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2R o NAH I bR F K EO 1~2 Elx R HZICEKE L TV D
Tl A U(CELIRFE D 28 [ETR IR R A IPCC, 2013) D K 1T H AR
TRHL « KH « KA ENS RSN TWA Z & mEfe b bRFED 265
{558 ) IR N F AT A IPCC 2013) DRI HARAERER T - BEN GRS
TWAZERMBNTWA(K 1-1), 2014 4 11 H ., KUEZENCEET 2 BURFRE <
K IV(IPCC)D 2 HAR G s OFE A s T, BURTRE R T BRI DN A&GE - A
KEIND L LB, MAREEREPEIR SN, RKFPOFIRBERHIEAT AR
DRGNS B < 72 D el TV D 2 & ik 30 AEMORIR EHEE N E L < dun
ZE(X1-2), AHETHREESNTERIRENRET AON, 24% 03 B3 - LT H
PARICH RS 5 2 L ENHE Sz,
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E B R ST, PEZE S LR, 2100 4 TOHERD KR -
HE22CETITHAD I EZHEL LTE =, BB 1870 4~2100 4% TITK
R S b 2R EDIREZY RN At &% 790GtonC LA FIZMz b2 & %
HEEE LT&EeD, MamEEIcL D, BRI 1870~2011 £ Df#IZ 515GtonC
HDORBVRKEANIHEENTND Z EBRHBIR>72(IPCC, 2014), [R5
T, TTIZ65% Y DOFFFIRENR T APHENHZSNTLE-TED,
BOFELINICEMEICZ L TCLEY EORBLALTHNTEY, ZOFE EHEM
WD ST UL 2100 FITIXRAMERIRE ER NS X 2 S, BEAE
P RESELRDND ETRHIESN TS 1-3, 4),
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Fo. RAHREEIZT, 1970 4£~2010 FEDR], HiER BICED S5 K
TRLF—D 0% ENBIEIZED N TEZ &, 1970 FKIF & A EE1L
L TR0 HIE (Land temperatures)iZbb~=, E¥MEKIEEITE L < EH L
FTTNWDLZERHANPINTND(H 1-5), LLEXY | A%iEREKAO ESFIC X
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2013 /%10 A, FA 2T UNFCCC F¥#/mIZ L 5<% Technical and scientific
aspects of ecosystems with high-carbon reservoirs not covered by other agenda items
under the Convention 25 X v, BER7R kT, FRIC HEEFHM 4235 2 TV D HEFUR
SR L (A R L+ TR e PR 1 - VR R AR RESR) O IR =B 20 S 0 A LI D BB D3 i
A S A2 (B 1-6,8), HFIT. KURD & OBV AR TIIIAEY 0 i s Sl T e 72 0
(ZAETTAR L HE D & BRI &/ NS WK 1-6,b), £ D4y, HEAEY
IR TRIRITHES . ZEOIRENRET A S D 2 RN H 5,

Al DR AR, AU F IR IR ZE  KPEZEICHRT 5 TR 2K IC il &
., 28O _BILRFEEIH L TND DD, ZDOIREZR T R &R EI M7
% MRV(Monitoring, Reporting and Verification) > 2 7 A DFENLAZITIWEZER - T
WRWW EFERR ST B VT2 (UNFCCC, 2013), L7223 T, A&MRE (R - KiE
FEITHRT D FRAMAER - HEK - FERE - SR 2 & o BRI A ) IS TVn D
SR AT DR BN R A AFARELZMT 2 Z LA RO LTV D,
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1-6. B8 72 DA B2 IRFF L T D R R SR TR (a) &
677« A - B T O R FEATIE R D 4347 (b) (UNFCCC2013, Carlson et al. 2009)



BRlo, BERRBITFRESL LTELV A= T UOTRETFONS, BIEZNTH
. ZOEXRIJIN(A ), BT, BRIL, YoraAfl, vro g )l A
FZUDN, TI=T RIIN, B, A &2 2) g ENZEE TSR
TEHIEREL TH D (i, 2013), AL IITRER EARMAEREZRDBRIFEL T D IRED
60%FRSE, BV IZIL 30%FREDRBENE X AL TWNDH (X 1-6), BVFHRARERO
AT T D RBEITAETHKNBET 2R EHERD EO0LE > TVDHR, KIRE L
W - ARBRIEEN @MW LT, FEE EEOIZE A EDREEITET D5 Z
EM D NBRNEE) (Rl EHIFIHZ ) ORELZITOTWVWI Enb, ZEDIR
FINRA AR E ZE Z EN0T W EB 2 BTV D (T, 2013),

KRz, B A= T U7 BME O (A o Z R 2 oK )i, £ 6000 4
AT 1.9m OWEH EFIZ X 0 kK L x> TORHERED FICAKEIRRDSHER L |
IR 72 B D HEAEEMBITE STV D (R OBER IR DK 7T0%ICAH Y45,
1-7, )11, 1996),

SHICHHE L TR CE o miE S R RO 5L EadEST 5 (H
AT, 1988), TEAERY FIBFH-IO B T, AR OEIER ATk D 1/10 23 9HE 1%
HHETHD EESNDHN, B A= T V7 TIRIBER o 1/3 H39FE
1 Cd 5 (Kyuma, 2009), LA ED L S ITEZEICE LB HRERBRTHD Z
e, HROKE (AT 0> 90%FLEE & [F Hiik T 1T S TH Y (Kyuma,
2009), B L IRFBIFHAERAREOEO I HWAEEN L TV D i,
2013), MMz T, B A=V T VT TIIRFEIZIKIBNOA D > T Y | #AKE
FEICE B2 YK E DI e SR A TRBELEB O AL b &
TV B IR & S Tuv 5 (1K 1-8),



Scenario 2: 12 ka as sea flooded Sunda shelf

Seasonally dry closed canopy forest
Lowland evergreen rain forest
Savanna / grasslands

Kerangas and Kerapah prominent
Riverine swamp

Montane evergreen rain forest
Seasonally cool mountains
Seasonally dry mountains

Pollen record through LGM

Scenario 3: present-day
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1-7. TV A=V T VT OERS LA ZYEEL OWEEHIE  (de Buyen et al., 2014)

Average physical exposure to floods in thousands of people per year.
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X 1-8. R OEMBKIER AL (5T X 1000 (IHEE A D 2, FRET IR OER kS 1%
ON, 7T HREDLEIE%ETRT, Iwanaga, 2014)



BH VR bR M (B A B 581 )

LAELEENCEET 2 BURFRE SR L(IPCCYDE 4 IRTEBAA L FLAR—MZk?
&L R OAENT L 2 T bR FE i I, 2000-05 4 TIIAERH 264 (2 k
v EHERF STV A(IPCC, 2007), LArL—J7, [RILAR— NI, HRAKIZE -
THH S5 “bIRFBREITHERMK 60-150 HE h > EHEEL TWD, ZDZ &
. AZIEELZ: S0 X DBERARE RN D O “ERLRIE D HEA N DNTE D
%ﬁbfwéﬁ\:@ﬁiﬁﬁﬁﬁ®ﬂﬁfgﬁTK§%_Aﬁ%iﬁbfmé

HIRRAERREZZE L TV, BUWFHICIRIRDEHH Z EI3HE VI TR
b%xﬁ@ﬂfiﬁé%”%ﬁmﬂémfwék IR BEOEEY., RF%
FHELTWDOIAEERDR D D, Z OB ﬁfiﬁ%®%ﬂﬁ@ﬁ EHlzmL=—
=3 OFEFITIE. BRI LA RN & D i bR 3 i 22 DTEk
T HENPEFIERAERBRN LTINS Z & ?Mﬁmu éi(b“(b\é(Page et al., 2002),

2008 SEDOF R AT v 71T, A v KAV TITHR—FHREEORENEE L TH
HIhTWn5b, WwHﬁﬁQ%% EHLB)-1 v R 7 EAbE RS, KA YO
Remote Sensing Solutions (Z & 2 I FHEE [ A~ ~ T 5D H IR ) HiBR IR DE
b FOMPRAELE - WWF] ([2XDE, A FRUTEANTH, A 70DV
7 M TRICERMIE RS KB E VEE CEATE Y . U 7 I T s
25 [T 420 T~7 Z— VO HRMKIHR LT LG S Tnbd, £/, 2005-
6 FEDRNT Y 7 M Tl 29 H~Z & — )LD HRMRDELE L=, ZHUTERM 11%
DOFEMEI T, HiEREOHEETH D, LD IS, A ¥ RR¥ 7 Tldjemki
< EiLds K ORI A - IR HZ L - Ak (LULUCF) 12Xk - T, Z2EDOHE
BRI ANHEHEENTE Y, fEER, ZTOERBLEST AEIIHE 7 A U BITKD
THRE 3N L 72> T B (1% 1-9),

Cem
Petroleum & Buildi
(a) gas 4.6 1 2% uilding (b)
Agriculture 3\ \/ /
6.3%

Transport
2.9%

Others Total amount of

Power S
41.2% CO, emission

5.4%

Total amount of
CO2 emission
from Indonesia

2.1 Gton (2005)

LULUCF 40.9 %

in the world
31.0 Gton
(2005)

Indonesia

Japan Indo 6.6 %

1-9. HROBEHI T A @) & A > B3R TIREN RS A K o)
(LULUCF: Land Use, Land Use Change and Foresty; DNPI, 2010; Osaki, 2013; EIA, 2014)



I vv~yTW7U7M%%Q&&Ti IR 2 D2 W TRV IAR I

1%0$ﬁ FIFWME LT, TLARFANS— LD ST T — g Tl L

— 5. 4/]\2' U TNNINE T AR 72 AR 2358 - T 5, TWorld Resources
mm&muammmﬁﬁ@mﬁwﬁf L5 L, BHTIZ, RAVRA BT T
—a—F=7, 77*\7‘/“‘/ g7 7 U TT0%L EERLTWD, iz, RO
TR ORFBEEESMICELDE, L EFA—MVHD 30 ¥l EORFEE
a@%miﬁﬁwﬁfmﬁw%ﬁkiﬁé

R CTHAEMIFEEORE W E SNDBVFIC T EERZOZER- N LV EHE I, K
IO I CHM D 0 fiE LIS WK RN H 206 TH D | BifE, H
Bk b CARARYLFE L A3 B OBV i X (IR THEBE N ERE L TV D RO
EMEEND, T 9 LI HUBIIER LT IR D THREE Z &b b E
D FEROF BTSSR (KIR - 45 58E, 2008),

FEARBE O - R RITHEE 7 7 B, 7T~ v, T 7 U BIAE
TET 203, B ORI HE - YRR O R FEERE I L IR b RSB HUIA T 3,070 & ki
FHY L, ﬁ%T/T%%%Ti%Em IZERWIEN R TE 2720 (K 1-7),
Z DK TO%NES L, HiZ, A > R 7 THROBEIR R DOFIF-45 D 1,950 (&
N > BFAET D (Strack, 2008; [X] 1-10), 1997 FF2 6 98 AT T /b=—=3
DL E | MEDOFIEOT- DI, BREFLETHRKENFHE L, 4 FRU T2
R B REUTHH S 7 R 3R 1T 30-94 (8 |k o & HEE STy % (Page et al., 2002).
ZiuE, R OIAEBRENT X B iR b RSB O 13-40%IC Y T 5,

(a)

Indonesia
44.5G1 (100

%] 1-10. A > R 7 OEEIE R D434 (a) & S OEERIE = D 434 (b)
(Strack, 2008; Osaki, 2013)



W, AV RR T OBKHRR OB EIIMRD TREVVIRIE T, FFITA A LN
—LDT T T a UREEDRBIER LTV D, A A o= 3Kz < JHE
KA . KA TP C, RBRE T DHERNH DD, HKkT 5 & 11
IR & 72 0 BAE RN ORI E E D, AV KRRV T - WU~ X Tl
1990 FERIC AT T A AT a7 b (100 H~7 X —/bA FHEDFHEIZ XLV |
FIRREALTE R & BV TR IR OIER BN T2, = OO " ER{b R DIL
KR D72 DI BT RR TIE L CME— OB & v —3 FE(B A, ko
HA—=U DD HERK, BETHM) 250 LR, dokSn=femtinoixl
5 A — RV BT 0 A 1L,500(HEK D X A — Wb % B 5RHK)-3,000(8E 1 i) 7 Z
LD TVIRBD L SN TS Z EBNH LN o Te, AT A AFHHENIIE
L THEESNTWA AR, 220 100 T~7 X —/LEARER Sy L CLEHNEZ &
TIEDTORILRFBOKHERFE T DL, 23T H hAcRy, 22725 ThH
HARDFERPEHED 1-2%I2FHS T 5 Z L2, ZHUTKERMbb &, AT
FA AT Y =y M T KKOO EWEICITAAOHEH EICIEET 5
TABIRSE DL STV S L HERE S 4T D (Hooijer et al., 2006; Hatano,
2009),



RS T
BN Z LW 3 Cix. B OMAEM PRI K ZEDREN
Ax%méﬁ — )T, E%ﬁﬂ%kiﬁﬂ(mm)fi@ﬁﬁxéfa/ém
IZE o TEZEDA X U S5 (T, 2013), ZVETARBROFTEH, KR
fkﬁﬁﬁﬂﬂfﬂoTbé@ﬂii@%/x YTTUTTHY, DR
IREEDE S « VEK OB NS B HER Eo A0 2 2 2 EE R A PEREE T
LT TWND(P5 M), LLen b, BRIFNTKRBAEEIMTOI D Z DERER
IXEER A X OBHIEDO—>2 L 72> T 5 (X 1-13),

100 -
90

80 |
70 L
60 -
50
40
30
20
10
0

rea Population Mitrogen Agricultural Rice GHGs from

% of world total

Fertilization  GHGs production  paddies
emissions
X 1-13. E A= T U7 NOLHERE, A0, EFREEE, BELTUEERD
B AR, KFRAEREERE, KiEHREOEEZNE T A HEN RSO NI
T 5% 4 (FAO-STAT, 2014)

10



SPICEHi L THD LI, BV A= T V7L 0EKRMIIN(A 2 ),
TIL, BRIL, Yy aAl, Srvog ) AUV, 7<= NI, oy
2N, A FZ 2N VBT D08, 2o OWJIoHTH AW, oiRasd
72N A 3 AR IRFIC RS T d D (B, 2013), Al 37 < W T U7
I RO (FAERA 4800km) T D2 H v B9, FRIRAEE 2 W 72 & Ofh
72 Bt 2 b B (RIFRIA N ORI A 1 2~7TMkm?2 T 2 28, 1S 2 i <o
% A 2 A OFRRIEAE L 0.8MKkm3 FLEE L 72y, ZoMiEN S, REEHIC X
> T BRI S KREDO IS HHETIT b F LA~ I b A HERE L .
Rk HHEZER L TWD, ZOAa T E T AENTE T CHEILN
4Mha, (T IUN IR O HEFEICVCHECT 5 JA S Z RO (FH, 2013),

A MOBRELEZZIT THVDRXNFAE, ATy 2RI BN 7K
FRA=pE 2 B &, AR KR AEPE BN BRI E (X A4 . X AL AV K,
PRERLANOHFTHE D E < (2010 4 40Mt), AR 4 (LA LTV 5 (FAO
STAT 2014), [E+-33.1Mha ® 5 &, i1 9.4Mha - FJHfH 6.54Mha « ZRARHIAE A3
13Mha IZXE > THO LN TV BREN e NP ADREIE, @V EEEFENE
ZAHLTWD, £OWN39Mha 23KkH & UTIFEE, — « ZHEORECTKIGIERM
AEIE 7.4Mha (2 BV | R 40~42Mt DB AEFES LTINS, L L7ens—
T, FOERK R AKFGEFEND B A= T T ORTHERICR I A X
DFHIR & 70 > TW D A[REME M B STV 5 (1 1-14),

an et al.

1-14. B A= T T NAKENOH S LD A & o &HEEE(Yan et al., 2009)
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IREAERER

WEER OSBRI T, KRR DEE S vz k#EIX BLUE CARBON &
MEEIL, MEEEFR OEM AL A~ AB X O~ T a—T W - BEESG~OHEFEY)
DO ISND, ZORITH EoRFEITRRETE R - BV &) 0 R
JEEIZILHT 5 b0 & LTHER &M Tn 5 (UNFCCC, 2013),

Bz, ~ > 7 a—7MiE ECRLEEENEWVAERR (HDINEFEZEDO—
D) Th v (Eong, 1993), ZHNFEHUKOKET nE HEHTNDH I Enb, BEE
R EEMMGETR & L CHER ST S (Robertson ef al, 1992, X 1-15), *f
I, FOEERRBITRENG, NABNENC L 2B LZIT T, ZEOHRE
BRI A 2 B3 5 FTREME MR S 41TV 5 (R 1-1, Giani et al., 1996;
Holguin et al., 2001), #lzxiX, v 7 v —7HKHOBIE~DIEERIZ L > Tk
&% 75t Chal 1 DRBD RIS D & DR ERELC(Eong,
1993), g A & U AERTENE - BREIEYE - I E VT R AEEICE L 8o
7= & OEENH D (Strangmann et al,, 1999), £/=. BV 74 L=T DO~
12— 7R EEOFER R, TARKIEWOBREIEIZL > TAF CARIEMED 5 5L E
IZE L 7p o 7272 EOHEN H 5 (Strangmann et al., 1999),

ENR!E-‘-‘SE@

{tC ha? year?t)

REEl

(20 - 40 Mha) (20 - 60 Mha)

I B
e

1-15. Blue Carbon M 434fi & A HER DR R AT &
(Spalding et al., 2010; Pendleton et al, 2012; Kauffman et al.,, 2013; Kennedy et al, 2013)
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7% 1-1. Blue carbon {78 & L FE iRk E & (Pendleton et al, 2012)

Inputs Rasults
Near-surface carbon susceptible

Global extent  Current conversion  (top meter sediment+biomass, Carbon emissions  Economic cost
Ecosystam (Mha) rata (% yr Mg €O; ha ") (Pg €Oy yr ') (BHlllon USS yr ')
Tidal Marsh Z.2-40 {5.1) 1L0-2.0 [1.5] 237-949 (593} 0.02-0.24 {0.06) 0.54-9.7 (2.5)
Mangroves 13.8-15.2 (1450  OF-3.001.9) 373-1492 (933) 0.08-0.45 (0.24) 3.6-18.5 (9.8)
Seagrais 17.7-60 (30} 0.d-2.6 [1.5) 1301-522 {326} 0.05-0.35 (0.15) 1.9-13.7 [6.1)
Tatal 33.7-1152 (48.9) 0.15=-1.02 (0.45) 6.1-41.9 [18.5)

Motes: 1 Pg= 1 bilion metric tons. To obtain values per km?, multipty by 100, See Methods section for detailed description of inputs and their sources. In brief, data for
glotal extent and conversion rate are recently published ranges (minimum - masimum, and central estimate in parentheses), For nearsurface carbon susceptible 1o
lard-use cormversion (exprested in potential COy emisdions [48-50]), uncermainty range i based on assumption of 25-100% losd C upan land-use impact; thus, the high-
end estimate is the literature-derived global mean carbon storage in vegetation and the top meter of sediment only {central estimate is thus 63% loss), Results for
carbon loss are non-parametric 20% confidence intenvals (median in parentheses) from Monte Carlo uncertainty WDD&Q‘&HDDG{NM theee input variabiles (see Methods).
Econamic estimates aj}ﬁl:.l' a multiplier of WSS 41 per von of OO 1o lower, upper, and cantral emission estimanes [see Methods).

do 10,1371 fjournal pone 004354 2.0001

FEER, BEICABIEENC L > THRDO~ 7o —T7 WD 35% 08 kbh T 5
(X 1-16), BIZIER BT D« AT TIE, R b LRSI ORTER O
4212 X 5T 100,000ha & O~ > 71— 7 HAEE S 117~ (Binh et al, 2003),
1970 AEARFIH, X R F ARFEE O Ca Mau 4 Tlddb L% 200,000ha & D~ >
7a—THPFE LN, BEAARMBIORM E LT 7 e —T KO
%EE 0T 1U(Green et al, 1998; Tong et al.,, 2004; Lebel et al, 2002). &5
| R A~ DN A (Kovacs et al. 2004). FAETIE>TD 80%LL I
Lo~ ra—T7nkbiv, IREFEREEESIDMET L TW A RN E I LD
(X 4-3; Vo et al, 2013a), RO~ 7o —THBPELEROT T, =M
DEFE(B2%) + RAKR A% DB KA Z HEDTEY . LE~DRFMHEST
T< . HEOFLFESLIKE A - TV D Z LR 1125 (X 1-16),
T, BRPCBED T O 7= O OKAIFI HEOHE VLIV, IFR ST
TEEY OWMED 3RO IR E SN TE Y (K 1-17), Bk b - B
I & D RBIFREREDRIENHIFE STV (X 1-18),

13



30r

~ A 0.40
Lo 77O 7HEE (Mha) 035 N\ ~NFAEROTJO—THER (Mha)

0 RFkINIcmia 0.30

| RS CICBRUIEH | 0.25

15} 0.20

0 15 Source: GOV.2011
10} '

20| 0.10

Tmm B

0 loss L Bresl | w1496 [38%| » 0.00

. . . 1940 19621982 2000 200220032004 200520062007 2008 2009
Africa Australasia Americas World

Asia
n TEEW (38%)
\“ mEEER (26%)
\ = SEE (14%)
B EkER (11%)
u LtRSE ( 596)
wiEEEHI( 39%)
wKEE ( 1%)
u AR (< 1%)
§ AFEREE (<1%)

HROT I O0—THOEEREE
1-16. Blue Carbon O43Af & KA RER D IR FERATHE &
(Kennedy et al, 2013; Vo et al,, 2014b; GOV, 2011)

JKEIAN IR — (FR=EY)

Extraction: Tier 1 CO, emission
factor

P
(o]
(=]

1

w
]
(=]

Tonnes C ha?

1-17. > 7 1 ‘—7@%§lﬁﬂﬁftfl 9 sediment %%%@1&T(Winterwerp, 2014)
BLOTEOWHR Y & UM 5> LAY RO et (Kennedy et al., 2013)
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UEXEY, =7 a—TKno i &SN HBET AFEAREL NAIEE
DRBEMTIVLERD D, LLERND, RE—RECRERERTH D~
Y7 a—7HRTIE, BENRT ABRFNIINELRONTEY, EMR—X
T A OFHIBNIIR STV D, ITETIE, IR E(—FE OISR S A TFE)
& DA X OBHL, RRRKO~ 7 a0 —TKRTHDLA VR« AUH N
NIV D X 9127 o 7= 03Jha et al, 2014), [FLA— K Tix, -0.8 umol
m2s!(-:30 mgC m2h1BAF) b DWMAREAD AL T T v 7 AR S
5708, WEIEHEOBWEBN R/ RIEICH 5

(Tonnes C ha'! year?)

BEAL « SFENSHLE
;.gs.‘:f; ‘ 1.4. r, () , d raqu. 4;7{!.3'%

1-18. Y L Z I BEEO IR - AR S FRRF A E
(Kennedy et al., 2013)

15



AHFGETIE, BORIRBITHERE 20T 5 L OO IEFR e BMOKEZERRIC G
EHINTWNDEL A= T VT NOEHT 3R TR A S T3 N O K
PRI L OVE ARMRHI(ER 2 ), M BRI N OB EHICE 3 %) - B
~ 7 a—T7 R 4 ) ERIT, L0 FReiR (EEMEZHERE - H DV EE
DODBENREN AU EE LS INZ D) K- RFBEHHIFZRET 5720, Bl
HFR A & W5 aRER 2 3 2 72 > 72 (14 1-19),

AwikRITEE(CELR)

iRt (ZKE) ifeEeih REEER(I>I0O0-7)
(5838) (3628) (24E)
s IR s tiE s 1R

=ith =it B E A

X 1-19. RFaSCORERK. BV O RFE % B EICE 2 TV D AERER(RE I EH) 2
[EHE i%{itiﬁw@%ﬁﬁ’)rﬂﬁio;Uﬁ?‘*%iﬂz(%25 EVHFUE R ), SRR 1
BRI N OB EH(EE 3 B BV KH) - BAMHICE 4 % <> 7 e —T7 W)
W20 Tl L, 45 % DAERER The b Rifeiu7e (CEREMEZHERF - & 2 WIdE D
RENRT A ELIRS A D) K- RBEBEINZRET 5720, BLHEH
ﬁk Bz 2ot
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#5283 PR ST B PR oD N\ 2 IR R0 IR T A T
— A B TR HL N ORI TS L O A SRR HE T O BLHI—

2-1 HERBIXOH®

ZHETER ORI A ZEE L, RAOITEE L L TOMEL R
LC&7, LNLZ ZOEAFRE T ERZRRFBHHEIRICEE U T\ 5, IERMEREZ
HT DIXTWEZREEZ2REETH 208, (D) OEE R R 3,070 & h D
FRLRFEVEREL THY DT 0 1%HE L TH(FEBIZIZZFRUL EORAE— KT
M NE AU TV D) R OAL A IRENT X 5 T bIRFE D 10% 28 i &b Z &
(2)1997-8 F-O T )V =—=3z(2L V0, FIZTERKK T IRRIRFEID S Al
DK &P T O R AR B HEINEE OK) 2 51272 > 72(0F D AR
BHZ X 2 "R FEHHEICICET 2 &8 ERAR O s n) 2 &, 3)—
BALIRFBOBMTOX T —HBHIZL>TH. AV XU T U~ X DR
HINIZALET D 100 FA~T X —NVDATTA AT a7 ORI, K
EMRRIZE D BAROHEHED 123 FREH ST Z &2 L, BlE
T T, BVRIRIRHIN D | D7 < & b b aREHT X 2 2R o T EsMb IR FE i &
DOERAEF NP S, = =—= 9|2 X 5 BEKEEITIT BRI Dk
KbEOTEZ ORBEVH SN TND,

F 7. BRI SN K D IR IR B bR FE D 720 TldZe < | difR
{LEZERCAX OBBICHLEET L EnmbNTW5, HRLERT7 T v/
AFAEIC L0 | PR OIS TR K& R L EBREN SRS SN
TV A, By O HIERIZ I 1 2 FEie 2 X L OgHIR T H 5 "lREMED R
e ST % (Goodroad et al., 1984), AMFFE TITHE/KIZ L - T, 5877172 “R{bpx
FHHDBHE SN TODA U RRUTHED U <2 & OEERIRIIZIB T
(Page et al., 2002), A « BEH LAY, VR TEERRIZ 3 DR AT A
N AT T8 % | B RO IR & VTR L 7=,
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2-2  FEBRE

PR Hh

A& BHOFENEE S 7272DIT, FRB U~ & AZBW T, 1970 4
D> & BRABLEE & PR DS RIS, 20-30 HFER1T2> O R FE B D 72 HEEHHY 72
%, BEK, 7T T7—va Al E b a7, ®EHIZIE 7T0PgC & DYER D
HY ., ZOEFHFOIRRD 20%, tHFH D HHERFED 2%IZICHET 5, 4.2x10°%km?
FAETDHH, U~ 02T 6.8x104km?, D FE V. HRADIREKR DK 12%% L
D HYER B D (Page et al., 1999)7%, FR AV~ Z U TIEATIA AT vV =
7 RINRECL (1995 FIT A o RRTU T BUFIZ L » TFEITESNTZ b DD, 1999 FiZ
BB 07yl MIFIEIZR>TEY | INKRFRIVTZIRIR DI FE
SHL72). 100 J5 ha ZH 2 2 YRk OAERER DM X7z, HEAKHERT X8 30m,
#) 4500km ORI TEEINTZ, 4V FR VT ORROE XL 20m TH KRR
REMZ DERROETH 505, AR B Z b 56, Jek BTk
SATHF L TE VMR D, 5T, =hA=—=amMFiEH (ENSO) I
£ HERY OGS L - TIRRAKSCEBH N L VB LT, £ 08
B BRSO K ATUIFRELD T DIZEZE DT 120 BRI Z N ahb sk L
TREXZVT 5, HEREIZE > TREIFIVIER L, BRFELO U A7 N KE
725, iz, HEKIZX O ZRMRBHEELS 4L, TR S TR0, BEOJERIE{L
fRED D O AR BRI 2R S, AR R R bR BRI E S A E) &
HED, FT BV L THETFREEN TR E Vo B R b HEINT
W5,

I, === a3 D & E IO K X < 1997/98 FFITiEA v K*
TTITENT 2.4-6.8x10%a DR R BN 2 72, X HIZ, EDO% B, 2002, 2006
FITHOKKE N & 72, 2006 FTIXHRY 2R <z, 40601 Him D7 7 A 7 7R
vy b 2 K v b BN fF B I X W R o 5 o
(http://www.census.hokudai.ac.jp/html/JST_JICA/index.html), 1997 7>% 2006 D+
FEMICRIT D 1TFEROIER KK CO HEHREITHIR D 1 FEMICI T DA e
sk CO2 HEHED 19-60%(ZFH4 45 (Hooijeretal., 2006), LLED L HIZ, A R
FYT DPRKEIL CO2 v I s Y —ANEEboTNDS, BRTEO S S 13
EHFRT 4-10m EDEWRH Y, Fex O T o THSITIER F—ADTH |
HIALET D ARG OB RERK TH D, Z ORI & XK 35m, -
¥) 26m(Hirano et al. 2005) T v | M bE 0.1g/cm3, fREE &L 58% (A »
K27 ORIREEED ) LA T 5D, 4. 1.4-5.3Gt O _FER{LRFEMN
FLHA D KR L HIBAFE D KIZ Ko T STV D & OHEED 2 7 —FHIfE D
ODWMEINTWD, ek, 2OV 7Y U 7HUEOBARKRIZE T 5IERDIE S X
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3.50-4.85m T 5 & =415 (Tuah et al.,2001),

Bt g & LT 5 AT Sebangau) | & Kahayan) I[\Z#kE TR Y | &)X
FROPZFALTNT, ROMEFEILE0 km? & S TWD, HIZR & IR 30m L
INTRVN, BRARIT R S 26m D5 — 72 IR (W< 273199044 b £ T
BRAICEH SN TWND) Lo TS, HAWRIZEIT D FERMEA T ENE
Bk STk, 7= 7 ¢ L7 (Combretocarpus rotundatus) ,
Tetramerista glabra Miq., Calophyllum sp., Shorea sp., Danser,Palaquium sp.,
Buchanania sessifolia Bl., Syzygium sp., Dactylocladus stenostachys Oliv., in Hook,
Dyera costulata (Miqg.) Hook.f., llex cymosa BI., Tristaniopsis obovata R. Br. and
Dyospyros sp. (Tuah et al. 2003)72 & CTh 5, —h . KEBFHLOD K KEFT(20024F) 12
BWTHEE 227 (C. rotundatus, Camnosperma coriaceum (Jack.), Hall.f.,
Palaquium sp., T. glabra, Calophyllum sp.,D. costulata)(Z#& 7oL T\ 7= (Tuah et
al.2001), L2~L. k& Z oHllskiL > #%H(Stenochlaena palustris (Burm.f.)
Bedd. and Nephrolepissp.)iZ & > T i 5 L 5 1278 - 7= (Takakai et al., 2006),

USDAD 45348 Tl k52 +-58 13 Tropofibrists i 234 & 71 % (Takakai et al., 2006),

Modified from Hirano et al. (2007)

CLa-d

Palangka Raya city

Sebangau River

DF -
Forested
area

Forested area

;
.
+Drainage  %----
¢/ canal
;

5km

Java sea
2-1. BUBHRIUt(A > RRI TRV~ Z 2 RXTUHT%)
UNF H #84K; DF:BEKAK; BFa-b: bk kKB, CLa-d: 2k it

19



2009 4F 6,12 H; 2010 4= 7,9, 11 H; 2011 4= 3 AIC CHMFHEZ 1T > 7=,
UNF  S2° 1925.2" E113° 54'16.4"
DF S02° 20'47.7" E 114° 02'15.2"
BFa  S02° 20'30.8" E 114° 02'16.9"
BFb  S2° 19'23.0" E 114° 0%59.2"
CL(Crop land)

=gl
CLa: = + FUEB Y « ART LY 7 DOIRE(R009 4 12 A D7
R LY )
Clb+ « "3 A ¥
CLc: « «- NUTTY, 781 F
Clkd- + » hUER=ZY
200cm
30 cn
O A O A O
15¢cm |

100cm

O rwEoas
N A

2-2. Cla DEHEX. EfF SN TWAEYOREINTHEH S LTV 5,

FEFHAM 2 7 A
1HE - - - BRE, KERE

2WH -« « «Abu (BEHIL7Z b0 o gE) ., FELVOIEEHRA, A2 %
A,

BIHH - - - I

FEAETE -« - LIS 2 7 A, b U Er 3y LRIZEIT 2 R R % L
R
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Cla IZBW\WTIiE, JRFB(A 7 — 2 —HM, 11.23g FEFE)0S 3 [F](33.69g F2 ) FH5 1
MNE AN FUERr 2y LRI~ A S5, [AIBRIC Pupuk NPK Phonska
(b= EEE N 15%, P20515%., K20 15%., S10%)% 14.61g% 3 [A], TSP(“F#HEAE C
12.5%. C/N b 10-25. pH 4-8. Kader Air 4-12%)% 20.34g% 3 [d], Yara Mila
MUTIARA(LZZAEREL N 16%. P20s16%. K20 16%)% 15.58g < 3 [Alifi it L 7=,

7238, CLb, CLc (2B TiZ. Yara Mila MUTIARA D7 Y IZ Pupuk NPK
Pealangi(fb=#EEE N 20%, P20s 10%. K20 10%)18.73g X 3 [HIN A S TU /=,

200 cm

60cm

100 cm 45¢cm

O O O

2-3. Cld O, 1B S TW D EH ORI FLHE S LT 5,

CLd + - - FMFEACIEIEL 6 A, BE%/m? 3 £k
1ERE720 . 1 RIOKEIE T HE~ A S D &

IR 11.23g
{bZ2HEEE Phonska 14.61g

HEAE TSP 20.34g

{b Rk} Yara 15.58¢
ARIERE 7.51g

i [ wEE s 1351kgN/ha/year
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SR

1) HEOKGWEGE) (HERESITIEREZ B, 1997)
HEIZHWDFEEITRTD - T 105CIZ L7 i (4 —7 )T 5 B 2Lk
oS, 73— 2 —NTEIRE THRM%EGE 30 ) (LFRKIE TR L7 (fH
BA2%) (a), @M +% 5~10g 7 /b I BESICH - TR L(b). 105CT
24 PRI Fiplp S ¥z Lo ERE C)&zHlY ., TOREE (bc) 21> TKhkyE
L7,

- Gk (b-c) / (b-a)x100

2) AIIEMEARERERE (SOC ; Soluble Organic Carbon)
BB M 148 109 (2 50mL ORAMIKZ N %, 30 REERSE 5 Lic#., A
e CREEAMK 6 =) THIl L, R A7, MR o A AR R 35 1E
AR (BERERT  TOC-5000) % AT 2 B TITo 70, MEMRIET
ZNVEETI ) U LW TRD T,

3) WFPS
BLEO LY TV E = ME DIK-1130( Kk B b TR A1)
23 KETH L, MBS IOAREL RO T, LLFORITRA LT,

- WFPS=(ifZ fH)/(FLF2R)

4) pH (H20, KCI)

pH (H20, KCI) ORIGEILH 7 A BARiE (HEERE S ITEREZ B SR 1997)
AWz, pH (H0) (33 EBMKDHRN1:25 L7325 L5 ICRAE L%
1 FFRAOE U, B O pH & pH A —% — (JE5RUYERT pH METER  D-52)
DA T A EMR & REIRIZIR L. AUTO HOLD ##E % W CHlllE L 7=,

5) EC (FEXUnER)

EC OMIEIT 1: 5 /KFhHE (HEERREOIERELZ B S 1997) & Huv iz,
TEELEMAKDLEN 1:5 Lb X OITRALIEE LIRS 9 L, BREiK
? EC %# EC A—#%— (Bl DKK 4. EC METER CM—14P) % W TCHIE L
7~
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6) 7 E=THEERE

RO T =T REREIT= b7 Y v ik (Anderson and Ingram,
1989) # W ClbfaEfE L7z, +8 10912 1 MLl U ¥ A& % 50mL iz
30 wiRE S LIk A L, £DAKAHHIK & LRIEIZHW -, filltiik 1mL
ZRBAEIZE D ARE SmLINZIRA L 15 & LTz, £ D% B k% 5mL N
ZIEA L. 60 /3FIEE Lo, /oo st (BEE/ERT UV-1200V) T 655nm
DO EEZRE Lz, BEfiix 0~10mgL * O#FH TIER Lz, 7o =T %
EHRBIIUTOXEHWTHEE L,

T o= TREERE (ngN kg iz t) =x x(50+ v )x(1/1000)x(1000/ f )
x HIERTOT BT RREZREE (ueNmL?)

v Bt 10g ROk E (mL)

f o @At 109 o EE ()

7) MEIRAEE R &

TEFOMBREEREITE RTV VB L—FT7FNLF Lo U7 I U9k (R
5 1997) ZFHWTHAER L, 7o E=TRREZDOAIE & FEICHTE 2170
TERL U 2RI~ 7 2 20 DA v EKIEMHE AW X 5 5 0 BLE % ke
T BT 10 FICAIR LTz, R HEITH 50 Lo bz V- T 325 <
T U CIRE LT, Z OFRIK A 5SmL IEREICRBRE ICE Y . KB LT U 74
WK 2 ImL Nz 1A%, $al3E (PRIFIK % 500 f5ICA IR L2 b D) % ImL N
ZIRA L, RICHiEEE KT VU EE%E ImL Iz TIRA L 38°COIEIEFEN ¢ 30
SIS ST, Z D% 20% 7 & b iR A2 ImL Il 2 RS USROG 218 1k S
2 3R ANT 7 =T 2R3 % ImL M IRE L7, %95 43% 12 NED- 2HCI
I A ImL A IEA L 20 53125 LR (BEEERT UV -1200) T 540nm
DOWNCEEZRNE Uiz, HERRIT 0~1.0mg Lt O#iH TIERIL7-, AR H &
UL T O EHWCTHEE L,

MYERREZE R B (mgN kg ti#z1) =x x10%(50+ v )x(1/1000)%(1000/ f )
x HERTOT =T REEHZEE (ugNmL 1)

v Bt 10g Pk E (mL)

f :igiEH 1t 10g Fo#.+E (g)
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8) BRFEEELERE

TP ORI ER L OEEREFHREE (HEREOITEREZBES
i 1997¢) 2 HWCRIE L7z, Bz £ 2 2 2 o 3lékz v T L 0.5mm
O & Al SR 1 & U7t BEZEHE 14 500~1000m g & A4 — b
Yo7 T —fF CN a2 — & —WMIABAERT : MT-700) CHIE L7z, MREMRICITE
PRI Z FIVN, 40~T70mg O TIERL L 7=,

9) /A A~ A fRFEE(Inubushi et al., 1991; Joerensen, 1996)

WA F = ARFBEOWPEIZ, A TIOVERNIC TEA TR L, B8 (HARER
BEWERUERT © L P—200—D) T 10 HIMAEG#E L7z, o0711E 3 KB TITo 72,
OVA=2=F VAV 15

MIRO 7 B a RV AT EERE LTS ) — AR A TWNEDTH LM
CHZnEbrELE, iikn— MIZ kLA 50mL & 7288 7K 100m L & A
. K<IRG LIERICHRBKEZTE Tz, A AKRE L TZ OBEALFE B Al
DK L7z, WBE D7 v vk NMIITEARRE T N v AzbE&z, Bikz
1T-o7,

100m LR & 9T E: B L7z < A T EZ AT, <AZEHD =2 7 3t
W T v — 2 —DJEERIZ 70~80°CD# 300m L DK E AL, < AZEMD L
BOANSTREIRE, =¥ ) —NERELEZ aaR/L a8 25m L & EA
AT 100m LAY —h—2MH L L b7 v —X—IZ ALz, TV —H
—DELZAD, KKET AL —F—TREL, WAL ORI ENIEE
STHE 25%ICay 7 =0T, ZOIRKET 24 Bl 25 CORFFTIZERE L.
SAEEATS T,

SAEKETHR, 7V r—4—0ay 7 2B, ZXNBADLOEHELTNHD
TUr— 2 —DELZRTT, ek, ZOBENEFICHES IS W ERH D,
O LIEGBIET v — 4 —IiiKENT TRIT2ODBH0TH L, 37
V= —ORNL 7 aaRVAD AT ——2 0 L, JEICEE -
TWABKERY BRW =, WRICHENS 7 o a iRV A2 BRET D208 LWEK
EANBZ T, KARLELEOASTIRE DREFRT V7 —F—NIZKE L,
KT A L—F —"CJE LTz, ETEEOEAKD DRI HAET D O % i
R LT 2 0BTV, ZORIRAICERE AN T LEZRIT THOIRKE £
T, HLWEAKEMZ T2, ZO#EEZ SR EEY KL, KHEZIZZ okl
B EAT-Z &2l L,

@ - iR D VERK.

< AZRBL O THEZ 05MAREE 7 U 7 AR A 50m LA, 30 /T EIR E 9
L7c# Al L CE LR ZRIEICHW, 2B, ESARALELL A
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ZRBRARIRE I [FIRR D 715 CTHhH L7z,
@ FIEtE A AR R 3R
Wile A U 7 INHhHAE 2 BB K & FO C 2 (5 IS AR . Aiiig < pH 259 2 12
THEE L. AESRERFEFH (BERERT . T O C —5000) % v C AT 2 aHERE X
FEREATELE, MEEX2HETITom, MERIZTZ X IVEEKFEL DV 7LD
1000ppmC FE#EG % 10 {5478 L 7= 100ppmC DAL % AV CTYERL L 7=, e N
A A~ ARBZBEITZ. UTOXBIORT7 774 — (Fec) IZXoTRDT=,
WA A A~ A kTR (mgCkg #at) =Fcex (Cp—Ce)
Cr : < AREHEh ORISR IR A
Ce : S AR HERT ORI AHERE IR H &
F~:1/0.45

=R

pll

WA~ AEHRE
NAF < ARFETHEHALEZ O &R CHEMERZ A CRIE L, iRk
PEFROFEEIT, ~VAXY fEED Y UL GR—8 FT U VEEEEZHWT
1T-o7,
O~V A Y ZhiEED U T Loy fiE
SAZBTBROIES AR TEO HEMTE S m L2 R Y 1 —4ARx— M
U A & mib B IcER v . i3 5 m L 2 N2 CTEke L%, 120°C T 30 45
A= NI =T THREAT, B U, i 2 8k T 25 IR L, it
ik E Uiz, BRI P OBARE R BT E FTIVVETEZHWVWTER L,
EAIIHEED U U A% O5MEREE S U 7 AIZE L, 0~1.0ug Nm L~ 'O
P CIER L7z, 206 DA OBEIT LR omfeieZE 8 L [FEIC T 72,
O AENA A~ A EFZBORM
AN, A~ ZAEHZRBIT. UTOXBLORT 77 24— (Fy) ([ZX-oTEKD
776
WA NS, F~ A%EFE (mgClkg #at) = Fyx (Np—Nc)
Ng : SAERTHEPOEHEERE
Ne : ESAKTEFT O EESE RS
F: 1/0.45

11) MPN-Griss V&I L 27 B =7 el ., difEmem b, 1Em i ki fEis
Brans et al. (1999). De Boer andKowalchuk. (2001)&Z&&|Z~A 7 a7 L — |k
|2 ATCC480, ATCC929 £5H % 73 1E., E £ 25°C, 28°C T 8 Ml [ E5H L 7244,
TV —AA B ALY LY WEERR O AL o L, EERE AT,
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12) MPN JEIZ K 5 A & U ER L E I E 1
Saitoh et al. (2002) Z k51l B3 B R DSEIZ L.~ A 7 0 7 L— MTHER.

AL RO CTEBLIZT V7 — 2 —I

O AX LR OB RAZER., EEE L b,

30°C6 HHFEEEZITV . A

13) MPN {12 X 2 i 28 B ol E
Hrim TS ERE A2 2512 NB 55325 H |
AERE XL . ECD oA/ a~ N7 T 7 4 —CHB{LEZAEROAHE

ffﬁ%mu L. ék %%}%’\“7‘:0

14) 7 v —X RFx 3 —ik

V7 == T I THED

Jma—RX RFy o 3— (HEL20.8cm, & S 14.2cm) e L, 3 XE THIE

Lk F ¥ U= RIRZRER., BLE L DRICT ¥ o3 —

. 15 5. 25 4

FID—GC

VoA

717 LA

717 MR
AVl X —RE
T4V X —RE
XY U7 —HA
bk

ECD—GC

BT A

717 LA

717 NRFE
AT X —IRE
T4V X
Xy UT—HTA
JE

(25T St

IR T v U N—NDOH A% 30ml >~V > P THEL,
2mn§ ENAT AT, EREIZCBWTERILIZTAFDO A 2 i
bR, —BLKFEEZZNEN FID & A7 a~ 7T 7 1 —GC-14B,
Shimadzu, Japan).ECD f} & # A 7 m~ k77 7 ¢ —GC-14B, Shimadzu, Japan).
TCD ft& H A7 v~ k< 7 ¢ —GC-14B, Shimadzu, Japan)(Z CHIE L 7=,

HIAHZT LA £Z2m N 2mm

Porapack-R80-100mesh
50C
100°C
100°C
N2(100kPa)
100mL/min

HIAHT LA £S2m N 2mm

Porapack-Q80-100mesh
70C
120°C
280°C
PR 77 A (100kPa)
35mL/min
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TCD—GC

VIRV HIAHTT L5 £ 2m WE 2mm
A7 NFREA Porapack-Q80-100mesh
BT NJRFE - 40°C

AV 2 —iE . 50C
T4V 2 —RE . 50C
Xy UT—HA He(100kPa)
i 100mL/min

BE LI A S, i bwsE, B EEREZ LT OXTHAmEYS 72 0 OfgH A
pURFEE, BbRERERE, iR tEREREF mg/m2h)IZHE LT,

F=p XV/AX (6 C/6t) X (273/T) (mg/m2/h)
o i HAEE(kg/m3)

CH4C: 0.536

CO2-C: 0.536

N20-N: 1.25

V: {KFE (m3)

A: JE i F& (m2)

SC/ot: H A It FE S #5 HE I3k 2 (ppmyv/h)
T: F ¥ =N FEHKIREK)

15) DNA O - PCR - DGGE

BB HANAFZEAT © TPCR-DGGE 1Z & 2 HHEMIE - SRR E AT Ver. 3.2
2008 1 H28 HET| #5BIZB ol

T TR LR - TR (2010022 BITiTo T2,

16) 523 EBR OALPRIX I L OB 44
30ml FBRE |12 WFPS60% 25 L 7= Hk R ek 13 5g 2z, O= >k
2—/LX, @V ¥ —0.5g FIIX, @HEKXEGEE 3.0cm), @K+ Y % —0.5g i
NN AT A A58 5 K8 A . MPN 24T I 20 AFREE AE LT 25°C
BEREZITOD., 1HBICTAZ5 LT, 2B, VX —I3HKHR DF © O B LY
BIRLZY #—% bmm O5AHAWZE LD &R LT,
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17) JEE O FHLE 515

53 DAV EMILA BRI Z L IR E R E A BN LR Lz, et
ALERTE SPSS (SPSS ft:, 13.00) & ATt L7z, 85 il Bk 12> T, ANOVA
it 1% . Tukey-Kramer 026 B LB ULERICAE L 7=,
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2-3  fEH

KRIZ K > TRPEMERSE « EMANA A~ A, “BILIRET T v 7 ANNSL 7eoTz, BEHLIZ X - T HEBERHEiRE
. TBUIRET T v 7 ANF L EL o723 21K 2-4),

# 21, HHEYLEYE (=3, T EHERGE. 2010 4F 9 A HHERIR)

pH Total organic C  Soluble organic C  Total N NH.*-N NOs-N WFPS
(9 kg?) (mg kg™) (9 kg?) (mgkg®)  (mgkg?) (%)
Undrained natural forest 3.6 +0.2 504 + 10 580 + 23 13.3+£0.28 53+13 0.03+£0.05 95+20
Drained forest 3.8+0.01 494 +1.0 562 + 16 18.2+0.04 173+3.6 0.03+0.02 57+59
Burned forest-a 3.8+0.02 537+ 22 206 £ 21 156+059 18+28 139+1.1 94+4.1
Burned forest-b 3.8+0.02 568 + 9.4 153+9.1 13.3+026 1634 145+010 51+27
Cropland-a 42+0.10 325+0.8 86 + 13 106+0.11 64+24 200+ 3.0 56 + 4.8
Cropland-b 3.7+0.03 437 +14 138+ 14 13.0+0.31 439+ 34 624 + 11 52+5.9
Cropland-c 43+0.01 372+4.4 118 +5.0 10.0+0.01 3.0+48 0.6+0.01 53+45
Cropland-d 51+0.04 336 +1.1 141+ 11 11.2+0.16 18+9.7 283 £ 0.59 61+6.0

Cropland-a: companion cropping of maize (Zea mays L.) and spinach (Spinacia oleracea L.); Cropland-b: cassava (Manihot esculenta
Crants.); Cropland-c: cassava (Manihot esculenta Crants.) and vegetables [e.g. egg plants (Solanum melongena), etc.] (Toma et al., 2011);
Cropland-d: maize (Zea mays L.).
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2-5. Kii(a). FEKE®D)., WERLERET T v 7 ZAOFEEA IR (C), B
(D], BKELEFERILER T 7 v 7 A[FHRM(e; p<0.05, n=15), EHHH(f; p<0.01,
n=21)]. UNF:H #&4K; DF:#E/kAK; BFa-b: Arpk k SERH; Cla-d: 2 i,
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BT CIIBKEE “ILIRET T v 7 ADOMTEFENRBD bz ho Tz
D, BEHH IR ENE L R DIFEE T BLRET T v 7 AREL o7z (K
2-6), BMMNTIETITHERBIER T 7 v 7 AL " LIRFET T v 7 A TERNTR
D ORI TN B CTIX T BbRFE T 7 v 7 AREL< 201 g b s
FTT I ANRKEL o 72(K 2-7),
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2-6. fEKkE L “WbiRFE T T v 7 ADORRIEEMN(G), EHH(b; p<0.01,
n=21)], UNF: H%k#k; DF:HE/KHK; BFa-b: Zrbk kS5 itth: Cla-d: 24 Hi,
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n=21), UNF: H%k#k; DF:HE/KHK; BFa-b: Zrbk kS Hl: CLa-d: B2 Bk,
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B TEED “RLIRFE T T v 7 ALK ESCHILER 7 7 v/ AL HER
BIfRZ R & 72 o oy, HEISAY A A~ A RFEEEHERIEOHBREGRZ
L L7(K 2-8), —F5. R8Tl HIEMAEY A 4~ A0 IEMEIRFE T
TWMUIRE T T v I AR B B RS0 T,

AR IR OBV ER 7 T v 7 A 53 5 HIEREEIN - 2T LTz
LA, AIRTEAHEREIRSE L IR S A A~ 2% FE(p<0.01, n=21), AW
AV ABR LT E=T ABRLEE(p<0.01, n=21), HAEEEIAL T & HlR
{bEF#E 7 T v 7 A(p<0.05, n=21) D[] TH E 2 HBEER NS b= (3 2-2),

400 - 400 400 ¢
(a) a A () (c)
o O O O
= 300 300 300 |-
5 b X7A EI? ® UNF
20200 E 200 | 200 | o { |aDF
2;: o o x BF
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8 EX A
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of the peat soil
(gC m?)
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X 2-8. TIEEMNA A~ Ak (@), "EatERFED), TEEW A A4~ A
IRFEIRME R TR & R biRFE T T v 7 AOBMR, UNF: B 284K, DF:HEKHK;
BFa-b:Zrbk k S Bt Cla-d: 2 Hk s,
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% 2-2. RFHIE IR OB LFNE L NoO 7 7 v 7 2 DOHHBATTS

NH4* NOy
pH EC NHs*  NOs SOC MBC MBN NO flux
oxidizers oxidizers
EC -0.469"
NH4* -0.117 0.273
NOs -0.507" 0.933™ 0.314

NHs*oxidizers 0.066 -0.192 -0.110 -0.062

NO; oxidizers -0.474" 0.276  0.550™ 0.461" 0.210

SOC 0.626™ -0.273 0.279 -0.294 -0.408 -0.347

MBC 0.311 0.264 -0.070 -0.276 -0.109 -0.258 0.598™

MBN 0.532" -0.168 0.318 -0.269 -0.586™ -0.396 0.922" 0.303

N2O flux -0.100 0.030 0.360 0.024 0.276  0.485" -0.299 -0.363 -0.222

CO:; flux 0.048 0.124 0.258 0.282 0.365 0.469" -0.371 -0.081 0.284 0.783™

pH, EC (mS m1), SOC: Soluble organic carbon (mg C kg-drysoil™),

NH4* and NOs™ (mg N kg-drysoil™),

NH4* (ammonium) oxidizers and NO-™ (nitrite) oxidizers (MPN g-soil™),

MBN: microbial biomass nitrogen (mg N kg-drysoil), N2O flux (mg N m2 ht)
(** and * denote significance at 1 and 5 per cent levels, n=21).
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E 72 IEOFBIBIMR N B S22y, BAEM A A~ AZEFHE(p<0.01, n=28)1T#%4
WS A A~ A fRFE(p<0.05, n=28) L ¥ & X v 58 FHBIBI R 2 /8 L7=(K] 2-9),
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PCR-DGGE E&H\W T A X UL E O TP E SREAFME L= 2 A, 4
A 71 O Methylomonas sp \ZT#& 72N FIE L LT =X 2-15),
BB BROFE R, WFPS60%5:1ETIT Y # —IRINC LD A Z b RINETEDS
BlCE <72, JAKEZELTCHIY X —ZIFMLURWEEYD | A X U AREME X
D HRIIEMEDIE D D@ WFER & 725 72(K 2-16),

|— Nitrosococcus mobilis. AF037108
Nitrosospira multiformis, AF04217
_@ Nitrosospira teunis, U76552
Methanotroph K3-16, AF547178

ﬂethanotmph K3-21, AF547180 1
983t‘{(’l,7'\'/1).\'1'1111.\' trichosporium OB3b, AF186586

Methylosinus sporium, AJ459018

Methylosinus sporium 8, AJ459018
]0;;8;\4:://7,\‘/v,\'mu.\' sporium, AJ4590006

Methylosystis sp. F10V2a, AJ459046

Methylosystis sp M, U815962

Methylocapsa acidiphila, AJ278727

woouncullured bacterium AJ579675
568 uncultured methanotroph RoldS. AF148527 S C o
uncultured methanotroph RA14. AF148521 II

m o < -

uncultured methanotroph Rold1. AF148523

Methylosystis sp SC2, AJ431387
1000
_l: Methylosinus trichosporium SM6, AJ544106

555 Methylococcus capsulatus, AF53366 —

Methylocaldum szegediense, U89303
Methylocaldum tepidum, U89304
2.“4W¢:l/1_1'luc'u/11mn gracile, U89301
uncultured bacterium AJ579670

1000
uncultured bacterium AJ579669 l SC'Y
1000

uncultured bacterium AJ579667

Methylomicrobium album, U31654

-Methylomicrobium pelagicum, U31652
| E" 71’v[et/1,\'luhuclcr sp. BBS.1, AF016982
6

Methylobacter tundripaludum, AJ414658

1000

uncultured bacterium EF644619
L uncultured bacterium FN395344
— uncultured bacterium AB570070

Al

1000 A2

980 A3

——Methylomonas methanica, U31653

— Methylomonas sp. Dla, AJ544092
993 Methylomonas sp. MLO4, AF510077

999 Methylomonas sp. LW19, AF150799
Toho Methylomonas sp. LW13

969 Methylomonas sp. LW16, AF150797
Methylomonas sp. LW15, AF150795
E Methylomonas sp. LW21 AF150801

O 1 Methylomonas sp. ML64 AF510080

— M Y=< -

DUBBBCC
F N°FF E LL
Fahcahb

oree
ato

2-15. A X Bt E D PCR-DGGE O ATk 5
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2-4 E
BUECTE R H oD AL,

Pk -y (BEAKAR - i) T30 " LIRE T 7 v 7 AT HRMKD
TEMLIRFE T T v 7 A X0 b E L, PRI X DIRR TEEA Y OB AWy iR D
TRENTED BV, FFiz, B0 “BbiRE T T v 7 A3/ EIEOZ
LV bEL<, K - RIZE > THEEY N E LEALTHD B X O
Too FMEHED “RALIRE T T v 7 AT HEMAEY S A A~ A BT L o THIE
ENTEY (K 2-8), HIAKTHAKEL Y bIEN A A~ 28 - “WLRET
T I AEBITEL Lo TV Z b (X 2-4), HEKIZ L - TR REMAY
DIEEDREmD HAILTND LRIz, L LR 6, B HEgIzn T
X, B EZEL Y LWEYASA A~ AEN NSV OO “BILIRFET T v 7 A
IHRMTEL Y bEho T, BETRE L, BAREETIIRKE L R bRE
7T w7 ATHERBRIZTZRD LN o2t DD, B I CIEBEKEN
B RDITHONT, ILIRFET T v 7 ANREL otz i & (X 2-6), ML
B B RO T ICEB D TO B AKRITHEBEER T 7 v 7 AL FERIED
FHBARAMR 2R U722y, A v — 73St 3 TR 1000 1513 E @ < 72
ST THDH(X2-5), bk, RREEOESHFRIAN, HHEEREL2 % 1L <
Bleat, HEEEYOMRERICE Y B EEZZTOCT < RoT0nH I L
ZOoRE LTz, i)I(2005) 23 HET A K 91T, BAKENELS 2HIEE, 18
DWRNENS ML\ﬁwﬁFﬂ%ib%ﬁ<\Q%MKﬁ77/&xi LEaE)
WKL D EBZX BILTVDHN, AR TITL LA ZBILIRE T 7 v 7 A
IEm < Ieote, LEND, BENIC X 2 EOE-FREEILIC L » THEAEHEY
L - HEENZL L, HEAEMOMMES N W EZ BN, %I
TR E KT D Z 0BG, HEAEY O IR BUS(FHERIERAY - Ky
fift « Sy i fREE ) DKL L OB AL~ O b, B D6 05 B, #
RNNBER I X DB O G @t b7 Ok 2D EEBE X TS
(Kemmitt et al., 2008; Sawada et al., 2010), L L7203 5, ZIKE?W’C‘@E?E'J =
N B RO "B bRFE T T v 7 AOKHICIE, BEESGR TR 5T
mﬁm&gwﬁﬁﬁﬁﬁm%$®mm%&ofmt_kﬂ%\%g(%%W
W) \Z XD HEAY G REA~DOFLG LERET D2MERH D (M 2-7),

AL > TBZ b= AT T v 7 AOBIBEE X, IEMERFERT A
HEEZFETDICEAT I TH 00 LR WA, R TI Y EHEEIC
RN RN 2B 21T - 7= Toma et al. (2011) D FHHIHE 5 & [FREIC . BEIESCHR
DA & AR TH IR L~V ORI R HHENEH Sz (55.1 +
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45-115+21.1 g Nm—2year!, [X2-12), #H(LERITEEH = OIRELNE
N PR IR D 298 550\ & 2B fE LAPCC, 2007), KSR AT A (g
ik, A& v, HR{b2ER) % “BLRFFEICHE U CRERRIREZR T A
i EEZRE T D &, B EEN O B SN DIREHETAD S 69.7-
84.5%ITHMLERICL DO TH D EHEI SN, ZORIF, RRIED
BEARIZZED “BbRERNZSI X 2323, Zhll Rl a
DIE D PRA RBREAM &> TWnWD Z AR LTS,

BT TII A S A A~ A8 L O A A~ A B/ PIIEMEA
REIRFBEILD “MLRFE T 7 v 7 AL HREREOHBMGRERL TR, B
B CIEERD b2 o 72(K 2-8), —F7, B CIXBKED ZfbkE 7 7
v 7 AEBERIEOBEMRBEBEZ R L TV, REEECREo L o 2 dEmix
RO Tz, TDT EIE, FRREE & R - CIR =R T A i &
T HBRER TN R D 2 EEEERT S,

TRk TP DAY NA A~ A BOBVEZ YT L7 R, HER O rEES
BERE IR FIRE 1T A A~ RARFE LV BEW A A~ ZAERIZL DR
EOEMEFRZ R LK 2-9), S5, AlEMEAHERE X TP IR &
BRERAOHBMEBRE R L, 2D, AR AKRERIRFBIZIRFBOR
BbX 0 b EFZOFEMIEEMR L, MEEZIH L TS AREMEEZRIZ L TV 5,
R I AR E A IR IR R I E ) N A A~ AR HEE L IEOEAL R
BfRZE R LTz, MMz T, #EMASA A~ RAERIIT =T {LEKE ADH
BRRZ R LTc, T 0 ORERITIEIBRBMAEM D IEE Th 5 v atEAHERE IR
RIIEBRBMEY OERWINZE L, LB & E585G (ER
i) ZBlEH L TCWHAREMEZ R L TV 5, MAERRR L E BT W L% -
TFEIRFET T v 7 AL FERIEOMBEBERZ R U, WL o2 RO
b 2R - “RILIRFE T T v 7 AORERIZERICEE LT\ TREER S 2
Bz, BEAESURN G, SRS R E R AR IH LTV 2 mTREMEN
FEf S C & 72(#1] 21X Khalil and Inubushi 2007; Wang et al 2011), #J¥aME:
HREREIR BRI NA A~ ADERARIC KT 2 BIRT LA ERE SN T
WS Cai et al(2003) 13 HHEAFERE R L IR /A A~ A RFDOEIR &
ZF ALk % E B L T denitrification-decomposition (DNDC) model % v /=i
(L E R EBOWEEIT>TWDH, AR TIL SOCIT _MILIRFE T 7 v 7
A LA ERBBRE RS Do T B S A A~ A B L EARR 72 E O BEE
BRERLIEZ ED, SOC EAMRWVVEB HECIxERIM MRS v, vk
[RET T v 7 A @b TICH B LER K S 5 AletE R Sz, BLEM
5. BEHREA AW O-OI1Z, HHEFO SOC &2 @< Hffd s 2T, =
KU AMR L, Wb ER KT 2 A Sz, AIFFE T SOC
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B, IBMAEMOREDOEIX TBILIRFE T 7 v 7 ATEE L) o724, SOC
imﬁHMkiU@&%%LT-¢A4ﬁvxkiU Fefb iR B~ L HRMfL S
TWHIETEEZLND, BRENC L0, RIFFEOR RO BN IE T
MHM@C%WMBC&@%%PW%%%% MALIRZE T T v 7 A LR L,
R T O AEMTEMEOfEE & LT MBC/SOC k2 MBC LY %ﬁ@l“(i@é
AIREME A oRIE L 7=, Sawada et al (2008)1%., THEAEWIT HIEBREL T D 5 4y fiF
PRI LN —E DRI, LD T T, WV IAATE G A 2 -
T E R ATV, IEFIC LR B AT 5 Lk T\ 5, Z o HEEMA
MOMWEIZEIRT 5 &, RUFRIC THRMALE TR b7z MBC/SOC &
{BIRFET T v 7 ZAOEMBERIT, HEBAEY OFEIEERIZ L > TR NG
R EN D TE LR B EAEE ST D ATREME AR Lz, Las L7
5, ZOMRIIBMRITETHEDONTEL OO, B TETRD /e o T2
IZONWT, A% SILICHESNDILERD D,

fham e LC, BEREZbD LEMAEM A A~ A~OEEEZE LT, 2
HABR 2> B U S 4L IREN R A A 59 2 EEMES AR N DR S
e, FRICARBIZE T, BRI D BEHIMEIZ K - TH-FE T EEBR BEER D il 28
TR A E~DEEELZZE L EZTWDHI EEHLMNI LT,

BHTRRAR LN O DA & i

ﬁ%®%%ﬁfi@@%@khfm“ﬂ@$@8791%@&Kﬁaﬁ%ﬁ%
FHi15(494-568 mgkg D), UL E2D, iR LEIT, m0iBEKELRD, BRE
i Lmén@ﬁwﬁﬁmﬁé;kﬁmwémtoﬂ%@ﬁwi@@
WFPS (A HIZ L - TRE < B2 0 (53.7 - 97.3%), HEKM DF Ogfx 14
13 Z DO BIRVE R L3 & FE TR - 72, SR OZRMIER 15 Tl WFPS 73
90% Th o, THEDOREZGHENEWVICHLLND LT MEENDIA X LT T
7 A IMETH - 72(=0.02 £ 0.01 — 0.36 £ 0.30 mg C m2 hr !, [¥.2-13), =D
1 Inubushi et al (1998) D #5925 4 = (Metroxylon sagu R)~7' 7 > 7 —
g VRO A X 75 >~ 7 A 0.83 +0.46 -1.04 £ 0.62 mg Cm 2 hrl, Melling
et al. (2005) NEVE FRIRIB IR THE L TWDH A X 7T v 7 A(-0.005 -0.008
mgCm2h )L IFERBETH D, A XU OFREIZ OV, Segers (1998)1%. 2
IREBEHDIZLE A ED A L, BOEHRAKIZ L » TRED L EE S 24D
ARERERFEIZ mxfékﬁmfk@ AHFIE TILL EO B A R R E S 1
BIZEENTWDIZHEDPNDL T, 2D OEEWITEE D A 2 > OIE
IZiE7e v izl wﬁﬁiﬁw%f%é EDVRBE T, LLEX D | BRI 11
ERERT D EMEDOLDIT, AZ OB L U TEM L TWARWATREME AR
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e S NTo, AT, BADOA X 7T v 7 2 WEPS 23 LI ER O HEZK AR DF
Tz TR S, WFPS & X% 7T v 7 AOM TIEOEN /2 FHRE @ = 0.75,
n=10,p<0.05, X.2-14), A ¥ VBRLEEE A X T T v 7 ZDH TADEN
2FBE @ =-0.79, n =10, p < 0.01, X 2-15)23:z8 b iz, BEAED R TR &
NTWBL X912, WFPS "&m< 7251 L. i@i@%ﬁﬂﬁ’] W2, AZ T Ty
7 ADE L 7R DM DFRD B ALz, BHERWZ &2, RBFETIZ, A ¥ B
@< 72b13E, AX 7T v 7 ZAFEL 7160710 A 2 UFEGE O pmoA &
Int %)L L= DGGE 7' 1 7 7 A /Vid H A e 3K 4y D BB A R S 72
ST, B LTE 4 SO RO ZENT LT-RER. A ¥ VBB LE 2 A
7 1R Methylomonas spp./3 A€ & #17-, Hanson and Hanson (1996) (% A
Z UL REE A X A 7 T BB SR R IR - (KA ¥ VIR BREEIC TR
THEAT)e 2 AT NEEBFMEAREERRE - @A X VREREICCTE ST
HDEATNBILTEY, RFFED DGGE N TR Siuiz 2 & UL O
BEEEIIZ A T 1IRTHoT=2 L, WFPS DMEWIT E A X UL E S 2 7=
ek 73)% EVET R IR THEERIR I, TR Z DT, # 4 7 T RO X & U i{bE
DEFIZHE LT @R KA X VRERE T AZ T Ty 7 AT BEE K
ETNEE, FATTHRPELE L TS ARt Z s LT, BV ik Lo 2 7 i
(VR REEE 2 fifhT L7 e T3 & L C, Knife et al(2005) 134 A OFAK, v
Er VO ERE 5% DGGE T It U7, /55, 3212 Methylobacter spp.
x> Methylocystis spp. 3MELEFEE L CRIE SN2, K TRz
Methylomonas spp. [3f&H S Vi - 72, BIFEE T, Methylomonasspp.i3/K H
OX Y R HA K 7R E0 b HEE SN CTH Y (Dianou et al, 2012), ik 112
DA X AV E R TV IR T 0 &K O4FRERERIC L 0 E VA REME
IR ST,

B EEROFER., WFPS £ 60% - iF /G T TR LGS (2 hr—b
KBIOY X —RINK) ., KERXTHER A X BRLE! éi) SHEER S 7o, Hi
MW Z LT, HAKEEEEZIT > TH A X VEBIEMEDIE 5 N A X WITENE X
Dbm< Role, ZORERIT, TR HEPICE T ITE £ 5 M A Y X5y
fRIETHY  AX U OIRE L LT TN T L ER LTS, SRS X
S TAZ VBALIEER I Z G TV e, U2 —IRINAERIC KX > TA X gk
EEDRAEEICED N2 b, U F =7 EORGIRS A S 158
IR SR TIUE A Z CAEBITE Z 57z, JBR T D@ A Y
T A Z AMERIZB O TRIRB 2 EE 2RO L EEoTn D EEXLND, A
B AL ARG, K+ U X —IRINX TORH S, kST ik
U&= E o> THEIZAZ VABIEERN®mO bVl —F, FEHKE KM
FTTIEV X =ML > THEIZAZ CIRIGEERED Hiviz, AT,
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ANOVA f#HT OFfER. U # — IR & K ABRIC X 5 A E 2R AZ HAEHADNGED 5
N7z(p<0.001), LA EDE, KM X > TV Z—D A Z o ~D5 RN INE S
NHEHEOD, FEMETIZ) X —I1Z A X U ER LD & A X B0 % X0 Ik
SETWD Z ERbrolz, BIIEOHIZEICE N TS, /b a— 2D HEA~DIRN
RARRE DOTERLIEINC L > TAZ UBETEEDR SO 6D Z L ST
U (Murase and Frenzel, 2007; Xu and Inubushi, 2007). +Huf]HZ kIZfE
ALY X — R EOZLIZ HED X X VR g A AL S D ATREME N RIS
STz, TR OPEKIZTEMAMIC X 5 A Z UL Z T 00D LIy, K
KIZE S TIRRPIER LT T 52 &L THOHKSGMAE TR, A X 2T
LHATREMEC, U 4 —HRRE AR T S8, A Z VEMEIEMEZ 598 D AlREMENE 2 6
N5,

BT TIRO X0 Riftr A ERE 2 RO 5K - RREHE

[ A MTT, e LIVR R ORI L7 fED R 7 V) — = 73T
N FER, EABREAL CTHIEERDE\ Shorea Balangeran (7 % /37 % F})
DDA LN R S v7-(Tawaraya et al., 2003; Turjaman et al.,, 2007, 2011),
X 5|2 Shorea Balangeranl (1) MMM OBAERETHY . AMZEE
PR BED R TZETHY, (2) BNTHAREEEEZ S D (Shorea JBIZIZE L <
FiEA OIS EFERTRE, RN E S EFORY RONES ., B RKEENES
THREEMTT 100%) . (3) HEFL - BRSO @O PEGE S K 90% THDhk
EHREL, BMERICEWEREZ 52070, (4) @BWREBFEEREZ £ T
WD ZEBRES LTV D ORI, 2014), BLED K ST, AR - MR R £
D ORFE & L~ TEWIZIT T2 < RBFENFHFE (@ENEM) bEnZ &b,
BREEEM  EEEIERIC R D BWVEEEZ R THETH L EEX DN TNA(K 2-17),
W R MR ERBFNFEEIL N L — RA70BRICHL EENDHOD
?. Shorea Balangeran |3 T, ZDEH B BN EWWETE L L THIfF S
7= (K, 2014),
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Discovery of co-benefit tree: Shorea balangeran

2-years-old
tumih

Ramin
Urinpaphe
fc...

Growth performance &
Reforestation efficiency

Economic demand

2-17. Shorea Balangeran D\, AER « FAZhERE L ORRFFEE (KIF, 2014)
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2-5. BE

B U, AE DRI Z DAL, R G D TEEICE 2 D= 2V e R
(B ARRE HI8) 13, BERRBITHEDO—DOTHLEEZEZX LN TS, L
L7235, PRI EHBASE 2 A i) & U= HEKES DR A3 x| YR LR HL oD KL A3
WRERNC TR0 | LAY M OMRE - R KK OGN SR Z S TLE
ST D, FEF, BVHHRR LN RSB DRTFIRRED) D . (LR FE DR HIR~ & 2 b
STLELTWND, FTo, FIARSCEMAKIC L DIRR I RIE Wb E D72
TR BEEEROA Y COMMICHRET L2 ERMbN TN D, AU
FETIHHEARIZE o T, A7 ZERFB D ME SN TWDA o RRUTH
RH Y~ DEERIRIRHNT I N T, FRARC - BB Yeik 3 Rl H
KT DIMBRNREN AN BT T B L | AW RO IE 2 AV CRE
L7z,

200946 H ~2011F11 H ® ], A > K3 7 1k Kalimantang, Palangka Raya
(S02° 20'E 114° 02D HIRMK « HEAMR « K SEBRHE - EFFHIZ T 88 K O AG
BF2 B L7, RIS N REHTIREZNR T A 7 T v 7 RG] - THEER bk -
A D T, B FEBRICRIA L=,

PR BB THIRKEN TR WIRR—O B LY S EW T BILRFET T v
7 ADRBUI S T, FRIZ, HEk Sz, B L7k <, R s S L -~v
DOHfRILESE - T BRILIRFE T 7 v 7 ANBRI SN2 L b, BRIOPEK - &
HALAZ & o TR HAS TR ) 72 IR E AT A JLHIRIZ 72 > TV D Z & BT
Tpolz, £, DEPOREMRBENSZ VT LY, TEFOER T LEBAEY O
FEARICHID IAEN, LS DEMNAONTZZ & E2ROEEBHETIT L
TEEPR LR Y | (L ER T T v 7 ABRHI S e Z i x, gk
RFBT T w7 AL LEERAEERBEOM TEBENRRD NN b,
TEEAHEERFE LG T 5 2 & T oBbRB R E~E L KT S TR
{EZERHEEZHIE T D AlREME R S iz, — ., #K L7z, &
TS BLOEEREEYEEICL DL, BlllSNAZ LT T v
2L, ZCIRFE T T v 7 R LR TEETE DIEE/NE 0 oTle, A X UV BRLE
HEREE B L O OFEEENEE 2 51 L 7265 5%, B B3R 2 7 R E RS
(ZaE S LT AR E L 7o TR 0 | A L7 B TR R 35 % K LT
WTHAX L ZHRH LIS WEETHL Z EnbhoTc, ZTNHORERNG | B
RO PEAK « BHAVIZ X - T, IR EIESIEEZ R A A DWW A 5 58 1 728 il
JETeoTNDZ ENRENT, 5k, JERIOYEKER X KRS EE
ST R TR CAREAR T A Z LA, JRIRHLOD TR ) IR SR T A S & 5 <
THEETHD Z ENRBEINT:,
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3 E ERRKRRAEENMTOIL TV B EEFRHO \ A IR E5h T 40 A
— N R ET R PN O B KO RO T O L —

31 HRBIUHR

AIEEIC T, ZVHT R R MU (B A T30 B3R « BHD S S A IR E
NI AFEA R - BARITBIHL DK - IRFBEHO RIT TR EEICE R S
Too LU G, BUFEERE HEICOWTOEMmIZEZITbhTnRny, £
I CARETIR, BV ERE HEO T T, FRCIRDRIRENR AT A(X 2 )k
MR ToH A 5 B KHE (B ERRE RO RM) 2 x3IT#EHm T 5.

ARETHE, KO ZHEMTONTVWAER R F L« AT X T
AWD(Alternate wetting and drying) &i /KFEREH AT OE AT L - T, KFGAEFENE
G %@Efﬁﬂé’&bféf\ AR FEBN EDORERIHTE 508 9 D REET 5

D, BLHIBITOf O HEBAZZE L T, Bl BRZKH THEEGRR AT 572,
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3-2  FERIA

PR Hh

FEHIZ DWW TTIEHTH(2013)ICFEH L TH 523, MEIILLFo@EY Th 5,

A 3T VS HRISES - JRE A IALE L KRR O = HHER Tl TV 5 2
FAEPE Tan Loi2 Z %42, 2011 4 9 A ~2012 4= 9 A O, fREIEE #1772
(Tan Loi 2 hamlet, Tan Hung ward, Thot Not district, Can Tho city. GPS: N 10°17'52",
E105°54'28"), *Ghisid, 7 1 7>5 100km AL TV DIZ b b 59, 125
2m DR TH 572D, W IZHRT DKL OK X 72 H A H) - ﬁ%%
BT EEE AR OHKBEOKNMIE 1 BIZ Im T < £ TORE B E At
IRAEDS G F > TR ITHE K 24T 5 W BEWEDS £ W 1L & 7> T D, KA
W IEAR > TR T A 7o, AWD I X 0 IEITHEE L 0 b L BgE
KE M2 A N2 TT oD AEEMENH D, BB ZFIH U7y B Bl

— IR EAR N L T o T A, 9 H ERICAKIEAE LS 2D IX LD, 2 0 H
FIRMN TR B2 RAFEEFNZLY | BERE QUKD ET D,

AKOLHED LIZ U5 11 A BRI TR 7z X 25EiHEK AR 2-3 BRETTHOH
7ot BTG DOYAL - FFE N TOIL, —HIERBIG S D, IROBEKD
WMELETORBELE 10 2HMIE, LTO L5 7% 3EHICKI S ([1] 4F
E(Q1 AHA)~2 A TH). [21 &EAEGB H Ef~6 A ). [3] EFKIE6 AHH
~9 A ), UNFER . Bk L T HEZL S S, b b . LY
770 & O - RN TON D To D, IR, IO E Tl L+ 1
IR LOMARBIEI S 2y (Fe72 L BOKBIRIEER <) . LA D KO =HifE
B 35U T ST ] 2 BRI ITIRPE N E & A &7 <L ME— 72 038 WMRPHE &
W HPKHIRICIH TS, TERHEAK L TWA Z b, ZHIEERITH 2 & T,
T 1 FHRIRIEERRERSEMEEICH D LN 2D, TSV, xtGtioKH
THITECRE N BE L TKRBOARZEL CWA2BANH Y. AWD
HEMIC X > TH 726 S5 ORI EREE DS KTEIR O % 2 2 (2 9~ "l REME 23
FIhb,

SRV DT YLIALE 95 Pham Thanh Ut & /K I 1.3ha @ 9 5. 0.78ha

ZRBRE ST RE LT (X 3-1), EiRoosk - fgo o - fEfe - EEE - FIH SR &®
EHEIC, RBRESOEBSEMZRE LTz, REBRESNICEREEKX - AWD #
X 2 AFIRICRR T T2 KB FREE IS AWD HEE 21T 9 SN B HUIBA TIEICHE - C
WD BT, #EFE%, RO X572, LHKS DK EFRAEIZ /2 5 &
I\ WA KN 2 TEEREND TALRNEHICT7T HEEH L, ZD% T H
[, B R (357K A7 0-5em) T HE L, AWD JHEEZ BRG L, & IRFIHE K X3 K
FCR R KL 2458 72, AWD HEREX TITEK ZAF 1 L3 2205, BISKNALH
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T 15em (23 L 7= Re RV CHEAK &ZAT 50 Z OFEEA BB A2 E THv Ik L 7=,
HFEBRAAT 10 BRI EIEREE 28T D72, R K ALEE 2658 1) 72 (Rejesus et
al., 2011), =D, INHETEH 2 HEFTE T AWD #EEE BB Lz, IW#E T EH
2 BRETZ%AKE & L, ARRIRAZ T 7= (7272 L. BEFKAIEICOWTIE, AN
TERDoT2DT, FEKEILEOR L L), 7B, HIEIZOW T, IBITRIEIC
eV, Ut KD R T ¥V a—no5t, BEY 4 B4 >17h0, SHIERTZ KA 2
3, AWD ¥ H#EKEIT- T2,

FTNENOKEBX % 3 OT O =B 568 EHX (b biEcX - i
OOIRKETLK b LR HH LX) 2 & 2 WAELIZRE L (K3-2), BLEX G,
AERXITLLT, AEF6 W TH D,

O WK +Fab b EEE X
@ WK +Fio 6 KR ITIX

@ WK +Fio LR LIX

@ AWD FEBEX + R & 2 EIEITIX
® AWD FEREX +Frd & IKiE T X
® AWD FEREX + b SR LK

Fi B 8 UC B IR 3/ L= Rib B & . WIEHEREAT 1= AT 5 135
PITALAESEI T I A L, b B PR T TIRA K - AR BT,
S B HHRRE D b 2 LTk R B b (59 % | Fator, EH
PRI 510 C I BKIT & > TR A = & | Box OB
T (B X ) IR EEECh o 7o, Lo LAR D, W< ShoEin s
TIPS IR - TBFBEX | 477> TV 20T, ARBRICEN T LD b
F BRSO L, AOERKEIC 1 BT CHEE L, I % 4 ALK~ T
U =34, Fib & Fi b H LI O MR HHT e T 5 b oo, B L AR Y

Y AR A UK ]

2 HFE L 72FER 2D 5%ICE LT H

3 EAE 2m., RS 50em T EDNREY . b Z U THiE A2 B, Fadb S BEEVLELIZ R H
Lz, BHEE T OROEELZ AT 57-0, E=Li— MloW T 2FA L,

4 B B OBETIR D SR T < A B, BEREULEEE CTH BIGICEE TR D Ofb 52+
BIZEITIN TV 20), 20720, fib baERE X Efnb bEEFEHIKETTIX, fib
HEFHHX O 3fb HAFX 2 & L, &fab O AFLLE T AWD FEREDS K H 25 OIREE
NRH ARG EIZIETTRELZHE Lz, MOOAIZ—MRICA X L ORELZIETZ En
5., BIHORGH O BEELBEKE (BETFED £) oD A X U &L, ABRESGIZE T 5
o bhiaHX Efb GIKEHXNG DA X A BEDOR E/2D 2 EREESIND,
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BN b oiBFIc RS9, HERIZE T Lo T,
e bRAE., i bR, HH LEZUTOXTERET S 720, M ik
FEOE LA ZRERX T 75 K18 LICHIE LT,

2 53 E E(t/ha)
=EPA(2m X 2m) B (CER B S 7= B iR (7272 LB S ARIEER <)

fiido B X ) Kk 7% 7= E:(t/ha)
=2 & F A B (t/ha) X O] Y Bk ED S AEEX Fi £ L)

fibo HRFH L £ 7213 A & (t/ha)
=2fn o ¥ (t/ha) — o b X Y BRF% 7 & (t/ha)
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3-1. BBRXISAEVK Tan Loi 2 & [BI35{7 (& (Google earth & V) {ERK)
CF- - - WHHEKX, AWD - - - AWD X

pe ! PVCE#F 11—

'Al A2 A3 EAll BASE FRGH Bl B2 | B3 MBS EEOH FBGE C1 | C2 | C3 [MEH RESH BEG

Ok (RpsEm ) SR (750 cm,
B #b F10cm)
A | [ BeEkx F, TROSHEAIX -

. AWDEIKSEELX . TBOSRHERX

\ & WOSHHX )

3-2. RS
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BLEERES

- BEKE:
KD EHZRE L. A 7RI L > TR SN KREZHIE LT,

VS IAC Y QEET)

U20 /KA7 « kiR e - (HOBO 1) % FAVWCHIE L7z,

« AR E

BERE S S 5m BEN 7= (LI B B R EE T ¥ v N — B A B LT,

7 AFREUEEIZ 13 60cm X 80cm X 100cm DB 7 7 U VLT ¥ L R—RFED 9 %
(CHHE L. #HE 5 0%, 25 RISV Y U TH AR LIz, SRELL7IZT R
10ml XA TIURRIZEER IR X1, FEBREAEE L7, EBRSEIZEB WV CTEL
LIcHATD A 5 | LR, ZRCIRE % T CNFID fF & A A7 n~
k72 7 t—GC-14B, Shimadzu, Japan), ECD & J A/ m~ ~ 77 7 ¢+ —GC-
14B, Shimadzu, Japan), TCD f}& # A~/ n~ k7' < 7 4 —GC-14B, Shimadzu,

Japan)iZ THIE L 7=,
FID—GC
BT A AT AT L5 £ 2m HNEE 2mm
717 NFRIEA Porapack-R80-100mesh
BT LR 50°C
A=y X —EE . 100C
T4 Y=y X —RE . 100C
Xy VT —HTA N2(100kPa)
P 100mL/min
ECD—GC
AN AT 5 £ 2m HNEE 2mm
717 NFRIEA Porapack-Q80-100mesh
BT LIRE 70C
A7 X —RE . 120C
T4V X —RE . 280C
XY UT—HA: PR 7 2 (100kPa)
P 35mL/min
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TCD—GC

VIRV HIAHTT L5 £ 2m WE 2mm
A7 NFREA Porapack-Q80-100mesh
BT NJRFE - 40°C

AV 2 —iE . 50C
T4V 2 —RE . 50C
Xy UT—HA He(100kPa)
i 100mL/min

WE LTe A 2 o, TiRfbisa, bR 2 LT O THRALER Y 72 0 O A
s omFRE, CIRFEIRFEE, R EREF mg/m2/h)ITHE LT,

F=p XV/AX (6 C/6t) X (273/T) (mg/m2/h)
o i HAEE(kg/m3)

CH4C: 0.536

CO2-C: 0.536

N20-N: 1.25

V: {KFE (m3)

A: JE i F& (m2)

SC/ot: H A It FE S #5 HE I3k 2 (ppmyv/h)
T: F ¥ =N FEHKIREK)

- Eh
b et EEH O EMAES S5om 1T H ARBUHBENICHRE L, R—2 711
52 Eh/pH 31 PRN-41(BRIERUERT) 2 - W TRIE L7,

- R A PR R

TR AFORALKEREZ 1B ZEICHET D720, X 45 cm O 34K
DOEEIARIAHADO AT > L AFF 2 —7 (N 3 mm, MES mm)%z, EHE
DA BELOHK) 17T m EOMEID R 5m, £ 26 m EOHELN S 8 m B 7= Hh
JRUZ, bem,10em, 20ecm DRI T LA LTz, D%, ENO THEZ EE 3
mm DAT LV ABRTHLUEL, & LEVABIHT =2 —7 O _Eigicii =51%
BaEm L, TOommae Y ) ary dh«F o —7 THEWHEDT ZHERHTF = —
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7 B EEHRRE L L, £ 0%, TET AREUE B S Vs = TR )
5 20 ml OFERK &2 HHET ZAERICFEH L, =HTER2H CTEMA LT

1%, = HTERA ) P O AREE BimlZ#e S e = 5T%
ICH L, T 2B LTOEWN HEEIEEE 20 ml Z8RBL7z, U YA
TETARFEEEZ TV VO BENDRFARD | ek LT,

BEE®%, HHEH R - FERK 20 ml 28U S HiERA VY TR
controlled potential electrolysis-single gas sensor Toxi RAE 3 (RAE Systems, Inc. USA)
® gasinlet (2, HABRILRNE D ITHEHRE L, >V PO T A DA% I A
T —o gas inlet IZHCNT (L BPUINIO)IE LIAATE, THHET A% T A& W
—ICHE L7 EE D B —ICERR SN DMK ERE (ppm)id B L, B —
JIWZELR%, (KT Lz, ARBRTIX, Zov—7oREZ LI,

Gas sensor Dt~ HL Y il & REICHE U7 BT R HS OREEIL, i 5 %
HADIKFEIZ L » TR D720, 10 ppm D H2S FEHEH 2 % 1 ml, 5 ml, 10 ml, 15
ml,20ml, ZNZhE 3ET D LLRNICEALIZE Z A, LTORGRRE LI
77

ac / prc = 3.0408 x (ap x vg) 2% (n =15, R?>=0.85)

Z 2T, ac | RMEERAREYE T 2 DRk FE B (actual H2S concentration; ppm).,
pre XAk /kE N A& P —DFHAH Y il (peak of the reading concentration of the
Toxi RAE 3 H.S sensor; ppm), ap LK% (atm), vg 1L A& o — |2t L 72 2
A OEFE(volume of applied standard gas, ml),

Z ORI AHEHI B W TR SZOEEL, LIFICE D H A
Pt L7z BB A EREMDEB L O — 7 B i b K E R E A0 E
(ppm) 7> 5 4 11T AGEL O R LK R IR E 2 HEE Lz,

Soil H2S concentration = prc x3.0408 x (ap x vg) 008
AT AREL, S HTERR & VY VR VT, 20 ml OFEK T3S

ABRREZHELEL, ZHERZ2A T, 1 EBEICFERIC L CHET R RE S
FHIL 72,
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T2 S Li=50ml > U AR L, X 0-1 8, 1-10cm JEI1255 07
THEABIL, WEREEL, Mgk, =gk, 7oET=U A, RRF, BEHR, K

FEWISA F~ AR DEEIZFIA LT,

- WERERR - AmEk - —AMgk
Asami and Kumada (1959).22#%(2, 7=+ ha AEEHWTHE L, 72
B, AMERHIEH LI, BEE T SICBLHCRERE N v 7 7 — & HW THlHE L7z,

AN o=ty JUN
KCl ISR CHi %, A > R7 = /) — 7 )v—iEZ2 O CHIE L (8RBT
% p.243),

- Bl
FRIEE R B AR LR DIK-302-A-Al, 100cm )% VW CIE S 5em JE@ D
TEEER A ERK LTz, Bk, A A7 u~ 7T 7 ¢ — 2t L. 4500-SO* H

BRI LV E LT,

- pH (H20, KCI)

pH (H20, KCI) ORIE LA T R Efials: (HEBRE STEREZ B S 1997)
ZHWz, pH (H0) (X3 BMAKO RN 1:25 L7 b X HITRA L%
1 BRI U, SRR D pH % AR — % 7L 148 Eh/pH 3 PRN-41(H 5 SL/ERT) %
FWTHIE LT,

TP o2RFER L OEEREFHRREE (HEREOITERELZES
W 1997c) 2 W CHIE L7, MEHI 4 2 2 o 2Lk z AV T L 0.5mm
D i & A SR ELMIPR 1 & U7t BEZHE 24 500~1000m g & A4 — b
V7T —fF CN a2 — & —MIARYERT : MT-700) CHIE L7, MREMRIZITE
JREEZ FHVY, 40~T0mg DO#PH TIERL L 7=,

A A AEFE

NAF v ARFETHER LIS O &R U LMK E AW THIE Lz, It

BEFRDOERL, ~VAXY WEED U U LGE—t FT P UVEREEZHWT

1To7,

O~ AF Y Zhiile 71 V) v Loy i
SABRTEROIES AR O HEMEK S m L2 RY I —Rx— M
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Utefr & mibBICiR Y, B3 5 m L 2N %2 CTEke L%, 120°CC 30 47 fi
F— NI L—T THREAT, B U, il 2 ik T 25 fF I am R L, it
ik & Uiz, BRI P OBARE R BT E FIVVETEEZHWVWTER LT,
BEMIIMEEE S U v L% OSMAREE T U 7 ZZEEM L, 0~1.0ug Nm L~ ' D#i
P CIERL LT-e 2B U OEEIT EE ORI ZEH & L RIS T T2,

O EI N, A~ A EFEBORMN

WAEWNASA v AEREIL, LTORBIR T 77 & — (Fu) IZL > TEKRD
77,

WA A A~ A%EFE (mgClkg #at) = Fayx (Np—Nc)

N SAERTEF ORI ERE

Ne : ESAKTEF O EERERE

Fy i 241 (B - #K, 1999)

- IR X O EAE R E R A

K ABRX. D T A BB 5 10 m B2 WERPH T, A2 B DR HER) T &R X
HRED OIS ZETE L, TOWERL TBUE 2 x 2 m O EHA FHVCTEEX]
D XX DONIZ BFEIZX B L721Z 2, 2 ONEZ X0 I L 7=, BEX] D TiE,
KRBT CHIEETX 0 B Y | 1 BN A A~ A& B LT, KRALRHA T EE
A FEPN O KRR 30 B 2 BEEA B L, B, 28, BEZFAIL, %K
FRIRES 2 320D SPAD i (GECOFREE) ZHIER., PEX D BN 2K ORE %
AL, TARToOMEZEIR L (BLE, BIGNIZT), alBRESITa RET
ICRIBIRY | BB Z R L, HK®E (JLE 1.06) 2872121, SRk, H Lk
Baits L, WY Lok 20 g & TRIEREICHE L7,

- AR

e OB REREUAR LS (UM% 168 mm, WEL 1569.4 mm) Z1ERL L. %
FER] (0-5, 5-10, 10-20, 20-30 35 XX 30-35 cm) (ZAFRERIX OEEX] Y Hi s D
T AP O BRI Uiz, 25 > CTHREEIEEN AR 2P H L Clal
L. WEHERAF LTz, Dk, MEBER I OREONEICHT 5, MREBEIL,
A RFHEA & Iy D Tennant 11266 - 72 (Murakami et al,, 1999),

- WEAE O FHLEE 71k

O RIEMITARBRX O & IOPE SRR E L R LR Lo, #iat
JVERTE SPSS (SPSS £, 13.0)) Z#HWTMr L7z, 2 JeBliE /0 8o Colrtk,
Tukey I E CLEH K 21T > T2,
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- fia o BBEHIEER

Fiio B BEENC kT~ DRSS I T A5 A4 B o & &l 7k

ik Lo T AZLZHGEE 95 (m3 431 O#HAE (B 465mm OFNIR) 238k
A0 (FmE32m) [Ex bz b2 BT v oox— (i 15 m XA 4.5 m X &
S 5m: KFER 300 m3) 2 h—RFEOF ¥ L RANITEHE LT, P00
5 2m BENZEE 2 m OFNICHEDL 6 &2 HERICHEA, T E S8 TR
BrRaAT o7 G, 2013), SE£HERERELG L 0 A BEMICR B S icfiib b
EL X B RICE ST DEREAZRBRICH L, b boKy - AL
TR R RREER L OHEH S5 T AORRICEE 2 JIE+ 2 &V
EINTTd, GKRKEORLDFRO O % 5,10,20 b L< 1T 40 kg FEA CTK
AP B O 21T 57256, T AGBHEL, F¥ oA=& H (Fx o —4
), e (Fr o=l [CT3LT RT7—"y 78BN 10ml X1 T
JHRIZEREL L7278, 7 KT — Ny JINOH ARENT, H AEELE DI
H A& (MultiRAE IR, RAE systems, USA) To#r L. —F{bikE - —
el iRsR - HRMEAARSE (VOC) - Al MET A (LEL) - BRRIREZHIE L
oo =050 AT NVRRNO T ZAREHEL, AT A7 v~ 777 (GC-14B,
BEE) ZRHWTHONTL, AX U BXOHBIEERBELZE L, B, &
HADBEUL, #ERAT 2504 (MultiRAE IR, RAE systems, USA) Tk
HEN DK 0 A A DK T AREN—E3 5 F TRilT 729

FRIGICH R » A RFBT AFLHEEITZLL T O X 5 ICEHHE LT,

5 GIKFEOFEE - - - b OL ARV LGS, MOOBMEN ML TLE S Z &0
BE SN2, BREBEERNICRD HICERE TKREMZ 2N b XEA LTERICHEAR
R, R LT, RUKERTO—E RGO 6 7V R, SKREORIEICHE LT,

6 g b DREAS + - M#E LIZHA B b bIILl FE S i L,

O H5kg: HE25ecm, @10kg: HE50cm, @20kg : HS 1m, @W40kg : H X 2m
TT RI—=Ny ZIZE DT AR, Fao b mk% 1R ES 1R, £ 0% 1R 2
ST LA, ZOth 2 FERIE 8 /3T 1A, 2 DiE 30 /3l 1 [ET- 72,

8 NATIVHRIZ K D4 AEREUE, fgdo & mikR 1RFRIIE 5 0 11El, £k 1R 10
ST 1Rl Z D% 2 RfEIE 20 2 1 BT 72,

9 Jj Ak o —MultiRAE IR Ot 53 fEgE: O2 0.1%, CO2 10ppm, CO 1ppm, VOC
0.1ppm, LEL1%,
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O mHFhHE ()
= PRBERTRR D DEEE (ko) xfeb bikFEEE (gkg) - BREERIKEYE
(kg) xJKkFEE = (g/kg)

@ WDOKRFEN A « difp bR HEEEL  (gC/horgN/h)
= (12 (Cg/mol) or28 (Ng/mol) ) /224 (L/mol) x1000 (L/m®
x  (HER A Y AEE - WK AT AEE) (mol/mol) x95 (m®*mint) 1 x60
(min/h) x273(C)/ (273 (°C) + /AT (°C))
@ ROFER RFE N A& (gC)
= (ROFERE ZBLRF I ER + RO B bR FE R M+ ROFEHE A
& U M+ RO FE R R A B R R S i

@ MR MALRFEBHE (9C)
= ROFER “BLRF KR @xO
* —RALIRSE, A X 2 HREMATEMARRE b RIBRICER LT,

® B S RE BRI AL D HERERCTF5E ( gCO2eq. )

UTOXETADE DT OREBHRTART v v (GWP) ZHNT, %

PREBEMSFR T S VT IR R R AT X D HIERIRIB b ~D F 5 E L E LT

(IPCC 2007),

Direct GWP ~ CO, = 1,  CHs=25, N0 = 298

Indirect GWP CO =1.9, NOx =0,

GWP ( gCOzeq. )

= FEHE bR FE N E [ 12x44x1 +FER — R bR iR 1 12x28x1.9 + FEH
AL KR [12x16%25 + FERE I L E R AT & [ 28x44x298 + FEEf#H
TG R RFE I & [ 12x12x  (2.4~21)

10 $aS R & D APEHREE 1T F O EICREOZ N ELT L~ L2WETTH D
N, 2T EICREHOM T ETH o EHE L CHEZITo TV 5, @TH
A AORERMHEZFHRET I8, OTHRE S EAFG OO S (K) FoR#E (B
HUVIEHER L ESR) BOREBLEE O CHiEZIT o7,

1 R EOHRRE O,

12 BRI L0 AR o D4 RSB T A i A A LT
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- ) BB

FHEAFW, IFERFIZ Tan Loi 2 OB HKHBES N ORHH S b b o
BEBLOZ LG ENDIRFGELZHE L, TOMbLEX ) a2 5%E
Hoge, HERBRICH L, NEBIONEEET ARERELZTAE LI,
BAPAT v > /N — (60 cm X60 cm X 30 cm) % XREGIZERE L. H Ak
OIS L UGB O LR BIRERNEZ T 7o, £72, F/ I
DORNOHER LTIRFZEEZ LT OXTHEA L,

X AR SR N DR LT RBE R

=feb b E (kg Xfeb bW ikFEEE (gCke)
— & a RO O E (kg X ¥/ af#E%Mb b P ikFEE R(EC/ke)
— %/ aigE (kg X ¥/ afiREEGE (gCky)

KPR TIE S/ 2RSSR Lo R DI TREALEE S D Z L%

2, F ) AR OTD b bREERBRICHE LT, X/ aHEBER OO 6 2 bE
AL SN D IRERR T A& ME LT,
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3-3. fER

KRBT — X« FEMAKEE AN Z B LTG5, AFREP i~ R EERIIC T
THEDTD, BEMZEACBHIESN R NE DD, FEEERHI~ERKIE - 3t
KRINZNT TR L R DV EKRENE L 725 72(K 3-3a), KUROFHIE( /N —
YIND, RIRITAEETR BIK L 228 M A o072 (K 3-3b), FEFEKEE DK
ALTHARE] - ZAFEMHNICT TRV S DO, BRKIEE TIX2 T TR A I
72 HIEE RO H 7= (K 3-3¢),

AWD JFEREX TIEESG KA I W T O O KFEEIE I Iz, HHEE-15cm
IZELTWADN, &bBAKEOZWEKIETIL, & bARMOIK THEND 7 <
72 o Ta(X 3-4), IR bem (28 1) D HEERLETTEA L, AKALMEL 72
STEBRIZE L EL o Tz, HEKEILZ AWD FEEEZ L - TEM 57%HIT S iz
(& FFNE 53%, BHEANE 41%, BEFKIE: 68%; X 3-5),

THERIEREORE(T =7 A, A[EMEN, EW A 4~ 2 N)OZEH]i
ZAETIHKEHOPEIIRD b0, HKERICELIELS 2D, /EHR
HETRIZ DN THR 2 IZIK L 72 DHEIAIFED H7- (1K 3-6), AWD FEIEIZ L 0 KAL
MMEL 7o o T2 B, BEPORBRRENE L Lo b0n, 13 pH 121X
WAENEO LN o 7-(K 3-7), AWD HEREIC LY . BWERBRIEE O B — 7 3
BOLNDH O, FiLAKFEEEIT AWD BEREZ X » THEFEKX L0 HIEL 72
2> 72(I4 3-8),

I FERE DI FERF O KGR RS L OB EHEE 2 HE LR, FEME - &
AEIZBWT, b bEHA DT, AWD X CTHEHIEKX L 0 & /KFRREY)
ENE L 2o 72(1K 3-9), UNFERED SPAD {3 L O B Rk B3 2 I E L 74
R BEAE - BB W T, IHERFD SPAD fii X AWD X2 TR X X

D HARL IR o 7oy, BB CEREVILE AR EE) 1T AWD [XAZ TR IRFIE K X
Db mE<iRo72(X3-10), 1 EE(CRFIC, X D)/ A A4~ A(C,N)iZ AWD I
FU/NEL72o72(K3-11), LUy s, INEX, FEE - EKIECBW
T, MboEHZM DT, AWD K THEFEKX I D b2 eolz, I
#5 - water productivity (2 DWW TIE, ZFHi - fb DEH A DO, AWD #EEXIZ
THIFHAKX E D 6 &< 72 o 72(X 3-12),

FRFHEACOKHIZB W T A 2 U EITKEESEDRIEN TS 2 | &
MIETIRRKEZ2 572, AWD BEBEIC L > TRWHEE(LER 7 T v 7 ADE—7
MRDHND Z EIEH DN, AF UV EIT/NES <o 7-(X4 3-13), Hifgefk%E
FOHE - HERBER L ~DFHGEIIA X L EHRD EHHETEXHIFEDH N
Do T (X 3-14), A F UL ED AWD BEEIZ K o THI S A 72, D
KD HU S DIRZENIR T A GO 25~45% D HITK S 1172,
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Precipitation

Air temperature

Waterlevel in the irrigation canal

20

40

60

(mm day™')

80

100

100

(°C)
2 &

N
o

=]
o

o AT

(;-Aep smory)
SINOY QUIYSUNG

I
Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov.
(2011) (2012)

(=)
o

B
o
(%)
Ajpruny aane[y

o
<

_Winter-Spring Spring-Summer Summer-Autumn IlnundaFion

Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul Aug.l Sep. Oct. Nov.
(2011) (2012)

Winter-Spring Spring-Summer ESummer—Autumn Elnundation

(c)

Nov. Dec. Jan. Feb. Mar. Apr. .May “Jun, Tl lAug. ' Sep.‘ Oct. Nov.
(2011) (2012)

3-3. [UKE - HMRF#E] (). SR - MR (D), FHERE/K IR DKL (C),
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G Sowing

Top dressing
and irrigation

Dww . Dy

(a)

* i
; Heading

‘ Harvest

— CF-Straw

===« CF-Straw-ash

....... CF-Taken out

- AWD-Siraw

Waterlevel in paddies (cm)

i Inundation
! Summer-Autumn| | B dal. ©

! Winter-Spring )
Feb. Mar. Apr. May Jun.

..... AWD-Straw-ash

Nov. Dec. Jan. Jul. Aug. Oct. Nov
(201 1) (20 12) (2012) «. AWD-Taken out
; 500 < >
e T B 0D Pt = - PP P ) e Flooded
é 400 Wmter—S pring (t: Summer-Autumn : Inundation [.2m week after sowing
= H : (b) for 10 days after heading
% 300 +during annual inundation
° @rrnnnnnnannnns
5 200 AWD or CF
E 100 management
15 ——
" 0 Keep the soil pore
< saturated with water
= 100 » 15 week after sowing
m 200 : . ‘ e 1 : : . M S . PETPITTTLIITTE
Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. ~ Drainage
“for 2 weeks before harvest
(2011)  (2012)

ik, CF I35 KX,
[X. Straw-ash [Zfgi 5

X 3-4. WEHKNL(a), THEDOERALIREITEN (b)DZ
AWD (L AWD FEREX 271 LT 5, Straw 3G HIE T

BplE X X, Takenout [ZfED HREHH LXK AR LTS,

2000 2000
8 _ [lcr [ awp *
9 1600 : : 1600 -
T~ H H
= H :
“—~ g H H
° 1200 : 1200
= E 800 800
S E : i
= 400 400 —

0 : : 0
Winter-Spring  Spring-Summer  Summer-Autumn Annual

3-5. FAEHIOFEREK ., CF I R K X |
%, Straw [TfEH HIEITTX,
HHLXZRLTWS, *x... A5
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250 r 250

0-1 em (a) (110em [—= = = o
~ 200 |9 el P R oL |
Z, g 150 | -I 150 ash __ out
E&D 100 ’j (b) ,'1|
g /

100 5
y.
50 %

50 B . . C
. AN L .

0 0 -~ . .
300 151 em © 4§ % [i-10em )
250 depth ’;:;i_ 250 |depth
200 | B 200 / -

| /

Solubule N
(mgN kg d.S.”")

150 B £ 150 y
\ oo /
100 ; I’ 100 /
¥ = ”"\\BQ i & 4 .
50 | MV """ 50 R ey
L v, : \Q.’

0 0
500 - 500 ¢
3" ‘]31‘“ OF 1-10 cm
ept :
400 400 _depth (f)
. i
1300 : #—300 : —

200 bk "/ 20 i ff
\\‘ N, \.':"-. 3"'-*. I

\
0 . . . D ST AT . 0

Microbial biomass N
(mgN kg d.S.”)

LA o7

Nov. Jan. Mar. May Jul. Sep. Nowv. Nov. Jan. Mar. May Jul. Sep. Nov.
(2011(2012) (2011Y2012)
3-6. TEEFIIKEDIRE(T »E="7 Aab;, "M N:c,d; #AED A 4
~ A N: e, DZFHIZAb., RO MIT EEVE0-1cm: a,c.e). Al DX HHEZE(L-
10cm: b,d,HDOEFHE(LZ /R L T\ 5, CFIXHEFREEAKX « AWD 13 AWD #EREX
Za L TWW5b, Straw [T HIiEILIX, Straw-ash 135G & B5E X X, Taken out
TR bRLbH LK EZRL TS,

63



0.5

wvo_ 04
!\Ilv_,
—

% vn 03
5 5

zZ Z 02
4o
o E

Z 0.1

0.0

7

6
)

= s
=
o

4

3

7

6
&)

Ed_, 5
am
o

4

3

100

0-1 cm depth (e)

~

Nov. Jan. Mar. May Jul. Sep. Now.
(2011Y2012)

e = == enunnn CF
2- — = e AWD
5O,7-S Straw Straw Taken
5 cm depth -ash__ out
(b)

' A

A

Loty LW 1

1-10 cm depth (d)
1-10 cm depth (D

s

Nov. Jan. Mar. May Jul. Sep. Nov.
(2011Y2012)

3-7. LEEH O MAERE(FERE: a; ftE2 b), 13 pH(H20)(0-1cm: ¢; 1-10cm: d), +
52 pH(KCI)(0-1cm: e; 1-10cm: f)DZHiZE b, CF X HERFEKIX - AWD X AWD #
X 2R LT 5, Straw [ HIEITX, Straw-ash 131 & BFE X X, Taken
out IR HLFRFHH LXK AR L T 5,
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200

-—— ammman CF

— - EEmmEEm AA\\'D
Straw Straw Taken

5 cm depth

150

-ash  out

H,S
(ppm)

100

50 -

200
10 cm depth (b)

150 |

100

H,S
(ppm)

50 r

200
20 cm depth

150

100

H,S
(ppm)

50

0

Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul
(2011) (2012)

3-8. LEEH A Db AK SRR BE (L Sem: a, HEEE 10em: b, 1-HEEE 20cm:

C)DZEEZEA, CFILH /KX « AWD I AWD JFEREIX %7~ LT 5, Straw 1

fad> B LXK, Straw-ash [3FiGo 6B HE X X, Taken out (IO HFRFHH L X%
RLTWVD,
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4 fn.s! n.s. ns. i ns. 1n.S. n.s.

5 Blcr | awp [(a)
E H;;\ \ -at(J 5 cm depth ) ns n.s.
S8 = \ \ : Il 2t - 10 em depth
= E 4 : T
4y Ef :
S _E : \ at 10 - 20 cm depth
= 8 H =
%DE fé\; ‘ gdtfm 35 ¢m depth
=28 s
B < ﬁ :
150
o n.s. L n.s. n.s n.s. n.s. (b)
> = [ :
== 120 :
2 E :
53 = I
=T 9 | s
= :
By O H .
55 60
= = i
g 8 5
& & 30
= | :
Straw Straw Taken :  Straw Straw Takcn Straw Straw Taken
-ash out i -ash out : -ash out
Winter-Spring Spring-Summer :  Summer-Autumn

3-9. Fino HiE LXK (Straw), Fin 1o & BFBE & [X(Straw-ash), fiiio bR HH LXK
(Taken out) DUXFERF D /K FBAR T2 FE () 33 L OMRE 45 (D), CF 1L IRFHK X -
AWD (% AWD J#EEIX 27k LT b, Straw [ HiEJCX, Straw-ash (3fiGH S
BfE X X, Taken out | i?’lﬁizb %ﬁ%ﬁj LE%? LCTW5,
ns. AEEM, * 10%4 5, **. 5%F 5, L% E,
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40 ons. s %% ons. s ons. ;o kk% NS

L& y -CF AW (a)
30 P L i
!

SPAD
at rice harvest

n.s n.s n.s n.s n.s n.s n.s. )
25 1 £ [
= 2r —i I
= I _ L
[} . H
= : H
a 1 F : :
7] : i
0.5 i
0 f -
100+ he n.s. HIT ©on.s. n.s. ns. i n.s. ns.(c)
80 [ ¢ I . :
) - I :
2 ; Lo
2 60
~— : H
5] : :
- 40 :
4 : i
o : :
7] 20 F : :
0 : E
80T n.s. n.s ns. i ns. % i n.s.
- (@
Do | : T 8
587 60 |
< a2 :
L2 4 5
- O & H
D — :
=¥ E i
B2 2
0 ;

_ 40 S n.s. n.s. 5 n.s. * A ; n.s. esge sk *(e)
5]
- 30 = -
< T

5%

'S % 20

=]

E

[ g 10

S %
S
B Straw Straw Taken Straw Straw Taken Straw Straw Taken
2 -ash out : -ash out -ash out

Winter-Spring Spring-Summer Summer-Autumn

[X] 3-10. Figd> 53T X (Straw), fiii> & By e X X (Straw-ash), fEed HEFHH LIX
(Taken out) DY FERF SPAD fi(a), N St Ak 258 (FEEURR A, REUFIECe, X
B = Eed, FhiEze), CFIIH H#ﬁ%klz AWD :,t AWD JEEX Z 7~ LT

W5, ns. FEEE % 10%4 5, **. 5% H R, 1% HES
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Grains ns.  ns. ns i ns. gxg NSNSk n.s. n.s. n.s. n.s.

Straw n.s. ns. ns. : Sk ok NS5 ks NS, n.s. ok n.s. n.s.
Grains+Straw n.s.  n.s.  n.s. fskk skksk  ns.i ks NS, ns. ok sk * n.s.
B o~ 20 60
S = H H
£ = : i (a) b
2= 15 : i 45 7( )
£ | : ; |
ER R I I I 30 l I I
& = | : : |
I (1N (L0 U L (L LUEL O U I
v 3 : :

220 0 |
—4:0 Sl Straw Straw Taken:! Straw Straw Taken: Straw Straw Taken Straw Straw Taken
-ash  out i -ash  out i -ash  out -ash out
Winter-Spring Sprmg-Summer Summer-Autumn Annual
Grains N.S. n.s. n.s. n.s. sk l'l.S.E n.s. 1n.s, n.s, n.Ss. n.Ss. n.s.
Straw N.S. 1N.8. N.S. k¥ kk % *** n.s. n.s. sesk n.s. n.s.
Grains+Straw N.S. NS, NS i %% NS, % [ NS, NS, NS *okok * n.s.
8 24
Z : d
] :
: s (d)
=
S8
EZ0 |
SN | I i
: ) | |
2 0
< Straw  Straw Taken Straw Straw Takcn Straw Straw Taken Straw Straw Taken
-ash  out i -ash  out i -ash  out -ash out
Winter-Spring Spring-Summer  Summer-Autumn Annual
Grains ns.  ns.  ns ins. NS DS ok NS, keksk n.s. n.s. n.s.
Straw  p.s, ns. IS gk ok % Ddkdk NS, ok n.s. n.s. n.s.
Grains+Straw N.S. .S, d kakck ok kek Dkkk NS, kK %k * k%
. 250 750
g ' = (6) ()
£ 200 600
o S~
55 7,150 N
Z 32 = |
3 2 2100 300
== |
= :fi 50 I 150
FE | I
= Straw  Straw 'l'akcn_ Straw Straw lakcn_ Straw Straw Taken Straw Straw Taken
-ash  out i -ash  out } -ash  out -ash out
Winter-Spring Sprmg—Sllmmer Summer-Autumn Annual
Grains

Straw
Grains+Straw

- 40

=]

gz

= E 20

Z =10

o 0
80

C/N ratio of
straw
[N
(=]

<

ns. NS ns ns sk n.s.E*** ns. oskk
ns. k& ns P&k NS NS P k¥ s ons.

n.s. *  ns. ns. % ns. sk ns,
I (g) - Grains

IHHHHMH e
()| cF awp
ol Rl

Straw Straw Taken: Straw Straw Taken: Straw Straw Taken
-ash  out ; -ash  out § -ash  out
Winter-Spring { Spring-Summer : Summer-Autumn

X 3-11. Fgd> 5T X (Straw), Faio B B 4E & X (Straw-ash), Fid> HEFH H LIX (Taken out) Dl &R A A4~

Z(ab), Hi_EE A A~ 2 Cc,d). HiEE A A~ A N(e,f), B - fi> 5D CIN t(g,h), ZMIDOXIZ

HAVEHI ORI ERE S (a,ce0,h). 7E1Ell®0ifﬁﬁaﬁ@%%1ﬁ(b,d,ﬂo CF X H ALK X - AWD 13 AWD
WX 2R LT D, ns. AEER, * 10%A 5, **.. 5%A ., ***  1%H .
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9
fa

=

-
= 2 6
9Dz
-

8 o=
&2 T 3
L
N

0
60
b
2 40
£ _
=
Z 20
T
0
7
25 °
IE%; 5
=
ST 4
T &g
2 3
o g
= m 2
2 5
= ey |
S—
0

n.s.

ek

(a) 27

i ns.

[ ns. ns. ns** n.s.
‘T ‘T IT T 'T |

Straw  Straw Takené Straw Straw Taken
out E

Winter-Spring

-ash  out i -ash

Spring-Summer

*** ok

n.s.

Straw Straw Taken
-ash  out

iSummer-Autumn

ok ns

Straw  Straw Takcn_ Straw Straw Takcn. Straw Straw Taken

Winter-Spring

*

-ash  out -ash

Spring-Summer

% % okk k%

Tirveandl 1l

out :

TR

-ash  out

:Summer-Autumn

* * #*

(¢)

[ S L =A T |

Straw  Straw Takeng Straw Straw Takeng Straw Straw Taken

Winter-Spring

-ash  out : -ash

out :

-ash  out

Spring-Summer Summer-Autumn

Bcr AWD
n.s. sk ke n.s. (b)
J I T
Straw  Straw Taken
-ash out
Annual
T kskk ( d)
Straw Straw  Taken
-ash out
Annual
S £ *

Straw Straw  Taken
-ash out
Annual

3-12. Ffd> HiEIL X (Straw), Fin 1o O BFGE = X (Straw-ash), fao HFRFHH LXK
(Taken out) D KU £ (a,b), UNFEFE %k (c,d). water productivity(e,f), ZE8 D KILEAE

oo H|

EfE R (a,ce). AMHOXITEROFER

5 ifi(b,d,f). CF

L F RFEK X - AWD

X AWD FEJEX 2 7R L CW 5, Straw [ HIiEJCIX., Straw-ash (G S B EE

= [X. Taken out IZFH+> E%%Hj L[X%fﬂ< LTW5

=~

ISSN

..5%

II_A\

l%ﬁ‘l_‘ NO
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160

Winter-Spring Spring—SummerE Summer-Autumn Inundation
— 120 [ |o— = = wxzenas CF i
i —— = = arraaee AV E a
§ f Straw Straw Taken : ( )
= E 80
=t
5%
é 40 -
0
0.5 | 1
| b
04 | : : (b)
® = \ : :
= : H |
=g 03} A : i
Qz I il
Zoeh 021 g H g;,
E" hy ! .:E! 3
0.1 it i ’ = ! ) R | ¢
; 5 i :

0 a"a 18 (NI : ) L AAY 5
Nov. Dec. Jan. Feb.” Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov.
(2011) (2012)

3-13. fiido HiZEJT X (Straw), Findo & BFHE & [X(Straw-ash), fiido R HH LXK

(TakenoutyD A & 7 F v 7 Z(a) L Hif(b B R 7 7 v 7 A(b)DZEHiZ Ak, CF %
HRFE KX« AWD 13 AWD BEIEIX 278 L T %, Straw (30 HIE JTIX

Straw-ash X S B EEX X, Takenout [IfEO HLFFHH LK AR L TV 5,

b2
o

1
100 i ¥
1
g0 H K~ RRES 1
/j N0 i *
1
: X
40 | CF AWD !
i
H
1
1
1
1

Straw Straw Taker§ Straw Straw Taken:Straw Straw Taken:Straw Straw Takenj Straw Straw Taken
-ash  out § -ash  out i -ash  out i -ash  out | -ash  out
- N R i i !
Wmter—Sprmgg Spring-Summer { Summer-Autumn {  Inundation H Annual

3-14. BAEMIORBEIR SR 2348, CFIXFHHEAKX - AWD 1 AWD
FEMX 2R LT 5, Straw [3Fgi HIEILIX., Straw-ash ﬂlai@%%’i}s%l:
Takenout ITFEHO HEHHLXAZRLTWAD, ns. AEAME * 5WHE,

Cumulative CH, and N,O flux
(t CO2-equivalent ha! season ])
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b HEEHRBR OSSR, KoO@Em Wb b ZEHT 5128, mk%k, 100C
UBIZETHETORMMBLYELS 2D, o, KERMbOLOAY v 7 T
OB ABBAZFI 2 - 72K 3-15A), /NE72FBHO LD AL v 7 BRI D B,
Faio B OIKZFINZ T E | EIERBENHEMCE)IFE < 725 72(K 3-15B), &

72. MCE MME< 72 512 & CHy, NMVOC/ERFE M E L b E< Ao 72(Y
3-16),

Fabo b EHWZX ) afEC TR SN DIREDRE T A ZHE LR,
O B DOFEFHALERF | Z LR iV COg, CHy, NoO 77 v 7 ZAD B — 7 N H i
72(X 3-17), L2rL. fab bRl X o> Tl SN HIREET A& & D
&L ARG HORT DRSS T A X 05 72(K 3-18),

7 100

- [+ Skg o — kg

= A (] .
= 2 6f - y=227x-359 O DA y =-0.72x +101
E . R2=0.93 w0 | X R2=0.98
27 4
) g sl ’f Ko 10kg Ko 10kg
= = ’ v=207x-309
28 4 . R2=0.96 F 60 B
= r \J
=TI ’ he
=2 5 K A ——— 20kg O A ———- 20kg
2 E ‘0 y=203x-886| = 40
ol d R>=0.96
m W 2L A -
S, ? o
RS . O --- 40kg 0 L O - - 40kg
=2 1t y=74Tx —104 -

— R2=098

0 1 1 1 ] 0 L |
0 20 40 ] 60 80 100 0 20 40 ] 60 100
Straw moisture (%) Straw moisture (%)

3-15. BEHI S NL/-fo b DKy, mk# 100°CITET 5 £ TORHEA) & |
EIERABERN = MCE(B) D Bf%,
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3-16. fb K5y (A, B, C) L EIEREER MCED, E, F)23, CH4-C/2fx#
i ER(A, D), NMVOC/&kE K ElB, E) & NoO-N/2ZE £ ElIZ &

> /Y
B4
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3-17. o b & 7/ =35 “RALIRFIRHIHEA, B, C), A2 (D, E
F), Wit H#(G, H, DICKITTHE, =7 —N"—|3EERZEL 7T ([0=3),
Winter-Spring rice... A& &H1E(2011 4 11 H~2012 4 2 A)IZ/KH TEF L7z K.
Spring-Summer rice... FE{E(2012 4 3 A~5 A)IZ/KHTEE Licfib b,
Summer-Autumn rice... EFK1E(2012 4= 6 H~9 A)IZ/KHTAEE L-fib b,

)
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5 _ 7

—~ 00 Oco, BHCO BCH, EN,0 ENMVOC O | ~voc
52 A B N,0
752000 ¢ 5 . CH,
£i g 4 . B8 co
55 77 7 7 OQa co,

: v U m B 7 % 7 2
2150, o AA BB A YV 798 Y 7 D)EV)
52 BG40 00040440099 % % Pz —

2 3 = EHE E B B 8 H H B E E Mushroom beds

= § = H H H H 1 A H burning

2 =1 1000 W affer straw-

- 3 shry

) cieaon B0

5O 500t

o F_‘{J 500 Deoom&nsmm

mushroom-beds

0 Il Il | Il Il Il | Il Il Il Il Il Il Il Il ] = ! - L (D)

Moisture 13 %|23 %43 1 %‘ 52% 20%424%432 %‘51 2413 °xn|z 1 %|34 %lﬁs %17 %|29°/43s %|51 % ‘;};‘rl:: ;grffa S;mw

Dry weight skg 10kg 20kg 40kg - ’

N—]ZI NMVOC OE &

Straw harvested with rice grains

3-18. fid> LREH « X/ afEE N OB SN HEELR T A LR, =T —

Straw-mushroom cultivation

b= DIREDROFFAZ R L TV 5[ NMVOC 2%

AR ) =)L Tat’ Ll P ON AFENMEL., FNLENDH AFET
GWP 232732 5 (IPCC, 2009)],
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3-4. 5

HL 7R - (N O K BIX AWD BEEIC &0 36 K2 1 S (A EAE: 53%,
FHEAE 41%, BKIE 68%), #EKEEZ TN EN AWD EADA &
T T ERD AR R ST, Fo, BEAKEOHIBIZ Y, R A =
MEEY, pHMELS 7o o7e, MERREIT AWD #EEIC LV, BEFICRE -2
2. JRIKE LTI, 7S T4 N OBLOM, ZRIEHEEOIINEE S . KOBHE
ICHR L TWAATEEMEDN S D . MEEOMLENH 5, K ED & EFKEZ B
x| AFE - BEAEOMEREE OB, pH IR 2o 2R FER A8 U
Tt % pH 1L 4~6 FRETH W . AWD HEFE AIC L 5 HEOEM LD Y 2
JIHEWEEBZ DTz, ROLBEAKEOZOVEKIETIE, &b AMOMK FAEEN
D7p g o TV, AWD FEEX IR AL TV OB 0 Kb 55 3
Mz, H3E%E-15em IZEL Tz, T30 Eh 2B\ T, AWD B#EHX T
[FKNAR TR Eh ABEEICE LS 2D 2 &b, AWD #EIc L h . o=
TLEMALND Z EDRENT,

IR K OMUHEFE ST B EANE - ERKET AWD BB ALZ L0 B S A
T ANFEINS LK ol b 00 FIEITARIZE D bivle, gD
DONTIENMEL ool Z &, RSN DHMEAKFZORENE L 2ofc Z L
5. b OTARRYIREND =N HHEOBICHFE L., HifbKkKEENELL
A, NEEZKFSETWEEB N, MLKFRRENFRCEH W 3ER(E
FKAENZ I\ T AWD FEELC K 2 B b/K FHIEE A L0 BE L 7> TV 5 AR
PEDSRIE X LTz, AWD FERBE AIZ K-> Tl BN A~ A& - EFEEN/NEL
o TWNWBZ Enb, BEWRINEIT AWD (2L > THIHI S TV D b DD, Bk
Bl - INHEFS N AWD 12 L > THBEIZE D b 2 &b | [FULEY O Tk
N AWD IZ Lo THEED B, WENEL R EBZ bz, RS 0-5em J8§ D
WEBENTHE- - IN&EAERIEOHBMBRE R L2 £ 6, HitflbkEDH|
B RDEKBIROAT - L U, INEITEEL LIT LTV D A REMED RIE X
iz,

[EIRE 72 AR FERE: & L C Yang and Zhang, (2010)23 %07 53105, Z Z Tlid WMD
(F2=00 372 AWD i /K ETE: 8 K e ¥E—15 kPa at 15—20 cm depth) . WSD (5%
LUy AWD HiZk#ERE: #E/K FEUE—30 kPa at 15—20 cm depth.), 1BfT/KE#H D 3 &
DIPRX Z 5%, KEBEDAKTAESR., WEICKIFTEENTAE SN, R,
WMD X CIHEITARERE L b @R OB EIEME D EAKRFIZFRD 515 3,
WSD X TIHIBEITKEHRX LY S SITROBILIEENMEL 725 L5 LTV 5D,
FHRTEIC DWW T, WMD X CUERRH & < | A RPER D3 A DT ~ERiE L
TVDHEMEL TS, ZORIZOWTIE, BITELIR O T3l & A 20 28 ik
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D—DL LTETONTEY ., KKDEN, BRI OEMEZH N TLE I3,
FHHAGAINEE CIZE T IED I ENTEDLD, ZHIEE T, N7 v
RALHE « THEVRPE DS R F D mfEOAIERFIZAE R E STV D, BLED L H i
AWD CHATELLRE D LB BN AT 2 L. INFEEFE 2 & D H LD AT blﬁi)ﬂ?)éo
B DFEIE & STV A UNERREUE, KRR OKFIHZhEHE & & B BR %2R
FTIEDRMONTEY, MECRUER EORELRE DR — 084, KABEYT-

D DI E(Water use efficiency) IZINHEFEEL & LLHBIRIRICH 5 &L ST 5,

LEOHAZ S LI, KFREOFREREGDOETELEST H &, WMD [T VWIKE
HTHh D safe-AWD 1T, KEROBEELOFRELBEL T, ROMBLIENEL R
DTWDAREMED S 2 HALTc, AWD FEEBE AT K 2 INHEFE B D N3k 728 1
BT ORI Z R L7z, IR - IR BUT kT 5 AWD S AR 4
FAED Jasmine 85 FILIRFITIZA AL o 7oy, FEAE « ERKIERED OM4218
FIARRZIZARICE D B E 1~17%, IR 10~23%), AWD JEREE A
LD NELY IR DOIZ ) P RE BN LT Z & Fib b AEERD D
L7=Z &b, KREORTEN AWD (265 D FREEEHIN S L7z ATREMEDS /RIR S
Nic, E£7o, HEOFGHWEIIC X > THIERREN E2 0 | K2 OM4218 4
BERRI I R K X - fifido O B TR I I TN & - INHEFR S0 & Ot D AL X 2 0 K <
b OREENELS RoTe, ZTOZ EMND, TEOMIEICIZ L > TEHEMAINZ 5
AU, IFEFEEL - 2K ED R < 20 | KBREICHEEZ KT L TV D AlREtEn R
e X iufz, SRS, AWD F#EEXIZIV T, fad HIEICES O KA T EEE N Z O
O ELY HE LS B WL LZMIFIZIELL TWDIZHE b BT, KAL
K FEED Eh O FHSEENZOMOGHEMEHX & T b REirol, Lk
226 AWD FERRE NI L > CTHEDOBR L ZMA i 2 e L, NEZ & H DD,
fabo AR - K BE - WOKEZHI T 5 REMEDS R ST, Wifb/kFE D L
Wi BT 2R, BKTE B OB DNEFRIZHE D b ivTe B AR D LEERE Y
BIfRE D B> 5 aRak S LT A3 (Yoshida, 1981), #&HEHIHIIZ DU THiE(LK
TR E SNLHIEFNTIZE A ERW, 5%, Bifb/KFEOHEEE - BEJR & REA
BORMGREZ LY 5¥?ﬁﬁﬂﬁ)ﬁﬁﬁ‘é%g75§%é Flo, AEYEBX Z LICREH %
BT, TEOAEE B EKEITRIT T REL T 5130, ZAE Ol %
ITORERH DL &R,

— 5 BEEBREIIINMALKED X 5 BRAEFTMHIE 77217 T < EFEOH
72 EOAEBIRER T HIFET D, AlEHEESR . MEM A T~ AEFR L HIT
WKEZDOEAFEMEm L 2> TRV oKL 52688 - Lo =
RN S TWD ATREME D R S V7o, BOKOIKER - BIFIZFEIC K- TRZR D |
FIZ X > TG SN D 00 - AR OTRA RN 7R %) _I“b PEDS RS ND, 514,
Z OB 72 EDO LB WNEAFIEOKTBIAAET BT KT THELREST 544
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ERboLEHEIND,

A X DR EE - AWD FEFRE A X 2 HIBE R T OEIZ & L0 &< 72
STl b, ZHECL s TRbL Y IR LEGICRASINDSZ T, &
BOBILMESN TS Z ENRBINTZ, £/, AWD #EBIC X 5 A % Uik
HEDOHIBZNRIINFETH 2 SIEHEMKIEMICR bE L 2olz, HBwl. B
TEICR W T, BKBEEEDNE 2 72 2 &1 & o TRMAR T EEDNERICE S . KAEDS
15em EE TFN LR o 7272, AWD #EREE AIZ X D HEOERLh IR
EEZLNTW, L LR b, FEBRITIR, KADBHEEKRERETH 5 TR
15cm (2R, BEKBEEN DR 2o 22 O KNAR FHIBI AR ZE TR b &<
otre ZOKNMRTHIMOMEN A 7 o AERICRBMIMEALIZEEZD
b, E, AR E L L THTHIMOEEN AR A Z VHIBRDO—>T
bHDZENEIESNTEY toh et al, 2011), 5. BKkE, MbLERADE
T X 2 78 T« B /K DO DS KA N« AN T HART - EAK RS
WZRIFET BT T 20BN H D,

—Ji, AZ U EHICEBERIBENRTATH HHBILERICTONTIE, &K
VEHALZ ELR A I B FE 05 ) S 7228, VRIS o |2 oA Tl 3 FE M
SAEMBR LN, F2, KEBEOEE IR OLNT, MbbeaEs XA
AMER (FRb BIETX) T, oLBLX Fb 6IKETXB L ORb 58 b
HLUK) B ERT 7 v 7 ABMEL RAEMNRBO Sz, fgdb HiE oL
(2L o> CTHiFLE R HHEE AR S D & o#HEIZW < 2% % (Singh et
al, 2004, Zou et al., 2004, Khalil and Inubushi, 2007, Wang et al, 2011), %¥
|2, Singh et al(2004)XfE H-/NEDEIERFZIZ, fgio 5 XV C/N B En
INEDB A TR TTT H 2 L CKBINE c EFRFIHRNMET T @A LT
W5, RFFRIZBWTHRED HIETTX TEWIER L E R H RSO S 7en
STz Z & RN DIZ O, M SNDHE(LER T 7 v 7 AN/NESL 2o
FIRERO—2L LT, fibbiErnN ik, HEPICERE L2 L lkT
HEEBEZOHNT,

R MDA X AR EAEIC 26~45%HIIH TE D Z LR ENTZ, A X
vl lEkR, BRADRIBENRATATH L2 HRLER & ORAERBERIZRN DD
D ZFFOMEBBIREIC DWW TR, AWD I K 2 AREREEII AT, S
TR L R OHEBRIBRL~D T HIZ A X D 1% KT 7e o7z, —ikH
[ZHF T 7 EOKEHITHEM L ER OREERET D & b AAPCC, 2007),
RAAR FRFICHEIE 21T 03, #ERRICHEZITH) Z & CTEDORAEEEZEZE LT
FoHbZ ENHEINTWVWAHosen, 2010), ARERICBWTE .. KhEERTIC
FERDPTOI TS Z Lz, BoRMEOEWERE 12, AN 15em (12
2 L7 CHEAK 21T 9 Safe AWD 217> CW\WA728, kD AWD L0 1
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BEREREETHEEMEESNICS WERKE TH D & & X bivle, 70, B THRE
FERENTZ9(122~283 Bk m2), FERENR LITIXIZEAEENZ LITNZ, 4
[EZ 3 T CHRIAE S AU TUN 2 O TREIMPEAREE & TRk, /KR A it A 22 32 W U 5D =R 73
FVREEICH D LB 2 bz, LlEM D, Galloway et al (2004) 538X T\ 5
EFRBRT E=T L M, WL, BLE) 0 Z DI WKFRAEEERE TH
L RS T, HRREREG ) b S o i b =R EDS BEE ORERES
H(Akiyama, 201D B & AMNEITE LW LS STV D iR b aE#
B(/- & 21E, Wangetal,201D) L ER_RTHEWZ &L Z NI K> TSN D
HEEZOLND,

UL ED S | BRERERME AN & 72 0 oW s R U IC B8 T HEE T O RS E
D EFIFEFELRDAREMENH DD, ARRBRIZHB W TN EIC BB 2 KT
I ETIE A< WL HEEREEIIFL KRB OREEMZ D Z LIRS NIz,
AWD JEEOZ AT & & THEEIRE 2 HEFF, D WILE O O DMK EL A &2
Z [RIRFICHI T & 2 AIREMEDS R ST, AR bk - oK OKFRAES - L&
B XIFTHEL 2-3FEAr— L THETDIVNEND D,

AKHEEED O D IRBRRE T AORE T TR, Fib b RBERER %
TV, Wb BLBEHL - feb b2 W= ) afliiE i S D IEE RS A &
Rl L7z, REaRBEo U L L Cilbn 21 ER B (MCE : CO,/

(COx#+CO)) ZHHFALI-AER., ftb 5 5kg, £721L 10kg 2 L7 E .
DODOEKRENEL 2DIEE MCE PMEL 720, REEREENEZLT<o
TWbHEE AT, LLRRB, 20kg b L<IF40kg ZR0 L7256, 2 O
MIER B2z, L LN G, 20kg b LT 40kg 2R L7286, 2
OEMIT RGN oTe, THUHOREND, ML EZEREZICT 2568, &
KOGFMEDOTEDL L EZ MWD EATERREEZ S Z L7 <, CO X CHs D3
HEERTN, ML EESEATRO LTSS, fab b 0K DMREEFIZ 785
LR T K o ORFERENRE XIS RO LR Lz, —ERbiRFE,
—P biRFE, A X ERMEAEHRIKRE, HREERORAERBIZEHEHTZV O
HERIBRE(LAR T v vl (GWP) 3 U, SRREESMICR T 2R & BN H
BRIERBLIC KT T BE 2R T-, TORER., fib b % 5kg 7213 10 kg A=
L7288, KONEEDHICHONT MCE 2METF L, HIBRIEBZ(KIZ M4 B
WEEoT, —bRFE, A X HREREGHREBREOREENEGE>TND
HEEZOND, GKEREFITHE D HERIEREILIZ KT EE OHEINIL 5 kg
BREE L T-BRICh o & BEEE TH - 72728, 10 kg BREEFRF TIXRBE O ZB(LE N/
<720, 20kg b L <% 40kg BREEFRCIZ Z DA R b7 e o7,

INLORERMNG, b b E - - BEERmICHA L CRERIT A Z i, T
D OREAIOHIEKIERGIZKIZTHELRGDDL I AT RDDLEFE XD,
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IPCC2007 LIRE, RKH DA X o ZHKIHESD OH 7 2 1/LH GWP DR HIT
BREINDE DI, —(bikHE, EREAREBKRFE, A XD GWP 23
Folt, ZTAUTEY, KHHBERDAZ AHEHEB I ONNA A~ A== T|Z
HokT 2 —BLRFOEBMRN —EEEIL o7z, Sk, HEKIREZR T A
DOHHIREE LT, KABIOARAL v AR—= FTOEEMEN L DT Z 22
nhHETRINT,

b b EZFA LX) afEicB 0N TF ¥ o 3—EE VR, b ok
RFEDND L ATHEBEREANIC KA~ ST D Z &3 yinoT, BTl
szt TRRDO LA L TWDH A, it BT TITIHBRLEL ) i S 4, F /=
HIGEZEGIZEIZE LIZBEIZIINEIRWAEEEZ LT Y, EEIEH 80°CIT
e TWD, ULkt FEZERET ORNIEE A EDOREDBEATH D
ETHlS T,

Fado DIARRZAE D 45%703F 7 2RI I S 4. 50% 0583574 D BERIAL
HIZXoTHHEND Z 0D, F/ a5k ob b ZEAE3. ZofoF|
HAIZTHWA Z ER TR, IBENR T AFEEEE I BITEL TE 5 a[HetEN
EZz N7,

KA EB T HEFRBRIC LY, AWD 2 E A L CTNEL T3 IS
A M IREREST AREREZHITE D AREMENR SN, fib b 2B #&
AT D EAZUREBNEL DT, MGEEHE TITOIL TV Db b OFHH
L - BEANC L0 AWD BERERIAR, IREZNE T A DIABZHI T E 2 afaetk bR
I NI, Fabo HEH Lk - BEAIFFOIRSL RN A HE G T2 & ThH 5
MEEEDOBFFE T, SHIENIEIR ST\ D, AR TR L SN -%OMmb 5
FIABEAB L OFEE RO SR HICHE T 2EEHRE T AR ERZRHE LT,
UL EDRERZ AV [REELER ORISR - & 2 W& DD D/KFRAEEIC R
THORMEBENRT AEKAEEZHTRL 5 5K - OOEHEARETHE2HMNE
L. AKHB IO D SR SRAET DIRENRAT AREEZ B L2 3-1),
FEE. AWD BERHIIKH 25 OIRBRVEHS 2 ZHIET 57200 TR < b b34e
BEHIT 52720, b OFMICHRX T 2IREDET AREEF D OB X -
X/ a ) E HHPE L.

RBEFLOBAR E LT, TF, a A on—_RRF =R L TND EDFE
WA BEZ D70 2013), 2000 FLIRE, AFREY) GDP RERIZ Y 7%
PLEZFER L TWDIRX RN FTAIBWC, JRAO NF 7 % - ar (o DEE
HFHRGEEN . 2009 FE D 2010 FIZNT T 5 B2 DFERLH D
(http://giweb.kubota.co.jp/pdf2011/g),

LR G, 28 UN—_2 X — g b &2 &M U, §h9 5 72 kb
R B HEA~DOMOLBEITLREFED LD, 5%, L0 —BEG~OfH L
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BILEDIZ D X DI AEERH 5, b baEEITIFIC AWD RS A
2 &L DB RE N AAEBDOHIBEIR DR b EN-T-Z 025 43%, £ 3-1),
A% AWD BEANEN, IV —BEEEsaEEnd s EMfFIns,
7 3-1. KK - BEWEHSLMET ORENRT AR EE
Annual GHGs
emission from
Amount of straw  Annual CH, and
o straw-use (straw Total GHGs
annually burned or N20 emission ] o
. burning and emission
taken out from paddies
mushroom
cultivation)
(t under 14 % moisture ha_l) (t CO2-equivalent ha_l) (t CO2-equivalent ha_l) (t CO2-equivalent ha_l)
CF-straw 00 88.67+ 1.39 0+0 88.67+ 1.39
CF-ash
] 6.67+0.62 56.92+ 8.11 9.99+0.93 66.90+ 8.93
+straw burning
CF-taken out
6.40+0.39 54.87+5.28 7.94+0.48 62.81+ 5.47
+mushroom cultivation
AWD-straw 00 50.71+10.53 0+0 50.71+10.53
AWD-ash
) 5.93+0.62 40.19+5.19 8.87+0.93 49.06+ 5.92
+straw burning
AWND-taken out
o 6.10+0.71 40.68+10.71 7.58+0.88 48.25+10.43
+mushroom cultivation
Water (CF or AWD) p<0.1 p<0.01 p<0.1 p<0.01
Straw (straw, straw-ash
p<0.001 p<0.001 p<0.001 p<0.1
or taken-out)
Water*Straw n.s. n.s. n.s. n.s.
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RFEITRFOUAN « XHIZKRT 2K - b b EBOEEBLFE L=, R, b
HeX ) adiEh) EIFIRINCGRBIRON, ZIEI 2~3%, 11~16%FEE Th > 7,
DO ENDL, KREFEZFOWANITKRDOTEY EIFFEICIKGFE L TND I ERbhro
oo KDOFEY EIFENSHIOFERNATH D Z &3, AWD #EMB L UL 5
BRI KN EIC KT THEOREENZER L T 5, AWD HEE - fiidb O F BN
BAEH SN BRICBETE (L L 5 DUNEZEIL, 4% bk L TRl S 40 5 2020
H5,

KHIZBW T, FIT, FEAE - gk - BEES KR E RBIE 2 o T, MilEE
90~200kg ha1 %, #IL(Q01DDOHE &5 & R L Ao b lEinE
T D, HMTIE 46 [ENZ/0T THEAE STV D 728, KR O AEEHL I DR 1%
BHFTH Y | BEAMOBLE CHIEOLEH RN EEbb, UL, [NFERE
DOKFED SPAD filix 30 & LAl> TWBEZEMFEAETH Y, JEEI OB
I s RERRIO FTREMEN RS SN D, BERICHOWTIE, 4%, 2231 n—
N2 =Y KT D 2 & THERITE - B NS 2 /REED B 5, HEREIZ DU
TlE, BT OFEKITAR - 7 HEE & I HEE S DR STl v | 1EHIE. Ao
HEED I HEK ZARAE L TR OF R L 0 b BBV EHEH S 5,
L L7 b, ARERBROFER, AWD JEEOENIC LW RN THEME LB L% 2
FHBREHB TE 2RT ¥ Yy VDR E T,

2 HEOZHENEIZE L% 10-15 HTH TH DI ZUXA-FZH) % | 20%FLFE 5 &
SIDHZ EERETAH(K 3-19), F/ TOFEENEUL D 11~16%FLE % 5d
TEY . KREEFE RN 10 FREH IR, F/ aBIGEEEZ N 1L 28
THND T ENGhoTle, LTeRo T, Kx DORAEFERZENF / aFIEE21T0,
By DG ORED b &> TINH 2 K E T RIS, 5D ERFE N,
JOEZORMbLEBEA L, KBRS ) a2 {THo 2N TEDLLEEZD
iz,

FERE, BT O R, KRR EZN B D OBSENORE LS 2 HW
T afFEEETHOPNID N ERDro TS, iz, AFsE: L/
G EHREL TV DLREFOFRTEH, SO L 28T 2 BFITLAHFEEL
BT 0%, FEIEIZBWT 7.83%, EKIEIZBWT 6.9%FRE Lo, KR
ML IR D EENETIX 45.3%, EIKIETIX 51%DEZE B b b OFEHNC L HIL
NI BN b 5T, BHIZT-> TS, ZRbDZ b, BHRIZED
e b & BRI TE T, WIEF OGO ALIEEICER TS Z & 2l 5 72
D, b b EBIGA~EFOHT I 2B, b D EEAIL T D LRI
%o BBHA~FHLHINZHBEBZORD LIXENNRY ) afE2175 —#o
BEAREL, ¥/ aBEBFCRA S TS o LR S (X 3-19,20), Fs
b LR LRIk SNT25A . B0 A B & oLEFO&Ry BRI

81



~FELH S, IR b D AREER B D, F iz, Fib D OB IO
BHEZE DN ES T2, IBBIRT AN I I END Z LIThb, Z2hbnZ &
G KRREFERFE N L0 B efib b RIHEE AV iuE, KREERFE O
WS 720 Tle <, HEBARIREE OMERF . fitd O IEMAR I k3 2 OB -
IR EN A OHIEA G TX 5,

IBENREN ARAEBIRBME 2T U CREFNEGEONZOFEIZNAT-E 2
A, AWD FEMEOBAIZ L VI 2 (FRRE L 725 Z L bho7z (K 3-21),
ZDOZ LiF, RETH OB O XIRET D AWD FERRE A0 2 78 L 72 B,
AWD IZ X > TRELAFEENBELZ 2 (FICEmELARELZRERT LB 26N
Do MBEETHDL NN T L ATy FREOEMTIAKREAFER T,
3 HIE - PKIZ L o T LERIRITHERHEK - ZEORD L AE LI TV DHIREE
Thbd, INHOZ LD, THEOBELRECDIRENRT A THDH A X 0K

BZHETHHLKEDORAEZIEL TWD ATREM N E WIS RE TH 5, L
2L, AWD JEREEAIZ X VM 2 A 2B L2 B, IRER T AR REH]
Ik (25-45%), KB OTEMAL & & HICIE - IR Z MR, D50 EEmD o
HAREMEN R E N, T L, AWD EITINE S TIF 912, #EK= A b -
IRENRA AT EELHINT D Z &N, IRFETIGOBLR TRRBAEEMEEL KE <
M EEETWDZ EEERT S, FRlZ, OM4218 ShflEZ 3 LK ENE - ik
TETITMEFE B DI ABAE 1T A B, IR AME SNV TWD 2 & DFRD biTz,
Fabo bIsA R - BENMZ OND AREEN RSNz, 202 &b, AWD #
KRR OISR AL T Z & T, A X VR EZ & Db b ORAE R & KHE
& U CHEBERAMEZIKET 2 Al ettt N gt s -, B Cidfnb o R fnb
LR LTI, KE~NETLINDMO L &NVHI OGN TIXWD D, fidb bkt
H - Fab OEMREEOBRENHEE - fab b A V=¥ /) afliiEic L > TEEDOE=ER)
BT 2A(CBbIRFE, —(bRE, A X v, R LER) NS TW5S, Zh
5EEE LR, i bIEEDET AERZHITE 2K - fib bE X5
Wb baET L, AWD#EMZITY 2L ThD EHE 2 bh=(X 3-22),

AWFFRIZEBNTEH, 2 3 - 4 BERBRIIAED SN - 5 AW ERTFEE W
FiEL, AWD O 2 Z CHIEEREOHARIZAETH L Lo Iclbihd, L,
Watanabe et al Q013)ICTHEEINTWDHEHIICT7 4V EL/KBIZT, LR
e HEEZBIL S ED AWD ZE AN L7l A21T> T CF KH &g a1T7- T
H A Z AERBEEIENR R0 o T, RFTRICE N T H A ¥ AR~
WRBEMAM T FIETIT o THHEONDIIERPBELNTWND & TFHISN, K
WIS CIIBAED TR FIEZ W TE T 21T > TRy, 41X, AWD S X
Ofigo BB ORI - Bk OR8N & - RN FE T A HEIC R T
BEHODICT DHEND H(K 3-22), KHFITE~DFEE~OfEHE, FEHEIR
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DK A G ~OHEG | WU HHEA~ORGD b HRAER E 2 BB Lo, K
PE < KA AEPER DTSRI « IR AT AR AR OB D K0 AR 7ekwb HF)
MiEZHfHET 2 ENEELY,

300,000 : : :
E I I I m FED S
0 200,000 - I ! ' F+/35%L
=N “ " m ST
< 100,000 - 0M4218 F E(EE+EH)
[Ea n n m Jasmine85 3t I (EE(F)
o 4
. 00000 g EEEAE
4L 250,000 mESNE
-T,__ 200,000 WL T
E 150,000 m
H 00000 miE [DM4;18]
] ' m = (Jasmine 85)
50,000 m KalifE#
0 m NPKEEH
m DAPRES]
m FREEAER

3-19. 3 HIEM O B FATHE O AL L O B M

13 1 M7= oKW EGEILFEEEN 35 BFEOFEHETH D 0.62ha & L7z,
Fo, FEFANTULKROESEHIE - fib b « KEH, INE - b ORERNBFELTH
HELTRAE LT,

UL OB IR 2RI LT,

Jasmine 85 K72 ¥ k% 6,000VND/kg,. OM4218 >k 4,750VND/kg,

% / =1 48,000VND/kg,

X AR A Li2fb K 20kg & 7- 0 H5E D li#% 3,000~4,000VND,
JRFENEEE 10,300VND/kg,

DAP15,600VND/kg,

NPK Ji#} 13,200VND/kg,

Kalil3,600VND/kg.

ffi 7-(Jasmine 85) 18,000VND / kg, i 1-(OM4218, IR504, OM1940)10,000VND
izt 700,000VND (K HTifE 1cong=1300m3 & 7= V) )

LY o7 S B 300,000VNDOK H i AE 1eong=1300m3 & 7- Y ),

AR FEENS L ONEYE A B 971VND(1m3 /K 2 HEIES 2 BR O FEE)

X/ S EFEREAZ 250,000VND/fgH 5 1t 720

1,000VND=#] 4 1

o712 L, Wi Bl O BREREE I INNE L Tuauy,
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URSZ (FH/34F)

300,000

250,000

200,000

150,000
100,000 -

50,000

wesiox [N
swo. [

s [
awo IR

BOSET | MOSKET | FH(EED)

3-20. 3 WIWEM O BEF IS O
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=
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BESELAF OS5

300,000
— B EEREHAR (SRS
& B EEHE AR HE)
200,000 | n EEEAR
=N [ =i
[ [ ] [ )
H u B
+D{1m’mn i u & (OMa218)
g & (Jasmine 85]
. B KaliEER
N m MPKEH
m CAREER
Eﬁnmu n FRER
M
P
é._:ﬁIII,IIID
=
100,000
0
fib =)

3-21. [RFEMEE A EEICANT A OBRFERI I « I 3tS

15 RIS 2 B L 7o SR
= AR 48)+HIEE N T4 A J & (X 46) X 1 FEAli#%(12.76USD /1tCOz equivalent)*
*12.76USD /1tCOz equivalent « + - State and trends of the carbon market 2012
Spot and Secondary offset market 2011,
1,822Mt =23,250million USD
*1USD=90 M & L7,
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CH, Y]

SRS

\\\\\

4] 3-22. AREOHRIEX
AWD JEREIZ L0 BB RV L, BER HEEICE S D 2 & THGUNE
I OTEENINZ S, IREBENRET A THD A X R0, KRGO LR % .
ETLHHALAKFEORENMZOEND EBEZHLD,
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3-5. EEF

RN b @WK EEREE D A T AZ TR, ZHEOERICE - T
IKFRAREE IR AME M 238 U TR RREK L, Z2REOMDOLNRHBAEL TNDH T2
B, FEENEEIZNEITCREE L 720 KAEBELET 2L AKECA X v 2L &E
ICRAESETCWDERMENRD 5, £ 2T, AFZE CIXE BRI ZEAT TR S -
AWD(Alternate Wetting and Drying) &i ZKEEESANIZE H L. K @blZeK - figb b
BHABANTHZ LT, KHONEEHER - H 25 WIEE D DO DEENRT A4
BETTD2Z LN TEDLEOIEREN T, XML A a5 0% OKER=HIE
HiIk 2 k52 AWD HiZKBEERRE NRBR 21T - 72,

2011 4+ 11 A ~2012 4F 9 H & ={EHIfH] (2011 4 11 H ~2012 4= 2 A : &F1F,
[F4FE3~6 A : BEAE, [ 6~9 A : EAKAME) - Bk (2012 429 A~11 A)
IZ_X ML, By P—THORZKHEEY T, bbb EBE(EEET - i - b
ML), KEBE (FEEREEK - AWD) ZEhE 7R ERX 2% 1T, £ ORI
HUE DIBATICU » TR AIT o 72, IRWT, RTREEN 50 R AR50, x5
KO TR GR AR Z B X B 84 Lz, Bt CcEREefmb o F HE
Thd, X/ HEHHEE & U TORHEE & BEAMLELRE i H i 2 =5
T AR B M L7,

AWD EAIC LV k5K EOEM DR FREKED 5T%0 G B ICHIR S -,
AWD JEREX TIX Eh CRRERIEE N m E V. T3 pH LR KERENMET T2
HR N A ST, FEOFD HRAERITLL oo 7203, INEIX 0.50~0.91t ha! 4
N @L< 7ol KEANPLBESIAIRENRT A, KHNORAE LT DL
BEHLER - 2 ) o~ FIH S ZBICE T 2SRV R 223 LT- & =
A, AWD FEEEAIZ L 2 IREZY RN A EO R RN Hiv, &EET
X T 43%, BEAIX T 24%, fedo HFFHH LIX(F / 2355 X) T 19% A E IR L
7o Fa B Z MSGITEIT LoD AWD JEE 238 A L 72 B, 1RSI T AR A &
bk o T,

VL b2 G | kG T, HEEPRIEIRE O FAIIAF L 2D RN & 2 03,
BFKHBEGIZB T 2RBICBW COIINEICHEERERZE L KITTITETIER
<, WNZTRER) LEEREEIXF U A ERILKBREEZ KM, NEZmD O
D, IREHREA ADORAEFRINYE Th Hfitb b ORA B ZHI T X 5 rFEMEN
RSNz, RRBRIZE Y, AWD F#EEAZ S A L CINEHEEF - D0 ITEDH DD,
PEWE 2 A | I E DR A B & IR T X 2 AlREMEA R S iv7e, HIERIEBR L~
FIETHEEOMSNG KHEZEZXRE LIo/K o O EHELE IEHET 2 &
AWD EAKHIZFEDL HEIITLT D Z & 23 Y ko /K H A RE R O #ERIE R L ~D
FHERNITHHRTHD EHZ LN,
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FHAFE 7 n—T7 K EBEOMREY R A RIS
— AV E TSR AN O B~ > 7 e — T A T OB —

41 HFERBIXOH®

R & TIT, BV R BT A 800 B ARAR - 2t | B /K (B
P TR O R D O B S DR RA AR - IBRICBIMOK - RFEE
BOKIFTHRDEEMCE M I NI, L LR 6, B BHVE 158 B IR
IZOWNWTDiEmITEZITb T, £ 2 TRETIE, mEMICZED 13
A %% 2 TV DB EEE T AR CEHERRBITRED —D>TH Y |
O NZIEBN OB ZE ZITTWD EENd~ 7 a—T et RICHE R
R

ARETIE, X T LA TNE AR AUV NOY T a—
THIZT, ANBANER) (BHIFIHZL) BROKEEINIC L > TA X %A E
MEDEHIITEDLL, B, ANBREDR VAR~ 7 v —T RN G
HLTWAEBMEATABR—RT A )N D NARBIZL > GEWNRAEL D
HE I MNERBINTT DI, WEFRRD G R 5 HEEECALE 3 D EB O LR
TZERB L O HERE AR L. A % AR - M EICEE A2 KIFT i35
BRET TR 2 MR L 7=,
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4-2 BB XOHE

NN FAERNOREES S~ T — T

2014/6/28(REH T#142) DX k- 4 CaMau 4 (N: 8°36', E: 104°43) % L Y
2014/6/29(“F-#i 1 T-#1H77%)SocTrang 4 (N: 9°20', E: 106°05) N Df FEHz 7> & FEEfE
D X7 HEE OIS T TR LOELHE(Z 0 — X R F v X —{R) O %
1To72(X 4-1), v 7 va—T7KEWpd 5MFEIL32, Rhizophora apiculata

(7 X XFvIVX) | Avicennia alba(V 7 Va e VXX~ TT v I~ T
2—7)Toh V(X 4-2), HEAROERZIE, @b AR &G 2 S DR
DE J JINVT v —hlFHE— WO 23T i T 5 (Vo et al, 2014a),

* n=1"~3 at each plot

4-1. A a7 )V X i
(CaMau ®HE Y S5 LKIZMEET., RED S5 LIKIINEEERT 2 77~9)

50% -
40%
30%
20% -
10% A H

0% T r l_l T I_I T

I . [ I *
Acicennia Avicenniaalba Avicennia  Nipa fruitcans Rhizophora
icinalis marina apiculata

species

Rhizophora and Avicennia are the main species in Ca Mau
4-2. X F A CaMau BN~ 7 v —T7 RERAKT 2 1 EfE
(Vo et al., 2014b)
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ITHETIE, Ca Mau HNDO~ 7 1 — 7 (% Full protection zone & FE(EAL,
v 7 u—7HRE UTHEN - RIE ST W e ER#E I & Buffer
zone & FEIZNDHEE SN2 D 60% L Eix~ > 7 m—T7#RE L TIRES N
TAUTZR B 2RV REREHIEIZ 01T BT D (X 4-3, Vo et al, 2014a), L
L7223 6, EERIZIX Buffer zone NICHEBWT &, HIBRLL EiC— B #HHM LK L
2OHDHIENY B— VU ORER, RESN TS 4-4),

Mangrove Management Programs

Main wtilization of the mangrove ecosystem in Ca Mau Province

,,,,,,,,,,,
mmmmmmmmm % recreaion |
at least 60% must be .
oy oo simp aming civies
for research, &
tourism purposes
100% must be
vy 00 e coonrs) [

10 20 30 40 50 60 70
%

=}

Mangrove cover fraction
- Pure mangrove (>=70% mangrove)
Mixed mangrove (31-89% mangrove)
Aquaculture (<= 30% mangrove)

4-4. FEIRIZPERT 5= e &GEn, (Vo et al., 2014b)
IKEFENIKEEDOR BT~ T a—THKNEE L TV A HEZ R L TW5,
TRARFEN 1T Buffer zone Zx LT\ 5,
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A4 v FENORENS Y T a—THR(R U F )

2014/8/6 % J7~8/7 §i(F#iRi114), WU AN 2 K N T FF v a)icE
7o o TIHAET DR R D~ > 7' — 7k Sundarban (2 T HHE L OZER
B OB AT - 72(X 4-5), T3# - 22530BHT, Jha ef al 201DIZ THE S
AUTUN 2 iR AH BABRIRIZR 23 5% & L C > 5 i (N: 21°48'55.081" E: 88°37'49.26")1C
TERs T,

Sundarban &K T3 L% 9000km?2 D EEZHHE L. 1 > NMUIOHEHE L
34%, N7 7T ¥ 2L 66%FE I Y 35 (Naskar et al 2009), 1 > K1l
® Sundarban /L% 7213 T . Ganga JI[-Brahmaputra J/[-Meghna JI1{7] 1§
WABE->TWD,

Rhizophora, Avicennia alba, Bryguiera gymnorrhiza 7% & 2Kk 72 I K -
TR SN TV D~ 7 m—7 RN CEE MG bm), BIf TRBESL T D
1Iff1X Heritiera fomes (7 A X VX~ Ay /) XE, X~ A
7. BHOSET Sundari &ML D, BIEK 26m) TH D,

(b)
West Bongal

(a)

Sundarbans, -6-' |
India arsis
2014/8/6,7

‘ India A, B and €

4-5. £ R« A E = ra—7 Kia#i(Jha et al, 2014)
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KRBT

- BEE(LEM - REHRT A BRIEE
UFBEDR - BRERIRIE « 2IRFR - INFARIRKFE - 7T =U A, CHs & 2, 3 FIZ
RLHFT 22 D 7R TCHIE LT,

- DNA ofifti - PCR - DGGE

LB BT RO ZERT © TPCR-DGGE (2 X % T8/ - SIREFEMEATIE Ver. 3.2
2008 4£1 H28 Hik:T) 3L U'Watanabe et al. (2013)2 &% (2B 272> 7,
VU TR LR - FEHAR (201002 2B 1T o T,

« A2 UERERB L OBRCEBERE

ABI PRISM 7500 system(Applied Biosystems, Foster city, CA, USA)& L O
real-time master mix (THUNDERBIRD Probe gPCR Mix; TOYOBO, Tokyo, Japan) %
A, Tkeda et al 2014 #ZE12, A ¥ UEREH(merA B T7 74 ~—*&
v I, 45 Y%A 7 )V; denaturation 95°C40 #, annealing55°C30 #), extention72
oC60 ) « Bt E % (pmoA &1 -, A189-f - mb661lr T A ~—t v K, 40 YA
7 )V; denaturation 95°C30 ), annealing65.5°C20 £, extention72°C40 ) %
HIE LTz, BESAERR O T2, A iR TR PITEE 2K H 130 & B
L7cAZ AR » BRAGEE O LLT OB 2RI L7z
A Y R
Methanobrevibacter arboriphilus SA (AB300777,7" 7 A ~ —iAZ T 760bp).
Methanosarcina mazei TMA (AB300778,~7" 7 A ~—iA#C 778bp). Methanoculleus
chikugoensis MG62(AB300779,~7 7 A ~ —iA T 784bp)
A X AL
Methiromonas koyamae (AB538965, 7" 7 1 ~ —iA 4 C 508bp)
Methylosinus trichosproium OB3b (U31650, 7" 7 A ~ —iAZ T 508bp)
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- R ER-1

B L7 mE -4t 3g HFEOD, £ 22ml AU ORRE 4 RIZHRE L
oo OB 2ARITEFREL UMK E LTV, RV 2 RIFEFELHEE T ’ﬁ?%iﬁ
BhrBIlolz, FRBREOKFF A & v« TEMUIRFBRET 1HEBZ &I
E LT, HIER., Bi5EE L TV ARBRE OSMHIZHEE 1 oM%E ?ﬁ%?ﬁbiﬁ%
L. F&REE L W DRBRE OSMIT 1 B, ER=ENICTERER L, 5
FR% T DOC REGHTE 2 BEM), 7 oE=0 MREGHTE 2 &5
AR). WRERIRE (IHTiE 3 M), /L7 —EiEME(Deng and Tabatabai, 1994)
ZRE L, RGO EE ST Uiz, £o, EEANCEMRCEIRE - 2R
FIEF 2 WE LI,

- BERFERR-2
B EER-1 12T, FRZEmW A Z U ARIEMEZ R L2~ b F A CaMau 4 O
Mt%, w1t 3g SES554% 22ml 72 U HEERE 12 R L, BEEsE 21T
ofc, TNEN 2 KE TUL T OB ZITV, EER-1 & FIRRIC T A A RGENE - +
B b LA T LT,
- HEYSINIX
- #BMH/K 10ml FANX
- ME7K 1/8 F B 10ml AN X
* WK 1/4 FFRHE 10ml WX
- WE/K 1/2 FBRE 10ml IRANX
- YK 10ml FRANX

WK IE, Camau(N: 8°36'277, E: 104°4324”)1ZC 2014/6/29(EFE)IC L 4
BB L7-b0G1gS L) EHEH L,
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4-3  HEEPYEIENE - EEDRA A L OAERTEE

B TAZ 7T v 7 AEBR LIcER, X R )4 CaMau(NFEHR) « Soc
Trang IZBWTIEL, AX 7T w7 A FF v o _R—NOBROIEFERIED
FAREBEFR &7 L T 72 (1X 4-6), Ca Mau(fgf58) TlETF v v /N —PNIZ IR NS
FNTWRWNIZHE 0D LT, ZOMOMBP L TELIHWT T v 7 AN
I dania gl

OA«A\ 00

0 100 200 300 400
BIREE (K m2)

4-6. BRBEARMYEAX 7T v 7 A(mgCm?2h)

6 A Ca Mau
el L3
—~ ‘-‘ Ca Mau
-To 5 I8 (M)
P .Soc Trang
~
E 4 1 OSundnrbans
Q34
o 3
=
e
Mo L
-
=
v =0 0033 - i"lﬂ
T Lo Lo
O
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PCR-DGGE (T THMEAREEME L T LToRER, A RA U Z A Dl
HIEREERSE X, RbFAI~T « VI F ¥ DA X A ERFERER G & R
-72(X4-7), F£7-, B &7 DGGE N> K& MHEMEMITcg L- & 2
AHATEAEDONRY RIF, MR TH 5 halobacteriaceae FHIJET 514
WLk CTh ol (K 4-1),

e A Ca Mau
e & Soc Trang

= o O sundarvar

[Ty -

o 0.2 G

- o

£ ..

S o | R

H:E 0.6 0
4.6

98 06 04 D2 0 02 04 06 08
LIRS (17.2%)

(c) SocTranga

Ca Mau A

AL AB CD AB C Saau®

Soc Tra ng Ca Mau Sundarbans !-||||1:;|:'||'Ir';'i':n*-il'}l.
“a Mau

Sundarbans B
& h*h Sundarbans C
1} 200 400 SO0 200

THEE®E [(WardE)

4-7. HHEBEEREE O PCR-DGGE 7 v A—7V o ka).
FDERDONTHRERD) & 7 T A X2 — M5 R(c)
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Sequence

name

T fm =~ D O O o

M % E £ C e~ =0T 0 S 3 — &=

=4}
=4}

# 4-1. [ 4-7(a) TEREE V723 R OFHEDPEARHTE R,

Phylum/Class

Archaea
Archaea=euryarchaeota=halobacteria=halobacteriales=halobacteriaceae~haloferax
Archaea=euryarchaeota=halobacteria~halobacteriales=halobacteriaceae~halogranum
Archaea=euryarchaeotarhalobacteria=halobacteriales=halobacteriaceae>halogranum
Archaea=euryarchaeota>halobacteria-halobacteriales=halohacteriaceae~halomaring
Archaeareuryarchaeota=halobacteria~halobacteriales>halobacteriaceae
Archaea=euryarchaeota>halobacteria-halobacteriales=halobacteriaceae~halogranum
Archaeareuryarchaeotazhalobactena=hal obacten ales~hal obacteri sce aguncl assified halobacteriaceas
Archaea=euryarchaeots=halobacterszhalobactersles=halobacterisce as=undlazsified halobacteriacese
Archaea=euryarchaeotarhalobacteria~halobacteriales»halobacteriaceae~halodoptatus
Archaea=euryarchaeota=halobacteria=halobacteriales=halobacteriaceae

Archaea

Archaea=euryarchaeota>halobacteria-halobacteriales=halobacteriaceae

Archaeareuryarchaeotarhalobacteria=halobacteriales=halobacteriaceae>haloarchaeobius

Archaea=euryarchaeota>halobacteria-halobacteriales=halohacteriaceae~halodaptatus
Archaea=euryarchaeotarhalobacteria=halobacteriales=halobacteriaceae~halogranum
Archaea=euryarchaeota=halobacteria~halobacteriales>halohacieriaceae
Archaea=euryarchaeota=halobacteria~halobacteriales>halohacieriaceae
Archaea=>euryarchaeota>halobacteria-halobacteriales=halobacteriaceae~halogranum
Archaea
Archaea=euryarchaeota>halobacteria-halobacteriales=halobacteriaceae~halogranum
Archaea=euryarchaeota=halobacteria
Archaea=euryarchaeota>halobacteria-halobacteriales=halobacteriaceae~halogranum
Archaea=euryarchaeotarhalobacteria~halobacteriales=halobacteriaceae~halogranum
Archaea=euryarchaeota>halobacteria-halobacteriales=halobacteriaceae
Archaeareuryarchaeotarhalobacteria=halobacteriales=halobacteriaceae>halomaring
Archaea=euryarchaeota>halobacteria

96

Mearest match
(accession number)
Unoultursd archason isolate DEEE Dand KF922352
Haloferax sp. strain GEFLHERE

Halogranum gelatinilyticum strain £0222624
Halogranum gelatinilyticum strain 80282624
Halolamina salifodinae strain JX014255
Uncuftured ancheson done JN714435
Halogranum gelatinilyticum strainGd282e24
Halobacteriaceae archaeon strain 102373523
Halobacteriaceae archaeon strain 12337353

Haladaptatus litoreus strain EI773394
Uncultured Fslosncascn Cone JN714435
Uncuftured ancheeon done HO516488
Unauftured haloarchaeon cone EF523951

Haloarchaeobius iranensis strain KMO55651
Halodaptatus paucihalophilus strain kMooe71s

Halogranum gelatinilyticum strain  G0282624

Uncultured Falkosrchason done EF533951
Unuftured Faloandiason cone EU735596
Halogranum sp. strain IN1S6457
Unuftured anchason done KJ507111
Halogranum sp. strain {N136473
Unuftured Faloandiason cone GQ374955

Halogranum gelatinilyticum strain AB662387
Halogranum gelatinilyticum strain AB6&3387

Unscutburesd Fialosnchmson dhomes EU735556
Haolomarina oriensis strain AB519738
Uncuftuned haloandheon domes EF106641

%D

100
37
a7
100
az
-1
100
35
L]
38
-1
100
a5
39
as
37
a4
35
ag
38
a5
33
a9
35
a5
37
11

Plot

SocTrang
SocTrang
SocTrang
SocTrang
SocTrang
Ca Mau

Ca Mau

Ca Mau

Ca Mau

Ca Mau

Ca Mau

Ca Mau

Ca Mau

Ca Mau

Ca Mau
Sundarbans
Sundarbans
Sundarbans
Sundarbans
Sundarbans
Sundarbans
Sundarbans
Sundarbans
Sundarbans
Sundarbans
Sundarbans

Sundarbans



U7 A L PCR & HWTA X AERMEENE LR, XhFA
CaMau 1% - Soc Trang H3EF D 2 ¥ AERBEEIZ. A K« A Z Ry
DAZEREEE D b EVMEANICH > 7-(K 4-8), A X U ARKERIL, HHEED
DEAZRRCERERR L « R L) DIRE L A5 MBRMR IR S 2o 7z
LoD, TEHROE I GAR(TEARFR) & A EREOHBEBEFREZ R L,

.
o

>
o

H Mis | -
== 8L i -~
| - A BH L |
25 g AA
HY 41 5 Sos
= U . r
5% 0 w& 2 5 L. o %
ﬁ_J o
D, 0 5 10 15 20 0 5 10 15 20
IEREERCEREE R EEREE
(mgFe kg$z1-1) (mgFe kg¥z11)
=12 - — 2 -
+ | C A d A
& Tis
o 8L [
£ A =L
T o Jj;lﬁ A‘
JZH ‘; 4+ A T _E:ﬁ 0.5
T £ oY or
O =4 bo
D_|'|_J ] 5 0 I 1 I 1
D 0 200400 600 800 0 200400 600 800
EEEE TEEEE
(mgs kggz11) (mgs kggz11)
449 - 2 ¢
2re A = f
o m A
T o 08 — 1.5
By 8 & 4 s
:Hi‘; __-'I‘l/=3.6><107x—2.9><108f§"1 i A"-g:‘?gxaof
5ﬁ 4 + - P<0.01 Yy A
| > %5 0.5 | R2=0.78
N R2=0.86 El a:
E 0 0 1 1 ]
0 20 40 60 0 20 40 ol
TERE TIERE
(mgC kg#z11) (maC kg$z11)

4-8. MR VBRI EE (a,b) . FREAIRE (c,d). THERRER(e,)E A ¥ U AKE (= &
—%x10° kg #2115 a,c,e) 3 L OBER S #E A & VA E(ugC kg #2111 H 1 b,d,f)
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HEEREER ST - IFREEBRSLE T CO R X AR & A el U= fE 5, 8 HiuS
7 HE DY TV TIHFRETR I T O A X AR ED RSB SR T O A ¥
VAERELIY £ o 2(K 4-9), BT —BIEMEICOWT S RO R L 7
D, TRTOHMEDY LTIV THREEESFETOIE ) PSS ESRETED b
WL T —BIEEE R LT, FAEEEXIZEB W T, Ca Mau, Soc Trang W7
o< 7a—7RIZBWNTHLHEEHRO EET, AR LY HEn A X ARk

TEHERTE O b,

- 180

x * *

i

%flﬂﬂ

=

5 I I I ll |

% o . . .I -I
.:E-'I"JU | B |
ﬁ_ﬁ T
g 1000 [..
EE“:ICII:II:I B s
it iI i I |"
®= L N |

i

S

L
{myg-glucose kg-soil-t day1)
. ~ .
=1

.
=i}
=
=]

[y
[=1
(=]

CwEm s T

Soc Trang l:a Mau

12t weak
11" waek
10t weak
ath waek
B waek
7t waek
ot week
5 wraek
4t waek
3 waek
2nd wosk
1% woek

* p<. 0l

4-9. B ¢ IFRIEESM T CORBE A ¥ A E(ugC kg ¥z 1871, a),

BE Bt iR IR FE (mgS kg-soill, b) & &/ 7 — Bk (mg-glucose kg ELi 13
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Wik, FITBMK TR UMK 20N L2 HEAZ M REE LR, I’
INEINDUEKRN 14 BIEICET D ETAX AEREEITZELS R0 FT. LDIR
IHEKIBEMELS 72 b & A X AR X 0K 2 22N 7 5= (K
4-10),

2000 ~
HENSTEHE .
PR X9 B AT . aEE
- " EE
o : AiffE
Bl 1500 | JiEE
? B 2iEg
_i_| " 1:EE
i :
o 4 Al
(L 1O i
g I
o |
I
5;.4 :
'.H'I E'I:I'[:] — :
T |
L [
|
I
.|:|. — — -
Ak M ek :ﬂlsu
{1/4) (178} |

[X] 4-10. BEREM: T TO A X AR BT WA TN N Jp 1 F 3 B
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4-4  EE

TN DO REEEREE 2 AT L 7= 55 5. PCR-DGGE 12T A ¥ AR B RE A
RRNT LTRSS, AV R« AU A AN O MERHEREIT. XML - b~
U, VI F X DAR R EREAE & B0 | Hus T o b E R A
DEFEVN A X VIHHEIGENZ RIE L TS Aa[REMEN R ENTZ, L L, B
SN2 DGGE N> K&, fHIEMEMITICE L2 2 A, 1FEAEDNRY RiT,
I C & 5 halobacteriaceae FHIB T AMWMAEY Lk TH D Z E2db
Y~ a—T KR O G R T A DT, BRI O B
PERE CHERR STV D ATREMEAV R &7z, Ca Mau DEFEERICEHBW T, Z Ofh
R CHESIN~ e —TWERRR IO A % 75~ 27 2(0.01 mg C m
2h1~0.77mgCm2h )LV HE LI ENT T v 7 AREDHI72(3.29 mg C
m2hl~546mgCm2hl), ZDOEWT T v 7 AL, AR OEE) (R
D DTERNC K> THEHR O T ANRF N RKRKAFL BiF o 2 L ichsk
L. —Hicgillasn=botEZE2o6Nn5, LL2N5, Jha etal (2014)
TR STV D IFEESE 2 U =1 > K Sundarbans > 7 12— 7 # D H
LA R T Ty 7 A%, 150.22+248.87 mgm2h! (4.69+7.78 mg Cm?2h
) THY ., Fx OB TSNS\ T T v 7 A LIZIER%ETH D,
bt ~>»7Za—TKRORXE 075y 7 A2, S EENCHE D iREir 72
TIHET A DOKLEA~DHHBRE S FE L TWDATREMEDNRIE S L7,

LU G, 2072 OFE& T B A B KRR~ 5 L, BEr L3
ST D720, AXUCORERMZOND & —RNICEZ BN TWD Bl 2
(X, B, 2012), £ 2T, HEALFRERSE - BRRETE L. A X UAERE R
L7ohbR, GFRIERDIT O DHKEEER LV D IV 2 DA Z R BT 5 1
N, NFEAETH 72 (E 83k TakED, ULV, BEEOIZE & 138
D, AR THES N~ 7o —TREETIE, BRI TAX
DAERDMELE SIL TN D ATREMEDNRIB STz, A & 3 R O e & ME
HIZL s TAERESND T2, BEOMIIIA X L OREZRETHITTTHD
MEETH:, 2012), ARBROFER, ~ v 7o —7 K EEZB W T O 2378
SNz, HEOFREEEZITo %, SocTrang, CaMau Wi 2LV T
b, MW OEBEE R LM ZIT, HEBEICHREN B SN DA T, &
IRV A Z AERTEMED R S T,

AT —BESELZRE L E ZA, FREMDIT D BERSEME LY b EE
PEAURENTWEZ gk, =~ T a—TTid, HRAHEY O (hiE
AR DAY DROEE L 72> TR, HOBREBENMEGIND Z LI
KO HEMEME OB L e — AR ENPINRIND Z & T, K0 A X R34
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LT o TWDD TR EE Z BTz, R, o 5 Cld T
RRICIR R MG ST <. SO ES DN ES, FHK LRIy 7R
— TR OBKBIENLC ELF L TV A X UAERRBEICRIH S, A ¥ AR
LIS HTEFRITATDOIL TV D B 2 b vl

Fo, BRRETESM T I, MBBEICH R SIS L AR A Z R b N E RS
fBL, AZUEREN/NS LS RoZRmEEMNE 2 biLd, Fx OEEEEROKE
RIZBNTYH, BEZOMBIREZRE LI2E 2 A, 83k 6 3B CHt& RS
BEMUEOIZ O N, FRIRTESM LD bBRRE 2K MmA T e, ZoOfER
2R D BRRIFEFIC L - T, WA GE OTEMEME L 72 o 7o vTRENE b &
ENDN, PEREEESN T CMBRE TS, BRI A X VIR b K D AT
WD AREME SRR S Te, mEIREEREE T COMAEY~ v F TIIIFR A &
R L OIEMITER TE 51 /N E W & OEL(Conrad et al, 1995). VETE
HEFEW) CIELBREEIE T OB MR A R K DBy A 2 B biE D i ) &S
N7- &7 H v (Alperin and Reeburgh 1985), ABFFERE RICH W TH ., HikSc
HFETICBOTHERM A Z VERIEMEDE L @< Ro T TR B 2 b ivTz,
FTo, WAKZBRIL THE#E LICRER, BRSCHAKDIRAIC LY, HORE,
yra— 7 HREEICHHE SN AWK NAEIRE N D & MiEgEIC - Hi A & v
FRALIEMEDME S 720 . AZ RN KV AR IS AR R S Nz, UL,
S SICHEKBEEE A BRI AIR SHAUE(Q/8 J-EE « BRI, A & A RTE
PEANEE L &L 725 7=, PCR-DGGE D58, Bl I A 1T = I Art A=
HHE TR SN TRBY, To~ 7 n—7 K EEICE 52 T8 E T
WS ESRME AR OEEMETH D Z L WNVRIBR SN TR Y | MKEEORIRN
S SICERNCET = LT, A X ERBEOEEL AT SN TWS & E
z bz, BLEXY | WAKREORWAKIEO~ 7 a—T R TIE A # v
AR R < 72 % RTREME, EBIEERR PR OEFRIC L > Tv 7 e —TH
HEOWEKBENMEL 72X, A X U REENZ L D AlREtEnN "R STz,
FTo. EIRE QUKD S AU D U IR 0 B R O @l O TR T3
BEY . HENE A Z AR OTEMERE < 2o TV D AMREMEA R S vz,

— 5 NEEIZ B W T, FIREENEWVIEEAZ T T v 7 ANREL R
HERIEOHBEBZRNERD bz, 2D b, AHICET D KTRIKRREIC,
v U a—7KREBIZBT A ERIE, BB A X ORKA~FER TR &
L CHEBEL TW D AMREMED R STz, #K L TRV ARIZT/KEm LD HTWD
KO 7R, FEHOK DM G CHAZHIM L T A X T T v 7 AIRREE
ERFEHMT—ETHo7Z b, KRBARIZIZE A EDA X IFREZE L
THTWA EEZ BNz, BIZIEKETIE 90%IF XD A X U MBKFRIERE H Tk
HEINTNDENnbI TS K HIC(RIRG, 1989), v~ 7 B —T7 K ThH, 12&
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AEDPFIRNPOHTND EEZX DD, o, FIRITAZ U2 TR, BH#EE
BT EHA~BE S %&E L2 D, FRIC L - THL B2 B T~
B LB THEOBK A ¥ VB EERELZY | BT —BIEE - ZHEEO
REASZIETRIREGEZE I L TAZ UAREIE L TW D ATREEDN RIR STz,
AR LT T 7 ABRBEIT CaMau ~ > 7 1 —7 M2 T SocTrang ~ >
ra—7HKRE0bE ol e, BIMO A X T T v 7 ZOHIHEIKEAIX
PR T A~ v —7 o HEERE (XA 7 VARERER) O~ 7
0 —7 RO OENEFEL TWD EE 2 bz, B, CaMau ~ > 7
2—7HRIEEmIBLE 18m OARAX THEINL TS OO, SocTrang v 7
0 — 7 HRERERT DBAORE &1 3~4m BIETHY . ~ o 7o — 7 MR
DREZIHLAZ T T v 7 AVEIREEFER, CaMau D1 9 23, SocTrang X
DHREMNoT-, F 2 CHEREE L A X U ARETEMEOBIRZ 540 U7z fE R, A
BB BRI D EOHRER 7 E OB T AR LR X A & AR
BB E RIS o2 b DD, A X UAEROIEEDOIEE CTH 5 B 5K
B (HERRFE) 1IA X ARG L A E 2 IEOMBEBMRZ R L Tz, B
EEO HAENRKEL, RIFTEDELTEPORFZEN L RoTNDY T
n—7HREEIZE, KON AL UFREPRE 7o TV D RIEEMED RIE S Tz,
INODORTER I AT TR HWSCF Mt 8Bt o X & g
PRI Z RIEL TS Z ERNbholz, AFFEOFE R, ~ > 7 o — 7tk
BEINTWLEERHIEAHWIT, A X OEERFAERE U CHERBREEICE
HLTWD AR R STz, W2 - WKIEE (VUKIEDNEG DY) - FitRE O
N, ENRN—FAZ 7T v 7 2@ il L TWHKFTH D020 T,
AMFFETIL, WD D ORRE S TEEREOMRITRD T BLENEHE LWL
EZOND, L, RUFIEORER, BIREEN T 7 v 7 R FERMEBEEZRL
TWAHE—DIRT A =X —THDH I N, D &b N TITATREE D
KOEERAZ 7Ty 7 AHHRFTHDL EEZX DIV, W EDREL R
27Ty ADBMREH LT H72012F, L0 DF =2y b
HTHY, SHOMWGMRE=2 ) v IRRkdonNd EEZLND,
TAETIE, ~ v T —7 R EENS OIRENRET A & LTix, B~
0 —7 RN O M L TWDIRER T AR (XN—ZXF7 1) L0 H, ABHY
WATIClSN-BICEE SN &N, XV iERZ2BOTH5(UNFCCC,
2013), fEZ, ITHE, ~ > 7 a— T HRPEHERR O 7= DI LTE
0. FOERE; - BEEBRO-D, 2RO~ a— TR ENEK - B ERE T
IR - S, ERICHENSZED ERFZLAHE L TWDLEENRTND
(K 1-17), LWL, AFROFESR, NBHEZEICl I TWenw~
— 7 HRIZBNT S R BRI & ORI, YUK~ 7 e — Tk
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DOWFKEEDNME T TIUEZED A X VAERBEZ Y 9 B aREMENS R EN., BA
BREE FHEH BB BN O EEMEN RSN, v 7 a—T7 Ko L 54k
O E WA BCR TR O AEZ bR . S BRBEK 0 K & A2 A E A &
iz, Mg - FERIAERIE D & 2 R IR RN AR—R T 4 VBN KD 5
ns&EE26N5,

~ T a—THOR=Z2T 4 L OPEDORSELITFEHBD SN TEY . By
FRREN B < . HUIRARRIMED B DT — X BE LI DR SR FAIRFEBE SV S
NTWAHWI 21X, Jha etal 2014), WA TO AL 7 F v 7 ZRFEIX, LIE
LI —7 o2 e LI 5 HIETIThiLD, ZOFETIE, BERFHZA ¥ >
77y RAPENTE T, 1 JEBN T — 2 2 HEETT IS TED, 77—
Za ZRERTON D, KBTI, LIE UK EVIE S, KA EWIE
EAR LT T I ALEL 2D EEBEZLNTOET N, RFFEOREE., HEK 1K
AKIZ X o THA S AU, FREEIR WA L., BiERE T OIEHE - B A 2 b
DRESLCE LT —BIEEOR TR L5 &2 i, A ¥ UgHEE TT L AR
EINDAREEDNE NI EPRINT, Lo T, KESHEKRZR &, ZOMMoERE
RTHHSN TWAT—HMIEET NV EZTDEE~ 7 n—TRICTHRIHT S
ZEIFERTHY  HEERSBV DR TN bW EE LN, £2. 1
FUSCTAZ T T w7 ANRENT LD, iFEBERR EAE AT OWE 0> 5 O Rk (F
T OWRFEOIK) . P ORERRE, FAITER L TRE MBS
TR E S 25 L2 T U ben e Ex bni-, 70, T — X fiseic A
WHNRT A—=R L LT, A EREN A X B ERT DB HIT T DS
F420 O, B LA 5 ¥k @ Salinity (EC), MiERIRESZ Y 7
NEA LET D' —ORRE - FIHBROOND B2 BT,
SORDLABOMEE LT, @MURALNELOEEDR VAR~ T —
TIRD AL P E(S— 2T A )BIGER & i L, AR E A T3 5 B
NhHEBEZOND, v T a—T WD OFDERFIKPKEEDRHIE(=E
FTH)PMRAKIBAIR E . KEENDHEST-HDTHH(X 1-16), Frx DFHAED
fi g, TR OWMKREMELS 720 | IRAKIREDEZ D2 & T, A X UREEN
B2 DA R SNz, £, @X VI EBEREM O®#E -~ T a—7
WIEEA~OHEARITE, XV LAWY O SR (774 I 758, 2
Z oML E R OB TSNS (X 4-11),
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Non-CO ,
7] N,O emissions during the phase of
aquaculture use

Construction Mangrove and tidal No guidance! http: ai.rsar.jpl.nasa.gov ing
marsh ex_detail.html

_ No guidance?! Mangrove, tidal marsh and seagrass meadow

No guidance* No guidance?!

INo suitable Tier 1 methodologies are available.

Chapter 4 2013 supplement to 2006 Guidelines Wetland — T
Emission factors (EF;) for N,Oemission from

aquaculture in mangroves, tidal marshes and
"m_. Huetal, 2012 seagrass meadows

=
l i Default EF Uncertainty
m@ i : (kg NZO-N per kg fish produced) Range
A

0.00169 0 00163-0.00502

Denilrification

1
1
l : Approach used by Hu et al., 2012 using N in feed to fish biomass:
Nim’ﬁcla.tion Hargreaves 1998, Protein content of fish biomass: USDA nutrient
= database for Standard Reference Nutrient Data Laboratory, N
content of protein: Nelson & Cox 2013, N to N,O conversion:Hu et
al., 2013, Kong et al., 2013; Kampschrew et al. 2008 ; Ahn et al 2010

v
3

4-11.v > 7 v — 7 OFEFERACIZ RO S 2 #iER L2 5 O T IR (Kennedy et al. 2013)
WRABENOHM IS NeO O EIINWEERHATH D, LoLaenb, —RICAERBRERD
T BmE UV EEREM (BEREEAME) N1 KBA~OMG SV, FRRIRER S BRI -
il « BE S 4L, IRERHT A TH D NoO ~EEMMEIND Z ENRFBNTND, v/ r—TERBRIC

BWTH, ik « PR CREDHRT A TH D NoO B END Z ENBESINLTND
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T, v 7 v —T7HREEDO T DITHHAL - AR HESE - $2 R S
TW5, L7 L Poffenbarger et al (2012), Kennedy et al (2013) D512 X 5
&R O THEOE S RENMEVIE ELEDO A X NI 2 2 L3RR
HIZTRENTEY (K 4-12), #ARBONKEZEN - EERICHEENLETH D
(3 4-2),

4 4-12. HHEOHE PR & X Z B ORISR
(Poffenbarger et al. 2012, Kennedy et al. 2013)

# 4-2. THEOHESEE & A 2 PR (Poffenbafger ef al 2012, Kennedy et al. 2013)

(11 - 5392)

( 0 40)

Chaptar 4, 2013 supplament to 2006 Guidelinas Weatlands; Kennady ef al, 2013

* ppt (parts per thousand)
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BRESAME - FRA AL PENE 2 B8 L 72 Rk  FEAKICPE S = o 7 a — T RO #R i
BB DWW T ORI EETH D, v 7 e —THKNIZEEINTZTXTO
PEME L OBREE Y — X 2R3 5 & 200,000-900,000USD/ha (2% 5 &
E2 I Tn5H(Wells et al, 2006), BARMIZIL, ~ L — T ENOWRERICE
J B~ a—7 Oin R - BoKEEEEREIX 300,000USD/km (2% 35
k&5 EEZ BN TVWA(Gilman et al, 2008), LY ANAH R~ v 7o —THROF]
MICERT DL, AFvaTo~vrZa— 7 KoKEZERNBTIX
37,500USD/ha/A- & DEFEMENR B 5 & Z i TV 5 (Aburto-Oropeza et al., 2008), =
BTNz, Blue Carbon O FMAE X 41USD/ton 5 &5 2 HILTE
¥ (Pendleton et al, 2012), ERERMEEE (BREV — B AHE) L KEEH RO
HAEPEME D 7 Zffeds « AF S DV AT LANEEN THDH L EZBND,

RIFIEIZ CHE SN CaMau ~ > 7 a—T7HRNOBEELEFEHR L OHF L
Jb o BRI B AFRHA LT Vo etal (2014b) DS RIC L D & KE/y OB
KX Intermediate school (HADH ) FTCLEFRLTEHT, BEY—
EARARRREEICOWVWTOHEBIIA+ 0T EEZLND(E 43),

BHEROBEDIZ LA LT ERMEETHDLZ D E, v T r—
TR A OB BN A BRI KEEER R N E D DL TV D ATREME D R ST,

7% 4-3. Ca Mau BHLHFEROHEEH L~k K OHENO et al 2014b)

Variable No. of Interviewees Yo
=30 22 77
Age (year) 31-50 157 551
=50 106 72
Male 264 926
Gender Female 21 74
Primary school 121 42 6
Intermediate schoaol 107 ST
Education Level Secondary school 45 15.8
College of university 0 00
llliterate 11 39
1-10 130 506
Experience in mangrove 11-20 102 397
management (year) 21-30 23 89
=30 2 8
|Shrimp farmer 272 06.8
Govemment officer 2 07
Major occupation Trader 2 07
Hired laborer 1 04
Unemployed 4 14
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Vo et al. (2014b)ICF# S /- CaMau v v /o —7HKv s 72 T 8EE 3 —
B R OREFMERmAE R L D & RBITREZIE DK 46,000,000USD, {H/+
= RHERRNEIC X - THI 137,000,000USD, A HTEE & L THK
422,000,000USD., &t 620,000,000USD (ZJCiEld 5 & &b (3 4-3), 5
1%, S OITIRERRE T ZAOHEHIAE D IRBMIE S ZRE T H 2 & T, KEFEDE
BERMIE, v 7m—T7KROK - REFEORFEDR LI EHZ L
DROLNDEZEZ NS,

# 4-3. CaMau ¥ > 7 u—7 M3 b 7o b T BRET Y — B A OB MERE A R (Vo et al. 2014b)

Ecosystem Mean value

service Based on (US$/halyr) Value Sum
Mangrove < 30% 991 5913,297
Fisheries cover in ponds 31-69% 1,289 3,966 253
(%) 17,720,222
> 70% 3,248 7,840672
) 1,000 7,904 80,307,000
Erosion Distance to
> the Coastline 3,000 1,651 40,185,000 136,566,000
Control (m)
4 000 450 16,074,000
Carbon Mangrove
Sequestration area (ha) 73,994 620 45,876,280 45,876,280
) Mangrove
Timber area (ha) 73,994 5,700 421,770,246 421,770,246

Total value of Ca Mau in 2010 (US$) 621,932,748

Total area (ha) 187,533
Mean value/US$/ha/year 3,316

Vo et al. (2014a)l2 L 5 &, Bl = BRI KIZHEN, =2 7 — 7 HRNR
T & A ERDbNIZ Y H 503 TH Tl CaMau BN DO~ > 7 v —7 it Full
protection zone & IEEiL, w2 7 B —7 MR E L THIMR « LR S 2L721TF 2UIEWVT
RWFEERFEHIE & Buffer zone & FFIN D FEE I NN D 60%LL Eig~
Jra—7E L THREINRITIER O 2 W EREHIRIZTOND K DI
Role, ZORBOTON, T EREMANIC S HLOBRE~ T n—T ek L T
V5% shrimp-farming €7 /VBEE I D K 922> TWAH(K 4-13), StkiE.
~ 7 =T REFRIEMNIC LD ZRE LD, AR - RE— B A%
mSHERFL DD, MORAZ UREREZRIRY T 0 —THRON—=ZF 4 )1 b
FLL<mL< bRV T m < = ERMEAES R L MR T 5 shrimp-
farming FT OB & ZDWHNP KD L5,
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Shrimp ponds have an average size of
approximately 5 hectares and are
generally separated by small border dikes,
which control the water level supported
by sluice gates. Within these boundaries,
mangroves occur in different percentages.

" Dikes between two shrimp ponds

_ Sluice gate

4-13. 2¥£72 shrimp-farming €7/ (Vo et al, 2014b)
BHHMN O~ > 7 a— TR L > TREY— B A5E - ERBREEN R D

EEZLND,
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UbZFE LD, v~ 7o —TROEERT-& A2 VRMOBEGREZRHEL, 5%
~ORO LD EEIZHOWVWTELEEZINZ T, KR IFRESNL TS~ TR
—T7HRTOHLITOI TR, LxL, BEFFEOFER, e T TR+
BEERBEIAF-OWW S A X A FIEH L TV B RTEEME N R STz, TR OR
FWMEE SN0 HKBENMES 2D 2T E2EBEDAZ UNEEL I D ESE
RO, Sk, v~ 7 u—THRNDKFE - KEBITHR ) EREL KZ I 20,
B1G | WAKIREKA Z 7, mElRms X7 EMfeftiadd, v~ 7nm—
TR Z ) 12583 Shrimp-farming & AT ADFENLBA RO Hvb L5

Z HiT-(X 4-14),
7 EE)
(ZIL5—EH E) II CH,
£ B> &
s

IR RAT R &

HBAGRA R )\

=
FRURE B II ; 4
. E;)/ (OEEEH

4-14. KETORIEX
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4-5. BE

N FEAERESRIZIEBIue Carbon & FEIZN D IRFENITE SN TR Y . 20T
DI HIVE R D R FBIFEEICICET 5 & B2 6N TW5D, R, v~ 7 ra—7
I E TR AEEEOEWVHRERERTH S & Ii, BV ko A#ic
JRIR S TS, ZORBHIEND S EDOA X UKL 5 2R H 5 b
DD, ZDEEFMFEROREFNIR SN TN D, KETIE, [ELE - AAF]
HOEBEZ T TCWE~v T a—THRO AL PEHEDO =T 4 &P 5
IZFT D AE R AT DERET D20, A X URAERZHIET 5 BREER -
TEEBAMMEZ B S NS T A0t

20144E6 H 24 H 12X b A EWN O Ca Mau(N8°37°, E104°43”), Soc Trang(N9°21°,
E106°05°)I28 6,7 H {220144F A > R[E PNSundarbans(N21°49°, E88°38°)IZ T+
K OVEKGEHR BN 0> D FEBE D 272 2B E O S Tz, 20mIGRERE
Z W T 188397 D 2218 - 30°CAFR E T gt LT,

FER. FFCEWEHI A % 7 T v 7 AHCa MaudDifg /=it E TR bz, +
B AN EE LTRSS, CaMau, Soc TrangiZ T2y AR b CERE S v i= 3
RHEWA S AR LT —BIEEE R LTz, 8RBT W TE LT
—BIENE - A2 AEBIEME I SR ERFOIZ O R E LD e o T,
UL EDFERIZ, ~ v 7 a—T7 Tk, MREEY OSSR (MESEEE) NEHEY
IIROHIR L 72> TR Y WY DR L I b iR < 5T, SABITIEHR N HIEICHG
SN DM THHRBRERBN/IEAIND Z LIC L D2 HAMEME DL E —
AGFRIZEDIEEEINL Z LT, KO A UNREAELLT L 2> TNDHDTIE
RN EE 2 b,

NEEEIZDOWTDRAEZ T T 7 ZNZOWTIE, BIREREE L IEOEAL 72 FHE
BEIFRMNFED Bz, CaMaukSocTrang TA X > 7 T w7 AR L )N B 7
ST, TR DA Z R BEREFE R T A Z o AERE T O RSk
ROMBBIEE L MR E RIS R oo N TEERFE L FEOMMEEFREZR LT, 2
AU OFERIL, Bl A 7 38R B IHEA, FRICETREE FEIZREZ 5 1T TV D D5,
BRI T R O HEAEYEOEWZ L > THEELZIT TV
HAREMEDN R ENTZ, FTo. HHED A F U ARREIIMERIR S - iEA D IN -
TERIZE LS @L< 2o TH Y KEZE b, FrOKEFEHWKITAN LR & D N AR E
IRV 21T Tl < 72 B lREMEDS R STz,
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b

y

FHLHE HRAEEE

AW TIL, B RBUTHERIR ZHET 5 OO IEF 72 EMOKEEZERFIZ B
ELEINTNDEL A= T VT WNOEH & ITHE [ #E TN O 4£54)
M HLES K OVE SRR (SR 2 ), MR TR N O LR EHI(EE 3 &) - AR
~ 7 a—T7 R 4 ) E BRI, L0 ERiR (EEMEZHERE - DV
HODIRENREN A E AL INZ D) K- RFBEHEIFZIRET D720, &
BT,

H2FICBWT, Pk S BuiRmR o HEERE HE) 1 51%, HhkEh
TWRWERHIO XV & EW T FLIRE T 7 v 7 ARl S T, Rz, Bk
KENT%, Bl L72Jemit <, R GE& L-Lv o {baEFR - “bikE~
T oI ARBREI N G JRRMOBPEK - EHYLIZ X o TR ) 72
BENR T AR/ > TWD Z ERH LN -T2, £z, BEH O REEME
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Summary of general discussion

This dissertation aimed to establish more sustainable water and carbon
management of tropical-high-carbon-reservoirs than conventional management for
mitigating greenhouse gas (GHG) emissions as explained by studies in subsequent
chapters.

In the 2nd chapter, GHG emission from tropical peatlands as affected by
drainage and agricultural land-use was studied where higher carbon dioxide (COy)
emission was observed in drained than in undrained tropical peatlands. Especially in the
drained peatland used for agriculture, where the global maximum levels of nitrous oxide
(N20) and CO> emissions were observed. Therefore, drained peatland for agriculture
might have become an important source of GHG emission. Because soluble organic
carbon in the peat soils enhanced nitrogen (N) uptake of heterotrophic soil microbes, the
N competition between the heterotrophic microbes and nitrifiers were expected to reduce
N2O emission from the soils. Regarding GHG emission from the flooded peatlands,
methane (CH4) emission was negligible even in the flooded soils with high organic carbon
content. Analysis of methanotrophic microbial community in the soils showed that the
community was adapted to the soil environment with low CHa4 concentration and high
oxygen concentration (not methane productive condition) even in the flooded soils. These
results suggested that drainage and agricultural land-use would have promoted the
greenhouse gases emission more than keeping the peatland under wet conditions (high
water levels) covered by vegetation supplying organic matter to the soils.

In the 3rd chapter, GHG emission from a triple rice cropping system in the
Mekong Delta, Vietnam was studied for indigenous water and carbon management.
Comparison of GHG emissions in continuously flooded-paddies and Alternate Wetting
and Drying (AWD) irrigation paddies was conducted. In addition, GHG emissions from
straw-use (straw-burning and straw-mushroom cultivation) was also quantified. Alternate
Wetting and Drying irrigation halved annual irrigation rate and reduced annual GHG
emissions from the rice-based agricultural systems (paddy soils and straw-use) from 23
to 43%. It is interesting to note that, annual grain yield was increased by AWD irrigation.
In this study, it was found that hydrogen sulfide, a toxic gas prone to be produced in
flooded pyritic soils in the Mekong Delta and AWD irrigation might have suppressed the
toxic gas production to promote rice growth by supplying oxygen into the soils. It was
suggested that tropical artificial wetlands, called rice paddies, should be air-dried
moderately with AWD irrigation to improve rice productivity and reduce GHG emission.

In the 4™ chapter, activities of methane producing bacteria and related soil
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environmental factors were studied in mangrove forests located in Vietnamese Mekong
Delta and Indian Sundarban forest. High activity of methane producing bacteria were
found in the mangrove soils with relatively high carbon content. In addition, higher
methane producing bacterial activity were detected as sea water added to the incubated
soils were more distilled. These results indicated that, as the soils had a larger amount of
carbon reserves, more methane can be produced. In addition, intrusion of water which
contains sulfate might have inhibited the activities of methane producing bacteria by
promoting competition of electron supplier between methane-producing bacteria and
sulfate-reducing bacteria. For further study, the effect of anthropogenic activity, such as
shrimp-farming aqua culture, needs to be studied for methane producing bacterial activity
in the soil environment.

From the various studies above, it was suggested that different water and carbon
management was required in each tropical carbon reservoir. In tropical peatlands (tropical
organic soils), conserving water level as much as possible in forestry is a prospective way
to reserve carbon in the soils. In contrast, moderate water level lowering technique was
needed in triple rice cropping system, the artificial wetlands (tropical inorganic soils) to
reduce GHG emission and promote rice productivity. For coastal ecosystems, mangrove
soils with high carbon content was found to have a potential for reducing methane
emission caused by inflow of tidal water.
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Abstract

In October 2013, UNFCCC workshop “Technical and scientific aspects of
ecosystems with high-carbon reservoirs not covered by other agenda items under the
convention” was held. In this workshop, permafrost, peatlands/wetlands and coastal
ecosystems were respected as the highest carbon reservoirs in the world, which are
emitting substantial amounts of carbon dioxide (COz) as affected by agriculture and
aquaculture.

Because the establishment of MRV (Monitoring, Reporting and Verification)
system for the high carbon reservoirs became required globally, this study was conducted
to evaluate greenhouse gases emission and environmental factors in the tropical high
carbon reservoirs where the especially high greenhouse gas emission has been reported,
for the discovery of more sustainable carbon and water management.

Due to a massive peatlands draining national project called Mega-rice project in
Kalimantan, Indonesia, huge amount of soil-carbon in the tropical peatland has been
decomposed by soil microbes or burned by peat-fire to be emitted to the atmosphere
artificially. In this study, greenhouse gas emission and environmental factors in the
tropical peatlands were monitored. As results, the world-highest level of nitrous oxide
emission accompanied with high CO2 emission was recorded. It was suggested that, the
artificial land-use such as drainage and fertilization might have driven the nitrogen
circulation to stimulate intense greenhouse gas emission in the tropical peatlands.

The world highest level of methane emission was monitored in a triple rice cropping
system, an artificial wetland of the Vietnamese Mekong Delta where the intensive rice
cropping has been conducted. This greenhouse gases and rice productivity monitoring
was conducted regarding intermittently irrigation called AWD (Alternate wetting and
Drying), developed in International Rice Research Institute and three types of the
conventional straw (carbon) management in the region. As results, the possibility of AWD
to reduce regional greenhouse gas emission with increase of rice productivity in the triple
rice cropping system was clarified.

So as to evaluate greenhouse gas emission from tropical coastal ecosystems where
the monitoring report of greenhouse gases were still few, greenhouse gas emission and
production was studied in several tropical mangrove forests in this study. As results, tidal
movement (or oxygen supply to the soils) which could have promoted cellulaze activity,
the density of aerial roots of mangroves, carbon content of soils and the concentration of
sea-water in soils might have controlled methane emission in the mangrove forest.

117



A

LB TO 2EMOEREARRG UITE L O S ETWELITHTD
e a2l Chk 2 RISV B RICEZ L 2 pidETnieiZnicZ gk, 2o
Bia ) THEIFIEWVEHOBEEZRSE WX ET,

FEAE TH L RREEICIT, Z< DOBRBITHKEZFFHOZ LKA IR AT —
NTEZDZEOEENZZFE W&, A RERERILOHERINLTVD
BFEFRTEDORESCHK LI EFOE Lz, £, AR A - NBIAENDIT
MREEIZB L CEHEERBERLATEZ £ Lz, K %0A - RMFEED G ITER O
FHRRIZSHS LTV /2nWie D | A SCHEEE R IC B W CHEE R MR 2 T
WielexE LT,

A v R T T, ARRE RS TR IE S O L B e AR I BB AR 2R TR R
BAEAE ST THEWEZZT TR, 42 RR U T ENOBIRSORET & R
R EBA TN, WFFERREERRSUE T3 2 THRESFE SR TO
hELsl, < OS2 TEE £ L7, F7=. Palangkaraya KX Suwido J/E,
Untung e 6, BIHIFAE O =D OBEIC A Z v 7 HEEEEHRE H O FEl 2 £
% DY AR— &2 LTWeE&EE Lz, CIMTROP A% » 7 ® Pati & A, Jeny
S A, Rogath & A, Ube & A, Eddy S ATV 7V o 7N TREMBIIIZ B
STWZTEWE E L7z, 71T Jeny, & A Rogath & AIZITBIHIGHAIZ TRE D X
Xy hsAbala=r— a3 2%, Untung BAEREROBLHBE) /2 &% <
DY HR— e iEEE L,

AN NS AT, EBRBMOKEENIEE & — O %) IEM )t B (Bl 2K
PEREIN =)0 6. WFEEHER K OVEEINE « AT A4 K« RAZ—{ER - a3
HEDIRER A W& BRI 2FFE W EEE L, ERGEB X
Wy b—=RF L ORI HEDEOFAL, BLHATER L < OFFE - 3R H
7el2& £ Ui, F)IWMEROEINSERIEOM O 2 FH, EHEFIFZERIZHL
WA DT> THERH N2 W& F Lz, AT NEmZz 7 a Y«
JNT a4V A= FEIEETa Y es M) =X — EHHB AT e R
— X — (B R FHZ), ERE—EE (B RSCRFHERER) | 2538 K 0n)
WHIEE . AESTCo)F R IO RAIER . SURETIITER . TREREEE (&
¥ - BPEERITRAIEET) . REDEZ OF 2D BIMNT TH 72 H ik
k72 OV IR— F W& £ Lz, F72. Can Tho KEEEREEZAES Nguyen Huu
Chiem %&/E - Nguyen Cong Thuan FERfIZIE, AR ORE - BLHIBE) 1L O Fid -
REBNA T D a bR & MHEEINCET k% g2 W /2 & £ L7z, Tran
Kim Tinh 6T, Trang Sy Nam ##Ffi, Ngo Thi Nhang & A/, Duong Hanh & A1
BLHCORFEE R DT - SR RS YER 70 & OB A W2 72 & & L7z, Truong

118



Thi Nga ##Rfi. &+524 Ms. Hong Van Nguyen Pham, & A2 1383 TR & B Y 71
A, Fibd HEEEEBR O T e 7 & | BIHUKRGREE ORI E £ <
[FTETW7E & F Lie, BRBRES & B F L ORUEHRE - BUHITEEIZ BV T,
RIGEEVEN D EZZ D J7 %2 8 L OUER O Huy Vi Tuan RICKEBIEEICARD £ L
7oo FRBRIEIE B @ Pham Thanh Ut X, Tran Thi Le Thuy F<3% % .0 13557
HB L OKHEMEOFEE TR - UEYEOFEDEEHINE LC(BSEIFEICT
BEEIZ 72 o725 % : Nguyen Van Mao . Nguyen Van Ha £, Nguyen Van Thuong
. Nguyen Thi Phuong 5, Nguyen Tan Luc . Nguyen Van Nay . Phan The
Truong . Vo Phi Nhon [, Nguyen Van Dang . Luong Van Lanh K72 & &
AR L OB ESE T C B RS IZ 72 © 72 5 4 : Dinh Thi Dieu Hien X, Ho Thi
Hien I, Nguyen Thi Chieu X, Le Thi My Hanh X, Nguyen Thi Tot k. Nguyen
Kim Lieu 5, Nguyen Thi Mai X, Nguyen Kim Cai FX. Tran Thi Thanh Nguyen £,
Nguen Thi Ngoc Thao ;. Nguyen Thi Vem K. Le Thi Ngoc k. Le Ngoc Linh .
Pham Thi Nam £, Tran Tuyet Mai [, Bien Thi Thu [, Phan ThiKiey Thi K72 &£,
ZOM, BRI - BIEAFEER SiIcb o2 0 4), BiiB/ERT
® Le Bang KRIZIZF ¥ o N\—R EORYEICTHHEFRIZRV E L, v T r—
TR I, B OFHAETF AT ICH 7= - T, Vo Quang Minh EX, Vo Quoc Tuan
IS, Tran Kim Tinh X, Trung Quoc Phu /KESESEEN S T XWX E L
2o T2, w7 v —T7 W B0 T HEEM IR RS+ 2 FEO H B R - bl
BHEDORDEZNIE&E LT,

7o, FUNTELR 2 IE 3 208 PO RE RIERSNRIE 7' 1 7 T L7 8 A AY:
RIS ~OHFEHFEIC DT > T, BRERRFIIITE OB IEE LA, T
= MU TR X —ERER A AR BRI O ZHRE . RS
FR AsiaFlux r > MU —7 O 72 E&2TEE £ L=, AsiaFlux r> RV —2 T
(T, EEBREEANIZEAT O E AR - /N ESTFSEA . JAMSTEC K H{E AT
TRENOEERER BV E LEW2E X F Lis, RS RBIFE B
RAWETE L 7o -tk EEREMOKEZENIEE o —ONHGREE - THRT
LAFEROTE R A - oA - SR ZEBR BEHANAIFZE T D SRAFGLAFZE B« BRI Nk
AN ERRMALE T8N ExE L,

BRI, EMESCAEIRE I EHERRT AR — N E2THNW 5 2 1T KRR EZ B
TFLU T & o2l - ko, MERMRIC TARR R T8 2 W22 £ L TEKR
% OB /NEFIRK, BIHICOATE % X 2 T < 72 & 572 Xuan anh Tang FGIZ &G
=LET,

119



51 FH3CHR

Aburto-Oropeza O, Ezcurra E, Danemann G, Valdez V, Murray J. and Sala E 2008:
Mangroves in the Gulf of California increase fishery yields. Proceedings of the
National Academy of Sciences, 105(30), 10456-10459.

FKILE 7 2010 2 F 2~ & F8 A3 2 dh R b 2258 & Il Afr O FFAfh. 5 28 [l 127K
e

AGROINFO agro.gov.vn/news/defaulE.asp

Alperin MJ, Reeburgh WS 1985: Inhibition experiments on anaerobic methane
oxidation. Appl. Environ. Microbiol. 50, 940-945

B 2013: 2 = 7 L 2K BIZ I 5 AWD S K BERER AT 0 FH 23 /K R AR e
(ZHRT DR AT A B EIC RIF TR, THERY FHEFPER
(CEN 'S

Arai H, Hadi A, Darung U, Limin SH, Takahashi H, Hatano R, Inubushi K 2014: Land-
use change affects microbial biomass and fluxes of carbon dioxide and nitrous
oxide in tropical peatlands. Soil Sci. Plant Nutr. 60, 423-434.

Arai H, Hadi A, Darung U, Limin SH, Takahashi H, Hatano R, Inubushi K 2014: A
methanotrophic community in a tropical peatland is unaffected by drainage and
forest fires in a tropical peat soil. Soil Sci. Plant Nutr. 60, 577-585.

Belder P, Bouman BAM, Cabangon R, Guoan L, Quilang EJP, Li Y, Spiertz JHJ,
Tuong TP 2004: Effect of water-saving irrigation on rice yield and water use in
typical lowland conditions in Asia. Agric. Water Manage. 65, 193-210.

Belder P, Spiertz JHJ, Bouman BAM, Lu G, Tuong TP. 2005. Nitrogen economy and
water productivity of lowland rice under water-saving irrigation. Field Crops
Research. 93, 169-185.

Belder P, Bouman BAM, Spietz JHJ. 2007: Exploring options for water saving in
lowland rice using a modeling approach. Agric. Syst. 92, 91-114.

Binh TNK, Vromant N, Hung NT, Hens L, Boon EK. 2003: Land cover changes
between 1968 and 2003 in Cai Nuoc, Ca Mau Penisula, Vietnam. Area. 7, 519-536.

Bouman BAM. 2001. Water-efficient management strategies in rice production. In Rice
Production. International Rice Research Notes 16, 17-22.

Bouman BAM, Tuong TP. 2001: Field water management to save water and increase its
productity in irrigated lowland rice. Agric. Water Manage 49, 11-30.

Bouman BAM, Peng S, Castaneda AR, Visperas RM. 2005: Yield and water use of of
irrigated tropical aerobic rice systems. Agric. Water Manage 74, 87-105.

Bouman BAM. 2007: A conceptural framework for the improvement of crop water

120



productivity at different spatial scales. Agric. Syst. 93, 46-60.

Bouman BAM, Feng L, Tuong TP, Lu G, Wang H, Feng Y. 2007, Exploring options to
grow rice under wter short conditions in nourthern China usin a modeling
approach. II. Quantifying yield, water balance components, and water
productivity. Agric. Water Manage. 88, 23-33.

Bruns MA, Stephen JR, Kowalchuk GA, Prosser JI, Paull EA 1999: Comparative
diversity of ammonia oxidizer 16S rRNA gene sequences in native, tilled, and
successional soils. Appl. Environ. Microbiol., 65, 2994-3000.

Cabangon RJ, Tuong TP, Castillo EG, Bao LX, Lu G, Wang GH, Cui L, Bouman BAM,
Li Y, Chongde Chen, Jianzhang W. 2004: Effect of irrigation method and N-
fertilizer management on rice yield, water productivity and nutrient-use
efficiencies in typical lowland rice condtions in China. Rice Field Water Environ.
2, 195-206.

Cai Z, Sawamoto T, Li C, Kang G., Boonjawat J, Mosier A, Wassmann R, Tsuruta, H
2003: Field validation of the DNDC model for greenhouse gas emissions in East
Asian cropping systems. Global Biogeochemical Cycles, 17, 1107.

Carlson MM, Wells J, Roberts D 2009: The carbon the world forgot. International
boreal conservation campaign. http://www.pewtrusts.org/en/research-and-
analysis/reports/2009/11/12/the-carbon-the-world-forgot

Conrad R, Frenzel P, Cohen Y 1995: Methane emission from hypersaline microbial
mats: lack of aerobic methane oxidation activity. FEMS Microbiol. Ecol. 16, 297—
306.

De Boer W, Kowalchuk GA 2001: Nitrification in acid soils: microorganisms and
mechanisms. Soil Biol. Biochem. 33, 853-866.

de Bruyn M, Stelbrink B, Morley RJ, Hall R, Carvalho GR, Cannon CH, den Bergh GV,
Meijaard E, Mercalfe I, Boitani L, Maiorano, Shoup R, von Rintelen TV 2014:
Borneo and Indochina are major evolutionary hotspots for Southeast Asian
biodiversity. Systematic biology, 63, 879-901.

Deng SP, Tabatabai MA 1994: Cellulase activity of soils. Soil Biol. Biochem. 26, 1347-
1354.

Dianou D, Ueno C, Ogiso T, Kimura M, Asakawa S 2012: Diversity of cultivable
methane-oxidizing bacteria in microsites of a rice paddy field: investigation by
cultivation method and fluorescence in situ hybridization (FISH). Microbes
Environ., 27, 278-287.

Dobermann A, Fairhurst T. 2000: Rice-nutrient Disorders & Nutrient Management.
International Rice Research Institute.

121


http://www.pewtrusts.org/en/research-and-analysis/reports/2009/11/12/the-carbon-the-world-forgot
http://www.pewtrusts.org/en/research-and-analysis/reports/2009/11/12/the-carbon-the-world-forgot

Dewan Nasional Perubahan Iklim (DNPI) 2010: Indonesia’s greenhouse gas abatement
cost curve, Republic of Indonesia. Available at:http://www.dnpi.go.id. Cited Apr.
2012

Eong OJ. 1993: Mangroves-a carbon source and sink. Chemosphere. 27, 1097-1107.

EIA 2014. U.S. Enegy Information Administration.
http://www.eia.doe.gov/iea/carbon.html

Fageria NK. 2003: Plant tissue test for determination of optimum concentration and
uptake of nitrogen at different growth stages in low land rice. Communication in
Soil Science and Plant Analysis. 34, 259-270.

FAO 2014: FAOstat. Food and Agriculture Organization, Rome, Italy.
http://faostat.fao.org/default.aspx (Accessed November, 2014)

Galloway JN, Dentener FJ, Capone DG, Boyer EW, Howarth RW, Seitzinger SP, Asner
GP, Cleveland CC, Green PA, Holland EA. 2004: Nitrogen cycles: past, present,
and future. Biogeochemistry. 70, 153-226.

Giani L, Bashan Y, Holguin G, Strangmann A. 1996: Characteristics and
methanogenesis of Balandra lagoon mangrove soils, Baja Californina Sur Mexico.
Geoderma. 72, 149-160.

Gilman EL, Ellison J, Duke NC, Field C. 2008: Threats to mangroves from climate
change and adaptation options: a review. Aquatic Botany, 89(2), 237-250.

Goodroad LL, Keeney DR, Peterson LA. 1984. Nitrous oxide emission from
agricultural soils in Wisconsin. J. Environ. Qual. 13, 557-561.

Government of Vietham 2014: Mangrove Forest Area. Available online:
www.kiemlam.org.vn (accessed on 25 June 2011).

Green EP, Clark CD, Mumby PJ, Edwards AJ, Ne T, Ellis AC. 1998: Remote sensing
techniques for mangrove mapping. Int. J. Remote Sens. 19, 935-956.

Hanson RS, Hanson TE 1996: Methanotrophic bacteria. Microbiol. Review. 60, 439-
471.

Hatano R. 2009: Necessity of research and education for tropical peatland management.

International symposium on “The impact of climate change on region specific
systems”. 6 Novmber 2009. Sapporo. Japan.

Hirano T, Segah H, Limin S. 2005: Energy balance of a tropical peat swamp forest in
central kalimangan, Indonesia. Phyton, 45, 67-71.

Hirano T, Segah H, Harada T, Limin S, June T, Hirata R, Oosaki M 2007: Carbon
dioxide balance of a tropical peat swamp forest in Kalimantan, Indonesia. Glob.
Change Biol., 13, 412-425.

Hirano T, Jauhiainen J, Inoue T, Takahashi H 2008: Controls on the carbon balance of

122


http://www.dnpi.go.id/
http://faostat.fao.org/default.aspx

tropical peatlands. Ecosystems. 12, 873-887.

Hooijer AM, Silvius M, Wosten H, Page S. 2006: Peat CO,, Assessment of COy,
emissions from drained peatlands in SE Asia. Report Q3943. Delft Hydaulics,
Delft, The Netherlands.

Hosen Y. 2010: Interaction of CH4 and N2O emissions from a paddy field with AWD
water-saving irrigation management. MARCO/GRA Joint Workshop on Paddy
Field Management and Greenhouse gases.

Holguin G, Vazquez P, Bashan Y. 2001: The role of sediment microorganisms in the
productivity, conservation, and rehabilitation of mangrove ecosystems: an
overview. Biol. Fertil. of Soils, 33, 265-278.

Hong Van NP, Nga TT, Arai H, Hosen Y, Chiem NH, Inubushi K 2014: Rice straw
management by farmers in a triple rice production system in the Mekong Delta,
Viet Nam. Trop. Agr. Develop., (accepted).

WA 1996: BRI oD Mz 38 2. Tropics. 3, 163-188.

Ikeda S, Sasaki K, Okubo T, Yamashita A, Terasawa K, Bao Z, Liu D, Watanabe T,
Murase J, Asakawa S, Eda S, Mitsui H, Sato T, Minamisawa, K. 2014: Low
Nitrogen Fertilization Adapts Rice Root Microbiome to Low Nutrient Environment
by Changing Biogeochemical Functions. Microbes Environ., 29, 50-59.

KIRFZ, Siak=, AN, HEAKIEE, FHEFBTE. 1989. KA ZH L7z A ¥
YORL[HF~ORH. AR TR FHEES, 60, 318-324.

Inubushi K, Hadi A, Okazaki M, Yonebayashi K 1998: Effect of converting
wetland forest to sago palm plantation on methane gas flux and organic carbon
dynamics in tropical peat soil. Hydrol. Process, 12, 2073 —2080.

Intergovernmental Panel on climate Change (IPCC), 2007: The Physical Science Basis:
Frequently Asked Questions, 2: Changes in Atmospheric Constituents and
Radiatve Forcing. www.ipcc.ch/publications_and_data/ar4/wgl/en/ch2.html

Intergovernmental Panel on climate Change (IPCC), 2013: The Physical Science Basis:
http://www.ipcc.ch/report/ar5/wgl/

Intergovernmental Panel on climate Change (IPCC), 2014: Climate Change 2014
Synthesis report: http://www.ipcc.ch/report/ars/syr/

Itoh M, Sudo S, Mori S, Saito H, Yshida T, Shiratori Y, Suga S, Yoshikawa N, Suzue Y,
Mizukami H, Mochida T, Yagi K. 2011: Mitigation of methane emissions from
paddy fields by prolonging midseason drainage. Agric. Ecosyst. Environ. 141, 359-
372.

Iwanaga M. 2014: Impact of Climate Change on Food Security: Asia-Pacific

Perspectives. High-Level Forum on “Climate change and food security in the

123


http://www.ipcc.ch/report/ar5/wg1/

landlocked developing countries and small island developing states in asia and the
pacific region", Mongolia, 12" March 2014.

Jha CS, Rodda SR, Thumaty KC, Raha AK, Dadhwal VK. 2014: Eddy covariance based
methane flux in sundarbans mangroves, India. J. Earth Syst. Sci. 123, 1089-1096.

Kauffmann JB, Murdiyarso D, Adame F, Bhomia R, Cifuentes M, Donato D, Heider C,
Purbopuspito J, Schile L, Megonigal P, Crooks S, Fourqueren J. 2013: Services,
emissons and values of mangroves and their importance for inclusion in climate
change mitigation and adaptation strategies. UNFCCCworkshop on technical and
scientific aspects of ecosystems with high-carbon reservoirs not covered by other
agenda items under the convention, such as coastal marine ecosystems, in the
context of wider mitigation and adaptation efforts. Bonn, Germany, 24 to 25
October 2013.

Kemmitt SJ, Lanyon CV, Waite IS, Wen Q, Addiscott TM, Bird NRA, O'donnell AG,
Brookes PC 2008: Mineralization of native soil organic matter is not regulated by
the size, activity or composition of the soil microbial biomass - a new perspective.
Soil Biol. Biochem. 40(1), 61-73.

Kennedy H, Alongi DM, Karim A, Chen G, Chmura GL, Crooks S, Kairo JG, Liao B,
Lin G, Troxler TG, Marba N, Hiebaum GK 2013: Vegetated coastal ecosystems in
the IPCC wetlands 2013 supplement. UNFCCCworkshop on technical and
scientific aspects of ecosystems with high-carbon reservoirs not covered by other
agenda items under the convention, such as coastal marine ecosystems, in the
context of wider mitigation and adaptation efforts. Bonn, Germany, 24 to 25
October 2013.

Khalil MI. Inubushi K. 2007: Possibilities to reduce rice straw-induced global warming
potential of a sandy paddy soil by combining hydrological manipulations and urea-
N fertilizations. Soil Biol. Biochem. 39, 2675-2681.

AAEN, BT 1997. IR H A O L3R CoEhiE. 1 & HERER B
. A h R R RS . 35-60.

Knief C, Vanitchung S, Harvey NW, Conrad R, Dunfield PF, Chidthaisong A 2005:
Diversity of methanotrophic bacteria in tropical upland soils under different land
uses. Appl. Environ. Microbiol. 71, 3826-3831.

Kovacs JM, Flores-verdugo F, Wang J, Aspden LP. 2004: Estimating leaf area index of a
degraded mangrove forest using high spatial resolution satellite data. Aquat. Bot.
80, 13-22.

7 R 2Rt GLOBAL INDEX 2011.

Kumada K & Asami T 1958: A new method for determining ferrous iron in paddy soils.

124



Soil Plant Food 3, 187-193

Kyuma K. 2009: Nature and Agriculture in Monsoon Asia. MARCO symposium 2009:
Challenges for Agro-Environmental Research in Monsoon Asia.

Lampayan RM, Bouman BAM, De Dios JL, Lactaoen AT, Espiritu AJ, Norte TM,
Quilang EJP, Tabbal DF, Lorcal LP, Soriano JB, Corpuz AA, Malasa RB,
Vicmudo VR. 2005: Transfer of water saving technologies in rice production in the
Philippines. In: Thiyagarajan TM, Hengsdijk H, Bindraban P, editors. Transitions
in agriculture for enhancing water producutibity. Proceedings of the International
Symposium on Transitions in Agriculture for Enhancing Water Productivity, 23-25
September 2003, Kilikukalm, Tamil Nadu Agricultural University, Tamil Nadu,
India. 111-132.

Lebel L, Tri NH, Saengnoree A, Pasong S, Buatama U, Thoa LK. 2002: Industrial
transformation and shrimp aquaculture in Thailand and Vietnam: pathways to
ecological, social, and economic sustainability? Ambio. 2002. 31, 311-23

Maclean JL, Dawe DC, ardy B, Hettel GP. 2002: Rice almanac. Los Banos, Philliines:
International Research Research Institute, 1-10.

Melling L, Hatano R, Goh KJ 2005: Methane fluxes from three ecosystems in tropical
peat of Sarawak, Malaysia. Soil Biol. Biochem., 37, 1445-1453.

Murakami T, Yamada K, Yoshida S. 1999: Improved method for easy and rapid
determination of root length of vegetables. Soil Sci. Plant Nut. 45, 471-478.

Murase J., and P Frenzel. 2007: A methane-driven microbial food web in a wetland rice
soil. Environ. Microbiol., 9, 3025-3034.

Naskar NM, Naskar KR, Talai S. 2009: Addition to the list of brackish water
zygnemaceae of Sundarbans and its adjoining areas, India Genus Spirogyra Link:
Our Nature, 7, 187-192.

Nguyen NL. 2012: Rice production in Vietnam achievements and future development.
Agri benchmark cash crop conference, South Africa June 9th — 15th.

RIRH, 5 REMIS 2008, AN/ R A PR 2 D KHA HIKDFFRA~. HIE)E. p159.

KIRHiG 2014: A > R LT OYEK « HRRITISIT 2 KK & IRAERL. #&THEE.
HER BUAR AR DR [E BB BT i 0 (0 B+ Bl TBRER - =L — 3
WFZERE L[ ERY] ) ) R B fiv iR LA
file:///C:/Users/PCUser/Desktop/h2004_final.pdf

Osaki M, 2013: Future Aspect of Management in Tropical and Cool Temperate
Peatlands : Harmonious and Sustainable Relationship with Nature. International
Workshop on Peatland Management, Hokkaido university, 10" October 2013.

Page SE, Slegert F, Rieley JO, Boehm HDV, Zaya A, Limin S 2002: The amount of

125



carbon 551 released from peat and forest fires in Indonesia during 1997. Nature,
420, 61-65.

Pendleton L, Donato DC, Murray BC, Crooks S, Jenkins WA, Sifleet S, Craft C,
Fourqurean JW, Kauffman JB, Marba N, Megonigal P, Pidgeon E, Herr D, Gordon
D, Baldera A 2012: Estimating global “blue carbon” emissions from conversion
and degradation of vegetated coastal ecosystems. PLoS One,7(9), e43542.

Poffenbarger HJ, Needelman BA, Megonigal JP 2011: Salinity influence on methane
emissions from tidal marshes. Wetlands, 31, 831-842.

Robertson Al, Alongi DM and Boto KG. 1992: Food chains and carbon fluxes, in
tropical mangrove ecosystems. Coast. Estuar. Stud. 41, 293-326.

Saitoh S, Iwasaki K, Yagi O 2002: Development of a new most-probable-number
method for enumerating methanotrophs, using 48-well microtiter plates. Microbes.
Environ., 17, 191-196.

Sakamoto K, Hayashi A. 1999: A rapid method for determining the microbial biomass-
N in soil —Determination of total-N in soil extract by peroxydisulfate oxidation
method. Soil Microorganisms. 53, 57-62 (in Japanese).

Sawada K, Funakawa S, Kosaki T 2008: Soil microorganisms have a threshold
concentration of glucose to increase the ratio of respiration to assimilation. Soil
Sci. Plant Nutr., 54, 216-223.

Sawada K, Funakawa S, Kosaki, T 2010: Simulating short-term dynamics of non-
increasing soil respiration rates by a model using Michaelis-Menten kinetics. Soil
Sci. Plant Nutr. 56, 570-578.

Segers R 1998: Methane production and methane consumption: a review of processes
underlying wetland methane fluxes. Biogeochem., 41, 23-51.

Sharma PK, Bhushan Lav, Ladha JK, Naresh RK, Gupta RK, Balasubramanian BV,
Bouman BAM. 2002: Crop-water relations in rice-wheat cropping under different
tillage systems and water-management practices in a marginally sodic, medium-
testured soil. In Buman BAM, Hengsdijk H, Hardy B, Bindraban PS, Tuong TP,
Ladha JK, editors. Walter-wise rice production. International Rice Research
Institute, Los Banos, Phillipines. 223-235.

Singh Y, Sing B, Ladha JK, Khind CS, Gupta RK, Meelu OP, Pasquin E. 2004: Lonterm
effects of organic inputs on yield and soil fertility in the rice-wheat rotation. Soil
Sci. Soc. Am. J. 68, 845-853.

Singh AK, Choudhhury BU, Bouman BAM. 2002: Effects of rice establishment
methods on crop performance, water use, and mineral nitrogen. In: Bouman BAM,
Hengsdijk H, Hardy B, Bindraban PS, Tuong TP, Ladha JK, editors. Walter-wise

126



rice roduction. Los Banos (Phillipines): International Rice Research Institute. 237-
246.

AT 1988: i b A7 U7 #ha. (M) ik RFEHE IR

Spalding M, Kainuma M, Collins L. 2010: World atlas of mangroves. Earthscan, Ltd.
London, UK.

Stoop W, Uphonff N, Kassam A. 2002: A review of agricultural research is sues raised
by the system of rice intesfication (SRI) from Madagascar: Opportunities for
improving farming systmes for resource-poor farmers. Agric. Syst 71,249-274.

Strack M 2008: Peatlands and climate change., International Peat Society. 223pp

Strangmann A, Noormann M, Bashan Y, Giani L. 1999: Methane dynamics in natural
and disturbed mangrove soils (Tropical salt dyanamics in natural and disturbed
mangrove soils (tropical salt marshes) in Baja California Sur, Mexico (in German).
MittDtsch Bodenkd Ges. 91, 1549-1552.

Tabbal DF, Bouman BAM, Bhuiyan SI, Sibayan EB, Sattar MA. 2002: On-farm
strategies for reducing water input in irrigated rice: ase studies in the Phillipines.
Agric. Water Manage. 56,93-112.

Takakai F, Morishita T, Hashidoko Y, Darung U, Kuramochi K, Dohong S, Limin SH,
Hatano R 2006: Effects of agricultural land-use change and forest fire on N2O
emission from tropical peatlands, Central Kalimantan, Indonesia. Soil Sci. Plant
Nutr., 52, 662-674.

Tawaraya K., Takaya Y, Turjaman M, Tuah SJ, Limin SH, Tamai Y, Cha JY, Wagatsuma
T, Osaki, M. 2003: Arbuscular mycorrhizal colonization of tree species grown in
peat swamp forests of Central Kalimantan, Indonesia. Forest Ecology and
Management. 182, 381-386.

Toma, Y., Takakai, F., Darung, U., Kuramochi, K., Limin, S.H., Dohong, S., Hatano,
R., 2011. Nitrous oxide emission derived from soil organic matter decomposition
from tropical agricultural peat soil in central Kalimantan, Indonesia. Soil Sci. Plant
Nutr., 57, 436-451.

Tong PHS, Auda Y, Populus J, Aizpuru M, Al Habshi A, Al Blasco F. 2004: Assessment
from space of mangroves evolution in the Mekong delta, in relation with extensive
shrimp-farming. Int. J. Remote Sens. 25, 4795-4812.

Tuah SJ, Osaki M, Matsubara T 2001: Study on leaf elemental characteristics of native
plants grown in a distinct ecosystem of tropical peatland in Central Kalimantan. In
Environmental Conservation and Land Use Management of Wetland Ecosystem in
Southeast Asia, Annual Report of JSPS-LIPI Core University Program for April
2000 — Ma

127



Tuong TP, Bouman BAM, Mortimer M. 2005: More rice, less water: Integrated
approaches for increasing water productivity In irrigated rice-based systems In
asia. Plant Production Science. 8, 231-241.

Turjaman M, Saito M, Santoso E, Susanto A, Gaman S, Limin SH, Shibuya M,
Takahashi K, Tamai Y, Osaki M, Tawaraya K. 2007: Effect of ectomycorrhizal
fungi inoculated on Shorea balangeran under field conditions in peat-swamp
forests. In Carbon-climatehuman interaction on tropical Peatland. Proceedings of
the international symposium and workshop on tropical Peatland, Yogyakarta, EU
CARBOPEAT and RESTORPEAT partnership, Gadjah Mada University, Indonesia
and University of Leicester, United Kingdom 27-29.

Turjaman M, Santoso E, Susanto A, Gaman S, Limin SH, Tamai Y, Osaki M, Tawaraya
K. 2011: Ectomycorrhizal fungi promote growth of Shorea balangeran in degraded
peat swamp forests. Wetlands Ecology and Management. 19, 331-339.

Toung TP, Macdonald B. 2012: Alternate wetting and drying from research to
dissemination. Climate change affecting land use in the Mekong delta: adaptation
of rice-based cropping systems (CLUES), First project review and planning
meeting, Cantho University, Cantho city, Vietnam 17-19 October 2011.

UNFCCC 2013. Techical and Scientific aspects of ecosystems with high-carbon
reservoirs not covered by other agenda items under the convention.
http://unfccc.int/science/workshops_meetings/items/7797.php

UNFCCC 2014. Greenhoues gas inventory data,
http://unfccc.int/ghg_data/items/3800.php

FHORE . 2010, K HEOHEKH T > F = 7 Bk (Anammox) & FRAL EHIMEE
BRIOMEEDOLESR). THERY HELOER RER=YHE g
R a—2 R,

Vo QT, Oppelt N, Leinenkugel P, Kuenzer C. 2013a: Remote sensing in mapping
mangrove ecosystems — An object based approach. Remote Sens. 5, 183-201.

Vo QT. 2013b: Valuation of mangrove ecosystems along the coast of the Mekong delta
in Vietnam — an approach combining socio-economic and remote sensing methods.
Kiel, Christian-Albrechts-Universitat, Diss.,

Wang JY, Jia JX, Xiong ZQ, Khalil MAK, Xing GX. 2011: Water regime nitrogen
fertilizer-straw incorporation interaction: field study on nitrous oxide emissions
from a rice agroecosystme in Nanjing, China. Agric. Ecosyst. Envion. 141, 437-
446.

Watanabe T, Hosen Y, Agbisit R, Llorca L, Katayanagi N, Asakawa S, Kimura M. 2013:
Changes in community structure of methanogenic archaea brought about by water-

128


http://unfccc.int/science/workshops_meetings/items/7797.php
http://unfccc.int/ghg_data/items/3800.php

saving practice in paddy field soil. Soil Biology and Biochemistry, 58, 235-243.

Wei Z, Si-tu S. 1978: Irrigation model of water saving-high yield at lowland paddy
field. In: Inter-national Commission on Irigation and Drainage, Seventh Afro-
Asian, Regional Conference. 15-25 October 1989. Tokyo, Japan. Vol. I-C:480-496.

Wells S., Ravilous C, Corcoran E. 2006: In the Front Line: Shoreline Protection and
Other Ecosystem Services from Mangroves and Coral Reefs. United Nations
Environment Programme World Conservation Monitoring Centre, Cambridge, UK.

Winterwerp H. : Mangrove-mud coasts; a muddy story.
http://www.wetlands.org/News/Pressreleases/tabid/60/I1D/3629/BLOG-Mangrove-
mud-coasts-a-muddy-story-7.aspx

Wosten JHM, Clymans E, Page SE, Rieley JO, Limin SH 2008: Interrelationships
between peat and water in a tropical peatland ecosystem in Southeast Asia. Catena
73, 212-24.

Xu H, Hosen Y. 2010: Effects of soil water content and rice straw incorporation in the
fallow season on CH4 emissions during fallow and the following ricecropping
seasons. Plant soil. 335, 373-383.

Xu X, Inubushi K 2007: Production and consumption of ethylene in temperate volcanic
forest surface soils. Eur. J. Soil Sci., 58, 668-679.

Yang J and Zhang J. 2010: Crop management techniques to enhance harvest index in
rice. Jounal of Experimental Botany. Jounal of Experimental Botany. 61. 3177-
31809.

Yoshida S. 1981: Fundamentals of rice crop science. International Rice Research
Institute.

Zou JW, Huang Y, Zong LG, Zheng XH, Wang Y'S. 2004: Carbon dioxide, nitrous oxide
and methane emissions from a rice-winter wheat rotation system as affected by
crop residue incorporation and temperature. Adv. Atmos. Sci. 21, 691-698.

129



