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Studies on the Breeding of Virus-Free Strawberry Plant for
Processing Use.— Il

Breeding of Virus-Free Strawberry Plant c¢v. America
for Processing Use by Apical Meristem and Investigating
of Growing Condition of Virus-Free Plant.

Masanori Miyazaki, Seiichi Miya and Kazuo Yabuuchi*

This study was carried out to breed virus-free strawberry plants ev. America for
processing and to investigate the plant growth, the fruit yield. the fruit quality and
growing conditions of virus-free plants.

From the results of apical meristem. it was found by the virus—test that some of the
plants were virus-free, which were induced from growing points of virus-diseased strawber-
ry plant ¢v. America cultured in a medium. Characters of leaves and fruits of these
virus—free plants and virus-free strawberry plant cv. America had been bred by heat
treatment and anther culture of the previous experiments, were observed to be same as
mother plants.

From the results of growing tests, it was found that the fruit yields of these virus-
free plants were higher and the fruit size were larger than those of virus-diseased cv.
America. Calyxes of fruits of these plants were easily removable and number of fruits
damaged by gray mold disease which is one of the fatal diseases in strawberries were
not greater than that of the virus-diseased plant.

By testing the quality of the fruit, it was found that qualities of the fruits from
these plants and canned jam from the fruits were not inferior to those virus-diseased
plants.

After these virus-free plants were grown at an open field for 4 years, the plants were
infected with the strawberry virus, and the fruit yield was remarkably decreased. To
maintain the high fruit yield, therefore, the plants grown at an open field for 3 years
must be removed from the field and the virus-free plants must be planted. Under these
circumstances, we are multiplying virus—free strawberry plant cv. America and we are
going to be ready to meet the demands of many canneries which want virus-free
strawberry plants.
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Table 1 Formation of shoots and plantlets from the growing point of strawberry by apical meristem.

Number of Number of Number of Number of
growing points calluses shoots plantlets
Variety BA cultured formed formed induced
America | Addition 32 17 161 101
i No addition 32 0 16 4
HOkO‘W’ﬂSE Addition 6 5 85 45
No addition 6 0 4 3
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WHTBA BEMEEZRS. ZOK
E’j}ﬂ.ﬁ—: : i Table 2 Formation of shoots and plantlets from the
RBF20EBDT. [TAYH]1 O growing point of strawberry by apical meristem.
£ RHE55ED S19EDORIE Lo iy Nurbor of Namber of | Namber of
. Number o umber of [ Number o
ZEAR/L. [EMCJ, TUC-1] i . growing points | shoots plantlets
DNTERBIH, TEMEET T Variety | cultured formed induced
L. America 55 36 19
DEWL, BoNEFRKOYA MR Hoko-wase 19 17 10
FREZTH. R3IRLE. £E EMC 4 34 0
AT RSN LI uc-1 44 19 0

HIEFEMEEREL. TEMCJLE [UC-

Table 3 Virus test of strawberry plants cv. America bred by the apical meristem, heat
treatment and anther culture.

Number of | Number of plant which indicated virus symptoms on indicators
identified .
Plants plants EMC | UC-1 |[EMCand UC-1| No symptom

Plants bred by

apical meristem 24 3 4 i 16

Plants treated with

high temperature® 137 44 13 11 69

Plants bred by

anther culture* 28 4 8 2 14

*Plants were grown in an isolation chamber over 2 vears.
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Table 4 Fruit yields of virus-free cv. America bred by apical meristem, heat treatment and
anther culture.

Number of fruits per 10 plants Weight of fruits per 10 plants
Plant Larger | Small™ | qo | E |G | Towl | An indes
‘ (8) (8) (gy |[numbe

Plants bred by |

apical meristem 712 482 1,194 5,032 1,613 6,645 223
Plants treated with

high temperature 640 324 ! 964 4,410 1.600 6,010 187
Planis bred by

anther culture 657 431 1,088 4,795 1,517 6,313 212
Virus diseased

plants 276 327 603 1,714 1,364 2,978 100

*Large fruit is over 58 of fruit weight.
**Small fruit is below 58 of fruit weight.
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Table 6 Fruit yields of virus-free c¢v. America bred by apical meristem, heat treatment and
anther culture.

Fruit yield (g/10 plants) harvested in year
Plant 1976 1977 1978 1979 Average
Plants bred by apical meristem — — 7,822 6,645 7,234
Plants treated with high temperature 5,980 5.033 6,819 6,010 5,960
Plants bred by anther culture — 4,735 6,905 6,312 5,984
Virus diseased plants 2,934 3,208 3,492 2,978 3,138

Table 7 Relationship between the duration of open culture and fruit yield of virus-free cv., America

Number of fruits per 10 plants Weight of fruits per 10 plants Plant

. * - Large* | Small** An index| weight
Duration of fl:-ilige ﬁ?ﬁ” Total fruits fruit Total number
open culture (g) (g €:9)] (g/plant)
One year 892 290 1,182 6,026 793 6,819 195 350
Two years 774 216 990 5,314 540 5,854 168 245
Three vears 666 300 966 4,179 783 4,962 142 180
Four years 501 270 771 2,808 684 3,492 100 180

*Large fruit is over 58 of fruit weight.
**Small fruit is below 58 of fruit weight.

3. [FAUB] 9427 —H(OBREFENHMEIEEZNE L OBF

HAETHFELLLVANAT ) — BEEHICEE, RELLOL, @k2Ebicsvwizz®
BB, HEZREL(HDIPATL. REH
EOEICENTEHLELIOMETT
55. ARLHEERER, RibHEH
EBRWRIEIEL. KES/hEWNWZ L
BHLHT, COFEMIBEEEDLN
o, EaFEBoOKRERELILECA,
DA NARRYBLTO. BHARE
ENZ BB EORBEHICELEINLOD
T, 1B OBETRALSTHS.
T CR—RZEFMRE, BEL4
AER 1R LY. No.l OfkiZE#HR
BEEHOEMEICEN, EREMCRENE
TU7. No.2 224, 3B TRE
POIETL. 4FETHEHE LA, No.3 s
ENod R2EHOREM14EBE LA

Sk, LEHRRBHSMICBNETH r— 2 3 3
-7,

Duration of open culture (year)

6000

T

4000

2000

Fruit yield (g/10 plants)

4. T7XUn] 94027V —kOBHE .
Fig. 1 Annual change of fruit yield of virus-{ree
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Table 8 Relationship between age of seedling at transplanting time and fruit yield of virus-free

cv. America

Number of fruits per 10 plants Weight of fruits per 10 plants
* 123

Number of true leaf %:_i‘i%e* ?:S?t”** Total };irife fsrrgiatu Total

at transplanting time (g) () (8)
Virus-free plant |

More 5 759 317 1,112 5,277 976 6,253

3~4 802 386 1,188 | 5,529 1,203 6,732

3~ 4, bad plant 534 277 811 4,220 751 4,971

2 847 311 1,158 6,110 929 7,039
Virus diseased plant

More 5 443 343 786 2,312 1,009 3,321

3~14 389 299 688 2,261 947 3.208

2 396 341 737 2,436 997 3.433

*Large fruit is over 58 of fruit weight
**3mall fruit is below 58 of fruit weight.
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Table 9 Relationship between the distance of spacing and fruit yield of virus-free cv. America.
(per 10 plants)

Fruit damaged by disease and infect F;:é; ;?;ted for
Distance Number P P £
. . Per cent An index
of spacing of fruit Number of fruit number Number weight
(cm) harvested (%) (g)
45 1,399 209 15 73 1,190 6,697
40 1,481 287 19 100 1,194 6,645
35 1,416 296 21 103 1.120 6,569
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Table 10 Percentage of fruit damaged with gray mold disease among total fruit harvested through
harvesting season of virus-free cv. America bred by apical meristem, heat treatment and
anther culture. (per 10 plants)

Number | Number |Fruit damaged with gray mo]dl Fruit suited for processing
of fruit of fruit

harvested| damaged | Number | Per cent | An index: Number | Weight | An index
Plant by infect of fr}.ut number (;) sumber
Plants bred by ?
apical meristem 1,496 41 116 8 107 1,339 7.822 224
Plants treated with
high temperature!l 1,337 62 93 7 86 1,182 6,819 195
Plants bred by
anther culture 1,204 39 89 6 82 1,376 6,905 198
Virus-diseased
plants J 984 108 108 11 100 771 3,492 100
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Table 11 Percentage of calyx-free fruit cv. America harvested by single hand pulling from
virus-free strawberry plants bred by apical meristem, heat ireatment and anther

culture.
Per cent of calyx-free fruit in year

Plant 1978 1979

(%) (%)

Plants bred by apical meristem 38 60
Plants treated with high temperature 57 45
Plants bred by anther culture 53 49
Virus-diseased plants 28 36

Table 12 Qualities of fruits of virus-free cv. America bred by apical meristem, heat treatment
and anther culture.

Bri Acid Anthocyanin Firmness | Per cent of
Plant TX 1 (citric acid) of flesh | hollow fruit
(%) (mg %) OD. at 500nm (2
Plants bred by apical meristem 6.5 850 0.46 140 35
Plants treated with high temperature 6.2 890 (.43 150 50
Plants bred by anther culture 6.2 820 0.45 ° 140 80
Virus-diseased plants 6.1 830 0.50 130 55
Hoko-wase 9.9 760 2.13 190 70
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Table 13 Qualities of canned jam {rom fruits of virus-free cv. America bred by apical meristem,
heat treatment and anther culture.

- Per cent of
Brix Acid Color Anthocyanin Number of weight of
(citric acid) az?goken unbroken

Plant: %) | (mg %) |L|a| b |oD.a500nm | per 10087y
Plants bred by apical meristem 68 690 19| 8| 8 0.23 10.7 39
Plants treated with high temperafure | 68 730 18| 7|7 0.24 14.2 34
Plants bred by anther culiure 69 680 18| 7|7 0.23 12.1 47
Market product G9 690 18| 4|7 0.14 10.2 o8
Hoko-wase 68 420 15| 9| 5 0.65 8.6 59
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Plate. 4 Growing condition of virus—free
America. strawberry plant cv. America.

Left : virus-free plant.
Right : virus-diseased plant.

Plate. 1 Growing point of strawberry plant cv.

2

Plate. 5 Growth at the end of the harvesting
period of virus—free strawberry plant cv. Aerica.
Left : virus-diseased plant.

Right : virus-free plant.

Plate. 2 Shoot formation from the growing point
of strawberry plant cv. America grown in a
medium with BA by apical meristem.

Plate. 3 Shoot formation from the growing point Plate. 6 Fruits of virus-free strawberry plants

of strawberry plant cv. America grown in a cv. America

medium without BA by apical meristem. Top left : fruit of virus-diseased plant.
Top right : fruit of plant treated by heat.
Bottom left : fruit of plant induced by anther
culture.
Bottom right : fruit of plant induced by apical
meristem.



