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1993 128
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4
5
9 10 18cm
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1
3
1 2
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1998

1985

2001

2001

1999

1998

2002

1932 1971 1977

2001

(BT >+ —ib)
6
1
2002
7 29 2 3
2 1
10.5cm EC 0.6
0.8dS m A
1
9 20
9 20 11
13
14
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25
15 11 13
1 4
3
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1 50 1 15
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2 40
9 14
8 2g 2mm
9
2 2002 6 25
7 15 2 3
2 1
1 10.5cm
N PO KO 7 8 6
140mg
8 1 5
8 30
9 17
2002
EC A 0.5dS
m EC 1.5dS m
EC 2
2
8
10 27 4
10 27 25 8 3
11 12 1
1 4
1 4
3
100% o 100%
80% : 80%
60% 60%
40% 40%
20% 20%
0% 0%
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Kurokura 2004

EC 2

3 Guttridge 1955

Darrow 1936 1977 Piringer
Scott 1964
Guttridge 1955

(Cline
1962 Kumar Wareing 1972
Neri 2003

1994 1997



Sugiyama 2004

Neri 2003 Sugiyama 2004

Cline 1991 1994

1998

2004
1
2003 6 25
2 3
2 1 9cm
40mg 120mg 2
N PO KO 7 8 6
8 1
2 28 8 10
2 8 28
2002 2
EC 0.8dS m
2 EC 1.5dS m EC
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16 3
8 17 9
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16 19
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54
TTC < o
7
1.18 24.3 a 455.4 a 43.5
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5
1974 1975
1
CO
1976
1 Cco
10.5cm
11 23 15cm
25
Li-Cor 12 20
cO
8:30 4

400pumol m s

1984 1990 1991

1987
2004 7 15
10
LI-6400
354 369ppm
9:30 1

1,000 2,000pmol m S

10

2,000pmol
m S
CcO
5 1,000pmol m S
CO 2,000ppm
20+0.3 1
2
3 1
LI-6400 Li-Cor 2005
5 8 11 3
1
25 LI-6400-02B LED 1,000umol m
S CO 400ppm 70 75
65 4 9:00 11:00
12:00 14:00 15:00 17:00 3
4
FMS-2 HANSATECH UK 5 10
9 5 2
Fv  Fm Fv  Fm
1,800pmol m S
30
3 2
PMS
USA 5 20 9:00 10:00 14:00
16:00 4 2 4
2 CcO Ci
3 4 5 12 13
LI-6400-02B Ueno
2003 25
1,000pmol m S CcO
100, 50, 0 ppm
0.99
2
9:00 11:00 12:00 14:00 15:00
17:00 3 4
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1976 1987

1984

CO 29
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pmol CO 2 m?s™)

pmol m? st
9:00-11:00 12:00-14:00 15:00-17:00
18.94+2.4 16.84+2.0 14.242.7 *
(100) (89) (75)
18.1+1.1 16.8+0.8 14.3%+1.4 *
(100) (93) (79)
18.6*+1.6 16.443.2 13.6%2.1 *
(100) (88) (73)
ns ns ns
4 + 9:00-11:00
* ns 5% 5%
24 1
—0— —0— —— 0.35 —O— —o0— ——
2 o3t
2 0.25
18 r ~ 0.2 +
16 | 0.15
14 r 0.1 F
12 F 0.05
10 X N X X X X X X X N N N N X N X N 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
9:29 10:31 11:31 12:22 12:57 13:41 14:33 15:35 16:25 9:29 10:31 11:31 12:22 12:57 13:41 14:33 15:35 16:25
30 31
» i
¢ - °
E -
o020
= L
15
[ =0.872**
10 [ oA
. e
5 :_ ]
- A
o L L ! L I
0 0.1 0.2 0.3 0.4
(mmolIm-2s-1)
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0.9 r
0 —
s0.1 k W
—0—
o -0.2 | —0— |
= —— 0.8
-0.3 g
-0.4 = —-0—
-0
05T 0.7 | ——
-0.6
-0.7
-0.8 ] ; ] : ] : ] I 0.6 1 1 1 I
9:00 10:00 14:00 16:00
9:00 11:00 13:00 15:00 17:00
33 34 Fv/Fm)
2 2
9 3
mol mol™*
9:00-11:00 12:00-14:00 15:00-17:00
0.113+0.013 0.115240.015 0.11040.025 ns
0.098+0.003 0.09540.011 0.076=%0.015 *
0.10240.013 0.1010.005 0.088=0.008 ns
* * nS
4 +
* ns 5% 5%
9:00 11:00 12:00 14:00 15:00 17:00 3 34
4 0.8
8 Fv Fm 08 0.83
2003
1,800umol m s
9:00 11:00 12:00
14:00 10 15:00 17:00 20 9 3
32
9:00 11:00 12:00 14:00
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10 1996
2005 2006
11
1993
11
10
1
1987 2002 2005 6 8
1970 1993 1998 23 10.5cm
N PO KO
g 7 8 6 140mg
0 8
10
5 15 2
2006 4
1 8
10 76 8 4
2 8 4
9 1
8 8 14
9 5
8 7 N PO KO 5 6 4
2 1
Smg
15
20mg 4 5
45mg 9 9 5
0 5
2005 6 25 2 3

10.5cm



140

mg 8 5 9 5 8
10
9 5
5
SPAD-502 3
SPAD
2002
1 10 3 10
10
g
2005 12
2
2
2004 6 8
2 3 10.5cm
N PO KO
7 8 6 140mg
1 2
5 10
2
8 11
1 8
10 7 6 8 4
2
5 8 9 10 8 14
4
8 5 |
1 Smg
5 15mg 3
10 30mg 6 2
5 50mg 10
10 35mg 7
2
5 15N 50N N N

2004 6 25
10.5cm

10

10 1

11

2005 4

SPAD

2

10

10

0

15

SPAD

7g

11

140mg

15

15
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10 1
y
mg/ ) ( )
15 20 26.8b"  13.2ab 42.4ab 0.2a 4.0a 3.0a
45 32.7ab  14.4a 44.4a 0.2a 2.6a 4.0a
15 20 31.0b 12.8bc 36.0b 1.0a 1.4a 3.0a
45 38.1a 14.0a 35.8b 0.4a 1.8a 3.8a
- 18.9c 11.3c 35.5b 4._0b - -
z 5
y 0 1 2 3 4 5
X 1 Tukey
11 1
, 7/ 7/ 7/ L
15 14.0a° 9/19.042.0 10/29.1+19.5 10/17 11721 70.0bc 112¢c 135b 247a  11.1b 3.9
14.5a 9/17.3+2.0 10/23.0+14.2 10/14 11/18 86.7ab 122¢c 167ab 28%9a 11.8b 7.5a
15 19.30  9/21.8+1.8 11/ 2.9420.0 10/15  11/23 63.3¢ 158 123 28la 1l.lb 3.7a
18.1b  9/18.822.5 10/20.2=%14.6  10/17 11/19 93.3a 151b 198a 349 11.0b 4.6a
20.4b  10/8.8*1.9 12/ 3.5+6.9 11/ 9 1/5 253a 0Oc 253a _14.9a  5.7a
5 Tukey
+ n 20
30
10
0
5 5
5
5 2
4 2
10 14 17 12
8 11
23 5
ON ON 10 ON 35N 10 ON ON
10 9 12 4 11 9
15 4
8 5 15N ON 5 ON ON 10
ON 35N 10 ON ON 2.0
4 2.5 1.8 2.8
5
5 ISN  ON 5 ON ON 10
8 5 ON 35N 10 ON ON 4
38
1 11g 4 13

34



12 2 i 2
mg/ ) )
N, N, 65 30.2a 13.0a 42.0a 1.0d 1.0a
Ny N, 15 17.1bc 11.5b 39.0ab 2.0bc 0.3b
Ny N, 50 25.8ab 13.2a 43.2a 1.0d 1.0a
Ny N, 0 13.7c 11.6b 31.8b 2.5bc 0.4a
Ny N, 65 30.9a 12.6ab 41.4a 0.6d 1.4a
Ny N, 30 29.9a 12.8ab 37.8ab 1.0d 1.0a
N, N, 35 19.7b 12.4ab 41.0a 1.8c 0.8a
Ny N, 0 13.9¢c 10.6¢c 27.8b 2.8b 0.4a
11.0c 9.9c 31.0b 3.8a 0
5
0 1 2 3
Tukey
13 2 2
7/ (7 (7
/ (D)
N N, 15.8ab 9/15.742.1 11/ 4.5419.1 10/12 11/19 60.0a 6.3b 15la 122a 273a 900a 18.1a
N N, 13.6b  9/20.8+1.5 11/15.0+13.3 10/15 11/26 50.0ab 6.5b 140ab 8ab 229ab 865a 6.2c
N, N, 14.2b  9/16.1+1.0 11/15.1+14.2 10/12 11/26 35.0bc 7.7ab 128b 83ab 21lab 836a 26.l1a
N N 15.1b  9/24.44+1.2 11/27.7+5.6 10/22 12/29 5.3d 8.7a 158a 29 187bc 818a  3.6C
N N 17.7a  9/17.3%1.7 11/16.1#16.2 10/12 11/26 35.0bc 7.5ab 161a 83ab 244ab 914a 18.0a
N N, 17.2a  9/19.5+1.8 11/11.4+14.3 10/15 11/26 50.0ab 6.4b 156a 117a 273a 87a 9.3hc
N N, 15.8ab 9/19.3#+1.0 11/27.5+7.2 10/15 12/29 5.0d 9.0b 126b 17b 143c  802a 16.0ab
N N, 15.3p  9/23.541.3 11/25.6= 8.5 10/22 12/24 21.1cd 8.0ab 147ab 23b 170c  846a 6.3c
18.2 10/4.042.3 12/ 5.06.9 11/5 12/29 195 11 206 855 5.8
z 5 LD
y 1
X =+ n 2
" 0
v 6 1
10 10 16 11
5 15N 50N ON 50N 5 19
10 30N 35N 17 35 11
5 ON ON 1 12
10 ON ON
10 12
15 10
22 8
5 15N 50N 60
5 ON ON 10 ON 35N 5
11 12 10
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5 I5N 50N 10

11
10
(1996)
C
2005 2006
0 8
1991
5
4

36

30N

0.2
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1993

1.0

273g

802 9l4g
10

10

8 10

10

1991

1993

1990

61

63 93

1990

Battey Lyndon

Floral reversion
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2
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7 10
10
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10
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7
Prolog
1986
1996 1996
Fragariaxananassa Duchesne
. chiloensis )
2003 Windows
F virginiana
2004
Darrow 1966
250
1995
2002
100
Haward17
Haward17
Donner
1999
2003 !
Prolog
1966
1999 1997
1997 1998 2003 Windows
2004
1999
. 0
1974 Kempthorne 1969  Wright
1922
1982
0.1
1985 1986
1 Fa x(1/2)"" Fa
0
2
2001 2004 4 160

38



23,802

12 803 1
12 2 35
0 0.63
0 147
3 0.051
1995 2002 8 16
2 3 160 0.1 02 55 0.2
58 03 45 0 0.1 27 03 04 22
04 05 10 06 0.7
0.63
100
2
4 58 37
15
15 r= 037
15 3
14 15
0.1
1996
1985 1984 4
1992 0.2 0.346
2000 0.172
2001 S6 2005 7
2002 34 82
548 2006 2005 120 57
2000 10 28
2002 1998 213 4 10
1996 2000 73
2007
1988 0.183  0.195
1990 1993 ()
1995 () 1987
1996
1997 2005 ()
2003 10 44 233
2004 39
( 138) 2004 ( ) 6.5
2007 2007
2005 () 15
16
38

39



40

61

60 r

r=-0.051"*

20 |

0.1 0.2 03 04 05 0.6

35 36

180
y = -95.633x + 123.06

160 . r= 03777
140
120
100
80
60

40

0.4

37

“ z 100

60 |

50
40 |
30

10

0 I ==

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7

38
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14

0.261 72 24 8
0.171 20 10 6
0.062 16 15 4
0.222 40 16 7
0 18 17 5
0.257 34 18 6
0.213 82 26 9
0.257 40 20 6
0.247 106 28 9
0.346 120 28 10
0.130 68 27 7
0.084 60 25 8
0 44 12 7
0.119 46 27 8
0.250 90 27 9
0.172 57 21.3 7.3
15
0 32 30 6
0 26 15 6
0 26 16 5
0 12 11 3
0 32 21 7
0 24 19 6
0.039 42 26 8
- - - 0.062 44 27 9
0.068 148 44 8
0.183 38 18 7
0.019 52 29 7
(  -138) 0 36 26 7
0.007 36 24 7
0 10 10 4
0.195 102 34 8
0.038 44 23.3 6.5
16
0.630 0.386 0.250 0.289 0.125 0.250 0.230 0.125 0.275 0.302 0.250 0.207 0.193 0.234 0.440
0.386 0.585 0.191 0.404 0.095 0.248 0.204 0.095 0.240 0.316 0.358 0.250 0.292 0.259 0.345
0.250 0.191 0.531 0.169 0.265 0.394 0.328 0.265 0.202 0.134 0.167 0.217 0.095 0.325 0.253
0.289 0.404 0.169 0.661 0.084 0.206 0.164 0.084 0.187 0.223 0.266 0.348 0.202 0.196 0.265
0.125 0.095 0.265 0.084 0.500 0.197 0.256 0.378 0.224 0.067 0.083 0.292 0.172 0.162 0.126
0.250 0.248 0.394 0.206 0.197 0.628 0.267 0.197 0.187 0.155 0.196 0.201 0.124 0.274 0.291
0.230 0.204 0.328 0.164 0.256 0.267 0.606 0.225 0.182 0.134 0.169 0.210 0.133 0.227 0.218
0.125 0.095 0.265 0.084 0.378 0.197 0.225 0.562 0.193 0.067 0.083 0.231 0.172 0.162 0.126
0.275 0.240 0.202 0.187 0.224 0.187 0.182 0.193 0.623 0.159 0.161 0.206 0.182 0.169 0.224
0.302 0.316 0.134 0.223 0.067 0.155 0.134 0.067 0.159 0.673 0.197 0.145 0.158 0.156 0.239
0.250 0.358 0.167 0.266 0.083 0.196 0.169 0.083 0.161 0.197 0.565 0.175 0.179 0.187 0.237
0.207 0.250 0.217 0.348 0.292 0.201 0.210 0.231 0.206 0.145 0.175 0.542 0.187 0.179 0.196
0.193 0.292 0.095 0.202 0.172 0.124 0.133 0.172 0.182 0.158 0.179 0.187 0.500 0.129 0.172
0.234 0.259 0.325 0.196 0.162 0.274 0.227 0.162 0.169 0.156 0.187 0.179 0.129 0.559 0.229
0.440 0.345 0.253 0.265 0.126 0.291 0.218 0.126 0.224 0.239 0.237 0.196 0.172 0.229 0.625
0.254 0.263 0.232 0.220 0.180 0.227 0.210 0.171 0.199 0.175 0.193 0.217 0.170 0.206 0.240
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Summary

Studies on the Hoeticultural Characteristics of Strawberry for the Development of
Year-round Production and the Rease and the Extension of a New Cultivar Adapted for It.

Yukio Inaba

The direction of flower cluster extension was investigated in micropropagated strawberry plants with no stolons. If
micropropagated plants were planted at an angle of 20 to 25, primary flower clusters developed in an inclined direction.
However, primary flower clusters developed in the opposite direction if inclined pots were rotated by 180<, 40 days after the
first inclination treatment. These results show that the direction of extension of primary flower clusters is determined
geotropically during the period between flower bud differentiation and anthesis. Furthermore, it is likely that micropropagated

plants will extend flower clusters to the aisle side if they are planted at an angle of 20 to 25<toward the aisle side.

Effects of day length, planting time and plant nutritional conditions after planting on the development of axillary buds on
primary crowns were investigated using = Tochiotome  and “ Nyoho ~ strawberries, i.e., tipical cultivars for forcing culture.
Axillary buds at the second to the fourth node from the apex of primary crowns usually developed into runners or axillary
branches under long day condition in both cultivars. The number of axillary buds that developed into axillary buds or remained
as dormant buds increased under short day conditions, especially in © Tochiotome ™ . As for the third and fourth node from the
apex, late planting and poor nutritionnal conditions after planting increased the number of axillary buds that developed into
axillary branches in “ Nyoho ™ . On the other hand, poor nutritional condition after planting increased the number of axillary
buds that remained as dormant buds and depressed the development of runners in “ Tochiotome ” even when planting time was
advanced. Effects of day length and temperature after transplanting and plant nutritional conditions before and after transplanting
on the development of axillary buds of strawberry primary crowns were investigated using tipical strawberry cultivers for forcing
culture, i.e., © Tochiotome ™ , © Nyoho * and “ Toyonoka ™ . When the maximum and average temperatures were higher than 3
5 and 25 respecively, in“ Tochiotome ~ axillary buds at node 2-4 from apex developed into runner even under poor nutritional
and short day conditions, which usually inhibit the development of runner. Temperature exerts the strongest effect on the
development of axillary buds as compared with day length and plant nutritional condition. Hight temperature and poor nutritional
conditions after transplanting forced axillary buds to develop into runners. The developmental patterns of axillary bud were little
affected by plant nutritional conditions while those were largely affected by cultivars. The results suggest that it is possible to

control the developmental pattern of axillary buds by manipulating day length, temperature and plant nutritional condition.

“ Tochiotome ™ Strawberry ™ s pollen and pistil ability were investigated by forcing culture planting in early September.
Compared with © Nyoho 7, the germination percentage of © Tochiotome ~ pollen was lower and the degree of decline in fertility
after flowering was bigger. The fertility of © Tochiotome ~ pistil was maintained during 3-4 days after flowering. It was shorter
about 1-2 days than “ Nyoho ~ and also the degree of decline in the fertility after flowering was bigger. Compared with ©
Nyho =, © Tochiotome ” pollen and pistil was affected by the light condition, and especially the pollen fertility remarkably
decreased by low light insensity. As for the stages of flower cluster, the period from coming of flower organ to coming out of
flower bud was most influenced by low light insensity. From the facts described adove, it is considered that © Tochiotome ~
pollen and pistil ability are low by low light intensity and low temperature, and it may be possible to cause the deformity fruits
by unfertilization. It becomes clear that © Tochiotome ~ pistil tends toward conspicuous protogyny and growth difference between
top pistil and bottom pistil on the receptacle is small. Therefore, it is considered that there is no unfertilization of top pistil in

spite of whose furits are extremely big.
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Leaf photosynthesis of strawberry plants showed remarkable diurnal change. The apparent photosynthetic rates( AP)were
high in the mornig, and declined by about 15% in the afternoon under the same light intensity. This afternoon reduction of AP
was highly correlated to the reduction of stomatal diffusive conductance. Fv/Fm value from a chlorophyll fluorescence study did
not show considerable diurnal change, suggesting that the light inhibition didn  t occur even under high irradiance in a fine day.
On the other hand, leaf water potential was significantly low in the afternoon. Thus, it is concluded that the afternoon

depression of leaf photosynthesis in strawberry plants is mainly caused by stomatal closure due to the reduced leaf water potential .

The effects of prolonged night chilling and short day treatment with fertilization on the growth of terminal inflorescence and
differentiation of primary axillary inflorescence were studied in strawberry plants that already differentiated terminal inflorescence
in early August. Eight to ten days interruption of the treatment after the initial differentiation of terminal inflorescence increased
the number of flowers in the terminal cluster. Supplemental application of fertilizers during interruption and prolonged night
chilling and short day treatment accelerated the differentiation of primary axillary inflorescence. By transplanting strawberry
plants to a productive field in early September after prolonged night chilling and short day treatment, it made possible to harvest
fruits of terminal inflorescence from early October onward and fruits of the primary axillary inflorescence continuously.

Therefore, early yield of strawberry fruits increased.

Inbreeding is a great concern for strawberry plant breeders because of the repeated crossings among a limited number of
breeding materials. Coefficients of inbreeding (CI)in recently developed cultivars of strawberry were calculated using a personal
computer and a programming language, Prolog. The relation between CI and yield was also investigated in the strawberry.
There was no correlation between the selection rate of F1 seedling plants and CI of those plants. In the strawberry breeding
lines from Tochigi Branch, Tochigi Prefectural Agricultural Experiment Station, the correlation coefficient between CI and yield
was -0.37, which was significant at the 1% level. The figure showed that strawberry plants with a CI less than 0.3 did not
show any inbreeding depression. The CIs of several recently bred strawberry cultivars of the June-bearing type were
approximately 0.2. ClIs of “ Tochiotome ¥ , © Akihime ¥ , “ Sagahonoka ™ , ©“ Amaou  , “ Satumaotome ~ , “ Hinosizuku ~
and © Yayoihime ™ were 0.261, 0.222, 0.257, 0.213, 0.257, 0.247 and 0.346, respectively. Those of CIs of
ever-bearing type cultivars were approximately 0.1, except“ Summer Princess ™ and “ Kiminohitomi * . Hypothetical diallel
crossing among 15 representative June-bearing type cultivars resulted in Cls of their offsprings ranging from 0.067 to 0.440

with an average CI of 0.210.

“ Tochihitomi * as a new ever-baring type cultivar was released. It can be used for flesh eating and business uses. The
fruits of “ Tochihitomi * are high quality and yield is higher than other ever-baring type strawberries. The number of runners
of © Tochihitomi ¥ is same as a June-baring type strawberry. It is possible for © Tochihitomi ~ to cultivate in the area from 1100
m high to 400m high above sea level. Transplanting to field from late April to early June has made it possible for harvesting
early July. The yield was 1300kg per 10a, when “ Tochihitomi ™ was cultivated at 600m high above sea level. This result
shows that it is possible to prolong the summer-to-autumn cropping of © Tochihitomi * under the condition that farmers have high

skill and cultivation technics.
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