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Beta vulgaris L.

1971

1979
1984 1983

RFLP
DNA

Age and Tsupa 1987 1991
1993 BARzeN et. al. 1992 SMED
VAN GEYT et al. 1984 Van
1990 WaceNER et. al. 1992
S

ABE et. al.
et. al 1989
Geyr et. al.

SF
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S OWEN 1942
SAVITSKY 1954 S
90 95
SF
1984
SF
1985
SF
1984 1994
SF NK-183BRX NK-219
1995
SF
1998
1971
SF
SF
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1998
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SF
SF
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10 12
1979

SF
SF
SF
SF
SF
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SF
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SF
SF

Isak 1963
2 3-

SKOYEN 1969

SATAKE 1976
DorIiON et. al. 1996

SATAKE 1974 SATAKE 1976  SATAKE
1989

SUNESON 1937

SF
1981
1984

1988 1991
1995
1979
SF

SRIVASTAVA 1989

177 2002
1971
1984 SF
HECKER 1964 1969
0.1
0.3
1971 0.2
04 0.8
1973
SF
1954
1964
1973
Na
86
87 RysER 1970
SMITH 1989
Coe 1987

CAMPBELL 1983



S 59
30 70
PoOwWERs 1962 1997
FINKNER 50 12
1956  RYSER 1959 1964 114 24 800lux
Hac 1952 250lux
24
10 22 30 70
SF
24
SF
1971
Ys Yp Yn
SF
Ys
Yp Y
n
SATAKE 1974 SaTAake 1989
SF NK-219mm-0O
1998 16
SF 32 18 22
127 24
SF 24
10 21 30 24
1971
SF NK-195mm-O
NK-219mm-O NK-229BRmm-0O NK-2
35BRmm-0 Ys
Yp

Yn
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24
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30

(A)

64
mm-O
15
30
NK-229BRmm-O
(B)
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NK-195mm-O 83

78
NK-219mm-O
Yp
70
90
30
Yp Yn

NK-235BR

Ys

SF NK-219mm-O
(A)

A w

30



700
R
SF NK-219
mm-O  NK-229BRmm-O NK-235BRmm-0O
SF
24 30

3 40 13 21 33 33 50 83

NK-195mm-O 32- 47 29- 42 69- 91
7 74 43 21 64 49 34 83

NK-219mm-O 4315 30-152 52-100
6 75 5 44 49 10 54 64

NK-229BRmm-O 21-154 14-105 51- 72
4 36 2 26 28 8 72 81

NK-235BRmm-0O 24- 57 21- 41 72- 96
56 16 28 43 25 53 78

24 70

2 59 45 11 56 78 18 96

NK-195mm-O 51- 67 51- 61 91-100
4 54 47 7 54 84 14 99

NK-219mm-O 20- 80 19- 80 95-100
3 55 38 15 53 64 28 92

NK-229BRmm-O 33- U 27- 94 81-100
7 25 9 14 23 35 59 94

NK-235BRmm-O 20- 32 14- 31 67-100
48 35 12 47 65 30 95
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30

NK-219
mm-0 20 NK-229BRmm-O 30
90
NK-219mm-O

50

1971

SF T2n-24 N2n-28

N2n-36

1971
XXzzZ

XXZZ
1998 16
32
24

XXZZ
XXZz
18 22 123
24
10 21 52
24

24
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52 74 1995 11
58
7 12 127
24
NK-219mm-0O
4
24
24
SF
rr SF NK-219mm-O
R
NK-196mm-0
NK-150 55
50
1971
51
T2n-24-170 17 39 90
Ton-24-74 20 31 38 69
T2n-28-85 17 65 35 100
Ton-28-144 18 38 35 73
T2n-36-142 13 56 33 90
T2n-36-148 8 63 38 100
XXZZ
XXZZ XXZz
XXZZ
NK-219mm-0x NK-150-1 50 1 55 9 1 0
NK-219mm-0x NK-150-2 50 100 100 1 0 0
NK-219mm-0x NK-196mm-O-1 70 89 99 35 6 0
NK-219mm-0x NK-196mm-O-2 70 33 92 10 2 0
NK-219mm-0x NK-196mm-O-3 70 12 63 8 2 0




S 65
63 46
35
NK-150
20
SF
SF
SF
NK-185BRmm-O NK-229BRmm-O
SF NK-219mm-O NK-229BRmm-O Beta maritima L.
NK-235BRmm-0O EG-753201 Jw31
T2n-24 KS EG-753109
6-2 30 1998
50 1998 16 22 110 24
32 18
22 127 24 24
10 11 65
24 24
11 22 30 50 24
24
24
29
43 0.8
8.1

NK-219mm-Ox T2n-24-26 30 4 13 15

NK-229BRmm-0O% T2n-24-74 30 3 17 41

NK-235BRmm-0O% T2n-24-110 30 4 3 100

NK-229BRmm-O%x KS6-2 50 5 43 26
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12
NK-185BRmm-0O SATAKE
1976 12
NK-229BRmm-O
50 30
SF
0
Yp Yn
30 SF

NK-185BR* EG-753201-1 3 5

NK-185BR* EG-753201-2 2 0

NK-185BR* JW 31R-2 4 16 9 0 0

NK-185BR* JW 31R-3 3 8 1 0 0

NK-229BRx* JW 31R-3 1 12

NK-229BR* EG-753109-1 1 1
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S
S
1984 SF
S S SF
SF T2n-21-16-95 T2n-
22-14-106 NK-202mm-O S S
1985
55cm 22.5cm N: 11.6

PO :248 K O:14.0 kg 10a

SF
Na
Na
SF
T2n-21-16-95 S
1986
SF
1987
SF SF T2n-21-103-
80 NK-194mm-O NK-196mm-O
S NK-203mm-O S S S
S S

NK-183%x NK-185 2 2 1.0
NK-185% NK-183 2 9 4.5
NK-195%x NK-183 2 8 4.0
NK-185BR*x EG-753201-1 3 5 17
NK-185BR*x EG-753201-2 2 0 0.0
NK-185BRx JW 31R-2 4 16 4.0
NK-185BRx JW 31R-3 3 8 2.7
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1986
T2n-21-16-95 T2n-22-14-106 S
S NK-202mm-O
1985
T2n-21-16-95 S S T2n-2
2-14-106 S S
S
NK-202mm-O S S S Na
T2n-21-16-95
T2n-22-14-106
NK-202mm-O 1987 10
T2n-22- T2n-21-103-80 S S NK-194mm-O
14-106 S S NK-203mm-0O S S
Na
T2n-21-103-80 S
1985
meq 100
10 q g
Na
T2n-21-16-95 S 1.73 13.04 4.30 513 1.29
T2n-21-16-95 S 1.46 12.57 3.91 5.82 1.59
T2n-21-16-95 S 1.44 12.64 3.91 5.53 1.53
T2n-21-16-95 S 1.35 12.67 4.21 5.76 1.50
LSD 0.18 041
0.27
T2n-22-14-106 S 2.63 13.73 241 4.80 1.58
T2n-22-14-106 S 2.83 13.78 2.54 492 1.74
T2n-22-14-106 S 2.32 13.42 2.31 455 1.71
T2n-22-14-106 S 2.34 13.66 2.20 487 1.72
T2n-22-14-106 S 231 13.90 2.17 4.60 1.48
LSD 0.20 0.20
0.28 0.27
NK-202mm-0 S 261 13.43 6.49 5.75 1.45
NK-202mm-0 S 2.75 13.51 6.36 5.83 1.43
NK-202mm-0 S 2.68 13.01 6.44 551 1.36
NK-202mm-0 S 2.79 13.31 6.49 5.97 1.42
NK-202mm-0 S 2.82 13.16 6.44 5.88 1.43
LSD 0.31 041
S 2.32 13.40 4.40 5.23 1.44
S 2.79 13.65 4.45 5.38 1.59
S 2.15 13.00 4.22 5.29 1.55
S 2.19 13.20 4.20 5.46 1.56
S 2.16 13.24 4.27 541 1.47




S S
WiLsie 1958
NK-194 20 30
mm-0O NK- S 50
196mm-0O S S S MEReEDITH 1979
T2n-21-103-80 S S S SRIVASTAVA 1989
NK-203mm-O S
S S F S
30 35
Na T2n-21-103-80
S S S NK-194mm-0 1971 S S
S S
1986
meq 100
10 q g
Na
T2n-21-16-95 S 2.98 16.19 2.32 5.20 0.93
T2n-21-16-95 S 2.57 16.42 2.16 5.06 0.72
T2n-21-16-95 S 244 16.24 2.36 5.46 0.87
T2n-21-16-95 S 244 15.75 2.69 5.50 1.14
T2n-21-16-95 S 251 16.39 2.67 5.24 0.96
T2n-22-14-106 S 4.45 16.71 1.75 3.93 0.78
T2n-22-14-106 S 3.80 16.72 1.94 401 0.78
T2n-22-14-106 S 361 16.68 1.92 4.02 0.73
T2n-22-14-106 S 371 16.54 2.03 4.04 0.85
T2n-22-14-106 S 3.68 16.69 1.98 4.09 0.77
NK-202mm-O S 451 15.82 3.79 4.25 0.70
NK-202mm-O S 4.66 15.60 3.84 422 0.74
NK-202mm-0 S 444 15.67 4.04 4.33 0.67
NK-202mm-O S 4.49 15.65 3.91 4.35 0.68
NK-202mm-O S 431 15.59 4.19 4.45 0.65
S 3.98 16.24 2.62 4.46 0.81
S 3.68 16.25 2.65 443 0.75
S 3.50 16.20 2.77 4.60 0.76
S 3.55 15.98 2.87 4.63 0.89
S 3.50 16.23 2.94 459 0.79
LSD 0.14 0.13 0.12 0.08
in 0.25 0.22 0.20 0.14
0.19 0.17 0.16
in 0.33 0.10 0.27 0.19
NS
X NS NS

NS :
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S S
SF
SRIVASTAVA 1989 1971
SF
S
S S
SF
10 1987
meq 100
10 q g
Na
T2n-21-103-80 S 3.95 15.82 1.53 352 0.42
T2n-21-103-80 S 419 15.72 1.42 3.61 0.51
T2n-21-103-80 S 3.70 15.40 1.61 3.85 0.34
NK-194mm-0O S 3.73 15.37 1.69 3.37 0.56
NK-194mm-0O S 344 15.35 2.02 3.36 0.58
NK-194mm-0O S 3.29 15.40 2.16 3.36 0.51
NK-196mm-0O S 3.08 16.91 1.07 3.67 0.32
NK-196mm-0O S 2.96 16.90 1.06 3.54 0.30
NK-196mm-0O S 291 16.93 1.33 3.79 0.35
NK-203mm-O S 3.39 16.24 0.91 3.35 0.38
NK-203mm-O S 3.05 16.36 0.82 3.19 0.35
NK-203mm-O S 3.16 16.37 0.84 3.17 0.33
S 3.54 16.08 1.30 348 0.42
S 341 16.08 1.33 342 0.43
S 3.26 16.03 1.48 3.54 0.38
LSD 0.16 0.05 0.06 0.03
in 0.31 0.20 0.10 0.12 0.05
0.21 0.07 0.08 0.04
in 042 0.27 0.13 0.16 0.07
NS
X NS

NS :



1973
183x185 17
1971 195x185 19
1973
1971
0.343 K Na 0.094N-0.31
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27 119 F S 13
183x185
195x185 NK-183mm-0O
NK-185mm-O NK-195mm-0O Na
NK -
F S 183x185 195 183mm-0O
x185 F S
11 Na
14
C.V. 183x185
195x185 52 41
SF N2n-35-8 N2n-29 183x185 195x185
TK-103mm-O TK-84mm-0O
S
40 12 11
13 15
SF
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S
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E s 195x185
F NK-195mm-O
183x185 195x185
11 F s 1989

183185 116 599 312 189-1467 22.2 0.9 20.0-24.2
183x185 Sel. 17 815 265 395-1389 22.9 0.7 21.6-24.1

4 953 234

5 1234 227

10 715 237

27 928 218

29 925 241

31 919 22.3

34 395 24.0

39 463 22.9

52 680 225

69 774 22.9

71 1389 22.6

74 27 228

81 1062 21.6

87 501 227

97 745 237

98 892 237

105 657 225
195x185 123 748 309 199-1522 21.3 0.7 19.2-23.0
195x185 Sel. 19 902 212 590-1522 22.0 0.4 21.2-22.6

3 1002 223

4 689 22.6

5 837 22.1

13 659 22.0

14 854 21.9

16 897 214

2 965 22.0

23 1040 212

24 1060 214

25 801 218

27 1522 21.6

29 897 22.3

33 722 22.1

35 844 217

a1 590 225

88 761 223

112 884 22.3

118 1209 22.0

119 906 21.6

- NK-183mm-Ox NK-185mm-O

: NK-195mm-0% NK-185mm-O Sel. :



74 177 2002
NK-185mm-O 13
195x185 16
F S F S 195x
15 183x185 185 183x185
F S 16 NK-
Na 195mm-0 195x185
NK-183mm-O NK-185mm- 183x185 195x185
0] NK-195mm-O
Na
10
13 183x185
NK-185mm-O NK-183mm-O
195x185
NK-195mm-O 10
183x185 SF S
NK-185mm-0O 195
x185 NK-195mm-O
11 SF
Na 183x185 195x185
1989 SF
12 1985
183x185 NK-185mm-O
195x185 F
12 F S
g C.V. C.V.

TK-76-4912mm-O 172 663 36.0 204 55 1985

NK-172mm-O 169 712 31.2 20.0 44 1985

NK-183mm-O 156 646 43.6 21.2 55 1985

NK-183mm-O 56 645 53.0 21.3 53 1990

NK-185mm-O 52 472 34.1 22.4 4.2 1990

NK-195mm-O 56 700 30.1 19.8 4.9 1990

N2n-35-8 S 113 408 39.6 19.6 35 1990

183x185 F S 116 599 52.4 222 4.0 1989

195x185 F S 123 748 41.4 21.3 34 1989

: NK-183mm-0* NK-185mm-O
: NK-195mm-0* NK-185mm-O
C.v.

SF
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S
13 F S 1989
meq 100g
Na
183x185 116 1.00 0.55-2.42 4.17 2.85-6.63 247 0.77-3.98 2.06 1.31-3.16
183x185 Sel. 17 0.77 0.55-1.11 401 3.23-5.24 2.18 1.42-3.12 1.88 1.48-2.46
4 0.80 524 2.08 2.28
5 0.78 3.94 2.14 1.85
10 0.73 3.76 2.16 179
27 0.56 4.20 3.12 2.25
29 0.74 4.20 2.29 1.99
31 0.59 4.20 2.59 2.08
34 0.73 4.02 142 1.63
39 0.59 3.96 172 1.69
52 0.75 3.23 3.05 191
69 0.84 3.55 1.99 1.67
71 111 5.09 2.67 246
74 0.55 3.71 176 1.62
81 0.77 3.74 2.35 1.85
87 0.99 3.50 1.46 1.48
97 0.79 3.97 2.29 191
98 0.84 4.16 193 1.86
105 0.93 3.65 201 1.86
195x185 123 0.87 0.48-1.91 4.22 2.68-5.93 3.77 1.21-6.99 251 1.42-3.98
195x185 Sel. 19 0.74 0.53-1.00 3.98 3.30-5.15 2.83 1.54-3.99 2.09 1.42-2.84
3 0.80 3.93 2.86 2.09
4 0.62 3.67 2.62 191
5 0.79 3.70 2.66 1.95
13 0.77 3.92 293 211
14 0.76 3.87 174 1.69
16 0.81 3.78 241 1.89
22 0.53 3.37 154 142
23 0.79 3.35 245 176
24 0.65 3.92 3.02 213
25 0.74 4.15 2.07 1.89
27 0.74 4.46 2.84 2.26
29 0.82 4.60 253 221
33 0.89 421 211 1.94
35 0.66 3.96 3.09 2.17
41 1.00 3.85 3.99 247
88 0.65 3.70 3.74 231
112 0.74 515 3.82 2.84
118 0.78 4.65 3.88 2.69
119 0.56 3.30 3.40 2.04
: NK-183mm-0% NK-185mm-0O
s NK-195mm-0x NK-185mm-O Sel. :
0.343 Na 0.094 -0.31 , Na, , Na, meq 100g
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@)
SF
SF 14
SF 73 Z1
14 F S
meq 1007
Na
CV. (%) C.V. (%) C.V. (%)
NK-183mm-O 56 153 38.2 443 20.8 1.36 23.9 1990
NK-185mm-O 52 1.44 29.9 331 14.7 1.27 18.8 1990
NK-195mm-O 56 0.97 20.4 3.06 11.6 1.74 19.8 1990
183x185 F S 116 1.00 38.0 417 16.4 247 25.5 1989
195x185 F S 123 0.87 26.6 422 15.2 3.77 27.3 1989
- NK-183mm-0x NK-185mm-0O
- NK-195mm-0x NK-185mm-0O
C.V.
: SF
23 —— — e ——
* o
= {}g o )
- TR
£ 21 o A
il @ i w -
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200 400} 600 800 1000 1200
BES
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Z2
Na
NK-183mm-O 1 72 NK-185
mm-0 Z2 NK-195mm-0O Z1
183x185 NK-185 NK-195m
mm-0O Z1 195 195x185 F S
x185 Z1 NK-195mm-0O 183x185
Z2
183x185 17
195x185
15 1990
1021 20.9
NK-183mm-O 645 21.3
NK-185mm-O 472 224
NK-195mm-O 700 19.8
183x185 -4 511 22.1
183x185 -10 567 21.6
183x185 -29 518 21.6
183x185 -31 364 20.0
183x185 -34 496 22.4
183x185 -69 498 21.6
183x185 -74 435 21.7
183x185 -87 436 20.7
183x185 -97 424 221
183x185 -98 708 21.2
183x185 -105 518 21.8
183x185 11 498 364-708 215 20.0-22.4
195x185 -3 590 20.5
195x185 -4 608 20.8
195x185 -5 780 20.6
195x185 -14 625 20.6
195x185 -22 672 20.8
195x185 -27 710 19.7
195x185 -29 555 19.0
195x185 -33 700 19.9
195x185 -41 614 21.4
195x185 -88 567 20.0
195x185 -112 666 20.9
195x185 -118 632 21.8
195x185 12 643 555-780 20.5 19.0-21.8

: NK-183mm-0* NK-185mm-O
: NK-195mm-0* NK-185mm-O



S 79
183x185 F S 195x185 NK-195mm-O
F S 18
NK-
Na NK-195mm- 183mm-0
(0] 183x185 F S 183x185 NK-195mm-O 195x185 F
F S S
3 Na
NK-185mm-O
195x185 F S
NK-183mm-0O
183x185 F S
16 S 1990
meq 100g
Na
1.30 3.98 121 159
NK-183mm-O 153 443 1.36 1.82
NK-185mm-O 144 331 1.27 1.40
NK-195mm-O 0.97 3.06 174 143
183x185 -4 1.20 4.07 0.97 153
183x185 -10 1.34 3.73 0.94 142
183x185 -29 1.10 3.55 114 1.40
183x185 -31 159 4.32 2.40 2.14
183x185 -34 1.66 3.82 1.26 159
183x185 -69 1.28 2.95 1.45 1.32
183x185 -74 1.38 352 1.05 1.38
183x185 -87 1.29 293 1.35 1.28
183x185 -97 1.03 331 1.30 1.37
183x185 -98 131 3.50 0.70 1.26
183x185 -105 1.38 341 0.89 1.29
183x185 11 1.32 1.03-1.66 3.56 2.93-4.32 1.22 0.70-2.40 1.45 1.26-2.14
195x185 -3 0.83 2.86 1.40 1.23
195x185 -4 1.22 3.04 1.65 141
195x185 -5 1.28 2.89 1.23 1.22
195x185 -14 1.25 281 0.74 1.03
195x185 -22 117 273 091 1.05
195x185 -27 1.09 2.88 1.10 1.16
195x185 -29 2.36 3.95 1.86 191
195x185 -33 1.07 273 1.07 1.09
195x185 -41 174 3.56 181 1.70
195x185 -88 0.94 2.68 0.94 1.02
195x185 -112 111 281 1.26 1.19
195x185 -118 0.99 3.03 1.10 1.20
195x185 12 1.25 0.83-2.36 3.00 2.68-3.95 1.26 0.74-1.86 1.27 1.02-1.91

: NK-183mm-0* NK-185mm-O
: NK-195mm-0* NK-185mm-O

13
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15
20 21 183x185 F S
NK-183mm-O F S
Na
F S
NK-185mm- 183x185 -10
(0] -29 -51 -105 NK-183
mm-0
3 i
: .
: 195x185 16
15 : NK-185mm-O 183
R T ST T T T T e
: x185 NK-195
R . :
e ptmer x2 B oo [° : mm-O NK-183mm-O
o - .
o - o - ; ceme—|
9 LI 195x
u{—mhr:n ® - . 185 E S
I S W F S NK-185
: mm-0 F
: . S
3 o ) 195x185 - - -
-8 -k 14 k] -52 NK-195mm-O
NK-183mm-0O
14
W Afre NS IR0 0 Faida 195x185 -52
LI O A R i et Y U PR T
R T
17 SF
Na
-0.093 0.025 0.368 0.301
NK-183mm-0O -0.275 -0.040 0.264 0.232
NK-185mm-0O -0.027 -0.092 -0.060 -0.072
NK-195mm-O -0.359 0.260 0.010 0.400
183x185
F S -0.158 0.057 0.419 0.211
F S 0.220 -0.104 -0.088 -0.736
195x185
F S -0.308 0.098 0421 0.121
F S -0.254 0.175 -0.127 0.039

- NK-183mm-Ox NK-185mm-O
- NK-195mm-0Ox NK-185mm-O
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183x
17 185
NK- 183x185 -10 195x185
183mm-0 NK-185mm-O 195x185 - 18
NK-195mm-O
NK-
183mm-0 NK- 183x185 -10 NK-
185mm-0O NK- 183mm-0O
195mm-0 195x185 - NK-195mm-O
18 SF
Na
-0.305 -0.294 -0.554
NK-183mm-O -0.286 -0.384 -0.536
NK-185mm-O 0.024 0.054 -0.154
NK-195mm-O -0.009 0.260 -0.384
183x185
F S -0.289 -0.189 -0.348
F S -0.273 -0.128 -0.621
195x185
F S -0.068 -0.183 -0.221
F S 0.316 0528 0.052
:NK-183mm-0x NK-185mm-O
:NK-195mm-0x NK-185mm-O
19 SF
Na Na
0.635 0.239 0.482
NK-183mm-O 0.550 0.354 0.547
NK-185mm-O 0.451 0.281 0.591
NK-195mm-O 0.367 0.205 -0.028
183x185
F S 0.306 0.037 0.399
F S 0.447 0.367 0.303
195x185
F S 0.369 0.412 0.422
F S 0.769 0.436 0.652

- NK-183mm-Ox NK-185mm-O
- NK-195mm-0Ox NK-185mm-O
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CAMPBELL 1983 11
PowERs 1959 1
962
NK-183mm-O
RYSER 1959
Na NK-
Na 195mm-0 NK-185mm-O
1964 195x185
Na
Na Na
FINKNER 1956 Na
HAc 1952 Na
20 SF
Na
183x185 -10 -0.446 -0.338 -0.379
183x185 -29 -0.326 -0.071 -0.281
183x185 -51 -0.424 -0.371 -0.595
183x185 -105 -0.357 -0.033 -0.210
195x185 -3 -0.247 -0.067 -0.745
195x185 -4 -0.256 -0.239 -0.596
195x185 -5 -0.155 0.261 -0.592
195x185 -52 -0.041 0.388 -0.528
- NK-183mm-0x NK-185mm-O
:NK-195mm-0x NK-185mm-0O
21 SF
Na Na
183x185 -10 0.791 0.359 0.526
183x185 -29 0.830 0.641 0.577
183x185 -51 0.755 0.384 0.694
183x185 -105 0.417 0.212 0.372
195x185 -3 0.724 0.396 0.343
195x185 -4 0.274 0.113 0.429
195x185 -5 0.612 0.028 -0.136
195x185 -52 0.400 -0.149 -0.155

- NK-183mm-0x NK-185mm-0O
- NK-195mm-0x NK-185mm-0O
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EC Electrical 1997

conductivity
Na
BOSEMARK 1964
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SF
m-0

N2n-29

N2n-35
60

22

SF

N2n-29 TK-103m
TK-84mm-0O
S SF
TA-41 TA-37

TA-30

N2n-35

N2n-35 N2n-29

SF

1990
100

C-173

1991

FEm (e 100

17

NK-183mm-0O, NK-185mm-O
NK-195mm-O
1990

1992

KER rey/ifg

N2n-29

1991

N2n-35

18

23
N2n-35-285
N2n-35-351

87

129

O [RLAS)-n
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1990
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24 N2n-35-351
N2n-35-105 N2n-35-285
25 N2n-35-351-77
Na
N2n-29
26 N2n-29-138
N2n-35
22
-173 DS-15
0 199ms 0 199.9ms S 27 N2n-29-13
+ + 0.05 N2n-35
95% 55% 9 240% 256x 71
RS-232C
23 N2n-35
1990
ms g
83 201 804 20.5
17.4 36.9 49
N2n-35-105 S 96 212 39 21.1
20.3 52.7 3.1
3 2.07 562 21.5
1 3.60 987 19.9
N2n-35-109 S 57 2.74 411 20.1
15.3 28.8 4.8
2 245 573 21.3
N2n-35-285 S 96 341 548 17.6
22.3 50.6 55
2 2.80 776 18.7
1 5.50 1134 16.0
N2n-35-351 S 86 1.77 260 20.5
11.9 34.6 2.9
3 1.40 462 21.3




26 27
24 N2n35
1991
ms g
53 > 18 657 218
8o 490 6.7
66 1.80 2.0 711 219
111 337 24
N2n-35-105-6 S L 90 2.39 2.2 329 205
154 3838 28
N2n-35-105-9 S L 93 255 2.2 243 108
16.0 392 3.0
N2n-35-105-61 S L 57 2.64 1.8 262 196
171 37.9 29
N2n-35-105 S L 2.50 2.1 218 20.0
299
N2n-35-105-77 S H 43 3.65 3.6 189
201 357 42
N2n-35-109-10 S L 83 2.93 23 406 206
16.3 331 6.7
N2n-35-109-34 S L 123 3.07 2.6 400 208
136 340 31
N2n-35-109 S L 3.00 25 403 207
N2n-35-285-46 S L 66 250 2.7 442 185
128 355 33
N2n-35-285-78 S L 24 2.89 2.9 365 180
e 64.7 31
N2n-35-285 S L 2.70 2.8 404 183
N2n-35-28541 S H 52 3.03 5.5 564 174
387 36
143
N2n-35-351-11 S L 74 161 1.4 264 203
134 295 3.2
N2n-35-351-61 S L 55 172 15 268 196
113 203 33
N2n-35-351-66 S L 55 176 1.4 262 203
15.9 305 3.2
N2n-35-351 S L 1.70 1.4 265 201
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Na
Na 1973 Na
N2n-35-351-77 Na
N2n-29-138
1997
25 1991
meq 100g
ms Na
1.64 4.33 0.78 1.60
2.0 1.28 3.46 0.56 1.19
N2n-35-105-25 2.0 4.09 453 117 2.03
N2n-35-105-77 3.6 3.10 5.53 149 2.39
N2n-35-351-77 1.3 5.32 3.83 0.75 1.76
N2n-35-351-51 2.2 4.75 4.07 0.84 1.82
13
L:
N2n-29-138 S
1991
ms g
63 2.18 657 21.8
18.7 49.0 6.7
66 1.80 711 21.9
11.1 33.7 2.4
N2n-29-138 S 104 2.88 575 19.2
20.2 40.1 5.0
6 240 805 20.4
1 3.30 950 19.6




SF
SF N2n-29-138 N2n-
29-138-23 N2n-29-138-45 S
1992
100
Na
27  N2n-29-138 S

1992

ms g
60 218 740 217
376 4.0
61 1.80 709 215
339 36
N2n-29-138-13 S L 59 2.22 2.2 545 205
14.2 36.0 3.0
N2n-29-13823 S L 98 204 23 530 212
12.3 38.1 4.2
N2n-29-138-45 S L 100 2.26 2.4 498 21.2
126 35.6 38
N2n-29-138-62 S L 75 2.62 2.5 462 205
85 327 31
N2n-29-138-76 S L 83 254 25 392 20.7

105 29.1 2.9

N2n-29-138-78 S L 84 2.68 2.5 487 20.3
95 323 35
N2n-29-138 S L 243 24 486 20.7
N2n-29-13828 S H 60 265 33 446 206
9.7 297 29
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1993
50
1994 N2n-29-138
28
1995
SF 195
X185 N2n-29-138
1989 Na 15
N2n-29-138-23
195x185 F S N2n-
20-138-23
28 N2n-29-138 S
1993
meq 1007
g
Na
- 0.85 3.74 0.08 1.39 851 20.7
50.9 17.8 36.8 21 40.0 41
N2n-29-138-23 46 118 78 182 101 91 97
482 14.0 40.3 24.6 457 41
N2n-29-138-23 L Sel. 1 50 105 76 107 80 69 101
14.7 114 17.9 13.7 377 2.4
N2n-29-138-23 H Sel. 1 49 114 79 323 136 61 91
27 148 29.7 19.7 381 3.9
N2n-29-138-45 43 129 79 219 111 71 95
36.6 139 40.1 21 453 55
N2n-29-138-45 L Sel. 1 ¢, 144 %0 oy 109 o o4
24.3 16.0 335 22 415 4.7
24.9 216 33.6 25.4 481 3.9

13



N2n-29-138-45

93

29
N2n-29-138-23 30
Na
29 N2n-29-138 S

1994

meq 100t e

Na '
66 1.09 361 %'918 %742 742 19.8
36.2 138 554 590 3.5 5.1
N2n-29-138-23 L Sel. 2 56 1oe 87 61 s 74 102
1192-2 13.8 38.8 175 30.0 3.3
N2n-29-13823 H Sel. 2 60 265 79 421 14.4 67 91

136
e 146 17.9 36 35.0 4.0
N2n-29-138-45 L Sel. 2 4 176 96 154 117 58 98
N2n-29-138-45 H Sel. 2 355 3.7
66 132 126 281 176 83 ®
33.2 5.1
13
30  N2n-29-138 S
1995
meq 100g e
Na '

0.91 3.15 1.27 1.29 405 15.1
N2n-29-138-23 64 88 195 119 59 93
N2n-29-138-23 L Sel. 2 90 92 82 87 31 92
N2n-29-138-23 L Sel. 3 81 93 80 86 30 88
N2n-29-138-23 L Sel. 3 93 86 78 80 35 92
N2n-29-138-23 H Sel. 2 54 86 377 179 37 83
N2n-29-138-23 H Sel. 3 54 88 313 159 36 88

13
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SMITH 1989 Na

N2n-29-138
N2n-29-
138-45 195x185

SF

SF

SF

N2n-29-138-45 S
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SF

97

S
Na
22
SF SF
SF
SF
31 NK-195mm-0x NK-185mm-O F
1996
meq 100g g
Na

0.71 3.55 0.49 114 616 16.5
81 90 71 84 96 102
195x185 108 96 141 103 63 98
195x185 L Sel. 3 74 81 96 77 47 98
195x185 L Sel. 4 72 79 94 75 50 98
195x185 L Sel. 6 70 76 77 69 52 97
195x185 H Sel. 1 151 100 336 138 69 90
195x185 H Sel. 3 139 106 243 131 58 92

13

- NK-195mm-0Ox NK-185mm-O
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SF
183x185 195x185
23
SF 10
NK-172BRmm-CMS
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mm-CMS 1991
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3.5Na 25K 10N / % 100 (%)
Na K N Na K
1991
183x185 -34 195x185 -22

195x185 -112
195x185 -22BR  BR

NK-172BRX NK-183BR

NK-
172% NK-183
195x185 -112BR
| SFRREOAE | L3a7T
] (REL T| i |
| Fls m—ulummm | s
J {5 MELoT@iHm | lessm
| Pl BEoRE |
[ Fa (5:) E;ﬁjl-l'ﬁm{ﬁﬁﬁ] | 1os0r
Y ﬂtlL*rnﬁm |
| R?ﬁarﬂxﬁl‘tﬁmmﬁ}"_ | 101
23 SF

99

NK-172BRmm-CMS F
32
F S
183x185 -34 F NK-
183BRmm-0O NK-185BRmm-O
F

NK-185BRmm-O F

195x185 -22
195x185 -112 F NK-185BRmm-O
NK-195mm-O F

195x185 -112 F
F NK-185BR
mm-O F
NK-18
5BRmm-0O NK-195mm-O F
183x185 -34
195x185 -112

195x185 -22

183x185 -34BR 195
x185 -22BR 195x185 -112BR

F

33 NK-252x

195x185 -22BR NK-172BRx NK-

183BR

183x185 -34BR
F NK-172BR* NK-183BR

183x185
195x185

NK-183mm-O
BRmm-O NK-185mm-0O
(0] NK-195mm-0

NK-183
NK-185BRmm-
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183x185
NK-183mm-O NK-185mm-0O SF
195x185 NK-195mm-O NK-185
mm-O
32 SF
F 1991
10 10
4.24 16.86 401 621
NK-172BR x NK-183BR 3.35 16.28 4,22 465
x NK-185BR 3.23 16.37 3.59 465
x NK-195 3.54 15.35 4.38 463
x 183x185 -10 3.27 16.62 352 478
x 183x185 -34 3.52 16.85 3.73 520
x 183x185 -69 3.04 16.59 3.76 439
x 183x185 -98 3.24 16.70 3.69 473
x 195x185 -5 3.70 15.84 3.90 510
x 195x185 -14 3.46 15.67 381 471
x  195x185 -22 3.84 16.35 361 551
x 195x185 -41 3.45 16.33 4,07 485
x  195x185 -112 3.74 16.91 345 557
x 195x185 -118 3.51 16.11 4.08 489
L. S.D 0.20 0.27 0.23 27
0.27 0.36 0.31 36
. 35Na 25 10 x 100
Na : Na
10 10 x 0.6 x 10
13
: NK-183mm-0% NK-185mm-0O
: NK-195mm-0% NK-185mm-0O
33 SF 195x185 -22BR
183x185 -34BR F 1995
10 10
6.25 15.97 3.54 874
NK-172BRX NK-183BR 5.73 15.70 3.56 781
TK-80-2BR x 195x185 -22BR 5.83 15.73 347 809
NK-208BRx 195x185 -22BR 5.33 16.00 2.78 765
NK-252x 195x185 -22BR 6.52 15.44 2.69 905
NK-172BRx 183x185 -34BR 5.35 16.25 3.07 771
L. S. D. 0.39 0.30 0.19 51
0.51 0.40 0.25 68

, 32



SF
SF
SF
SF
SF
SF
F
SF NK-183mm-O NK-185
mm-0O NK-195mm-O

TK-76-49 2mm-0
NK-172-60 A-37mm-O
TK-76-49 2mm-Ox NK-195mm-O
76-49  2x195 NK-172-60 A-
37Tmm-O % NK-183mm-O x NK-185mm-O
172-60 A-37x 183x185

SF
F F
s F s
17260 A-37x  183x185 F
S
si1
SI2
20 101 18 50
10
NK-183BRmm-CMS F
76-49  2x195 F s
139

14 10

33

BRmMm-CMS

172-60 A-37x 183x185

10

101

NK-183

SI2

76-49 2x195 -19

NK-172BR*X NK-183BR

34 F
35
76-49  2x195
F S
F
F
35

172-60 A-37x 183x185

NK-183BRmm-CMS

172-60 A-37x 183x185
mm-CMS

1971

172-60 A-37x 183x185
x195

F
x NK-183BR

SF

SF

NK-183BR

76-49 2

NK-172BR
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SF
A B
F F
c F  AxB
x C
34 NK-172-60 A-37mm-Ox NK-183mm-Ox NK-185mm-O
g

851 20.7 1993

742 19.8 1994

si1 73 98 1993

56 125 101 1993

si1 -1 Line-56 71 105 1994

sI2 67 102 1993

9 69 109 1993

13 131 105 1993

-14 147 104 1993

sI2 -1 Line-9 70 116 1994

sI2 -2 Line-13 71 116 1994

sI2 -3 Line-14 75 114 1994

35 SF
F 1996

10 10
4.05 15.09 311 542
NK-172BR* NK-183BR 3.69 14.73 2.99 479
NK-183BR* A-SI1-56 2.78 15.03 2.60 373
NK-183BR* A-SI2-9 271 15.10 2.86 364
NK-183BR* A-SI2-14 2.63 15.22 259 359
L. S. D. 0.15 0.38 0.21 25
0.20 0.51 0.28 33
4.56 16.41 3.17 667
NK-172BR* NK-183BR 4.28 15.44 3.50 576
NK-183BR* B-19 4.10 16.43 3.29 596
L. S. D. 0.31 0.54 0.18 52
0.42 0.72 0.24 69

, 32
: NK-172-60 A-37mm-Ox NK-183mm-0x NK-185mm-O -SlI1-56
. TK-76-49 2mm-O% NK-195mm-O -19



S 103

SF 183x185
183x185 -97-20
SF 183x185 183x185 -97-20BR 183
183x185 -34  SF x185 183x185 -34-3BR
195x185 195x185 F
195x185 -112 F F
F
F
F
F 36
183x185 -34 195x185 -22
36 183x185 -34  195x185 -112 F 1994
10 10
6.69 16.12 3.86 940
NK-172BRx 183x185 -34 x NK-218BR 5.88 16.74 4.02 857
NK-172BRx  195x185 -22 x NK-218BR 5.97 16.82 3.65 886
NK-172BRx 195x185 -112 * NK-218BR 6.45 16.32 4.30 910
NK-172BRx NK-183BR * NK-218BR 6.34 16.30 4.00 895
NK-172BRx NK-236 * NK-218BR 6.44 15.54 4.87 843
NK-172BRx NK-237 * NK-218BR 5.74 16.35 4.23 813
L. S. D. 0.32 0.32 0.21 42
0.42 043 0.28 56
32
37 183x185 -97-20 F 1995
10 10
411 1544 3.06 566
NK-172BRx 183x185 -97-20 X NK-152BR 3.79 16.02 2.78 544
NK-172BRx 183x185 -97-20 X NK-210BR 4.03 16.18 2.72 585
NK-172BRx 183x185 -97-20 X NK-212BR 3.85 16.30 2.66 568
NK-172BRx 183x185 -97-20 X NK-217BR 3.73 16.37 2.62 550
NK-172BRx 183x185 -97-20 X NK-218BR 3.90 16.14 277 564
L S. D. 0.25 0.29 0.17 37
0.33 0.39 0.23 50

32



104 177 2002

F
F
195x185 -22 F F
NK-195% 183x185 -97-20BR * NK-217BR
NK-183BRmm-O NK-236mm-O
NK-237mm-O F 38 F
183x185 -34 195x185 -22 NK-195x 183x185 -34-3BR x NK-217
195x185 -112 BR
F F
F
F
37 NK-195x 183x185 -97-20BR X NK-212BR
NK-210BR F
39
38 183x185 -97-20BR  183x185 -34-3BR F
NK-217BR F 1998
10 10
4.90 15.52 4.46 655
NK-195% 183x185 -97-20BR * NK-217BR 5.40 15.52 4.63 716
NK-195% 183x185 -34-3BR x NK-217BR 5.26 15.78 4.33 718
NK-195% NK-258 x NK-217BR 5.00 15.92 4.73 687
NK-195% NK-259 x NK-217BR 5.23 15.72 4.62 706
NK-195% NK-280 x NK-217BR 5.20 15.73 4.67 706
L. S. D. 0.38 0.38 55
0.51 051
32
39 183x185 -97-20BR  183x185 -34-3BR F
NK-212BR F 1999
10 10
5.38 15.16 6.51 661
NK-195% 183x185 -97-20BR * NK-212BR 5.63 16.10 543 768
NK-195% 183x185 -34-3BR x NK-212BR 5.81 16.17 521 800
NK-195% NK-280 x NK-212BR 5.54 16.05 5.79 746
L. S. D. 0.43 0.45 0.56 62
0.57 0.60 0.75 83

, . 32



NK-195% 183
x185 -34-3BR X NK-212BR

F NK-195% NK-280 X NK-212BR

SF
F
SF NK-195
mm-CMS
SF
F
F
SF
SF
SF
F

105

1993 SF

SF

SF

SF

SF
1984

SF
24

SF

SKOYEN 1969

SF

SF

1998

AGP
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SF
SF
NK 40 SF
3.0
2.3
0.7
SF
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Breeding of sugar beet cultivars with high quality
using self-fertile gene S

Toshikazu KURANOUCHI

Summary

Most of the sugar beet Beta vulgaris L.
cultivars released
hybrids. Breeding for

requires improving

recently in Japan are triple-
hybrid cultivars,
seed parent lines,

Cross
which
consists of combination of cytoplasmic male
sterile CMS type-O

lines. The breeding of seed parent lines is

lines and maintainer

laborious and time-consuming. Low  harmful

added to
objectives of

non-sugars have been

in breeding

high vyield
sugar beet. Using
crossing between SF lines with S gene in
sugar beet, a breeding method was investigated
to develop a triple-cross hybrid with high
quality, and

genetical

yield and high presented the

results from the study on harmful
non-sugars.

. Male sterility induced by cooling treatment
and its application

between self-fertile lines in sugar beet

to cross-pollination

make
sterility
reproductive-

Castration has been
crosses  between  SF
induced by cooling

necessary to
lines. Male

treatment in
stage of sugar beet plants, was applied as
castration method. Male sterility was completely
induced by the cooling with 24
hour day-length of 5 for 50 days or 3

for 30 days at the early bud stage of vernalized

plants.

treatment

Female organs in the male sterile

plants by the cooling treatment were not

injured and produced hybrid seeds by crossing
with normal pollen. The seed productivity of
the male sterile plants was almost even to

hand-castrated plants. Male sterility  with

cooling treatment was applicable for cross-
pollination as an efficient method of castrationin
induced
type-Rf

sensitivity to  cool

sugar beet. The male sterility was
in not only type-O lines but also
Restorer lines. The
temperature  of

cells is more

generative cells and
significant to that of

tapetum
somatic
cells in anthers of sugar beet. Unsimultaneousdeve
these  cells

lopment  between

cooling

caused by
treatment is considered to be an
indication of developing of male sterility.

. Consequence of selfing on yield and quality

Performance of SF lines with self-crossing

was investigated in consecutive  generations
from S selfed four times to S . Decrease
of root weight was recognized in S and S, and

not in the advanced generations, and
decrease was not observed in sugar content
and harmful non-sugars content for almost

all SF
cross  with

recommended to
produce  hybrid
advanced generations in the
When SF
to analyze genetical behavior
sugar yield, consequence

lines. SF lines are
other lines to
seeds in S or

breeding program of sugar beet.
lines are used
on root weight or
of selfing must be considered.

Selection effects on yield and harmful
non-sugar content in progeny of hybrids
between SF lines

derived from the

selection effects on

Using breeding materials
crosses between SF lines,
some characteristics

important agronomical

of sugar beet, ie. root weight, sugar content
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and harmful non-sugars Amino-N, K and

Na content were investigated. The selection

for high root yield seemed successful. As to
sugar content, it seemed difficult to select
lines with higher content than parental lines,

and thus high sugar content lines should be
chosen as parents. Selection difference was
obvious in harmful non-sugar content, which

was lower than that of parental lines of
Effect of the
high in Na, and was moderately in amino-N,

and was low in K contents. Breeding of lines

some progenies. selection was

with high vyield and high quality was shown
to be
lines.

possible through crossing between SF

brix and harmful non-
sugars were determined in many O-type SF
lines, and correlation and principal component

Root-crown  weight,

analyses were made on lines basis and individualb
asis. Generally, there were significant negativecorr
elations between brix and Na content.
between
content was negative in most lines, but positive

in some lines. Consequently, it was suggested

Correlation brix and K or amino-N

that selection by brix is useful for
of Na content, but that selection for high

brix does not substitute selection for the low

lowering

content of amino-N and K.

Selection against harmful non-sugars was

carried out repeatedly for O-type SF lines.
Selection was effective after only 1 or 2 cycles,
and brought about the plants with the low
contents. In selection

conclusion, the against

harmful non-sugars may be done at S
generation. The  determination of  harmful
non-sugars is easier by electric conductivity
EC analyzer than by auto-analyzer. Althoughthe
analyzing method of EC is simple and
efficient, it does not reflect non-electrolyte,
amino-N content.

. Breeding of seed parent lines by crossing
between SF lines

In sugar beet, type-O lines with high yield
and  high

crossing between some SF

quality were produced through

lines. Some seed
parent lines of the type-O lines with cytoplasmic
male sterile lines showed the high yield and
low harmful non-sugar content.

Some triple-cross hybrids of SF lines with

the seed parents showed higher vyield and
higher quality, than the standard cultivar of
Japan, ‘Monohomare". Particularly, these

hybrids showed low harmful non-sugar content.
The breeding method with
SF lines

method for developing

crossing between
is considered to exceed conventional
the type-O
method may be desirable in

lines. This
improving quality
characteristics of sugar beet.



