(The United

Change 1992)

(Climate change)

.. 2540

160

Nations Framework Convention on Climate

(Greenhouse ~ gases)

(Global warming)

. .253

( | 25%)

(Kyoto conference)

(Kyoto conference)

(1992 Rio Earth Summit, The Climate



Change Treaty)

5.2 ..1990

(National inventories)

.. 1990 ( , 2541,
, 2541)
(Aliphatics)
(Paraffins)
(Franson étal., 1985)
Chl.
-1825 °c -161.5 C ( , 2528; ,
, 2537; Streitwieser and Fleathcock, 1976)
12-40 (Yamamoto, Alcuskas and
Crozier, 1976) (Haloggnation)
200-400 C
104 179
25 C( , 2528; ,

, 2537 ; Streitwieser and Fleathcock, 1976)



(Anaerobic source) ( , 2528 ; Wang et al., 1993)

(Tranmethylation)

( ,
2528 ; Takal, 1970 ; Houghton et al., 1991)

2 (Houghton
étal., 1991 ; Minami, 1997)

(Natural source)
(Anthopogenic source)

(Houghton et al., 1991 Minami, 1997)

Minami (1997) 0%
30%

600

[ ited Nation Environment Program (UNEP), 1987]
12 C( L, 25%)



2.1

2.1

1
.12

Vi

.. 1982

1991)

(Badretal., 1991)

1991 ; Sharkey etal., 1991)

(ppbv) ( )
(UNEP, 1987)
(ppbv) %
344,000 0.4
1,650 1.0
340 0.25
0.13 7.0
0.23 5.0
0.4 5.0
0.125 1.0
0-2
17 ppmy 5000

.. 1700 (UNEP, 1987 Sharkey etal,

10
OH)

10

(Badr et al,



@) HCl
(Houghton et al., 1991 ; Schiitz etal., 1991)

(Strictly anaerobes)

(Yagi and Minami, 1990 ; Badretal., 1991 IRRI, 1991 Sharkey etal., 1991 ; Neue,
1993)

( , 2531 ; De Datta, 1981)
7. ) hao
NOs  iocece- ) no: __ NN (Denitrification)
Mh. ) M. (Manganese reduction)
Feo e ) Fe. (Iron reduction)
[ — . (Sulfate reduction)
og v, CH (Methane fermentation)
(Diffusion) (Ebullition) (IRRI, 1991 ;
Neue et al,, 19%) 80%
( , 2541 ; Cicerone and Shetter,

1981 ; IRRI, 1991; Neue, 1993 ; Kimura and Minami, 1995 ; Siriratpiriya et al., 1999)



" Methane

Diffusion

21 (IRRi, 1991)
(Aerenchyma)
(Sharkey et al., 1991)
(Cortex) (Lysigenous intercellular
spaces) (Aerenchyma)
(Micropore) (Nouchi et al., 1990)
(Micropore) (Butterbach-bahl, 1992 Neue

étal., 1997)

(Hydrostatic pressure)

(Sharkey et al., 1991)

(Cicerone and Shetter, 1981 ; Lindau et al-, 1990 ; Sass et al., 1990)
(Seiler et al., 1984) (Holzalfel-Pschorn et al., 1986.; Schutz et al., 1989)



10

(Schiitz et al., 1990) (Yagi and Minami, 1990) (IRRI, 1994)

(Vegetative phase)

2. 1

(Cicerone and Oremland, 1988; Houghton et al.
1991 ; Robin et al., 1992 ; Neue, 1993 ; Minami, 1994)

Sass
Fisher (1992)
15-20% IPCC
(1992) 20 150
60 5-30%
90%
60%
(Minami, 1994)
Husin Ya (1995) (Wetland
rice) 4
L (24
1.81-4.03
Katoh (1999)

3.7



31

Kanno (1977)

(Sail texture)
(Sand) (Clay)
(Neue étal., 1997)
( , 2524)

(Cai étal., 1999) Kanno (1997)

(Boeckx etal., 1997)

(Redox potential : Eh)
( , 2531)
(Neue, 1993)
Cal (1999) 5 ..

-150 (mV) (Wang étal., 1992,1993)
(Methane producing bacteria)
-200 mV/ (Takai étal., 1970)
(Mariko étal., 1991)  Cappenberg (1975)
250 -300mv
(2531)

2.2



2.2 (mv)
( , 2531)
(V)
) b hao +380 +320
nos — 1 mt: My - b Mn. +280 200
Fe.. —)  Feq +180 +150
SO, —) 2 120 -180
C02 —) che 200 -280
(Water percolation)
(Yagietal, 1998 Caietal,
1999  Yay (1998)
(Fe2)
Ca (1999)
(Marikoetal, 1991)  Kimura (1997)
(PH)

s (Wang etal, 1992,1993)
pH64 7.8 (Jenkins, 1963) Neue(1993)

2-3
5 (Neue, 1993)
(Neue étal., 1997)



13

32 ( - 259)

Anaerobes 0,
Family Methanobacteriaceae Genera

- Rod-shaped bacteria
A Non-sporulating. Methanobacterium.
B Sporulation. Methanobacillus.
- Spherical cells
A Sarcinae. Methanosarcina.
B Not in sarcinal groups. Methanococus.

Heterotroph
polysaccharide

Shortchain fatty acid formic, acetic,
propionic, n-butyric, n-valeric and n-caproic acids
methanol,  ethanol, n-and isopropanol, n-and isobutanoi and  n-pentanol

Substrate 23
2.3 CH.  substrate ( ®o 2528)
Substrate

Methanobacterium  formicicum. R CO « formic acid
Methanobacterium  propionicum. Propionic acid
Methanobacterium sohnaenii. Acetic and butyric acids
Methanobacillus omelianskil. PL  primary and secondary alcohols
Methanosarcina barker. H 1 CO ., acetic acid » methanol
Methanosarcina methanica. Acetic and butyric acids
Methanococus mazei. Acetic and butyric acids

Methanococus vannielii. H ; formic acid



omelianski,

0.5 mole

14

Co2+4 2 > CH4+ 2 H2D
4 HCOOH > CH4+ 3C02+ 2 H2
CHjCOOH *» CH4+ CO02
2 CH3XH20H > 3CH4+ C02
1} COZI
C0, C0,
€0 Co s
Aerobic acid
01K 0010] R S P — ) 2C02+ 8(H)
8(H) +C02--rmmmrmmeeen > CH4+ 2HXD
oi7K ofo] o] S ) CH4+ C02
Pathway C0 Carbonaceous compound
AHR + C02 e » 4R +CH4+ 2HXD

Methanabacillus
(R  ethanol, n-propanol, n-butanol

Product (R) acetic, propionic utyric acids
93-96% Acetate
C0, 0.5mole  CH.
2 CHXHXOH + C02 - » 2CHjCOOH + CH4
Substrate HR
H

4 2+ C02 N CH4+ 2HD
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Methanosarcina barkeri (CO)

4 CO+4 2 N4C0, +4
C0, +4 , N CH + 2HD
4CO + 2HD A 3C0. +CH.
C0;
Methanosarcina sp. Methanol Acetate
Methyl group
C..HXOOH A Cub + CO;
33
( , 2517)

(Schiitz etal., 1991)

(root exudates)

(Andaletal., 1956)

( - 25%)
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34
]

(Neue étal., 1997)
(Bronson étal., 1997)
Konno (1997) "]

(Neue étal-, 1994 ;
Wassmann et al, 1993 Broson etal, 1997 ; Jeffrey etal, 1997 ; Kanno et .,
1997 : Retering and Conrad, 1998; Cai étal., 1999)

Min (1997)

Singh (1998)

35
(Wassmann
étal., 1993) (Neue,
1993 ; Siriratpiriya étal., 1995; Wang étal., 19%;Cai étal., 1999)
10°c (Wang étal., 1992)
(Neue étal., 1997)
(Khalil MAK, 1998)

Wang (1999)
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(IR, 1997)

(2524) '
(Lysimeter) U 413500 .
1.38-8.35 . (Evaporation) 155-210 . 311-3.85
(Transiration)
258290 . 405469 . ‘ (Percolation)
1.16-1.18 . 144-158
(seepage) (deep percolation) (Borel et al., 1997)
( . 2542 : De Datta

and Abilay, 1975 ; Kupkanchanakul, 1979 Kupkanchanakul and Vergara, 1980
Kupkanchanakul, 1981 ; Kupkanchanakul —and  Kupkanchanakul, 1994 ;

Kupkanchanakul etal., 1995) 5 ..
(iller) (De Datta, 1981)
(2528)
51,15 2
23
2 ' Wannasal
(1991)
105 0,5 10
15

20 (0 )
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659 Al 20

109 Al 198 (2539)
23 5-10
5
(837.9 ")
( , 2537) Husin Ya
(1995) IR-64
Ciradane
IR-64 Ciradane 20
(1 Y

IR-04 Ciradane 82 32 . .
Khdlil  MAK (1998)

2526)

(Yagi et al, 1996 ; Kanno et al,
1997 ;  Yue etal., 1997 ; Cai etal., 1999)
(Wang, 1986 Wassmann et al., 1993)
60% (Bronson et al., 1997)



(Wassmann et al., 1993)
(Neue, 1993)

(Retering and Conrad, 1998)
(Wang, 1986)

(De Datta, 1981)
(Reproductive  stage) (Yashica, 1981)
(Vegetative stage)
(Neue, 1993)
50 KPa ( field capacity ) 20-25%
(De Datta, 1981)

(Neue, 1993 ;
Neue et al, 1997) Chanton (1997)

(Mariko et al, 1991)
(Wang étal., 1995)

Lacha (1980) (Root
exudates)
(Kluze étal., 19%)



1
]

Husin Ya (1995) ; Li Yue (1997) Shao Kesheng

Sigren (1997)

3I I
Neue (1993)

(Humification)

(Yagi and Minami,  1990)

etal, 1992 ; Sass etal,, 1992 ; Neue et al-, 1997)
Adhya (1998)

Lindau
9 1
(Top dress)
58% 3L.7%
(Shao Kesheng and Li Zhen, 1997)
Lindau (1994)
50
Bronson
U4

Nitrapyrin Acetylene

20

(2537) ;
Li Zhen (1997) ;

(" Yue étal., 1997)

(1990)

590
(1997)

(Nitification

(Kimura

113

inhibitors)



')« inn inmj

9 2
Acetylene
Urea-encapsulated ~ Calciumbide
(Bronson and Moiser, 1991 Neue, 1993)
4

(Neue, 1993 Peng etal, 1995
1530 (Neue, 1993)

(Peng et al., 199)

(Neue ,1993 Peng et al,, 199)

(Neue, 1993 ; Peng eétal., 1995)
( 2537 ; ', 541 ; Neue, 1993)

(Annual) (Genus) Oryza
2 (Species)  Species glaberrima
Species sativa
3 Sub-species (Indlica) (Japonida) (Javanica)

Sub-species Indica
Sub-species Japonica

Sub-species Javanica
( , 2523)
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.. 2535
905 516
816 90%
476 92%
( , 2539)
60
( , 254))
, 2534)
1 (Vegetative phase)
“ " (Radicle or coleoptile)
“ 7 (Embryo) “ "
11 (Seedling stage) “ "’
“ “Embryo"
“ " 25-30
12 (Transplanting period) * "
(Uprooting of the seedling) c
(Full recovery) 30 (
) (Direct seeding)
13 (Tillering stage) “ )



(First tiller or primary tiller)
(Lowermost node)

23

(Axillary bud)
(Healthy  plants)
(First tiller)

5 ’ " (Maximum
tiller stage)
2 (Reproductive phase) “
“ " (Flowering) 2530
21 (Panicle initiation stage) “ .
(Vegetative phase)
S " ” 3035
(Heating) 6065
(Intemode elongation and hooting stage) “ "
“ " “ "(Young oanicle) "
(Spikelets) Flg i
sheath) 20
S ' (Booting stage)
2.3 (Heading stage) "
’ " (Young panicle)
“ " ’ " “Booting stage”
“ " 10-14
0 " (Heading date)



24
(Flowering : anthesis)

1]

1.072.5

(Dehiscence) ‘

“Anthesis"
(Date of heading)

1]

" (Texture of the grain)
31

(Wetery)

milky in consistency)

32

(Dough)
33

" (Mature grain)

(Flowering stage : anthesis)

" (Opening and closing of the spikelet)

" (Fertilization)

1%

(Date of anthesis) — “

(Ripening phase)
\ 25-35
“Flowering stage" (anthesis)

(Milk Stage) " '

(Tum
8-13 (Flowering stage)
(Dough- stage) “ "
(Milky caryopsis)

14-25

(Maturity or fully ripe)
25-35



11
12

13
ol

14

2.3

" (Dry seed)

( , 203)
(Water regime)

(Upland' rice)

(

(

(Lowland rice)

50 .

(Deepwater rice)

2-3

(Floating rice)

150 .

5-6

(Upland rice :hill rice)

(Direct seeding)

(Transplanting  method)

)
)

(Broadcasting or direct seeding method)

25



(Pre-germinated seed)
(Broadcast or drill on mud)
(Broadcast in water)

3
31 (Glutinous or waxy rice)
32 (Non-glutinous or non-waxy rice)
4, ( , 522)
41 (Early variety) 90-120
4.2 (Medium  variety)
130-160
43 (Hard variety) 180-210
3}
( , 2524)
51 (Photoperiod sensitive rice)
() ( . 2542)
60-1 1 105 15 123 17

5.2 (Photoperiod insensitive rice)

(Photoperiodism)



110-150

2509)

21
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