani
Ciay loam in Chainat
Light clay in Phitsanulok
Light clay in San Pa Thong
Silty clay loam in Phrae
Loamy sand in Surin
Loamy sand in Khon Kaen
Clay loam in Khon Kaen (Rb)

Loamy sand in Khon Kaen (Re)

<04
6- 10
22-52

<05-5
<05-5
4-7
19.5-32.2
36
16
74
16.1
222
133
19.8
26-58
8.25-28.73"

Jermsawatdipong 1994

Jermsawatdipong 1994

Yaki et al. 1994
Katoh et al. 1999a

Katoh et al. 1999h

Present experment

[ Present experiment

|

' The experimental plots were over supplied with 18.2 ton of fresh green manure per rai.
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Figure 1 Seasonal variations of methane emission rate from major- rice

irrigated paddy fields in Ratchaburi soil.
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Figure 2 Seasonal variations of methane emission rate from major- rice

irrigated paddy fields in Roiet soil.
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Figure 3 Above-ground biomass of rice plants grown in Ratchaburni soil.
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Figure 4 Above-ground biomass of rice plants grown in Roiet s0il.
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Methane Emission from Thai Farmers’ Paddy Fields in Khon Kaen

Patcharee Saenjan', Duangsamorn Tulaphitakz, Thepparit Tulaphitakl,

Soupachai Tangchupongj and Suwat Jearakongman3

' Deparment of Land Resources and Environment, Faculty of Agriculture,
Khon Kaen University, Khon Kaen 40002, Thailand.
* Center of Agricultural Research and Development, Faculty of Agriculture,
Khon Kaen University, Khon Kaen 40002, Thailand.
Khon Kaen Rice Experiment Station, Khon Kaen 40000, Thailand.

Abstract

CH, emission rates were directly measured from paddy fields with variations in soil series and
rice varieties under farmers’ management and practice for 3 growing seasons. Average rate of CH,
emission in Rb soil ranged from 2.75-5.83 mgm " h', 2.28-13.21 mgm " hand 3.73-6.74 mg m” h'' for
irrigated major rice in 1999, irrigated second rice in 1999/2000, and rainfed rice in 2000, respectively.
They can be grouped as low emission rates. The average CH, emission rates for Re soil ranged from
8.24-28.74mgm b, 417-9.66 mgm " h", and 7.68-12.02mgm” h" for irrigated major rice in 1999,
irrigated second rice in 1999/2000, and rainfed rice in 2000 , respectively. Daily and total CH, emission
also were tabulated.

In irrigated major rice 1999, total CH, emission from Rb soil ranged from 6.72-16.78 g m'z,
whereas those from Re s0il with an extreme heavy dose of fresh organic manure 18.2 ton fresh weight
rai’ (3.2 ton dry weight rai’), ranged from 24.54-86.89 g m’ Consequently, CH, emissions were
reduced 59.01 and 33.12 % by broadcasting RD 10 and KDML 105, respectively. In irrigated second
rice 1999/2000, total CH, emissions from Rb soil were higher than those in irrigated major rice 1999,
with the range 0f 6.20 - 29.18 g m” due to ploughing of rice residues before cultivation. Total amount
of CH, emitted from Re soil with burnt rice restdues before cultivation, ranged from 19.21-24.34 g m'z.
Re soil which received less amount of irrigation water, emitted total amount of CH, about 50% less.
Overflooding in rainfed rice 2000 destroyed the paddy areas, smal! amounts of total CH, were foiund
with 8.96-14,72 g m . Moderate amounts of CH, emission from Re soil under rainfed ranged from
27.1-4194 gm".
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Among three seasons, second rice 1999/2000 gave highest rice yield as 819 kg rai ‘obtained
from Rb soil with broadcasting CN 1 with ploughing rice residues and 31.5 kg Urea rai. This plot
emitted especially small amount of CH, as 6.2 g m”. In general, rainfed rice gave lesser yields than

irrigated rice.

Key words: methane, paddy, rice, soil, Thai, Khon Kaen

Introduction

Climate change over the long-term, in particular global warming, could affect agriculture in a
number of ways — the majority of which would threaten food security for the world’s most vuinerable
people. Future possible effects of long-term climate change on world agriculture were well emphasized
by Food and Agriculture Organization of United Nation (FAO 1997). Public concern about global
warming mostly focuses on carbon dioxide (CQ,), the most prevalent greenhouse gas. Methane (CH,),
the major component of natural gas, is second in importance as a greenhouse gas.

Paddy fields are one of the major anthopogenic sources of atmospheric methane ini relation to the
global warming. Many studies have been conducted on the estimation of the amounts of methane fluxes
under different growth conditions, in relation to water management (Yagi et al. 1990; Sass et at. 1992;
Murase et at. 1993), the effects of cultivation (Sass et al. 1990, 1991, 1994; Yagi and Minami 1990;
Kimura et al. 1991), fertilizer application (Yagi and Minami 1990; Kimura et al. 1991; Lauren et al.
1994), seasonal variation (Schuiz et al. 1989; Sass et al. 1990, 1991; Yagi and Minami 1990; Kimura et
al. 1991), diurnal variation (Holzapfel-Pschom and Schutz et al. 1989; Yagi and Minami 1990; Miura
et al, 1992), temperature (Holzapfer-Pschorn and Seiler 1986; Schutz et al. 1989, 1990; Sass et al.
1990, 1991; Yagi and Minami 1990; Miura et al. 1992), and fluctuation from year to year (Cicerone et
al. 1983; Sass et al. 1990, 1991; Nugroho et al. 1996; Huang et al. 1997).

More than 90% of the world’ s rice is produced in Asia. The harvested rice area increased
mainly because double rice cropping was made possible by the development of rice cultivars and by
expanded irrigation, In East Asia almost all rice is grown on irrigated land, while in Southeast Asia
40% of the rice growing land is irrigated (IRRI 1991). Southeast Asia was 38.616 million ha in 1993,
which covered 26% of the total rice area in the world (FAO 1994). Among Southeast Asian countries,

Thailand is the second one for rice harvested area after Indonesia.
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Methane emission from Thai paddy fields, all of the measurements had been measuring in rice
experiment stations in central plain, northern and northeastern Thailand (Yagi et al. 1994;
Jermsawatdipong et al. 1994, Katoh et al. 1999 a and b). Clayey paddy fields in Supanburi showed a
range of average CH, fluxes of 19.5-32.2 mg m b .Clayey acid sulfate paddy fields in Klong Luang
and clay loam acid paddy fields in Chai Nat emitted CH, 3.8 and 1.6 mgm ', respectively (Yagi et al.
1994). The average value of the fluxes from sandy loam paddy fields measured for the major rice at
Khon Kaen and Surin were 19.8 and 13.3 mgm h"', respectively, and for the second rice were 15.1 and
15.4 mg mh’", respectively (Katoh et al. 1999b). The average values of CH, fluxes measured for the
major rice on light clay in Phitsanulok, light clay in San Pa Thong and silty clay loam in Phrae were
7.4, 16.1 and 22.2 mg m h', respectively, and for the second rice were 6.6, 8.8 and 15.9 mg m"h",
respectively (Katoh et al. 1999z).

The total amount of CH, emission {gC m’") during the rice growth period ranged from 4 to 59
in the fresh water alluvial paddy fields, 0.6 to 17 in acid sulfate paddy fields, and 21 to 35 in the low
humic gley paddy fields, respectively (Jermsawatdipong et al. 1994).

Since measurement of CH, emission rates from Thai paddy fields is limited, especially from
farmers” paddy fields. Therefore, in the present experiment, CH, emission rates were directly measured
from paddy fields with variations in soil series of different textures and rice varieties under farmers’
management and practice for 3 growing seasons, And the extent of practices involved in CH, emission

was discussed.

Materials and Methods

Physical positions, soil series and siltes. For major-rice season in 1999, 2 sites (Ban Don Do and Ban
Kok Sai) were selected in irrigated areas. Three sites (Ban Don Do, Ban Nong Ka and Ban Na Ngam)
were selected in irrigated areas for second-rice in 1999/2000 and the other 3 sites (Ban Nong Pho, Ban
Nong Nam Kieng and Ban Kud Kwang) for rainfed-rice in 2000 (Table 1). Each rice growing season
consisted of a selected paddy field to represent Alluvial soil formed on Flood plain, classified as
Ratchaburi series (Rb) with the phase of grate group as Clayey Tropaquepts, and the other (one or two)
represent Low humic gley soil formed on Low terrace, classified as Roiet series (Re) with the phase of
grate group as Coarse-loamy Paleaquuts. Water percolation rate of the former is very siow whereas the
latter is moderately fast. Taxonomy, physical and chemical properties of all paddy soils are shown in
Table 1.
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Rice cultivational practice. Major-rice fields in 1999 at each site consisted of 4 plots which
were subrmerged, ploughed and harrowed before cultivation, Two varieties of Rice (Oryza sativa L.), a
glutinous rice as RD 6 and an Indica rice as KDML 105, were cultivated by 2 methods, transplanting
seedlings and broadcasting seeds. In total, these made 8 plots (no. 1-8). Second-rice fields in
1999/2000 were plotted in a similar manner but rice varicties were RD 10 and CN 1. An exceptional for
Ban Na Ngam, cultivation method by only transplanting was done. In total, these were composed of 10
plots (Table 5, no. 9-18). The plots were irrigated to maintain flooded condition or to keep sufficient
soil moisture continuously throughout the growth period. All management and practice were dependent
on the farmers (land owners). Rainfed rice in 2000 were conducted with rice varieties, RD 6 and
KDML 105. And only transplanting rice was done in Ban Kud Kwang. They were totaling 10 plots
(Table 5, no. 19-28) in this season. All plots of the whole study are demonstrated in the first two
columns of Table 5. The area of the plots varied to the shape of the field, ranged from 200 to 3,200 m'.
Agricultural practice by the farmers and calendar of the 3 successive rice-growing seasons were
different among the plots as shown for Ratchaburi soil and Roiet soil in Table 2, 3 and 4.

Methane emission measurement. Methane emission rate from paddy fields into the atmosphere were
measured by applying a closed chamber method at least once weekly from transplanting (or
broadcasting) until harvesting, For each experimental plot, triplicate gas samplings were performed at
10 am. 5 times at intervals of 3 minutes by using syringes taken from 3 acrylic chambers of known
cross-sectional areas. Methane analysis was done by using a Shimadzu (GC-14B) gas chromatograph
equipped with a flame ionization detector (FID). Methane emission rate was calculated from the
increase in CH, concentration in the air with time and the volume of the chamber. The average of the
triplicate CH, emission rates were used for plotting over the time cause.

Yield measurement. Grain yields were measured by randomly sampling from an area of 10 m’ as

replicates, oven dried to a constant 80°C and the weight was corrected to moisture content of 14%.

Results and Discussion

Seasonal variations of CH, emission rate from irrigated major-rice fields in Rb soil in 1999

Figure 1(A) shows CH, emission rate from plots with transplanting RD 6 and KDML. 105
slowly started from 0.2 mgm” h" at transplanting to 7.8 mgm_ h ' at harvesting, Though, this range of
emission was remarkably narrow, it clearly revealed CH, emission rate increased with the age of rice

transplanted to Rb soil.
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Methane emission rate from plot with broadcasting RD 6 (Figure 1, B) also shows a similar
trend to the above mentioned transplanting plots (Figure 1, A) while CH, emission from plot with
broadcasting KDML 105, at the early stage, emitted double rate than other plots in Rb soil ranging
from 7.7t0 13.2mgm” h'. The latter plot was suspected to have higher readily mineralizable carbon
(RMC) than others. Later, it was found that farmer used this plot for sowing seeds to make seedlings
for transplanting treatments. Up to this point, it should be stated here that it is very essential to study
under farmers’ actual conditions, though there are many factors can not be controlled when compare to
those in experiment stations.

In addition, methane emission rates derived from clay loam Rb soil, in general, were quite low
(Figure 1) can be attributed to the high quantity of reducible Mn and Fe (Mn’ and F¢’) (Table 1)
existing in Rb soil, suppressing CH, formation. It should be mentioned here that the owner of this field
dug up surface soil to confine more quantity of irrigation water, so that water condition in this ficld was
continuously flooding through the growth period. And drainage at 100 days could not provide oxidative

soil condition, CH, still emitted to a certain amount.

Seasonal variations of CH, emission rate from irrigated major-rice fields in Re soil in 1999
Methane emission rates from Re soil (Figure 2, A and B), at the early stage were generally 10-
100 folds higher than from Rb soil (Figure 1, A and B), due to farmer ploughed fresh green manure into
the soil during soil preparation. Green manure was then sampled from the adjacent plot and found to
consist of Impomoea aquatica which was greatest in quantity, few kinds of grass and rice plants.
They were measured for fresh and dry weight. All in total quantity was as high as 18.2 ton fresh weight
rai’ ( 3.2 ton dry weight rai'l). It should be discussed here about why there was so much Impomoea
aquatica and other weeds in this field. The reason is that the farmer did not use this field to produce
second rice, therefore wetland weeds were tremendous instead of expected rice stubbles left from
harvest. In reality, most Thai farmers prefer to burn rice stubbles before rice cultivation. So, this
particular situation with this much green manure incorporation into the soil done by the farmer is
actually rare. The maximum CH, emission rates were observed from the plots with transplanting RD 6
and KDML 105 at the first few gas samplings to be 104.4 and 72.2 mg m’h', respectively, then
dramatically decreased over 40 days after transplanting to a certain level and slightly increased again
during reproductive period when rice plants were approximately 65 to 95 days after transplanting.
Accordingly, it is well established that CH, produced in the sediment diffuses into the cell-wall water
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of the root cells, gasifies into root cortex, and then is mostly released through the micropores in the
leaf sheathes to the atmosphere (Nouchi 1994),
Comparison between cultivation methods showed less quantities of CH, emission, though not
so little, from plots with broadcasting RD 6 and KDML 105 (Figure 2, B), rapidly decreased over 14
days of the ¢arly growth period. This is because, over that period, the soil is under semi-anaerobic
condition as a consequence of delayed flooding which is quite common for paddy field with
broadcasting. Moreover, the rest of the growth period showed a similar trend of CH, emission to the
respective transplanting plots (Figure 2, A), i.e. methane emission booted at reproductive stage.
Huang et al. (1997) reported that more than 75% of the total seasonal CH, was emitted during the last
S-week in concert with reproductive and ripening stages, and showed that CH, emission was related to

plant development and biomass.

Seasonal variations of CH, emission rate from irrigated second-rice fields in Rb seil in 1999/2000.

Methane emissions in the early stage of the second rice fields in Rb soil were generally higher
than those in the major rice fields (Figure 1 and Figure 3), because rice stubbles and residues were
ploughed into the soil before cultivation of the second rice. Methane commenced with 4.8 mgm” b
for plot with transplanting RD 10, kept fluctuating in the range of 8.29 - 12.63 mg m” h'over 40 days
of the vegetative stage (Figure 3, A). A gentle increase was then observed during the tillering stage and
followed by two sharp peaks of a maximum 39.59 mg m” h' at the heading stage (65-75 days after
transplanting), A broad peak emerged during the ripening stage and disappeared at harvesting (80 — 97
days). Different results of CH, emission rates for transplanting CN 1 were recorded that no peak was
found at all (Figure 3, A), and remarkably low CH, emission rates from 74 days were observed in
consistent with no water on the soil surface, rendering oxidative condition in such soil. Accordingly,
speaking in term of management, shorten flooding period could reduce CH, emission.

In general, the rates of CH, emission from the plot with broadcasting RD 10 in Rb soil (Figure
3, B), though not so low, were in a narrow range of 2.32 ~ 9.17 mg m” h' until 63 days after
broadcasting, followed by 2 broad peaks from 70 — 107 days after broadcasting over reproductive stage
with the maximum rate of 22.05 mgm~ h'. At harvesting, some amounts of CH, were recorded in
concert with wet soil, Remarkably lower CH, emission rates were generally recorded in the plot with
broadcasting CN 1 throughout the growth period than in the plot with RD 10 (Figure 3, B), though
similar flooding condition through the growth period of both plots were maintained. This finding
reflected the significant effect of rice variety on CH, emission. RD 10 emitted more CH, than CN 1.
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Seasonal variations of CH, emission rate from irrigated second-rice fields in Re soil in 1999/2000.

Fluctuation of CH, emission rates, though with slight increase, from the first measurement to
67 days, was recorded in plot with transplanting RD 10 (Figure 4, A). A sharp peak of 38.0mgm ™~ h’
was appeared at 77 days in yellow ripening stage. Rapid drop of CH, emission rate was due to drainage
for harvesting. Similar trend of CH, emission from plot with transplanting CN 1 was found, but without
sharp peak.

Low broad peak of the rates of CH, emission over the first 37-day measurement, was recorded
with the range of 0.75-13.57 mg m” h' for the plot with broadcasting RD 10 (Figure 4, B). The reason
was that time lag of 37 days after the first ploughing of wet soil was suitable for weeds. The second
ploughing, especially for this plot meant green manure incorporation. Accordingly, rcadily
mineralizable carbon (RMC) was analyzed and a high value as 102 mgC 100 g'l was found in soil at
broadcasing time. On the contrary, other plots in Re soil received most of theirs carbon from burning
rice residues. A higher broad shoulder from 50-93 days after broadcasting during reproductive period
was recorded with the range of 8.72-20.94 mgm h'' in the same plot. For the plot with broadcasting
CN 1, CH, emission rates over the first 50 days during the vegetative stage were very low as small
amount of RMC in such soil. The rest of the growth period was found similar to the plot with broadcast
RD 10. Rapid drops of CH, emission rates in Re soil were due to drainage for harvesting.

Another site of Re soil in Ban Na ngam showed lesser CH, emission rates in plot with
transplanting RD 6 than in transplanting CN 1 can be attributed to lesser irrigation water in soil of the

former plot (Figure 5).

Seasonal variations of CH, emission rate from rainfed rice fields in Rb seil in 2000.

In all plots, with transplanting and broadcasting RD 6 and KDML 105 showed fluctuation of
narrow ranges (Figure 6, A and B) caused by uneven soil moisture condition resulted from uneven
distribution of rainfall. In Rb soil, ploughing was done 2 times, the second one was 21 days after the
first one leading some CH, to escape from soil and a few weeks later harrowing was done, this also-
cause CH, to relcase (Table 4), therefore low rates were recorded from the early measurements in all
plots in Rb soil. Natural overflooding across alluvial flood plain devastated this site as well as many
immense paddy areas across the country. Over that period, gas sampling was not done.

Higher CH, emission rates were found in all plots in Re soil than Rb soil, especially over the

early period of vegetative stage (Figure 7, A and B), i.e. for the plots with transplanting RD 6 and
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KDML 105 showed the maximum rate near 28.24 mg m h' (Figure 7, A). Harrowing a month after
ploughing released CH, to escape from soil (Table 4). Clear small peaks emerged at 95 days after
transplanting at the heading stage were observed in these 2 plots. Distinct peaks at the beginning of the
vegetative period with the maximum rates were 39.44 and 70.96 mg m’ b for broadcasting RD 6 and
KDML 105, respectively (Figure 7, B) due to ploughing, harrowing and broadcasting were dong in few
days just before broadcasting (Table 4). Active organic-carbon decomposition to CH, was able to be
detected by us. At heading stage, only low peaks occurred around 100 days after broadcasting. Rainfed
rice did not showed distinct peaks of CH, emission.

Significant peaks of CH, emission rates of 86,42 and 75.19 mgm” h' occurred in 15 days after
transplanting RD 6 and KDML 105, respectively (Figure 8). Rainfed caused less water in this soil

leading 10 low CH, formation.

Average rate of CH, emission, daily CH, emission, total CH, emission and rice yields.

Average rate of CH, emission in Rb soil ranged from 2.75-5.83 mgm~ h', 2.28-13.2] mgm”
h'and 3.73-6.74 mg m " h'' for irrigated major rice in 1999 (Table 3, plot no. 1-4), irrigated second rice
in 1999/2000 {plot no. 9-12), and rainfed rice in 2000 (plot no. 19-22), respectively. These rates of Rb
soil can be comparable to those for no-fertilizer plot and fertilizer plot in a silty clay soil in Ratchaburi
and all plots in Pathumthani and Chainat (Jermsawatdipong 1994, Yaki et al 1994, Katoh et al. 1999a).
They can be grouped as low emission rates, and can be most probably attributed to the fixed
characteristics of such soils, That is not only little readily mineralizable organic carbon (RMC) but
high oxidizing capacity in Ratchaburi soil and high easily reducible Mn existing in clay loam in
Chainat. In addition soil in Phathumthani is acid sulfate (Saenjan 2000).

Through the whole measuring period, the average CH, emission rates for Re soil ranged from
8.24-2874mgm b, 4.17-9.66 mgm h', and 7.68-12.02mgm” k" for irrigated major rice in 1999
(Table 5, plot no, 5-8), irrigated second rice in 1999/2000 (plot no. 13-18), and rainfed rice in 2000
(plot no. 23-2R), respectively. These emission rates are comparable to those from organic matter plot in
silty clay in Ratchaburi, clayey paddy field in Supanburi, light clay in San Pa Thong, silty clay loam in
Phrea, loamy sand in Surin and sandy loam in Khon Kaen (Jermsawatdipong 1994; Yaki et al 1994;
Katoh et al. 1999a,b). These results can be grouped as moderate CH, emission rate. Soil characteristics
as higher organic carbon content, not too high oxidizing capacity and especially some external factors
as organic carbon and fertilizer supply would influence important roles on significant CH, emission

from such soils (Saenjan 2000). Daily and total CH, emission also were tabulated in Table 5.
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Through the whole measuring period in irrigated major rice 1999 (Table 5), total CH, emission
from Rb soil ranged from 6,72-16,78 g m’” (plot no. 1-4), whereas those from Re soil ranged from
24.54-86.89 g m'z(plot no. 5-8) with a heavy dose of fresh organic manure 18.2 ton fresh weight rai
(3.2 ton dry weight rai‘l). However, comparing to transplanting plots, broadcasting could reduce CH,
emission if the growing period was not too long by either early broadcasting or delayed harvesting, It
was found that CH, emission was reduced 59.01 and 33.12 % by broadcasting RD 10 and KDML 105,
respectively.

In irrigated second rice 1999/2000, totat CH, emissions from Rb soil was higher than those in
irrigated major rice 1999, with the range of 6.20 - 29.18 g m” due to incorporation of rice residucs
before cultivation. Total amount of CH, emitted from Re soil (Table 5, plot no. 13-16) with bumt rice
residues before cultivation of the second rice 1999/2000, ranged from 19.21-24.34 g m”. Another plots
of Re sail which received less amount of irrigation water {plot no, 17 and 18), emitted total amount of
CH, about 33.33% less.

Overflooding in rainfed rice 2000 destroyed the paddy areas, small amounts of total CH, were
found with 8.96-14.72 g m”’ (plot 19-22). Moderate amounts of CH, emission from Re soil under
rainfed ranged from 27.1-41.94 g m” (plot 23-28).

Among three seasons, second rice 1999/2000 gave highest rice yield as 819 kg rai ‘obtained
from Rb soil with broadcasting CN 1 amended with incorporated rice residues and 31.5 kg Urea rai .
This plot emitted especially small amount of CH, as 6.2 g m’. In general, rainfed rice gave lesser yiclds

than irrigated rice.

Conclusion

At the early rice season, measurable CH, emission rate would mainly depend upon soil
management just prior to cultivation, i.e. either added organic manure, burning rice residues, or turning
over the top soil with weeds were done, how many times the soil were flooded, ploughed and
harrowed, how long time lag between each events and then cultivation, and method of cultivation-
transplanting or broadcasting. All these factors dominated the occurrence of detectable CH, emission at
the beginning of the season, seem to have more influence on CH, emission than existing soil
characteristics. During the growth period, rates of CH, emission in the reproductive stage of irrigated
rice appeared significant higher than rainfed rice.
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Table 1 Taxonomy, physical and chemical characteristics of soils.'

Season 1999 1999/2000 2000
Moisture Irrigated major rice Irigated second rice Rainfed rice
Soil series Ratchaburt Roiet Ratchaburi Roiet Roiet Ratchaburi Roiet Roiet
Soil taxonomy Clayey Loamy Clayey Loamy Loamy Clayey Loamy Loamy
Characteristics Tropaquepts  Paleaquuits  Tropaquepls  Paleaquults  Paleaquults  Tropaquepts Paleaquults  Paleaquults
Location” BanDonDo BanKok8ai BanDonDo BanMongKa Ban NaNgam Ban Nong Nong Nam Ban Kud
Pho Gieng Kwang
Sand (%) 24.42 75.39 24.42 46.43 49.43 36.24 68.36 52.88
Siit (%) 40.2 13.11 4020 43.28 36.14 24.36 26.48 3428
Clay (%) 35.38 11.49 35.38 10.29 14.43 394 516 12.84
Texture Clay loam Sandy loam Clay loam Loam Laam Clay loam  Sandy loarn  Sandy loam
RMC {mg C/100 g s0il) 52 49 47.75 71 93 72 321 528
MnQ, (%) 0.086 0.011 0.117 0.011 0.014 0,061 0.006 0.022
Fe 0, (%) 0.86 .25 0.789 0.24 0.587 0.535 0.087 0.201
SOf(ppm) 130.86 20.48 137.38 24.01 31.76 12.175 13.765 15.4
Mn" (ppmX28 days) 676 16 696.25 127 98.5 450 54 193
Fe' (ppm}28 davs) 1,128 1.186 858.5 1,716 2,049 1,840 660.3 1.933
OM (%) 0.99 0.47 0.773 0.787 0.716 1.668 0617 0.852
TN (%) 0.02 0.006 0.047 6.038 0.06 0.069 2.026 0033
Avai.P (ppm) 15.64 18.47 4.45 6,76 44.76 3.525 6.738 1.39
Ca {ppm) 2,300 184 2,573 676 957 899.5 2223 760
Mg (ppm) 319 27 307 90 114 116.5 275 110
Na (ppm) 98 33 115 43 106 153 205 568
K (ppm} 94 3 91 29 126 54 7.5 38
CEC (me/100 g) 10.32 1.78 12,95 433 6.35 11.4 2.355 5.86
pH (1:2.5) 6.74 5.18 5.94 538 49 5.1 57 5.1
EC (mS) (1.5} 0.06 0.03 0.058 0075 0.081 0072 0.031 0.063

! Soils of 0 - 15 cm depth are illustrated.

* All sites are located in Ampore Muang, Khon Kaen.
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Table 2 Cultivation practices and calendar for irrigated major-rice in 1999.

Soil series Ratchaburi series Roiet series
Practices Transplanting Broadcasting Transplanting Broadcasting
Digging up surface soil 20 cm 30-Apr-99% 30-Apr-99 - -
Flooding 4-Jul-99 4-Jul-99 6-Jun-99 6-Jul-99
Ploughing green manure 18 t fresh wt/rai - - 7-Jul-99 7-Jul-99
Ploughing 16-Jul-99 15-Jui-99 - -
Harrowing 17-Jul-9% 16-Jul-99 8-Jul-9¢ B-Jul-9¢
Broadcasting RD 6, KDML 105 - 18-Jul-99 - 16-Tui-99
21,31-hul-99" - 9,10-Jul-99 -

Transplanting RD 6, KDML 105

Fentilizer application” 1" 27-Jul-99(40-0-0, 9.6)

2™ 1-Aug-99(16-16-8, 10)
3" 8-Sep-99(18-18-6, 20)
4" 25-Sep-99(18-18-6, 20)
Irrigation 17 2-Aug-99
2 - 11-Aug-99
Heading 24,17-0ct-99’
Drainage 29-0c1-99
Harvesting 23,16-Nov-99'

1-Aug-99(16-16-8, 10}  3-Aug-99(16-16-8, 3.8)  3-Aug-99(16-16-8, 3.8)

8-Sep-99(16-16-8,20)  21-Aug-9%(156-16-8, 3.8) 21-Aug-99(16-16-8, 3.8)

25-Sep-99(18-18-6, 20) - -

2-Aug-99 4-Aug-99 4-Aug-99
L1-Aug-99 26-Aug-99 26-Aug-99
24-0Oct-99 17-0ct-99 24-0ct-99
29-Oct-99 16-0ct-99 22-0ct-99
23-Nov-99 16-Nov-99 23-Nov-99

* The first and the second date represent practices ( or events) for rice variety RD 6 and KDML 103, respectively.

? In brackets are combined fertilizer as N-P,0,-K,0 and amount applied in kg rai .
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Table 3 Cultivation practices and calendar for irrigated second rice in 1999/2000

Soil series Ratchaburi series Roiet series Raoiet series
Practices Transplanting Broadcasting Transplanting Broadcasting Transplanting
Buming : - 20-Dec-99 20-Dec-99 20-Dec-99
Flooding 29-Dec-99 29-Dec-99 - - 13-Jan-00, 22-Dec-99°
Ploughing 1™ 19-Dec-99 19-Dec-99 18-Jan-00 4Jan-00, 25-Dec-99' 18-Tan-00
™ - - 9 - Feb-00, - -
Harrowing 17-Feb-00 15,9-Jan-00' 12-Feb-00 13-Feb-00, 12-Jan00' 24,31-Jan-00'
Broadcasting - l'.’,Q-Jam-(]O1 - 15-Feb-00, 12-Jan-00' -
Transplanting 18,19-Feb-00 - 13-Feb-00 . 25-Tan-00, 1-Feb-00'
Fertilizer application’ 6-Mar-00 6-Mar-00 26-Feb00  19-Mar-00, 25-Feb-00" (16-  25.21-Feb-00" (40-0-0; 20,25)°
1" 16-8;25,16.5)’
(4000, 19) (40-0-0,19) (16-16-8,15.5)
28-Mar-00 28-Mar-00 3-Apr-00 7.2-Apr-00' -
o
{40-0-0, 12.5) (40-0-0, 12.5) (16-16-8, 12.5) (16-16-8; 20,25)'
Pesticide 1" 1-Mar-00 26-Jan-00 . 10-Feh-00 -
2™ 4-Apr-00 6-Feb-00, 26-Tan-00' - - .
Trrigation 1" $-Mar-00 25, 23-Jan-00' 22-Feb-00 22-Feb-00, 26-Jan-00'  20-Feb-00, 31-Jan-00'
i 4-Apr-00 6-Feb-00 - 18-Apr-00, 22-Feb-00' .
3" - 5-Mar-00 - 26-Apr-00, - -
4 - 4-Apr00 - - -
Heading 25-Apr-00 10,11-Apr-00' 15-Apr-00 6-May-00, 9-Apr-00' 9-Apr-00
Drainage 29-Apr-00 29-Apr-00 26-Apr-00 5-May-00, 18-Apr-00’ 21-Apr-00
Harvesting 26-May-00 11,12-May-00' 16-May-00 7-Jun-00, 10-May-00' 10-May-00

* The first and the second date represent practices {or events) for rice variety RD 10 and CN 1, respectively.

* In bracket are combined fertilizer as N-P,0,-K.0 and amount applied in kg/rai. For example: 7,2-Apr-00 ! (16-16~8;20,25)2

means on 7-Apr-00, fertilizer 16-16-8 was applied 20 kg rai’ and on 2-Apr-00, fertilizer 16-16-8 was applied 25 .
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Table 4 Cultivation practices and calendar for rainfed rice in 2000,

16

Soil series Ratchabur series Roiet series Roiet series
Practices Transplanting Broadcasling Transplanting Broadcasting Transplanting
Ploughing 1" 29-Apr-00 29-Apr-00 3-Tun-00 7-Jan-00 25-May-00
™ 20-May-00 20-May-00 - . -
Harrowing 25-Jun-00, 9-July-00' 6-Tun-00 6-Tul-00 10-Tun-00 12-Tul-00
Broadcasting - 7-Jun-00 - 10-Jun-00 -
Transplanting 26-jun-00 7-Jul-00 - 13-Jul-00
Fertilizer application’ 1" 9-Sep-00 9-8ep-00 29-Jul-00 29-Jul-00 25-Jul-00
(16-16-8, 12) (16-16-8 12) {16-200, 2G) (16-20-0, 10) (16-20-0, 30}
- . 29-Aup-00 29-Aug-00 13-Sep-00
(16-20-0, 20} (16-20-0, 20) (16-20-0, 23)
Pestiaide 10-Jul-00 10-Jul-00 - -
Natural overflooding 13-Sep-tk) 13-S¢p-00 - - -
Heading - 16,20-0c1-00' 22-0ct-00 20,18-Oct-00'
Flood water decrease 10-CJe1-00 10-Oct-00 - - -
Harvesting - 9-Nov-00 9-Nov-00 10-Nov-G0

" The first and the second date represent practices {or events) for rice varieties RD) 6 and KDML 105, respectively,

* In brackel are combined ferilizer as N-P,0,-K,0 and amaunt applied in kg/rai.
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Table § Methane emissions and rice yields from farmers' paddy fields with different variations
in soils, cultivations and varieties.
Plat Soil-culivation Practics Av, CH, emission Daily CH, emission Total CH, emission Rice vield
No. (mgm”h") gm”d”) @m) (kg rai’)
Irigated major nce 1999
i Rb-Transplanting R[> 6 335 0.08 932 683
2 Rb-Transplanting KDML 105 2.80 - 0.06 6.72 602
3 Rb-Broadcasting RD 6 275 0.06 7.92 531
4 Rb-Broadcasting KDML 105 5.83 0.14 16.78 476
3 Re-Transplanting RD 6 28.74 0.68 86,89 623
6 Re-Transplanting KDML 105 12.33 0.29 36.70 733
7 Re-Broadcasting RD) § 11.98 0.28 35.65 363
i Re-Broadcasting KDML 105 824 0.19 .34 579
Imgated second rice 1999/2600
9 Rb-Transplanting RD {0 1321 0.31 2918 IR?
10 Rb-Transplanting CN 1 5.50 0.13 12.15 474
1 Rb-Broadcasting RD 10 B.66 0.20 22.26 604
12 Rb-Broadcasting CN 1 228 0.05 6.20 819
13 Re-Transplanting RD 10 2.66 0.23 20.64 365
14 Re-Transplanting CN | 894 0.21 20,17 526
15 Re-Broadcasting RD 10 8.97 0.21 24.34 442
16 Re-Broadcasting CN 1 7.08 0.17 19.21 642
17 Re-Transpianting RD 10 417 0.10 100 598
18 Re-Transplanting CN 1 6.23 0.15 12.86 612
Rainfed rice 2000 3.73 0.09 8.96 ND'
19 Rb-Transplanting RD 6 6.74 0.16 13.58 ND'
20 Rb-Transplanting KDML 105 377 0.09 10.22 ND'
21 Rb-Broadcasting RD 6 543 0.13 14.72 ND'
22 Rb-Broadcasting KDML 105
23 Re-Transplanting RD 6 11.50 0.27 3285 461
24 Re-Transplanting KDML 105 1041 0.25 29.74 537
25 Re-Broadcasting RD 6 7.68 0.18 27.10 329
26 Re-Broadcasting KDML 105 11.88 0.28 41.94 484
27 Re-Transplanting RD 6 12.02 0.28 34.06 606
28 Re-Transplanting KDMI. 105 11.90 0.28 3372 537

1
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Figure 1 Seasonal variations of methane emission rate from major-rice irrigated
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Abstract
Methane emission rates were directly measured from 4 rice seasons with
variations in soils: Clayey Tropaquepts and Loamy Paleaquults, rice varieties: glutinous
and indica rice, and cultivation methods: transplanting and broadcasting and to identify
potential mitigation measures while sustaining high yield. In irrigated major rice 1999,
total CH; emission from Tropaquepts ranged from 6.73-16.78 g m™; whereas those
from Paleaquults with an extraordinary high dose of fresh aquatlc weeds (mainly
Impomoea aquanca) 113 ton fresh weight ha”' (20 ton dry weight ha"') ranged from
24.54-86.89 g m™” as a consequence of turning aquatic weed field into paddy field. Total
CH,4 emnssmns from Tropaquepts in 1rrigated second rice 2000 ranged from 6.20 to
29.18 g m™ due to mcorporatlon of rice residues prlor to planting. Whereas Paleaquults
in 1rr1gated second rice 2000 and 2001 with burnt rice residues ranged from 10.01-24.34
g m”~. Overflood in rainfed rice 2000 destroyed paddy areas on flood plain of
Tropaquepts emitted CH, 8.96-14.72 g m™. Moderate amounts of total CH4 emission
from Paleaquults under rainfed ranged from 27 1-41.94 g m™
Problem with low yield is obvious in this study. Management of organic matter
remarkably dominated CH; emission more than chemical fertilizers. Grain yield and
total CH, emission were positively vague correlated (R = 0.153, n = 20) for transplanted
rice, while for broadcasted rice were negatively correlated (R = - 0.456, n = 14).
Moreover CH; emission per unit grain yield was negatively correlated with grain yield
as indicated R = - 0.275 and - 0.761 for transplanted (n=20) and broadcasted rice(n=14),
respectively. Maybe broadcasted rice has some advantages over transplanted rice, and
could be an alternative for mitigating CH,. Suggestions for CH4 mitigation with
sustaining yield were concluded.

Key words: paddy soil, rice yield, farmer, methane mitigation

Introduction

Climate change over the long-term, in particular global warming, could affect
agriculture in a number of ways — the majority of which would threaten food secunty
for the world’s most vulnerable people(FAO 1997). Public concern about global
warming mostly focuses on methane (CHy4), one of the major component of greenhouse
gas, is second in importance after carbon dioxide (CO,) (IPCC 1992). More than 90%
of the world’ s rice is produced in Asia. In East Asia almost all rice is grown on
irrigated land, while in Southeast Asia 40% of the rice growing land is irrigated (IRRI
1991). Southeast Asia in 1993 covered 26% of the total rice area in the world (FAO
1994). Thailand is the second one for rice harvested area after Indonesia.
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Methane emission from Thai paddy fields, all measurements had been measuring
in rice experiment stations in central plain, northern and northeastern Thailand (Yagi et
al. 1994; Jermsawatdipong et al. 1994, Katoh et al. 1999 a and b). The total amount of
CH, emission (gC m™) during the rice growth period ranged from 4 to 59 in the fresh
water alluvial paddy fields, 0.6 to 17 in acid sulfate paddy fields, and 21 to 35 in the low
humic gley paddy soils, respectively (Jermsawatdipong et al. 1994),

Promising mitigation candidates are management of water, organic amendments
and fertilization (Buendia et al. 1996, Corton et al. 2000, Sass et al. 1991, Sass et al.
1992, and Wang et al. 1996). Knowledge of processes controlling methane emission
provides useful information to develop abatement strategies in accordance with
sustainable rice production (Buendia et al. 1996). An experiment results showed that
alternative draining combined with certain organic manure input is a feasible strategy to
mitigate CH, emissions from rice fields and to maintain sustainable rice yields (Wang et
al. 1996) Methane emission measurement from irrigated rice cultivation and its
mitigation measures could not be taken independent of the goal of increasing the grain
yield per unit area. More CH, was emitted per unit of grain during the wet season than
during the dry season (Corton et al. 2000).

In the present investigation, CH; emission rates were directly measured from
farmers’ paddy fields with variations in soils, cultivation methods with representative
cultivars and on farm practices for 4 growing seasons. The extent of seasonal practices
involved in CHy emission and mitigation strategies were discussed.

Materials and Methods

Physical positions, soils and sites. Farmers’ paddy fields were studied for 4 growing
seasons (Table 1). The first studied season was major rice in 1999, CH,; measurement
was conducted in 2 sites, the rest of the scasons were second-rice in 2000, rainfed rice in
2000 and second rice in 2001, all of them were set up at 3 sites. In each season, sites
were selected to represent Alluvial soil formed on flood plain, classified as Clayey
Tropaquepts, and the other {one or two) represent Low Humic Gley soil formed on low
terrace, classified as Coarse-loamy Paleaquults. Taxonomy, physical and chemical
properties of all paddy soils are shown in Table 1.

Rice cultivational practices and cultivars. Each site consisted of several plots
represented 2 methods of cultivations: transplanted seedlings, and broadcasted seeds;
and 2 cultivars: glutinous rice as RD 6 for major rice or RD 10 for second rice, and
indica rice as KDML 105 for major crop or CN 1 for second crop. Major rice in 1999,
second rice in 2000 and 2001 were conducted in Nong Wai irrigation area and major
rice in 2000 was done under rainfed. These totally made 38 plots (see the first 3
columns of Table 2). On farm practices of soil preparation and fertilizer used were
dependent on the usual practice by farmers (as shown in the last column of Table 2).
Methane emission measurement. Methane emission rates were measured by applying
a closed chamber method at least once weekly from planting until harvest. Triplicate
gas samplings were done at 9-11 am. 5 times at intervals of 5 minutes by using
syringes taken from 3 acrylic chambers of known cross-sectional arcas. Methane
analysis was done by using a Shimadzu (GC-14B) gas chromatograph equipped with a
flame ionization detector (FID). Methane calibration line was performed by using 3
certified standards. Methane emission rate was calculated from the increase in CH,
concentration in the air with time and the volume of the chamber. The average of the
triplicate CH, emission rates was used for plotting over the time course, then total CHy
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emission was derived by integrating area under the plotted graph, and CH, emission per
kg grain was calculated for each plot (Table 2).

Yield measurement. Grain yields were measured by randomly sampling from an area
of 10 m? for 3-4 replications, oven dried to a constant 80°C and corrected to 14%.

Results and Discussion
Seasonal variation of CH, emission from irrigated major-rice fields in 1999,
Tropaquepts, continuously flooded

CH; emission rate from these plots with transplanted RD6 and KDML 105 and
broadcasted RD 6 and KDML 105 were lowest among 4 rice growing seasons(Figure 1
(a, 1)). It should be mentioned here that prior to soil preparation, the surface layer of
these plots was dug up 20 cm thick to store water inside the bund, in consequence, this
event depleted organic carbon from the ploughed soil and yielded low methanogenic
activity even under flooded condition,

Paleaquults, intermittently flooded

Methane emission rates from Paleaquults (Figure 1 (a, 2)), at the early stage
were generally 10-100 folds higher than those from the previously mentioned
Tropaquepts (Figure 1 (a, 1)), due to farmer ploughed fresh aquatic weeds Impomoea
aquatica in quantity of 112 t ha™'( 20 t dry weight ha™) into the soil few days before
cultivation. It was a coincidence to have such an unusual quantity of green manure for
us to study. The maximum CH,; emission rates were observed from the plots with
transplanted RD 6 and KDML 1085, broadcasted RD 6 and KDML 105 at the first
samplings to be 121.1, 72.2, 50.9 and 57.3 mgCH, m™h’, respectively, then
dramatically decreased over 40, 30, 20, and 10 days after planting (Figure 1 (a, 2)).

Comparison between cultivation methods, transplanting and broadcasting,
results showed that lesser quantities of CH, emission from plots with broadcasted RD 6
and KDML. 105 rapidly decreased over the early seedling period (Figure 1 (a, 2))
because the soil was under aerobic condition as a consequence of delayed flooding.
Accordingly, comparison to the respective transplanted plot of the same cultivar,
delayed flooding over the early growth period for broadcasted rice can reduce CHs
emission by 77.6 % and 69.9 % for RD 6 and KDML 105, respectively.

Soil aeration was recorded once in plot with transplanted RD 6 from 52 to 60
DAT(days after transplanting) and twice in plot with transplanted KDML 105 from 27
to 37 DAT and from 55 to 65 DAT, accordingly twice aerations decreased total
emission by 57.8 % over single one.

Convex curves of CH, emission during reproductive period, approximately 65 to
95 days after planting, obviously appeared for all plots (Figure 1(a,2)). For this case can
be attributed to the size of the root system, higher rates of rhizodeposition in increasing
substrate available for methanogenesis than oxidation of CH; by methanotrophs, and
transport of CH, from the soil to atmosphere via aecrenchyma (Matthews et al., 2000). It
was found that draining water out during the ripening stage decreased CH4 emission
down to near zero (Figure 1(a, 2)).

Seasonal variations of CH4 emission from irrigated second-rice fields in 2000.
Tropaquepts, continuously flooded

Methane emissions from the second rice fields in heavy textured soil (Figure 1
(b, 1)) were generaily higher than those from the major rice fields (Figure 1 (a,1)),
because farmer ploughed rice stubbles into the soil before cultivation. In plot with
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transplanted RD 10 and CN 1, methane commenced with fluctuating trend of increase
over the early stage to tlllenng stage, the former (RD 10) emerged sharp peak of a
maximum 39.6 mgCH, m™ h™' at heading stage (65-75 DAT) and followed by a broad
peak during the ripening stage (80 — 97 DAT)(Figure 1 (b,1)), while the latter (CN 1)
recorded that no peak was found at all, and remarkably low CH, emission rates from 74
DAT were observed in consistent with no water on the soil surface. Accordingly,
speaking in term of water management, drainage over ripenm% stage could reduce the
average CH, emission rate by 58.4% (from 13.21 to 5.50 mg m™h’, data not shown).

In general, the rates of CH; emission from plot with broadcasted RD 10 in -
clayey soil (Figure 1(b,1)) were in a narrow range until maximum tillering stage,
fol]owed by wide broad peak during reproductive stage with the maximum rate of 22.1
mg m™ h'. At harvest, some amounts of CH, were recorded in concern with wet soil.
Remarkably lower CH, emission rates were generally recorded in plot with
broadcasting CN 1 (Figure 1(b,1)), though similar flooded condition through the growth
period of both plots were observed. This finding reflected the significant effect of rice
cultivar on CH; emission, i.e., RD 10 emitted more CH, than CN 1. Rice plants in
broadcasted fields generally stood in the soil longer than in transplanted fields.
Paleaquults, continuously flooded

Plots on sandy loam soil received most of their carbon from burnt rice residues,
CH, emission rates from transplanted RD 10 and CN 1 fluctuated with trend of slight
increase, except that sharp peak of 38.0 mg m’ 2 ' was recorded at 77 DAT during
yellow ripening stage for the former(Figure 1(b, 2)). Rapid drop of CH, emission rate
was due to drainage for harvest.

Broad peak of CH4 emission over the early 37-day measurement was recorded
for the plot with broadcasted RD 10 (Figure 1(b, 2)). The reason was that lag time of 37
days after incorporating burnt residues into moist soil suitable for weeds was noticed in
this plot, suggested green manure incorporation. Accordmgly, readily mineralizable
carbon (RMC) was analyzed and a high value as 102 mgC 100 g was found in this soil
at broadcasting time. In the same plot a higher fluctuated broad shoulder of CH,
emission from 50-93 DAB coincide with reproductive period was recorded with the
range of 8.72-20.94 mg m? h'. For the plot with broadcasted CN 1, CH, emission rates
over 50 DAB were very low because of lack of green manure. The rest of the growth
period was found similar to the other plots except for extended growth period. Rapid
drops of CH, emission rates at the end were due to drainage for harvest.

Another site of sandy loam soil showed low shoulder of CH, emission rates over
vegetative stage and low peak over reproductive stage for transplanted RD 6 and CN 1

(Figure 1(b, 3)).

Seasonal variations of CH4 emission from rainfed rice fields in 2000.
Tropaquepts, rainfed

In all plots, CH4 emission fluctuated in narrow range (Figure i(c, 1)), caused by
uneven distribution of rainfall. Overflood across alluvial flood plain devastated this site
as well as many immense paddy areas across the country. Over that period, gas
sampling was not done. Anyhow, it was accessible afterward.
Paleaquults, rainfed

Higher CH, emission rates were found in sandy loam soil, especially over the
early period of vegctatlve stage for the ]iJlots with transplanted RD 6 and KDML 105
showed the maximum of 28.24 mg m™2 h” (Figure 1 (c, 2)). Clear small peaks emerged
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at 95 DAT at heading stage were observed in these 2 plots. Noticeable CH; emission
and distinct peaks over the beginning of the early period for both transplanted and
broadcasted plots were obvious (Figure 1(c, 2) and (c, 3)), due to annually organic
matter recycling was done in few days before planting. Rainfed rice also produced
seeable peaks of CH4 emission over reproductive period like other seasons. Growth
period of broadcasted rice in these plots were as long as 152 days. Contrarily, less water
in plots of another sites (Figure 1 (c, 3)) leading to low CH, formation.

Seasonal variations of CH, emission from irrigated second-rice fields in 2001,
Tropaquepts, continuously flooded

Methane emission rates from plots with transplanted to RD 10 and CN 1 were
very low over the early 30 days, however, that with transplanted to CN 1 occurred
parallel higher until the overlap of the sharp peaks emerged at flowering stage(Figure 1
(d, 1)). In plots broadcasted to RD 10 and CN 1, both showed low methane emission
rates through the vegetative period followed by low broad peaks after heading.
Extended growth of broadcasted rice was clearly observed.
Paleaquults, continuously flooded

In loam soil, transplanted to RD 10 and CN 1, pattern of CH, emission of both
plots were very similar with remarkable peaks at ripening state (Figure 1 (d, 2 ) and (d,
3)). Similar appearance also occurred for broadeasted of both cultivars except longer
lag vegetative phase as characteristic of broadcasted rice was seen.

Rice yields, total CH, emission, CH4 emission per kg grain, and mitigation trend.

From agricultural statistics of Thailand crop year 1997/1998, annual average
was 2.38 t ha”' while that of the world was 3.84 t ha”'. In the present study, yields
obtained from the 4 seasons were depending on growth season (Table 2). In general,
higher yields obtained from Tropaquepts, ranged from 2.28 to 5.12 t ha™', while those
from Paleaquuits yielded lower amounts, 1.75 to 4.58 ¢ ha'. In addition, second rice in
2001 in Paleaquults gave a narrow range of low yield as 1.75-3.14 t ha™'. Rainfed rice in
2000 grew on floodplain of Tropaquepts was destroyed by overflood, however,
Paleaquults contributed 2.06-3.79 t ha”'which was above 1.77 t ha™, nation average for
rainfed yield due to enough rainwater in that year. It is obvious that low yield is the
problem in northeast Thailand. Qut of 38 data, only 6 data that gave grain yields higher
than the world average, 3.84 t ha™'. Effect of chemical fertilizers from on farm practices
on grain yield could not be inferred in the present study. In addition, management of
organic matter remarkably dominated CH; emission more obvious than chemical
fertilizers. Sass (1991) reported that rice residues gave adverse effect on CH, mitigation.

It seems that organic matter plays the most prominent role on CH, formation in
this study (Table 2). We ftried to extract distinct results of total CHs emission as
influencing by on farm practices but could not say any obvious evidence, except the
effect of organic matter.

As grain yield is very low, especially in northeast region, we should concern on
booting grain yield as first priority, mitigating CH4 emission as second priority and all
these should be in concert with farmer agreement, e. g., household socioeconomic.
Focus should be laid upon soil moisture condition at incorporation time to suit
decomposition of organic matter under aerobic condition. This can be conducted in
irrigated area where water is controllable, and maybe applicable in rainfed area. In any
area, growing rice by transplanting or broadcasting should be carefully decided by
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farmers as good cultivation would depend on right timing for soil moisture condition. It
is likely that transplanted rice field emitted more CH, than broadcasted one, but lag
vegetative phase of broadcasted rice made them stand usually longer in the soil, this
may lead to high total CHs emission for the latter. Water management during the
growing season s the primary key for mitigating CHj.

We tried to set suitable criteria to explain good grain yield with less emitted
CH,, i.c., grain yield (t ha'), total CH, emission (g m?), and CH, emission per unit
grain yield (gCH, kg grain)(Corton, et al. 2000)(Table 2). Grain yield and total CH,
emission were positively vague correlated (R = 0.153, n = 20) for transplanted rice,
while for broadcasted rice were negatively correlated (R = - 0.456, n = 14). Maybe
broadcasted cultivation is an alternative for CHy mitigation. Moreover emission per unit
grain yield was negatively correlated with grain yield as indicated by R values for
transplanted and broadcasted rice as - 0.275 and - 0.761, respectively. This shows that
broadcasted cultivation has some advantages over transplanted one and should be taken
into consideration as appropriate mitigation strategy. However, emphasis is laid on
farmers’ decision for improving grain yield.

Conclusion

Seasonal variation of CH,; emission throughout the growth period could be
elucidated into 2 phases expressed by distinct peaks emerged at the carly vegetative
stage and reproductive stage. The former was mainly affected by incorporation of
organic matter prior to planting and the latter was due to rhizosphere development of
rice plants. Total CH, emission was dominated by water regime and organic matter
management stronger than chemical fertilizer application. Problem with low yield is
obvious. Suggestions for CH, mitigation with sustaining high yield were concluded as
follows: 1) Concentration should be on irrigated areas where water is controllable
without impact on grain yield. 2) Diversification of second crops other than rice. 3)
Broadcasted rice is recommended if cultivation is not too early to extend lag vegetation,
any method of rice cultivation should be dependable on farmers’ decision. 4) Suitable
organic matter and fertilizer management is necessary to sustain yield. Incorporation of
rice residues in irrigated areas and annually recycling of organic matter and weeds into
soil in rainfed areas are recommended.
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Table 2 Rice yields, total CH, emissions and CH, emission per kg grain from farmers' paddy fields with differences

in soils, cultivations, cultivars and on farm practices.

Paper no. 273 (technical revised, 30 Jan 2002)

9/10

cpy-

£ Soil -water- Grain | Total CH, | CH, emission
g | Plot i . - . .1
‘g cultivation yield emission per kg grain On farm practices
No. practice {tha) {gm?) (g CHy kg™ grain)
ol 1 Tropaguepts, continuous flooding Soil was dug up 20 ¢m thick and
% 2 Trans. RD 6 4.27 932 21.85 urea 60 kg/ha ; 16-16-8, 312 kg/ha
£ | 3 | Trans. KDML 105 3.76 6.72 17.88 urea 60 kg/ha ; 16-16-8, 312 kg/ha
= | 4 | Broad RD6 3.32 7.92 23 .89 16-16-8, 312 kg/ha
‘T Broad. KDML 105 2.98 16.78 56.40 16-16-8, 312 kg/ha
.E Paleaquults, intermittent flooding
?;f 5 Trans. RD 6 391 86.89 222.66 GM? 112 t/ha ; 16-16-8, 47 kg/ha
26 Trans KDML 105 458 36.70 80.13 GM 112 t/ha; 16-16-8, 47 kg/ha
= 7 Broad. RD 6 2.28 35.65 156.27 GM 112tha; 16-16-8,47 kg/ha
8 Broad. KDML 105 362 24.54 67.84 GM 112 tha; 16-16-8, 47 kg/ha
Troaquepts, continuous ﬂoodin$ |
o ? Trans. RD 10 242 29.18 120.64 IR ; urea 196 kg/ha
& 10 | Trans.CN 1 2.96 12.15 41.03 IR ; urea 196 kg/ha
‘:: 11 Broad. RD 10 378 22.26 ! 5897 | TR ; urea 196 kg/ha
£ | 12 | Broad CN1 512 6.20 | 12.11 | IR ; urea 196 kg/ha
o Paleaquults, continuous floodin
S Trans. RD 10 228 20.64 90 .47 BR ;16-16-8, 181 kg/ha
@l 14 Trans. CN 1 329 2017 61.35 BR ;16-16-8, 181 kg/ha
§ 15 Broad. RD 10 276 2434 88.10 BR ;16-16-8, 28! kg/ha
& 16 Broad. CN 1 401 19.21 47 87 BR ;16-16-8, 259 kg/ha
E Paleaquults, continuous flooding
™1 17 | Trans. RD 10 3.74 10.01 26.78 BR ;urea 125 kg/ha
18 | Trans. CN 1 3.83 12.86 3364 BR ;urea 125 kg/ha
Tropaquepts, rainfed
19 | Trans. RD 6 ND 8.96 ND Natural flood
20 | Trans. KDML. 105 ND 13.58 ND Natural flood
- 21 | Broad. RD 6 ND 10.22 ND Natural flood
€ | 22 | Broad KDML 105 ND 14.72 ND Natural flood
E 23 Paleaquults, rainfed
-; 24 | Trans. RD 6 2.88 32.85 114.01 OM ; 16-20-0, 250 kg/ha
"E 25 | Trans. KDML 105 3.33 29.74 89.44 OM ; 16-20-0, 250 kg/ha
é 26 | Broad. RD6 2.06 27.10 131.79 OM ; 16-20-0, 187 kg/ha
Broad. KDML 105 3.03 41.94 138,64 OM ; 16-20-0, 187 ke/ha
Paleaquulis, rainfed
27 | Trans, RD 6 3.79 34.06 8902 OM ; 16-20-0, 331 kg/ha
28 | Trans. KDML 105 336 33.72 100.46 OM ; 16-20-0, 331 kg/ha
Tropaquepts, continuous flooding
- | 29 | Trans. RD 10 326 9.33 28.67 BR; 16-20-0, 200 kg/ha; urea 75 kg/ha
€| 30 | Trans. CN 1 3.78 15.70 41.52 BR. 16-20-0, 200 kg/ha; urea 75 kg/ha
% 31 | Broad RD 10 228 10.79 47.34 BR; 16-20-0, 278 kg/ha, urea 153kg/ha
2| 32 | Broad CN 1 4.19 10.25 24.48 BR; 16-20-0, 278 kg/ha; urea 153kg/ha
2 Paleaquults, continuous floodin
2| 33 Trans. RD 10 2.07 18.49 89.42 BR;16-16-8 , 168 kg/ha
4| 34 | Trans. CN 1 1.99 18.64 93.52 BR;16-16-8 , 106 kg/ha
§ 35 | Broad. RD 10 1.84 22.67 123.33 BR;16-16-8 , 234 kg/ha
| 36 | Broad CN 1 175 | 2280 130.31 BR;16-16-8 , 234 kg/ha
E Paleaquults, continuous floodin,
37 | Trans. RD 10 1.76 T 21.73 123.76 BR;16-20-0, 100 kg/ha
38 | Trans. CN 1 3.14 15.27 48.68 BR;16-20-0, 156 kg/ha

' Any fertilizer rate of above 160 kg/ha usually applied in splitting at early tillering and panicle initiation stage.
IR, BR, OM means incorporated residues, burnt residues and annual organic matter cycling, respectively.
? GM indicates a turn of Jmpomoea aquatica for paddy cultivation, equal to 20 t (dry weight) / ha.
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Figure 1 Seasonal variations of methane emission rate from paddy fields in 4

seasons { a, b, c and d ) in Tropaquepts (1), and Paleaquults (2) and (3).
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