21 (greenhouse gases)
(carbon dioxide: C02
(methane: CH4 (nitrous oxide: N2) (chlorofluorocarbons:
CFCs) (hydro chlorofluorocarbons: HCFCs)
21
21 . . 1750 . . 1998
co2 ch4 n20 CFC-11 HFC-23
(PPmV) (ppbv) (ppbv) (pptv) (Pptv)
280 700 270 0 0
(.. 1750)
365 1,745 314 268 14
(. .1998)
15 7.0 0.8 14 0.55
Intergovernmental Panel on Climate Change (IPCC) (2001)
ppmv = part per million by volume ( )
ppbv = part per billion by volume ( )

pptv = part per thousand by volume ( )



(global warming potential; GWP)

GWP (
GWP
(
World Meteorological Organization; WMO (2010)
1.93
385.2
1164 (IPCC, 2007)
(heatwave)

(climate change)

390
2
380 pPEE - 3
o~ ’%pt £ g
E 370 s o
Q ’A:: 2
2 v a 2
6 360 fl"‘pflﬁ 2
(] Y 7 ¢ O.w
350 S ¢ 0
LpAf :
340 ¢
330 0

1985 1990 1995 2000 2005

yoar

21
: WMO (2010)

, 2552)
, 2554)
.. 1998-2008
.. 2008
( 2.1)
( , 2548)
&
1)
f ]
N 1
VY
1985 1590 19A’95 20.00 2605

year




2.2

164

2.2

(2540)

2.2

(
43, 15, 15, 11,7,5

28

28

(2540)

. .2533



(biomass)

(carbon sequestration) ( ,2550; Lai, 2009)
( , 2552)
2.3
(photosynthesis) 21 ( , 2543)
6C02+ 12HD ------------ > CeHID6+6 D +602

(respiration)

2.2 ( , 2543)
CHID 6+ 602 - > 6C02+ 6HD
2.3 ( , 2551)
....... > C02+ D+ + + intermediate+

(litter)

2.1)

2.2)

23)



2.2

(carbon dioxide fluxes )

Carbon is lost back to the atmosphere through

Atmospheric carbon is fixed
respiration and decomposition of organic matter.

by trees and other vegetation
through photosynthesis, r (\_.

Aboveground carbon:
-Stem
- Branches

-Foliage

A Carbon is lost to

< ~the atmosphere
Fallen leaves and .
throughsoil

branches add
carbon to soils

Some carbon is ;
internally transferred

from aboveground =—— L
respiration.

to belowground,
carbon to soils.

/ \ Soil Carbon:

Somae carbon is

Belowground carbon: Iy ey | -Organic
- Roots ;
belowground carbon - Inorganic
-Litter . .
(o.g., root mortality) to the soils.
2.2

: United States Environmental Protection Agency (2012)



2.4

(
24.1
(2548)
)
( , 2529)
2.4.2
aerobes

NOj, Fe3; Mn4;, 042

, 2548)

10: 1

facultative anaerobes

Cco02

anaerobes

N2, Fe2y, Mn2, 2



2528; , 2550)
2.4.3
(2553)
)
(2545)
)
40
2544)

6.5 (

(fermentation)

(CHY (
(
(2547)
(
5 30
( , 2528)
(
20-40
( , 2529)
50-60

, 2541)



10

2.5
251
(diffusion)
(1/10,000 ) ( , 2543)
l 1
(substrate)
methane bacteria ( , 2547)
2.3
( , 2545)
(translocation)
(Nishimura , 2008)
(Igbal, 2009)

(air

space)



(Atmosphere)

Net COj flux' Net CH,, flux’
A
(photosynthesis) (respiration) (soil CO; flux) |

Precipitation / irrigation"

- (Cropland ecosystem)

Carbon rerﬂov I
I

arvest, otners Carbon in
aboveground plant Carbon supply' |
(crop, others) (incorporation, others)!

(translocation)

Carbon root! bb (death) Carbon in soil"

Leaching m

2.3 /

. Nishimura (2008)

2.4 (fermentation)

pyruvic acid

(lactic acid, propionic acid, formic acid, acetic acid butyric acid)

( , 2550)

1



12

cth .,
Carbohydrate
1
ch3 ch3
Cco02 + H2 . - -0) —» CHOH _ ~CH2
Carbon dioxide Hydrogen COOH COOH COOH
Pyruvic acid Lactic acid Propionic acid
HCOOH \\
Formic acid ch3
1 CH, ch2 '
ch4 + C02 - COOH ch2 ch3 + ch4
Methane Acetic acid COOH COOH
Butyric acid
24
. Yoshida (1978) (2550)
26 :
)
Igbal (2009)
N-P-K (Brassica napus L.)
7 1) ( ) 2) N-P-K (N P
P25 K «) 1 0-150-150 3) N-P-K 60-150-150
4) N-P-K 120-150-150 5) N-P-K
240-150-150 6) N-P-K 0-150-150 4,500
7 N-P-K 120-150-150 4,500



13

20x20 5
09.00-11.00
797-1,214, 98-403 148-241
120-150-150
4,500 0-150-
150 4,500 1
Ahmaad (2009) N-P-K (N
P PD5 K KD) 15-15-15
4 1)
2) 3 4)

823.10, 784.98,764.00 762.45

7

30



2)

3 @ @

( , 2537)
1
(2542)
1
Complete Block Design (RCBD) 112
b ) )
3
(N4504 9
4 1) ! 5
k) 4) 5
1 Y 410459

459, 454,451,436 410

' 5
! 5 !
469, 459, 457 450

14

©)

Randomized
7
((NHAP04
4
(CO(NH22
2) 7 25



15

(2544)
9.00-12.00 .
chamber 1
0 ( ) 20
310.8, 653.5 492.8
20 356.0, 702.0 613.6
20
20
2
2.7
211
(2549)
2 1
0 2 ) 2 ) 2
, 4 0,500, 1000 1,500
NPK (N P PD5 K ) 666 (066
(399.4-480.6
) 1000 (4923 )
(0.5425-0.5839) (2638-387.8 ,23.5-26.0 0.4154-0.5204



16

1,000

(430.5-480.6 ) (399.4-411.3

) 2
500 N-P2D 5K
6-6-6
(2551)
.
. 4
1) ) g 1) 3
2548 2
2549 3 2549- 2550
1
2
80.85 268
66.65 184
3 8491
553 729
3.9 1
8001 224
(7L57 208 )
10 (3% ) 680 )
10 (316 ) 65 )
(313 631 ) (% )

25 )



2.7.2

(50.1, 50.7

20

47.9

1,000

(18.1

23

(2529)

10

)
(24.5, 28.1

, 2526)
10-20
510,15 20
5 10, 15

(32.9, 43.1, 60.9

29.3
5 10 20

80
10
5
510 20
(3.0-19.7
20
47.8
510 20

5,15

)
(30.2, 27.7

17

20

28.7



(2536)
105
25x25
5
15 20 20
(16-20-0) 20
105
(152 )
(144 )
) 17z )
20
654, 640, 632, 622 550
(2553)
it

Completely Randomized Design (CRD)

50, 75 10

108.00
5 87.67 75.33

0, 25 50, 75 10
13.55, 38.74, 70.87 79.18
10.55, 27.32, 46.00 53.69

3x5
10
(46-0-0) 6
(14 )
20 (128
20 (191
5 10
5
87.67-109.00
5

18

2535

5,10,

20

)

0, 2.5,

75.33-



(47,315,666 )

2.8
78,619,362 ( , 2553)

(8,970,190 ) (2,906,129 )

281
Linn. Oryza glaberrima Steud.
3 subspiecies (1) (indica)
2 (japonica)
(javanica)
( , 2547)
(root)
(stems)
(flowers) (inflorescence)
(perfect flower)
endosperm

( , 2523)

(2,060,739

19

(17,366,638 )

)

Oryza sativa

©)

(fibrous root system)

(leaves)
(flag leaf)
(panicle)
(stamen) (pistil)
(polar nuclei)
endosperm (starch)
30



20

3
1) (vegetative growth)
3
(primary
seminal root) (endosperm)
(adventitious root)
(tillering stage) primary tiller
secondary tiller tertiary
tiller tertiary tiller 2
(maximum tillering stage)
(stem elongation stage)
2) (reproductive growth)
(panicle initiation) (précordium
of panicle) (panicle initiation)

(booting stage)

(flowering and fertilization stage)
(flowering)
(fertilization)

30-35

3) (grain development)

25-35

(milk grain stage)



0 fia 14 !

laa 1

21
90-100
( , 2546 , 2550)
1

1 IR 13146-158-1, IR 15314-43-
2-3-3 BKN 6995-16-1-1-2 CNTBR 82075-

431 1

.9 2536 1
28
113 121-130
119 224
133 89.24 1,000
29.24 8

2.30, 10.43 s g 1

754 725

1
1
18
( 16-20-0 112 )

( , 2537; , 2546)



2.8.2

D

2)

3)

22

3
)
30
5-10
20x20
( )
20-25
15-20

2549)



2.8.3

1

(

system)

75

2.5-3.2

(racemes)

5-6
, 2543;

hemp)

8.0-12.0

25

, 2545;

8.6, 34.6, 4.3, 41.1,8.1 3.3

2542; , 2550)

(crop rotation)

23

Crotalaria juncea L.

(taproot

180-300

(petiole)

(inflorescence)

8-20
(open-pollinated)
1-2
(
, 2548)
14.4, 35.8, 27.4 6.4
( , 2549)
50-60  ( '

7-10
2,870.00 412.28

2.76, 0.22, 2.40, 1.53, 2.04 0.96 (



2)

, 2548)
148 1 ' (2548)
) 7
- 2 2546-2548
1) N- PD 5KD 0-8-0 2)
3) 12-12-0 4) 5)
10 6) 15 7)
25 1 1 2
2
1 0-8-0
1
1
(2554) 3
( )
5
45-50 14
3) 5
45-50

( , 2542)

24

8-8-0

D

45-50

14



25

(vetiver grass) f  Vetiveria spp.
(Gramineae)
2 (Vetiveria zizanoides (Linn.) Nash)
(Vetiveria nemoralis Balansa A. Camus)

( , 2548)

( , 2536)

30-90

34.41,34.04 1595
( , 2547)
18

2-3

( , 2548)

0.811,0.170,1.583,0.142 0.123
0.356,0.1130.459,0.055 0.180

58 6.8 ( , 2537)
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( , 2543)
(2544)
0.49
0.68-0.82
2.26, 62, 471, 362 1.25
3.54-5.01,132-142,631-882,446-679  2.33-2.56
(2544)
1 43, 2.2
205
(2554)
. . 2549-2551
3 4 8 8
( 2.3) 6 1 2 2
0.26-0.72 0.46-0.84
5.0-8.0 10.37-16.88
104.8-228.8  340.0-554.0
1.68-1.80 1.39-1.70



497.5, 435.0 305.0
2 3

435.0, 247.5 192.5

2.3

(2554)
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