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INTRODUCTION

Seedlessness is one of the desirable characters in
table grape.  Although breeding of seedless grapes is
mainly due to stenospermocarpy, triploid breeding has
several superior points to that of stenospermocarpic
grapes (Wakana et al., 2005).  Although triploid hybrid
plants were rarely obtained in vivo from interploid
crosses between diploid and tetraploid cultivars
(Yamashita et al., 1993; Wakana et al., 2002), they have
been produced with high frequencies through in vitro

culture of abortive seeds and embryos (Yamashita et al.,
1995, 1998; Wakana et al., 2003; Hiramatsu et al., 2003). 

In Japan, seedless berries have been commercially
produced with the aid of twice treatments of gibberellin
(GA3) with a concentration of 100 ppm for seeded
diploid cultivars and 30ppm for seeded tetraploid culti-
vars with ‘Kyoho’ in their pedigrees.  In the previous
study (Wakana et al., 2005), we produced triploid
hybrid plants from reciprocal crosses between diploid
cultivar ‘Muscat Bailey A’ and tetraploid cultivar ‘Red
Pearl’ and evaluated the characteristics of the GA3–treat-

ed and non–treated fruits.  The result suggested that
only one time of GA3 treatment at full bloom is necessary
for the improvement of fruit set rates and the enlarge-
ment of seedless berries in the triploid grapes because
of their greatly high male and female sterility (Park et

al., 2002) but low or no parthenocarpic ability.  Except
information for this result, however, we have no knowl-
edge about the characteristics of triploid grapes derived
from the other various crosses with various cultivars.

The aim of this study is broaden our knowledge in
terms of fruit set rate, berry size, seedlessness and qual-
ity in non– and GA3–treated berries of 92 triploid hybrids
from 18 interploid crosses with diploid and tetraploid
cultivars. 

MATERIALS AND METHODS

Plant materials

Six diploid cultivars, ‘Muscat Bailey A’, ‘Muscat of
Alexandria’, ‘Delaware’, ‘Rizamat’, ‘Rosario Bianco’ and
‘Sekirei’, and five tetraploid cultivars ‘Red Pearl’, ‘Yufu’,
‘Kyoho’, ‘Cannon Hall Muscat’ and ‘Rizamat–4x’, were
used to produce triploid hybrid plants.  ‘Muscat of
Alexandria’, ‘Delaware’, ‘Rizamat’, ‘Rosario Bianco’,
‘Sekirei’, ‘Cannon Hall Muscat’ and ‘Rizamat 4x’ belong to
Vitis vinifera and the other cultivars are complex inter-
continental (European–American) hybrids with Vitis

vinifera in their pedigrees.  ‘Red Pearl’ and ‘Yufu’ are
tetraploid forms of diploid cultivar ‘Delaware’ and
‘Muscat Bailey A’, respectively.  ‘Rizamat 4x’ is a
colchiploid induced from diploid ‘Rizamat’ in our labo-
ratory.  Although it has been known that ‘Cannon Hall
Muscat’ is a tetraploid form of ‘Muscat of Alexandria’,
Ohmi et al. (1999) indicated the possibility that it is not
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the tetraploid form of ‘Muscat of Alexandria’.  
Interploid crosses between these diploid and

tetraploid cultivars were made in 1999 for a ‘Yufu’ ×
‘Muscat of Alexandria’ cross, 1997 for a ‘Yufu’ × ‘Rosario
Bianco’ cross and reciprocal crosses between ‘Sekirei’
and ‘Yufu’, 1985 for a ‘Muscat’ of ‘Alexandria’ × ‘Kyoho’
cross, 1989 and 1990 for the other 13 crosses (Wakana
et al., 2002).  The triploid hybrid seedlings were derived
either by seed sowing, embryo culture (Wakana et al.,
2003) or immature seed culture and subsequent embryo
culture (Hiramatsu et al., 2003).  A total of 92 triploid
hybrid seedlings derived from the 18 interploid crosses
were used in this study.  In addition, a total of 81
hybrids derived from reciprocal crosses between ‘Muscat
Bailey A’ and ‘Red Pearl’, whose berry characteristics
had been reported previously (Wakana et al., 2005),
were used to examine only for the rind color.  They were
grown in a greenhouse located at Sasaguri orchard of
the University Farm, Kyushu University. 

Cluster thinning and GA3 treatment

The methods of flower cluster thinning and GA3

treatment were the same as those described previously
(Wakana et al., 2005). 

Analysis of berry characters

In each triploid hybrid, ten clusters with ripened
berries were randomly harvested about 100 days
post–anthesis or in September 1996 and 1997 for most
triploid hybrids, and in 2005 for the hybrids derived
from a ‘Yufu’ × ‘Muscat of Alexandria’ cross, a ‘Yufu’ ×
‘Rosario Bianco’ cross and reciprocal crosses between
‘Sekirei’ and ‘Yufu’.  To compare the difference of berry
characteristics between GA3–treated and non–treated
clusters and among triploid hybrids, the cluster weight,
berry number per cluster, berry weight, berry cracking
and rind color were examined for the ten clusters and
number of seeds and sugar content (Brix) were exam-
ined for five of the ten clusters.  The seed number was
examined only for large seeds that contained endosperm
and/or embryo or the traces of them.  The data for
unfertilized small seeds, which were less than one–half
in length (Wakana et al., 2005; Sarikhani, 2007), were
excluded from this examination and will be published in
elsewhere.  The segregation of plants with different rind
color was examined for the triploid hybrids.  The rind
color was roughly classified into three categories, i.e.,
black (black to purple), red (pink to dark red) and green
(light yellow to green).  The linear regression analysis
was performed in terms of cluster weight, berry weight
and fruit ser between non–treated and GA3–treated
clusters. 

RESULTS 

Characteristics of non–treated cluster

The flower clusters set small seedless berries with-
out GA3 treatment in 83 of the 92 triploid hybrid plants
derived from the 18 crosses, but the remainder, 9
hybrids, did not set fruit and the clusters with undevel-

oped ovaries withered and dropped within two or three
weeks after anthesis (Table 1).  It was also found that
some of the clusters dropped in several hybrids.  Three
crosses with ‘Kyoho’ used as a pollen parent and six
crosses with ‘Delaware’ or ‘Red Pearl’ frequently pro-
duced this type of hybrids that did not set fruit without
GA3 treatment.  The triploid hybrids derived from a
‘Muscat Bailey A’ × ‘Kyoho’ cross showed the lowest
fruit set rates with small variation (Fig. 1).  The mean
number of berries per cluster was very different in
different hybrids with the range from about 10 to 100
(Fig. 1) and different for different crosses with the
range from 19.2 to 54.7. 

The mean berry weight was the highest (6.5 g) in
BRi4x9201, a hybrid derived from a ‘Muscat Bailey A’ ×
‘Rizamat 4x’ cross (Table 1).  Except this hybrid, how-
ever, the variation of the mean berry weight was rela-
tively small among hybrids (Fig. 2), i.e., the means
varied from 0.5 g to 3.2 g.  The larger the berry size in
these parental cultivars, the larger the berry size in their
progenies was. 

The cluster weight of hybrids derived from each
cross highly varied (Fig. 3) and the means ranged from
12 g to 195 g (Table 1).  YS9101, a hybrid from ‘Yufu’ ×
‘Sekirei’, produced the largest cluster of 370 g with 100
berries, while BRi4x9201, a hybrid from ‘Muscat Bailey
A’ × ‘Rizamat 4x’, produced the next heaviest cluster of
175 g with 26 berries.  However, most of the hybrids pro-
duced clusters less than 100 g in weight (Fig. 3).

Fertilized seeds were detected in large berries that
were rarely formed in a half of the 92 hybrids from the
18 crosses (Table 1).  The mean rate of large berries
with fertilized seeds ranged from 0 to 6.0%.

Characteristics of GA3–treated clusters

The berry set rate was greatly improved by
GA3–treatment of the flower clusters in most of the
progenies, but was slightly improved in three progenies
from ‘Yufu’ × ‘Delaware’, ‘Yufu’ × ‘Rosario Bianco’ and
‘Yufu’ × ‘Sekirei’ crosses (Fig. 1).  The mean number of
berries per cluster ranged from 20 to 100 for the 92
hybrids and from 33 to 72 for the progenies derived from
the 18 crosses (Table 2). 

All GA3–treated flower clusters set larger–sized
berries than non–treated clusters in all of the 92 hybrids
derived from the 18 crosses (Fig. 2).  The mean berry
weight ranged from 2.1 g to 16.5 g for the progenies
derived from the 18 crosses (Table 2).  Thus, the mean
cluster weight ranged from about 20 g to 650 g for the 92
hybrids (Fig. 3) and from 95 g to 636 g for the progenies
derived from the 18 crosses (Table 2).  As seen in
non–treatment of GA3, the larger the berry size in these
parental cultivars, the larger the GA3–treated berry size
in their progeny was.  BRi4x9201 produced the largest
seedless berry of about 17 g in weight.

In the hybrids derived from a ‘Yufu’ × ‘Sekirei’
cross, the significant positive correlation between
GA3–treated and non–treated berries was found in the
number of berries, berry weight and cluster weight (Fig.
4).  In almost all hybrids that set fruits without GA3
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Table 1. Characteristics of non–treated berries of triploid hybrid plants derived from 18 interploid crosses in grape

No. of 
seedlings 

setting
berries (Na)

Muscat Bailey A × Cannon Hall Muscat
Muscat Bailey A × Kyoho
Muscat Bailey A × Rizamat (4x)
Yufu × Muscat of Alexandria
Yufu × Delaware
Yufu × Rizamat
Yufu × Rosario Bianco
Yufu ×Sekirei
Delaware × Cannon Hall Muscat
Delaware × Kyoho
Delaware × Yufu
Red Pearl × Rizamat
Muscat of Alexandria × Kyoho
Rizamat ×Yufu
Sekirei ×Red Pearl
Sekirei ×Yufu
Rosario Bianco × Kyoho
Rosario Bianco × Yufu

5 (5)
12 (20)

1 (1)
1 (2)
4 (5)
4 (4)
7 (7)

20 (21)
3 (5)
1 (4)
4 (4)
2 (3)
1 (2)
1 (1)
2 (3)
2 (2)
1 (1)
2 (2)

Mean
weight of 

cluster (g)
±SD

51.5±19.9
32.9±21.2

195.0
43.0
97.4±65.9

103.4±87.4
83.5±55.5
61.7±31.9
58.6±31.5
11.7
43.4±28.5
24.3±7.3
86.9
63.3
19.9±3.1
41.7±48.3
51.8
38.0±0

Mean No.
of berries

per cluster
±SD 

50.5±25.8
24.6±28.4
30.0
46.9
54.7±33.3
34.6±22.3
43.4±20.4
41.1±14.8
41.1±27.5
23.5
36.7±10.0
28.7±21.5
42.8
38.9
22.3±1.3
34.7±7.8
19.22
0.4±0

Mean
weight of  
berry (g)
±SD

1.4±0.6
1.7±0.6
6.5
0.9
2.1±0.7
1.9±1.3
1.6±0.6
1.4±0.5
1.4±0.1
0.5
1.1±0.7
0.8±1.5
2.1
1.6
0.9±0.2
1.2±1.0
2.7
1.9±0

% berries 
with large 

seeds
±SD (Nb)

3.4±2.3 (5)
2.3±1.8 (11)
0 (0)
0 (0)
0.9±0.6 (4)
1.8±0.5 (2)
0.3±0.3 (3)
0.5±0.8 (6)
5.3±3.9 (2)
2.1 (1)
1.3±1.1 (4)
1.2±0.6 (2)
1.4 (1)
1.4 (1)
6.0±2.8 (2)
0 (0)
2.1 (1)
0.1±0.1 (1)

a No. of seedlings examined.  b No. of seedlings producing large berries with large seeds.

Fig. 1. Frequent distribution of triploid hybrid plants setting berries with different rates in 15 crosses.
White bar: non–treatment; solid bar: GA3 treatment.
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Fig. 2. Frequent distribution of triploid hybrid plants with different berry weight in 15 crosses.  White
bar: non–treatment; solid bar: GA3 treatment.

Table 2. Characteristics of GA3–treated berries of triploid hybrid plants derived from 18 interploid crosses in grape

No. of 
seedlings
examined 
±SD

Muscat Bailey A ×Cannon Hall Muscat
Muscat Bailey A ×Kyoho
Muscat Bailey A ×Rizamat (4x)
Yufu ×Muscat of Alexandria
Yufu ×Delaware
Yufu ×Rizamat
Yufu ×Rosario Bianco
Yufu ×Sekirei
Delaware ×Cannon Hall Muscat
Delaware ×Kyoho
Delaware ×Yufu
Red Pearl ×Rizamat
Muscat of Alexandria ×Kyoho
Rizamat ×Yufu
Sekirei ×Red Pearl
Sekirei ×Yufu
Rosario Bianco ×Kyoho
Rosario Bianco ×Yufu

5
20
1
2
5
4
7

21
5
4
4
3
2
1
3
2
1
2

Mean
weight of 

cluster (g)
±SD

303.6±105.0
214.6± 64.2
635.8
183.8±105.3
284.0±157.9
171.0±153.9
313.8±107.7
261.5±140.1
179.2± 85.4
134.1± 47.3
174.2± 73.1
188.5±105.9
326.9±160.9
401.1
114.5± 39.5
263.1± 41.5
163.8
95.2± 67.9

Mean No.
of berries

per cluster
±SD

68.0±10.8
43.7±16.2
38.5
40.1±16.6
61.5±19.5
33.5±33.6
52.0±11.1
48.0±14.0
65.1±18.0
41.7± 9.6
59.0±17.4
71.5±16.5
56.6± 3.2
58.0
52.4±14.9
51.6± 1.2
33.0
42.1±14.4

Mean
weight of
berry (g) 

5.0±1.
5.3±1.3

16.5
4.2±0.9
5.0±1.9
5.9±2.2
6.0±1.7
5.5±1.8
2.8±0.7
3.1±0.8
3.0±0.8
2.8±1.1
5.8±0.2
8.0
2.1±0.4
5.1±0.7
5.0
5.4±0.6

Brix    

±SD

20.7±1.8
20.0±1.3
17.5
19.4±0.1
19.1±2.0
19.5±1.3
18.9±1.3
18.8±0.5
20.8±0.8
20.2±0.9
20.0±1.6
19.7±1.7
21.0±0.5
17.5
23.0±2.3
18.0±0.2
20.2
19.5±0.5

% berries 
with large 

seeds 
±SD (Na)

0.1±0.1 (2)
0.1±0.2 (3)
0
0
0.2±0.4 (0)
0
0
0
0.1±0.2 (1)
0
0.4±0.9 (1)
0
0
0.3
1.3±0.8 (1)
0
0
0

a No. of seedlings producing more than large berries with large seeds.
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Fig. 3. Frequent distribution of triploid hybrid plants with different cluster weight in 15 crosses.  White
bar: non–treatment; solid bar: GA3 treatment.

Table 3. Segregation of rind color in triploid hybrids derived from 20 interploid crosses

Fruit color    
Phenotype

Cross

Black×Black
Black×Red

Red×Black

Black×Green

Green×Black

Red×Green

Muscat Bailey A × Kyoho
Muscat Bailey A × Red Pearl
Muscat Bailey A × Rizamat (4x)
Yufu × Delaware
Yufu × Sekirei
Yufu × Rizamat
Total
Delaware × Kyoho
Delaware × Yufu
Red Pearl × Muscat Bailey A
Rizamat × Yufu
Sekirei × Yufu
Total
Yufu × Rosario Bianco
Yufu × Muscat of Alexandria
Muscat Bailey A × Cannon Hall Muscat
Total
Muscat of Alexandria × Kyoho
Rosario Bianco × Kyoho
Rosario Bianco × Yufu
Total
Red×RedRed Pearl × Rizamat
Sekirei × Red Pearl
Total
Delaware × Cannon Hall Muscat

14
6
1
5

16
3

31
2

11
36

1
2

52
4
1
3
8
2
0
2
4
0
0
0
0

2
8
0
0
3
2

13
1
2

21
0
0

24
1
1
0
2
0
1
0
1
2
4
6
2

2
4
0
0
1
0
5
2
0
6
0
0
8
2
0
3
5
1
0
0
1
0
0
0
2

18
18

1
5

20
5

49
5

13
63

1
2

84
7
2
6

15
3
1
2
6
2
4
6
4

Number of seedlings with indicated rind color (%)

Black Red Green Total



treatment, especially in those showing low fruit set rates
less than about 60 berries per cluster, GA3–treatment of
the flower clusters increased the fruit set rates (Fig. 4).
Berry weight and cluster weight in GA3 treatment were
1.9 g and 150 g heavier than the non–treatment and the
weight increased 2.2 g and 1.6 g respectively as the berry
weight and cluster weight in non–treatment increased
1 g each.

Fertilized seeds were very rarely detected in a few
berries of 5 of the 92 hybrids from the 18 crosses (Table
2).  Thus, about 95% of the hybrids were perfectly
seedless.  The mean rate of berries with fertilized seeds
ranged from 0 to 1.3% for the progenies derived from
the 18 crosses.

Brix, berry cracking, lignification and rind color

There is no large difference in soluble solid content
(Brix) among progenies from the 18 crosses, except for
that derived from a ‘Sekirei’ × ‘Red Pearl’ cross that
showed higher sugar content than the others (Table 2).
The very high rates (＞ 90%) of berry cracking in
GA3–treated clusters were found in a 3x hybrid from a
‘Yufu’ × ‘Muscat of Alexandria’ cross and that from a
‘Muscat Bailey A’ × ‘Rizamat 4x’ cross.  The high rates
(10–50%) were rarely found in 3x hybrids derived from
interploid crosses with ‘Rizamat’, ‘Rosario Bianco’ and
‘Sekirei’.  Compared with the parental cultivars without
GA3–treatment, lignification of cluster axes (pedicles,
peduncles, primary branches, secondary branches and
rachis) was enhanced to some extent by GA3 treatment
of the flower clusters in most triploid hybrids examined.
A few hybrids showed very low extent of lignification
and produced soft pedicles that are a favorable
character for the commercial cultivars. 

The triploid hybrids with black, red or green rind
color segregated in interploid crosses when black cul-
tivars were used as a pollen or pistillate parent (Table
3).  The rates of hybrids producing black–colored berries
were the highest (about 60%), followed by those
producing red and green berries.  The rind color segre-
gated into red and green in the progenies derived from
interploid crosses between red and green cultivars.

DISCUSSION

Fruit development is roughly divided into three
phases: development of the ovary, fruit set and fruit
growth.  Pollination regulates a complex process of
developmental events that collectively prepare the
flower for fertilization and seed development in many
flowering plants (O’Neill and Nadeau, 1997).  The final
decision to set fruit is dependent on success of pollina-
tion and fertilization which increase the amounts of
plant growth hormones in the ovary (Gillaspy et al.,
1993).  Although lack of pollination and fertilization
results in senescence of flower, it is well known that
exogenously applied gibberellins on emasculated flower
are mimic of pollination and fertilization inducing ovary
growth (Nitsch, 1970).  The development of fruit with-
out pollination and fertilization, parthenocarpy, is an
important trait for seedless fruit production in horticul-
tural crops to improve fruit quality and productivity
(Spena and Rotino, 2001).  Cultivated grapes with her-
maphroditic flowers, which are the self–pollinated plants
(Einset and Pratt, 1975; Chkhartishvili et al., 2006),
often show facultative parthenocarpy, that is, round
small seedless berries (shot berries) may develop in a
cluster depending upon the malfunction of pistils,
embryo sac degeneration (Winker et al., 1974) and high
shoot vigor (Okamoto et al., 2001), or by unfavorable
environmental conditions that prevent normal pistils
from pollination and fertilization.  The setting rate of
shot berries per cluster and maturation of shot berries
vary among cultivars or individuals, and most triploid
grapes produce anything but shot berries (Park et al.,
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Fig. 4. Correlation of berry characters between
GA3–treated and non–treated flower clusters of
triploid plants derived from a ‘Yufu’ × ‘Sekirei’
cross.  The fine lines indicate y＝x.



2002; Wakana et al., 2005).  Recent study has suggested
that some grape cultivars and hybrids have stimulative
or vegetative parthenocarpic ability and the others have
no or very low ability (Sarikhani, 2007).  According to
this report (Sarikhani, 2007), ‘Yufu’, ‘Muscat Bailey A’,
‘Rosario Bianco’ and ‘Rizamat’ used in this study belong
to the grapes that have high vegetative parthenocarpy,
while the other cultivars used in this study are the
plants with stimulative parthenocarpic ability.  This is
supported by the present result that all triploid hybrids
derived from the crosses between these vegetatively
parthenocarpic cultivars set fruit without GA3 treatment.

In grape with facultative parthenocarpy, there is
little description of parthenocarpic mutants except for
stenospermocarpy, a different type of seedlessness from
parthenocarpy; relatively small–sized seedless berries
with rudimental seed traces are produced after normal
fertilization followed by endosperm and embryo abortion
in early stage of embryogenesis (Ledbetter and Burgos,
1994).  The present study indicates that most triploid
hybrids derived from interploid crosses with diploid and
tetraploid cultivars have vegetative or stimulative
parthenocarpy and a few have no ability of partheno-
carpy, since fruit set occurs in 92% (83/92) of hybrids
that have very high or perfect male and female sterility
as Park et al. (2002) have reported.  In most cases,
probably, dysfunctional sterile pollen of the triploid
hybrids stimulates parthenocarpy in these self–polli-
nated plants without pollen germination.     

The fruit set rates and the size of the partheno-
carpic berries varied depending upon the individual
hybrid and cross combination.  According the report of
Sarikhani (2007), these rates of fruit set and fruit
growth in grapes with vegetative parthenocarpy are
hybrid– or cultivar–specific characters and almost con-
sistent in the different pollination treatments, i.e.,
non–pollination, pollination with sterile pollen and polli-
nation with functional fertile pollen.  Thus, it is most
likely that the rates of fruit set and fruit growth are not
due to the difference in hormone content in sterile
pollen but due to the difference in sensitivity of or gene
action in the pistil to sterile pollen in grapes with
stimulative parthenocarpy.  The size of the partheno-
carpic berries was very smaller than the GA3–treated
ones, and positively correlated with the GA3–treated
ones.  This also suggests that dysfunctional pollen stim-
uli may be equivalent to the normal pollination effect but
not equivalent to the fertilization and subsequent fer-
tilized seed effects.  Namely, the parthenocarpic ability
in grape may be due to mutation in transduction pass
way for pollination stimuli.  However, we could not find
the types of mutation occurring in these hybrids used in
this study.

Barritt and Einset (1969) have proposed two pairs
of genes with epistatic action for fruit color: B, a domi-
nant gene for black fruit, and R, a dominant gene for red
fruit.  White– or green–fruited grapes are considered to
be recessive for both genes.  The segregation of black–,
red– and green–fruited triploid hybrids in crosses with
black–fruited cultivars suggests that all black–fruited

cultivars used in this experiment are heterozygous for
the two genes. 

In conclusion, the average weight of berries in
non–treated clusters was less than 3.5 g in 91 triploid
hybrids derived from the 17 crosses, except for
BRi4x9201 producing 6.5 g parthenocarpic berries.
Moreover, more than 8% of the hybrids did not set
berries without GA3 treatment.  These suggest that the
hybrids have low or no parthenocarpic ability and that
triploid hybrids with high parthenocarpic ability will not
be expected to produce from the present crosses except
for those with ‘Rizamat’.  The berry sizes and set rates
were, however, recovered by GA3 treatment in these
triploid hybrids.  Thus, it is concluded that the immer-
sion treatment of flower clusters in GA3 solution is
essential to produce clusters with high quality seedless
berries.

Among the triploid plants estimated after GA3–treat-
ment of the clusters in this study, a triploid hybrid
BK9101 derived from ‘Muscat Bailey A’ × ‘Kyoho’ and
BR9001 from ‘Muscat Bailey A’ × ‘Red Pearl’ have the
most superior characteristics for tree vigor, productivity,
berry characters, disease resistance and management.
The former produces about 10 g black–purple berries
with high sugar content of 20–22 Brix, while the later
produces about 3 g yellow–white berries with sugar
content of about 22 Brix.  Although the cluster thinning
is necessary for the two triploid hybrids, berry thinning
is not, i.e., after the appropriate cluster thinning they
produced desirable clusters autonomously.  The two
hybrids will be propagated and their characteristics will
be estimated again for commercial cultivar release.

REFERENCES

Barritt, B. H. and J. Einset   1969   The inheritance of three major
fruit colors in grapes.  J. Amer. Soc. Hort. Sci., 94: 87–89

Chkhartishvili, N., L. Vashakidze, V. Gurasashvili and D. Maghradze
2006   Type of pollination and indices of fruit set of some
Georgian grapevine varieties.  Vitis 45: 153–156

Einset, J. and C. Pratt 1975 Grape.  In “Advances in Fruit
Breeding” ed. by J. Janick and J. N. Moore, Purdue Univ.
Press, Indiana, pp. 130–153

Gillaspy G., H. Ben–David and W. Gruissem   1993   Fruits: A devel-
opmental perspective.  Plant Cell, 5: 1439–1451

Hiramatsu, M., A, Wakana, S. M. Park and I. Fukudome   2003
Production of triploid plants from crosses between diploid and
tetraploid grapes (Vitis complex) through immature seed
culture and subsequent embryo culture.  J. Fac. Agr.,

Kyushu Univ., 48: 51–57
Ledbetter, C. A. and L. Burgos   1994   Inheritance of stenospermo-

carpic seedlessness in Vitis vinifera L.  J. Hered., 85:
157–160

Nitsch, J.   1970.   Hormonal factors in growth and development.
In “The Biochemistry of Fruits and their Products”, Vol. II, ed.
by A. C. Hulme, Academic press, London, pp. 427–472

Ohmi, C., A. Wakana and S. Shiraishi   1993   Study of the parent-
age of grape cultivars by genetic interpretation of GPI–2 and
PGM–2 isozymes.  Euphytica, 65: 195–202

Okamoto, G., H. Tada, A. Suyama, Y. Hayashi and K. Hirano   2001
Effect of shoot vigor on the development of transmitting
tissue and pollen tube growth in pistils of tetraploid grape cv.
Pione.  Vitis, 40: 105–110       

O’Neill, S. D. and J. A. Nadeau   1997   Postpollination flower
development.  Horticultural Reviews, 19: 1–58

343Berry Characters in 3x Grapes



Park, S. M., A. Wakana, J. H. Kim and C. S. Jeong   2002   Male and
female fertility in triploid grapes (Vitis complex) with special
reference to the production of aneuploid plants.  Vitis, 41:
11–19

Sarikhani, H.   2007   Studies on the seedlessness in Vitis with ref-
erences to parthenocarpy and fertilization–independent seed
formation.  Ph. D. dissertation, Kyushu University, pp. 121

Spena, A. and G. L. Rotino   2001   Parthenocarpy.  In “Current
Trends in the Embryology of Angiosperms”, ed. by S. S.
Bhojwani and W. Y. Sho, Kluwer Academic Publishers,
Netherlands, pp. 435–450

Wakana, A., M. Hiramatsu, S. M. Park, H. Hanada, I. Fukudome and
B. X. Ngo   2002   Degree of abortion and germination rates in
triploid seeds from crosses between diploid and tetraploid
grapes (Vitis vinifera L. and V. complex).  J. Fac. Agr.,

Kyushu Univ., 46: 281–294
Wakana, A., M. Hiramatsu, S. M. Park, N. Hanada, I. Fukudome and

K. Yasukochi   2003   Seed abortion in crosses between diploid
and tetraploid grapes (Vitis vinifera and V. complex) and
recover of triploid plants through embryo culture.  J. Fac.

Agr., Kyushu Univ., 48: 39–50
Wakana, A., S. M. Park, M. Hiramatsu, N. Hanada, I. Fukudome and

K. Yasukochi   2005   Characteristics of seedless berries of
triploid hybrid grapes (Vitis complex) from reciprocal crosses
between diploid ‘Muscat Bailey A’ and tetraploid ‘Red Pearl’.
J. Fac. Agr., Kyushu Univ., 50: 49–59

Winkler, A. J., J. A. Cook, W. M. Kliewer and L. A. Lider   1974
General Viticulture.  University of California Press, Berkeley

Yamashita, H., S. Horiuchi and T. Taira   1993   Development of
seeds and the growth of triploid seedlings obtained from
reciprocal crosses between diploids and tetraploid grapes.  J.

Japan. Soc. Hort. Sci., 63: 349–255 (in Japanese with English
summary)

Yamashita, H., T. Hanuda and H. Shiba   1995   In vitro culture of
embryos obtained by crossing tetraploid cultivar Kyoho with
diploid cultivars.  J. Japan. Soc. Hort. Sci., 65: 719–724 (in
Japanese with English summary)

Yamashita, H., I. Shigehara and T. Hanuda   1998   Production of
triploid grapes by in ovulo embryo culture.  Vitis, 37:
113–117

344 A. WAKANA et al. 


