2.1

, (Upland rice)
(Lowland rice) ,
(Submerged soil)

(Anaerobic - condition)
12 (Greenwood, 1961

, 2511)
(
2511, 2531)
2.11
)
)
(N)
(NH&)
(NOj)
(bH) (Oxidation) (Reduction)
(2]

(Floodwater)



NH4 (h3
Volatilization 1

NH+ NH3
(Oxidized zone Oxidized soil)
Oxidized rhizosphere

(Rhizosphere) NH&
NO3 Nitrification
(Reduced zone  Reduced soil) NO3 Oxidized zone
Denitrification NO3 N0Z NOj
ND N2 (Reddy and Patrick,

1980; Savant and De Datta, 1980)

- Movement

—— Transformation
o= FERTILIZER
(A4 Floodwater N

] oxidized soil N\ fil/ /
(1 NHz(g)
m Reduced soil \\ ’f// 4 8 e A 1;
| 4 ,/ :6) c
RICE \\{?/ g _-§-\ 8
PLANT—=\\}Y/ 8 8 e
w

-
HNATATATAY S A A A A

DIV 4
5
»@‘P

TRl Onldiséd irizosoners. '/{"? N/ S - ¥ ~/l,
%- NOQ‘ cs X 7 Y




NH4+ NOj
NH4+ 2 ,
, NH4 pH
NH4+
NH4+
nht
(Tip bum) (Lin, 1946 , 2511) NHa+
015 )
0.118, 0.133, 0.118
0.043 % N

(Motomura, Seirayoskol and Cholitkul, 1984)

19)

Denitrification ~ Ammonia volatilization

121) Denitrification
(N2
Denitrification
Facultative anaerobe
NOj” NO2
N0Z N2 N2
( atanabe et al., 1982)
Denitrification

(Deep incorporated or placement) Reduced zone (Shioiri and



Tanada, 1952 , 2511) ! Oxidized zone

(Kawaguchi and Kyuma, 1977)

pH
5-45 °c (Ponnamperuma, 1977; Gotoh and Araragi, 1984)
Denitrification
pH
(Acid sulfate soils) pH
(Ponnamperuma, 1972)
122) Ammonia volatilization
(NH3
Ammonia  volatilization
pH
(Wahhab, Randhawa and Alam, 1957)
(Broadcasting) (Incorporated)
hydrolyze
Ammonium carbonate pH
pH 9-11 (Mikkelsen, De Datta,
and Ohcemea, 1978) ! pH
Nitrification
(Vlek and Craswell, 1979)
60 % (Demmead, Simpson and Freney;

25%)



( ,2511; Ponnamperuma, 1965)
Fe-P 35 % Red-P 19% Al-P 5%
Ca-P 4 % (Cholitkul and Tyner, 1971)

Soil no Texture pH OM (%) Fe (%)

[ sondy loam 7.6 23 O 18

50— 14 clay 4.6 2.8 2.13
25 sandy loam 4 8 4 4 0. .18

26 clay loam 7.6 (B8 0. 30

27 cloy 6 6 2.0 1.60

D
P {ppmj

Weeks submerged

2.2 (Ponnamperuma, 1976)
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2.1) Reduction  Ferric phosphate (FeP042H2)
Ferrous phosphate [Fe3P0428HA]

Ferrous phosphate pH
(Fujiwara, 1950)

H2
Ferrous phosphate (HPO4)
FeJPOA24 H2  -omeemememeee ) 3FeS + 2HPO4
HPO04 oo ) Ht+ HZPO;
2.2) Hydrolysis ~ Aluminum phosphate (ALPO42HD)  Al-P)
Ferric phosphate (FePO42HD ~ Fe-P) pH
Hydrolyze
(Lindsay and Moreno, 1960)
2.3) Organic anion Fe-P  ALP
Organic anion
(Ponnamperuma, 1965; Patrick and Mahapatra, 1968)
2.4)
Anagerobic metabolism
(IRRI, 1964)

Reduction Ferric hydroxides



1

Ferric hydroxides
(Ponnamperuma, 1955)

2.5) Phosphate dissolving bacteria

Anagerobic metabolism
Calcium phosphate

(IRRI, 1964)
2.6)
HZ03
(Precipitation)
(Adsorption) (Replacement)
( ,
2511) 1
(Patrick and Mahapatra, 1968)
( , 2511)
3)
(K)
2
(Soluble  K)

(Exchangeable  K) 2 oluble K
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Exchangeable K
(K4 (, 1976 , 2544)
(Non
Exchangeable  K) (23
, (Illite) (Vermiculite)
21 ( )
(McLean, 1978)
Soluble K Exchangeable K

16-20-0
, (Kaolinite)
( , 2544)
Soluble K Exchangeable K Non Exchangeable K Mineral K
2.3 (,1976)

Exchangeable K
(Kawaguchi and Kyuma, 1969) Exchangeable K
63 10 0.06-1.21 meg/100 g
(Tanaka and Yoshida, 1970)

Fe2t Mn2t
K+
Soluble K
(Ponnamperuma, 1965) (Alternate  wetting
and  drying) 15-47 %
(Continuously moist soil) 50-60 1.8-3.6 % (Kadrekar

and Kibe, 1973 , 2547)



13

4)
(Si) (Si02
(Amorphous) (Silicate) Hydrous oxide
Al Fe3r  Mnd+
(Monosilicic acid; Si(OH)4 5i02 (Yoshida, 1975)
(Ponnamperuma,
1972; Yoshida, 1981)
hydroxide (Imaizumi and Yoshida, 1958)
pH  2-9 (lier,1979; Tisdale et al., 1985)
(Beneficial nutrient) (Sommer,

1926; Yoshida, 1975)

(Yoshida, 1975;
Takahashi, Ma and Miyake, 1990)

4.)

(Takahashi, 1968; , 511,
, 2531)

4.2)
Aluminosilicate

(Hammond, Evans and
Hodson, 1995)

43)

(Tadano and Yoshida, 1978)
44)
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(24
(Imaizumi and Yoshida, 1958)

Cuticle (0.1)

Silica layer (25u)
Outer cell wall wi Epidermal
Gk o= e
Thickness
oo
|
24 (Yoshida, 1965)
45)
(Erect leaves) (Drooping)
(Imaizumi and Yoshida, 1958; Takahahi,
1968) 10 (Yoshida, 1981)
4.6) (Transpiration)
Cuticle (Yoshida, 1975)
4.7)

(Yoshida,
Naveser and Ramirez, 1969)

(Fe)
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Fe2 C02

FeCOj Fe2+
600 ppm 2-3 Fe2t
5,000 ppm (Ponnamperuma, 1976)
Fe2+
200 ppm Fet 600 ppm
(Calcareous  soil) Fe2+
1-20 ppm
(Chlorosis)
Latosol ~ Fe2+ '
Fe2t
( , 2511)
Fe2t Fe2+ pH
Fe2t
(Ponnamperuma, 1965) Fe2+
6)
(Mn)
(Mn24
(Ponnamperuma,  1965) Mn2+ pH
0.1-05
ppm 10 ppm (Ishizuka et al., 1961; Tanaka and Navasero,
1966a) pH

(Tanado and Yoshida, 1978)

(Ishizuka et al, 1961)
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() (02)
Reduction 0 (2)
|7 1 R Jee———— ) H2 + 4H2
H2S
Fe2+ H2 FeS
Fe+H2 oo ) FeS+2H+
FeS H2
(Sandy) (Silty)
H2 2 FeS
H2
04
pH
02 1,500 ppm 0 0
pH Fe2+ H2
(Ponnamperuma, 1972)
2.12
pH pH
2-3 pH 6-7
(Ponnamperuma, 1976; Patrick and Reddy, 1978)  pH 6.6

pH

( 2531) oH



I

Reducible Fe pH pH
(Sodic soil) N2 CO3CO2HA)
(Calcareous soil) C03C02HD Ferruginous
Fe(OH)3Fe2t 6.5-7 |
pH pH (Ponnamperuma, Castro and Valencia, 1969)
pH

(Ponnamperuma, 1976)

I pH
) pH
Ferric phosphate Ferrous phosphate
2) Hydrolysis ~ Al-P  Fe-P pH
Hydrolyze
(Fujiwara, 1950)
3) pH
Mineralization Organic  acid
Reduction product Organic acid
4) pH Denitrification
(De and Sakar, 1936)
5  pH Sulfate reduction
H2
pH Sulfur reducing bacteria

H2



6) Active Fe pH

Oxidized Fe Oxidized
( 2511)

2.13

(Organic matter)

(Products)
Volatile Fatty Acid (VFA)  Acetic acid  Butyric acid
(Watanabe, 1984)

(  2545:  2541)
1) (Physical effects)
11)
(Aggregation)
12)
20

19
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) (Chemical effects)
2.1)
Fe, Cu, Zn Mo
2.2)
(Cation Exchange Capacity, CE.C.)
CEC. 300 meg/100
(Goh, 1930) , 2-30
2.3)
(Buffer capacity)
pH
2.4) FeAl  Mn
3) (Biological effects)

31)



20

32)

1.1-2.0 %
10% ( , 2528)
( , 2528; Motomura, Seirayoskol and Cholitkul, 1984)
2.14
(Clay) (Silt)
(Platety)
Hydrating
Action
(Puddling)

(De Datta and Barker, 1978; Adachi, 1992,
, 2511, 2531)



4 J fvifnfil
onjvf 21

(Permeability) 1 ( 2511,
, 2531)

(De Datta and Barker,1977; Adachi, 1992)

(Macroporosity) (Microporosity)

(Water holding capacity)

(Jamison, 1953; De Datta and Kerim, 1974; Sharma

and De Datta, 1985) (Percolation)
(Evapotranspiration) 2 (25

(Sanchez, 19730)
516/ 1264 | '(De Dattaetal.1973)

Cumulotiveamount of water (mm)
1200, —

NONPUDOLED SOIL. _ PUDDLED SOIL
1000} '
800}
600}

400}

200

0 20 4 & & 1000
Days after ptanling

2.5
(De Datta and Kerim, 1974)



(De Datta et al., 1973)

Barker, 1978)

2511)
2.2
2.2.1
)
, 2530;
(Ca0)

Han and Jiang, 2001)

50 %

22

150

(Bulk density) (Bodman and Rubin, 1948 cited in De Datta and

 2546)

(
(Agricultural utilization)
1012 (
2541, - 2546)

(Ma et al., 1999;

pH

(Acidic soil)

pH (Phung, Lund and Page, 1978



(Calcareous soil)
50 %
Hapludults pH
(Electrical ~ conductivity)
(Lu and Zhu, 2004)

2542
(Adriano et al., 1980)

etal, 1977; Ma et al., 1999)
(Sharma etal. 1989)
(Soil texture)

(Clay loam)
56.8 %
Zhu, 2004)
(Capp, 1978)
(Bulk density)

(Silt loam)
(Water holding capacity)

pH

23

80  10.8 (Page, Elseewi and Straughan, 1979)

1 2 Typic Plinthudult ~ Typic
31 35

0033 053 Sm!t 002 051 Sm'

, 2530; U.S.EPA, 1988)

(Sil) (Chang
632 %

(Soil Structure) " (Chang et al., 1977)
50
001015 . 36.7 %

<0002 . 286% 144 % (Lu and

(Sand) (Clay)

(Silty clay)
20
(Calcareous soil) 10

(Hydraulic conductivity) (Chang et al., 1977)

(Adriano and Weber, 2001)

(Available water) 1-13 %

0.1-0.3 MPa (Gangloff et al., 2000)



24

(Aitken and Bell, 1985)

2 |
1
468.71 64096 ./ ( ' , 2547)
050 / 105
431.87 54045 . (
' , 2547)
1600 ./
3200 |/
(Naveen et al., 1998)
0,24 8
60
(24 )
8 )
(Sikka
and Kansal, 1995) 0,05 10,15 20 /
/ 108,
109, 118 130 137/ / 1,000
27-28 ( ,
2541) 025 | 16-16-8 3125 [
(
' ,O4T)
11

( 2543)
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222 ]

[ICI

Cd, Pb Hg, Ni A
pH (Siriratpiriya et al, 1985)

pH pH
(Scotti, Silva and Botteschi, 1999) pH
Fe  Mn
Cu, Ni n (Albanis et al.,
1998) pH
(Matsi and Keramidas, 1999; Han and Jiang,
2001)
Clay Fraction
(Fixation Capacity) Clay
Fraction Clay Fraction  (Dias and Polo, 1988)
(Genevini etal, 1984)
2)
(Ca(OH)2
(Cementation)
(H 125) 20 %
(Calcareous soil) 10 %
(Hydraulic conductivity) (Chang etal., 1977)
(Pozzolanic Reaction) (Furr et al,
1978)

(Weeldreyer and Fine,
1981)



1986)

1984)

Nitrification

1986)

2.3

24.93 %
( , 2545)
231
40 %
30-35 % 40-50 %

(Doberman and Fairhurst, 2002)

1) (Burning)

(Hungerford et al., 1991)

26

(Wong and Wong,
(Arthur et al,

pH 12 (Cervelli ¢t al.,

199

8085 %
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1))
12)
I
69,08 156 / ( ,
2543)
13)
14) % °c
(Campbell et al., 1995)
2) (Incorporation)
1 (
, 2538)
( , 2543)
3) (Removal of straw)
( , 2543)
1

192272 64112 | (Doberman and Fairhurst, 2002)
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4) (Spread in the field)
232

)

1 100 3,000
0 . (. 3,000
300
( , 2525)
) ( , 2546)

(Rice straw compost)

2545



(

2545)

21)

22)

22.)
222)

(CIN ratio) 20:1

CIN ratio 20:1
05-05-10(%  N,PD5ICQ)
35-40
25:50
6.0-8.0
35

29



2.33

%N, % pd 5 % KjO, % c, CIN ratio

(

21

pH
C (%)
CIN ratio
N (%)

B (ppm)
Si02(%)

2.34

 2546)

94
133
121
107
0.57
2.22
149
049
0.45
600.00
119
164

pH 0.55, 0.09, 2.39, 48.82, 89

2.1)
(Tanaka, 1978)

59 19

14 19
2011 2011
0.07 0.39
0.03 0.19
0.09 0.70
0.08 0.45
0.02 0.13
0.01 0.13
41.00 248.00
0.3 19
0.01 45

30

82



(Cosico, 1985; 1, 1962)

2)
, 2526)
(Buffer capacity)
3) 1

Alexander, 1977)

3

(Soil erosion)

(Stefen, 1979)

(CEC)
(
N02  NO3
(Gray and William, 1971,
(Mycorrhiza)



32

(Nishio and Kusano, 1980)

(Kucey, 1983)

(Nematode)
( , 2545)
24 1( , 2543)
1 PTT90071-93-8-1-1
.. 2543
BKNAG-18-3-2
PTT85061-86-3-2-1
.. 2533 BKNAG-18-3-2 15
105 PTT85061-86-3-2-1
.. 2525
o8 (Pedigree
method) (Generation) 6 .. 2536
. 2537 2539 5
8 .. 2540 2542 1
1

6 122 N 18 N



241

24.2

243

33

105

1) 650-774

L o =

113-126 104-114

0.46 (0.44-0.49) 0.46 (0.43-0.49)
104113

&> N e o =

05 . 247 . 1%
10) 60 . 217 . 17
10) 3-4

1) 15-18 9% 83-85
6.1-69

=)
~—
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