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The primary concern on fertilizer recommendations on paddy soils in Korea is not high rice yield but high
rice quality, sustainable rice yield, and less environmental loads these days. Based on soil survey data, the
paddy soils in Korea were classified into five large management types ; normal, sandy, immatured, poorly
drained, saline soil. In order to establish the optimum level of nitrogen fertilizer to increase the rate of head
rice yield, field experiments were conducted at 24 farmhouses throughout the country with nitrogen
fertilizer treatment levels of 0, 50, 70, 90, 110, 140, 170 kg ha-1 from 2003 to 2004. As the result of the
experiment, the optimum rates of nitrogen fertilizer for improving rice quality were 90 kg ha-1 in normal,
sandy, and poorly drained soils, 100 kg ha-1 in immatured soils, and 112 kg ha-1 in saline soils where the
content of NaCl in soil was below 0.1%. The optimum rates of nitrogen fertilizer were determined in view
of head rice percent, protein content, and palatability value of rice. 
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(RDA, 1999) .
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pH .

HClO4+H2SO4 T-N Micro-Kjeldahl 

(RDA, 2000). 

KETT RN-500 , 

, , 

87

Soil type SiO2
MgCaK

Exchangeable Cation
Av.P2O5T-NOMpH

1:5 g kg-1 % mg kg-1 ------------ cmol+ kg-1 ------------ mg kg-1

Soil

tex.

SiCL-CL

SL

SL

CL-C

SiCL

SL-C

5.8

5.7

7.0

5.5

5.4

5.7

25

26

14

22

13

22

0.12

0.11

0.06

0.12

0.09

0.10

60

73

89

47

16

57

0.39

0.18

0.15

0.43

0.66

0.36

5.9

3.5

7.8

5.4

4.6

5.3

1.2

0.4

2.1

1.8

4.2

1.6

281

112

221

240

119

205

Normal

Sandy

Poorly drained

Immatured

Saline

Average

Table 1. Physico-chemical properties of soil used for the field experiment.
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. (Toyo MA-90)
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Table 2 Table 3 . 
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Table 3 ha 138 kg, 148

kg, 159 kg, 170 kg, 190 kg

Table 2

.

Table 4

. 

. 

90-110 kg ha-1

50-70 kg ha-1

2-3% , 140-170 kg

ha-1 1.0%

.

90%,

88% , , 

, 85%

. 

18% 

(Ahn et al., 1996).
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N levels

0

50

70

90

110

140

170

200

240

Aver. yield

Max. N levels

3,590

4,070

4,270

4,350

4,430

4,480

4,400

-

-

4,227

4,138

3,550

3,960

4,190

4,350

4,490

4,400

4,440

-

-

4,197

4,148

2,490

3,430

3,540

3,780

4,120

4,130

4,120

-

-

3,659

4,159

3,090

3,920

4,150

4,260

4,470

4,610

4,730

-

-

4,176

4,170

3,620

4,190

4,290

4,410

4,580

4,680

4,740

4,750

4,680

4,438

4,190

3,477

4,017

4,210

4,322

4,453

4,490

4,480

-

-

4,207

4,151

AverageSalineImmaturedPoorly drainedSandyNormal

Paddy soil type

Table 3. Yield of head rice with soil type and N application levels. (Unit: kg ha-1)

N levels

0

50

70

90

110

140

170

200

240

Aver. yield

Max. N levels

4,090

4,730

4,980

5,170

5,290

5,380

5,320

-

-

4,994

4,151

4,080

4,620

4,890

5,170

5,310

5,310

5,360

-

-

4,963

4,165

3,140

3,860

4,140

4,410

4,770

4,910

5,030

-

-

4,323

4,170

3,380

4,330

4,670

4,890

5,180

5,410

5,480

-

-

4,763

4,170

3,930

4,520

4,680

4,890

5,070

5,210

5,320

5,400

5,350

4,930

4,214

3,940

4,595

4,850

5,068

5,231

5,328

5,336

-

-

4,907

4,167

AverageSalineImmaturedPoorly drainedSandyNormal

Paddy soil type

Table 2. Yield of polished rice with paddy soil type and N application levels. (Unit: kg ha-1)
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(Toruyuki, 1990). 2001

2004 4

2000 57.4%, 2001

71.4%, 2002 74.2%, 2003 82.1%, 2004 85.5%

(Eom, 2005).

Table 5 . 

110 kg ha-1

90 kg ha-1 6.6-6.7% ,

140 kg ha-1 7.1-7.3% 

. , 

, , , 

, .

50 kg ha-1

6.5%

110 kg ha-1

6.2-6.3%

.

, 

. 

(Lee and Oh, 1991; Ahn and Kim, 1996; Cha et

al., 1982; Choi, 1996).

Table 6 . Toyo 

, 

Toyo 

. Table 7

, 

, , , 

89

N levels

(kg ha-1)

0

50

70

90

110

140

170

200

240

Average

88

86

86

84

84

83

83

-

-

85

87

86

86

84

84

83

83

-

-

85

80

89

85

86

86

84

82

-

-

85

91

91

89

87

86

85

86

-

-

88

92

91

92

90

90

90

89

89

89

90

88

87

87

85

85

84

84

-

-

86

AverageSalineImmaturedPoorly drainedSandyNormal

Paddy soil type

Table 4. Percent of head rice with soil type and N application levels. (Unit : %)

N levels

(kg ha-1)

0

50

70

90

110

140

170

200

240

Average

6.5

6.5

6.7

6.7

6.9

7.1

7.3

-

-

6.8

6.6

6.6

6.6

6.8

7.0

7.1

7.4

-

-

6.9

7.4

7.3

7.3

7.4

7.2

7.6

7.8

-

-

7.4

6.2

6.2

6.2

6.2

6.3

6.6

6.6

-

-

6.3

6.9

6.9

6.9

7.0

7.1

7.2

7.4

7.5

7.6

7.2

6.6

6.6

6.7

6.7

6.9

7.1

7.3

-

-

6.8

AverageSalineImmaturedPoorly drainedSandyNormal

Paddy soil type

Table 5. Content of protein in rice with soil type and N application levels. (Unit: %)
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. 

15% 

, 75 

(Choung et al., 1995). 

amylose

amylopectin

. 

, 

17-20% (Choi, 1996).

, ,

. 

Cate

& Nelson(1965) Reagan(1994) 95%

, Lee et al.(2005) 98% ,

Bray(1994) 95-98% 

. Table 8

100

Bray (Bray, 1994) 95-98% 

. 

, , 80-100 kg ha-1, 90-

110 kg ha-1, ( ) 100-130 kg ha-1

, 

, 

. (

) , , 89 kg ha-1,

100 kg ha-1, ( ) 112 kg ha-1

. 

95% ha 5,000 kg

(Table 9). 

ha 2004 5,040 kg, 2005 4,900 kg .

Table 9 . 1 2

. 

· · · · · ·90

N levels

(kg ha-1)

0

50

70

90

110

140

170

200

240

Average

18.9

18.8

18.7

18.8

18.7

18.8

18.8

-

-

18.8

18.8

18.9

18.9

18.8

18.7

18.9

18.8

-

-

18.8

17.8

17.9

18.1

17.9

18.1

18.0

18.1

-

-

18.0

18.3

18.3

18.3

18.4

18.3

18.3

18.2

-

-

18.3

18.8

18.8

18.8

18.7

18.8

18.8

18.8

18.7

18.7

18.8

18.7

18.7

18.7

18.7

18.6

18.7

18.7

-

-

18.7

AverageSalineImmaturedPoorly drainedSandyNormal

Paddy soil type

Table 7. Content of amylose in rice with soil type and N application levels. (Unit: %)

N levels

(kg ha-1)

0

50

70

90

110

140

170

200

240

Average

71.7

71.0

68.5

70.0

69.1

66.8

64.8

-

-

68.8

73.1

71.9

72.0

71.1

69.6

68.4

67.0

-

-

70.4

70.8

73.7

72.6

72.4

70.9

71.0

70.9

-

-

71.8

80.9

80.9

80.5

80.1

79.8

79.1

78.4

-

-

80.0

74.5

75.6

75.0

74.9

75.0

74.0

73.5

72.3

71.3

74.0

73.5

73.1

71.7

72.2

71.4

69.7

68.3

-

-

71.4

AverageSalineImmaturedPoorly drainedSandyNormal

Paddy soil type

Table 6. Toyo palatability value with soil type and N application levels.



(110 kg ha-1)

(90 kg ha-1) (4,333 kg

ha-1) (5,049 kg ha-1) 2-3%

Toyo 

. 

.

, 

. 

. 

(Jung et al., 2003)

Table 10

.

“N(kg ha-1)

= 127.4 - 1.52·OM + 0.28·SiO2” 2003

(Jung et al., 2003) 

23 g kg-1 118 mg kg-1

125 kg

110kg

(F , 0.877) “N(kg ha-1) = 111.7 - 13.3·

91

Paddy soil type

Levels of optimal N application were determined in view of head rice, protein content and palatability value.

Normal

Sandy

Poorly drained

Immatured

Saline

80-100

80-100

80-100

90-110

100-130

89

89

89

100

112

Range of opt. N levels

-------------------------------- kg ha-1 --------------------------------

Opt. N levels

Table 8. Optimal N application levels of head rice with paddy soil type.

Fig.1. Yield of head and pollished rice with N application levels. 

Rice
15014013012011010090807060

4,127

(93 )

4,764

(92)

86.6

4,204

(95)

4,869

(94)

86.3

4,273

(97)

4,964

(96)

86.1

4,333

(98)

5,049

(97)

85.8

4,384

(99)

5,124

(99)

85.6

4,425

(100)

5,188

(100)

85.3

4,458

(101)

5,242

(101)

85.0

4,481

(101)

5,285

(102)

84.8

4,496

(102)

5,319

(103)

84.5

4,501

(102)

5,342

(103)

84.3

Head

Pollished

% of head

rice

Yield index in each corresponding

N application levels

Table 9. N application rates for head and pollished rice yield with goal levels. (Unit: kg ha-1)



OM + 0.25·SiO2” .

110 kg ha-1 1.00

F 0.82

, F , 

(ha 90 kg)

ha 90 kg 

“N(kg ha-1) = 91.4 - 1.09·OM +

0.2·SiO2” . 

.

Table 11 , 

· · · · · ·92

Fig. 2. Characteristics of rice quality.

Perfect kernel Damaged kernel Green kerneled rice Broken rice

N rate

110

90

1.00 4,340 100 5,000 100

0.82 4,230 197 4,840 197

Modified N recommendation based on the monitering data of soil chemical properties in 2003 : N(kg ha-1) = 91.4 - 1.09·OM + 0.2·SiO2

IndexYieldIndexYield

Head rice RiceCorrection coefficient

( F )

Table 10. Rice yield and correction coefficient by N fertilizer rates. (Unit: kg ha-1)

Region

* Study on establishment of optimal N rate with ecology type for rice (National Institute of Crop Science, 2004)

* Rice varieties : Hwa-seong byeo, Sang-mi byeo, O-dae byeo

Mg/K ProteinT-NStemLeafCereal

T-N RiceN levels

(kg ha-1)

0

50

70

90

110

140

170

0

50

70

90

110

140

170

0

70

110

150

180

200

240

1.19

1.20

1.19

1.21

1.30

1.38

1.34

1.11

1.17

1.17

1.23

1.13

1.20

1.18

1.03

1.10

1.12

1.15

1.14

1.13

1.12

1.02

1.18

1.19

1.28

1.34

1.44

1.68

0.77

0.78

0.80

0.84

0.85

0.97

1.13

0.74

0.79

0.96

1.11

1.10

1.06

1.10

0.61

0.65

0.66

0.69

0.77

0.78

0.94

0.54

0.59

0.58

0.59

0.62

0.64

0.69

0.45

0.51

0.52

0.62

0.72

0.72

0.70

0.60

0.62

0.63

0.64

0.73

0.70

0.70

0.55

0.56

0.62

0.66

0.80

0.83

0.91

0.76

0.78

0.79

0.94

0.92

0.90

0.85

3.75

3.88

3.94

4.00

4.56

4.38

4.38

3.44

3.50

3.88

4.12

5.00

5.18

5.68

4.75

4.88

4.94

5.88

5.75

5.62

5.31

1.95

1.63

1.63

1.63

1.63

1.43

1.27

2.05

1.88

1.79

1.63

1.63

1.50

1.37

2.05

1.43

1.20

1.20

1.20

0.98

0.91

Suwon

Cheolwon

Namyang

Table 11. Content of N in rice at harvesting stage with N application levels. (Unit : %) 



T-N , Mg/K 

, , T-N 
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, Mg/K 
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Okamoto(1988) 15

21 ( 21% )
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, 

. 

Mg/K Mg/N

, 

Okamoto(1988) Toruyuki(1990)

Mg P N, K, 

.

2003-2004

24 

.

, 

, 

Toyo 

.

T-N 

,

Mg/K 

.

ha , , 

80-100 kg(89 kg), 90-110 kg (100 kg), 

( ) 100-130 kg(112 kg) .
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