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Poor Berry Set in Tetraploid Grapes —
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1. Development of Kyoho varieties and their berry
setting habits

1) Origin of cv. Kyoho

The tetraploid grape cultivar, Kyoho, was established by
Yasushi Oinoe, who crossed cv. Ishihara-wase and cv.
Centennial in 1937 (Kamoshita, 1983). He selected one
seedling that produced large berries having high sugar
content and named it ‘Kyoho,” which means “great
mountaintop.” Ishihara-wase grape is a tetraploid bud
mutant of cv. Campbell Early (Vitis labruscana Bailey) and
is grown in several commercial vineyards in Okayama
Prefecture (Osumi, 1937). Ishihara-wase is cultivated as
‘Large berry Campbell’ with black purple skin. On the other
hand, cv. Centennial, considered to be the pollen parent of
Kyoho, was developed as a large berry mutant of cv. Rozaki
(V. vinifera L.) in Australia in the 1900s. The cultivar was
named ‘Centennial’ to commemorate the 100™ anniversary
of the founding of Australia. Its berry skin is yellowish green
at the ripe stage.

The berry setting habits of Ishihara-wase and Centennial
grapes are quite different (Fig. 1). Ishihara-wase vines
usually set a sufficient number of berries to produce filled
clusters, similar to the original diploid cultivar, Campbell
Early. Each berry usually contains two to three seeds. In
contrast, Centennial vines set poorly. In addition to the
insufficient number of berries per cluster, most of the set
berries are seedless and remain small in size.

The poor berry setting habit of cv. Kyoho seems to be
predominantly inherited from cv. Centennial. On the other
hand, the black purple skin is inherited from Ishihara-wase.

2) Progenies of Kyoho

A great number of tetraploid progenies have been
developed by crossing Kyoho with other tetraploid cultivars.
Most of them, including cv. Pione (Kyoho x 4n-Muscat)
produced by Hideo Ikawa in 1973 and cv. Olympia (Kyoho
x Kyogei) produced by Haruo Sawanobori in 1953, show
poor setting habits. However, some of them, such as cv.
Beni-Zuiho, Beni-Fuji, Ryuho, Honey Red, and Beni-Izu,
produced by Hideo Ikawa in the 1960s (Kamoshita, 1983),
set sufficient numbers of seeded berries to produce filled
clusters (Fig. 2). These good-setting tetraploid grapes were
obtained from hybrids of 4n-Golden Muscat and Kuroshio
(Kyoho X 4n-Muscat) grapes. Cv. Fuji-Minori, also a
good-setting tetraploid grape, was obtained from progenies
of (4n-Golden Muscat x Kuroshio) x Pione by Kazunao
Aoki in 1985 (Yamane, 1996). These suggest that
4n-Golden Muscat grape possesses genetic factors that
confer good berry setting habit, although such factors could

not be identified because the vine died.

2. Causes of poor berry set in tetraploid cultivar

Kyoho and Pione grapes, the major tetraploid cultivars
in Japan, often set insufficient numbers of normal seeded
berries per cluster and/or many seedless berries. Severe
flower shatter usually occurs in shoots that grow vigorously
and/or in clusters that bloom during rainy days (Fig. 3, left).
Parthenocarpic set of seedless berries is stimulated when
vigorous shoots are pinched before bloom (Fig. 3, middle).
In both cases of severe flower shatter and parthenocarpic set
of seedless berries, growers cannot harvest marketable
clusters with good appearance (Fig. 3, right).

The author and his co-workers have conducted intensive
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Fig. 3. Berry set in Kyoho grape. Severe flower shatter in a vigorous shoot (left) and parthenocarpic
seedless berries after pre-bloom shoot pinching (middle) are observed, resulting in a very loose
cluster with irregularly sized berries (right).
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investigations to determine the causes of poor berry set in

tetraploid grapes using anatomical and in vitro techniques.

1) Abnormal and poor development of ovules
(1) Anatomical analysis of diploid and tetraploid grape
pistils

Table 1 shows the developmental conditions of ovaries
and ovules at bloom as well as the percentage berry set in
various tetraploid grape cultivars (Okamoto et al. 1984). A
diploid cultivar, Muscat of Alexandria, was also investigated
as a control of good-setting cultivar. Higher percentages of

malformed or undeveloped ovules were found in tetraploid

cultivars than in the diploid cultivar. More than 80% of total
ovules showed normal development and seemed to be
functional in Muscat of Alexandria, while 40-50% of total
ovules showed normal development in such good-setting
tetraploid cultivars as Beni-Zuiho and Beni-Fuji. On the
other hand, Kyoho and Pione showed normal development
in only 20-30% of total ovules and had much higher
percentages of abnormal ovaries and ovules than the other
tetraploid cultivars. Furthermore, spur-pruned Pione had a
higher percentage of abnormal ovules than cane-pruned
Pione, indicating that vigorous shoots tend to produce much

more abnormal and impotent ovules than weak shoots.

Table 1 Ovule development in tetraploid and diploid grape pistils at anthesis

Abnormal ovule (%) Immature embryo sac (%) Normal Berry Seedless
Cultivar Malfor-  Without 2or4  Unfused Abnormal 0(\01/:1)1e ijot bc;)ry
mation embryo sac nucleate polar nuclei egg app.
Tetraploid
Cane-pruned
Kyoho 15.7 22.9 43 14 30.0 25.7 274 44.1
Pione 7.4 32.0 14.8 1.2 21.0 23.6 29.1 45.4
Beni Zuiho 0.0 12.9 4.8 9.7 21.3 51.3 35.8 9.1
Beni Izu 0.0 14.1 9.4 14.1 22.8 39.6 31.8 6.6
Red Queen 4.6 17.2 4.6 10.3 21.8 41.5 21.7 1.9
Honey Red 4.6 31.3 3.8 2.5 22.5 36.1 27.0 3.8
Spur-pruned
Pione 7.4 32.0 14.8 1.2 21.0 23.6 45.5 66.1
Diploid
Spur-pruned
Muscat of Alexandria 7.1 0.0 1.4 0.0 7.1 84.4 244 0.6

(2) In vitro culture test of diploid and tetraploid grape
pistils

The effects of cluster nutrition on ovary and ovule
development in diploid and tetraploid cultivars were
examined using an in vitro culture test that involved
modifying nutrient concentrations of the culture medium
(Okamoto et al. 1989a; Okamoto and Omori, 1991).
Pre-bloom pistils of Muscat of Alexandria (diploid) and
Pione (tetraploid) grapes, estimated to be one week before
anthesis, were embedded onto Nitsch (1951) medium of
various strengths and cultured at 25°C. The ovary size
measured at bloom was increased as medium strength was

increased. A similar increase in ovary size was observed

when the concentration of only KNO; was increased (Fig. 4).
However, ovule development was inhibited when pistils
were cultured in medium with high N (Fig. 5). In another
culture test that used MS medium, the percentage of normal
ovules was decreased significantly as the strength of the
basal medium was increased. Such inhibition of ovule
development was more obvious in Pione pistils than in
Muscat of Alexandria pistils.

The results of in vitro culture tests of pre-bloom grape
pistils suggest that in tetraploid grape pistils, an abundant
supply of nitrogenous nutrients inhibits ovule development,
resulting in poor setting of normal seeded berries. This

finding corresponds to the previous result that spur-pruned
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the middle part of the ovule, total TT cell number

and total area of intercellular spaces were
considerably smaller in tetraploid cultivars than in
diploid cultivars. The negative effects of such poor
TT development on pollen tube growth in tetraploid
cultivars were demonstrated by the distribution of
pollen tubes in cross sections of the middle part of
ovary (Okamoto et al. 200la). Pollen tubes

penetrating ovary tissue in Muscat of Alexandria

pistils were found mostly in TT zones that developed

0 x1/4 x12 x1 x2 x4 x1 x2 x3

at the inner surfaces of both septa (Fig. 7A). In

Basal medium KNO;

Fig. 5 Effect of strength of basal medium and KNO; on in vitro ovule development in
Pione and Muscat of Alexandria grapes. Pre-bloom florets were cultured in Nitsch

(1951) medium. Ovule development were analyzed at anthesis.

Pione vines that usually develop vigorous shoots produce a

higher percentage of abnormal ovules than cane-pruned vines.

2) Poor development of transmitting tissue

Pollen tubes usually grow into pistils through the
intercellular space in the transmitting tissue (TT) formed in
the central part of the style and along the inner surfaces of
both septa in the ovary (Fig. 6). TT development in six
diploid and six tetraploid cultivars was investigated
anatomically and TT diameters in cross sections of various
parts of pistils were compared (Okamoto et al. 2001a). In the
middle part of the style and the upper ovary, TT diameter of
tetraploid cultivars was larger than that of most diploid
cultivars. However, in the upper part of the locule where TT
became elliptical, TT width was larger in most diploid

cultivars than in tetraploid ones except cv. Fuji-Minori,

contrast, pollen tubes were found outside septa and
not in septum TT in Kyoho pistils (Fig. 7B).

The developmental process of TT in grape pistils
was investigated (Okamoto et al. 2002a). TT
initiation in ovary of grape pistils was first observed two
weeks before anthesis in both diploid (Muscat of Alexandria
and Campbell Early) and tetraploid (Kyoho and Suiho)
cultivars. However, TT development proceeded quickly in
diploid cultivars up to six days before anthesis, while TT
development was slow in tetraploid cultivars and found in
only 20% to 50% of ovaries six days before anthesis. Such
retardation of TT development in tetraploid grape pistils
may be caused by the exceedingly vigorous shoot growth,
because TT development can be improved by root-zone
restriction where shoot growth is retarded (Okamoto et al,
2001b).

3) Pollen tube growth inhibition in pistils
(1) Pollen tube growth in diploid and tetraploid
grape pistles
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Fig. 6 Pollen tube transmitting tissue (TT) in grape pistils. A, Longitudinal
section; B, cross section of style; C, cross section of middle ovary.

Fig. 8 Effect of pistil diffusates on in vitro
pollen tube growth on agar medium.
A slice of Pione pistil was covered with
a thin film of liquid agar. Then, pollen
grains of Muscat of Alexandria were Fig
scattered on the agar surface and incu-
bation was carried out at 25°C for 8 hr.

Pollen tube penetration into an ovule via the micropyle is
This

development, resulting in the setting of normal seeded

essential to ovule fertilization. enables seed
berries. The number of pollen tubes per pistil in various
diploid and tetraploid cultivars was examined three days
after pollination (Okamoto et al, 1989b). At both middle and
basal parts of styles, no obvious difference in pollen tube

number was found between diploid and tetraploid cultivars.

Fig. 7. Pollen tubes grow inside TT in Muscat of Alexandria pistils (A), and outside

septa, not in TT, in Kyoho pistils (B). PT, pollen tube; TT, transmitting tissue;

Ov, ovule; Sp, septum

Fig. 9. Tissue standing to collect diffusates from style and ovary. Tissues were removed
from agar blocks after standing for 15 min.

" Pione(dx) ' " °

LR

. 10. Effect of standing ovary tissues on in vitro pollen germination. After

standing ovary tissues on agar blocks, Muscat of Alexandria pollen
grains were scattered and incubation was carried out at 25°C for 8 hr.

However, at both middle and basal parts of ovary tissues, a
significantly large number of pollen tubes were noted in
diploid cultivars compared with tetraploid ones. At the
micropyle, 1.3 to 3.5 pollen tubes penetrated the ovule in
diploid cultivars, while only 0.4 to 1.0 pollen tubes were
found in tetraploid ones. Usually, four or five ovules develop
in each pistil, which means that one to four ovules, out of the

four or five ovules, can be fertilized in each diploid grape

-9O8 -



J. ASEV Jpn., Vol. 18, No. 2 (2007)

pistil, while less than one owvule is fertilized in each
tetraploid grape pistil.

From these data, it is noted that most pollen tubes
penetrating through the style stopped growing at the upper
and middle parts of the ovary.

(2) Pollen tube growth inhibitor in tetraploid grape
pistils

As a simple in vitro test, a thin longitudinal slice of
blooming Kyoho pistil was prepared using a freezing
microtome and covered with heated liquid agar (1% agar
and 20% sucrose). After cooling, sound pollen grains of
Muscat of Alexandria grapes were scattered on the agar
surface and incubation was carried out at 25°C for 8 hours.
Significant inhibition of pollen germination and tube growth
was observed above the upper and middle parts of the ovary
slice, although no such inhibition was found above the style
tissue (Fig. 8). This finding was further supported by a tissue
standing test using agar blocks, where various numbers of
styles and ovaries were vertically set on agar blocks as
shown in Fig. 9 (Okamoto et al, 1989c). After removing
plant materials, pollen grains were scattered on the agar
surface and incubation was commenced at 25°C for 8 hours.
Figure 10 shows that strong pollen tube growth inhibitors
(PGIs) originating from Pione and ovaries (tetraploid
grapes) diffused into the agar blocks, although no such
inhibitory effect was detected from Muscat of Alexandria
These the possibility of
incompatibility and/or the presence of PGIs in tetraploid

ovaries. results  indicate
grape ovaries.

To examine the possibility of incompatibility in
tetraploid cultivars, self- and cross-pollination tests and
several treatments to overcome self incompatibility were
(Okamoto et al, 1989a).

cross-pollination, repeated pollination, bud or delayed

conducted However,
pollination, and heat treatment of pistils at bloom did not
improve pollen tube growth in Pione grape pistils.

On the other hand, the involvement of PGIs could be
easily demonstrated in tetraploid grape pistils. The effects of
H,0 and MeOH extracts of diploid and tetraploid grape
pistils on pollen tube growth were examined by adding the

extracts to a liquid culture medium for in vitro pollen culture

(Okamoto et al. 1989¢; Okamoto et al. 1989d). Both pollen
germinability and tube growth were significantly inhibited
when HyO extracts of tetraploid grape pistils were added.
The inhibitory activity was constant during the pre-bloom
stage and resistant to heat. From these findings, it was
concluded that the inhibition of pollen tube growth in
tetraploid grape pistils may be caused by mechanisms
different from those operating in self-incompatibility
reported in many incompatible plants.

Separation of the extracts by successive partitioning with
hexane, ethyl acetate, MeOH, and H,O revealed that the
components exhibiting inhibitory activity existed in the
MeOH and H,O fractions. After further separation of the
MeOH extract by Sephadex LH-20 and ODS column
chromatography, two major components, PGI-1 and PGI-3,
were purified (Okamoto et al, 1995). They were identified as
quercetin glycosides and finally, PGI-1 was determined to
be quercetin glucuronide (Fig. 11) (Arisawa, 1996).

These

indicate that ovary

results

tissues of tetraploid
cultivars have
higher contents of
PGIs than those of

diploid ones, and COOH
(8]
this may be one of OH
HO
the reasons for the oH

suppressed  pollen
tube growth in

grape

Fig. 11 PGI-1 from Pione pistils identified
as quercetin glucuronide

tetraploid
pistils.

(3) Pollen tube growth promoter extracted from TT in
tetraploid grape pistils

Pollen tubes penetrate the style and ovary of grape pistils
through TT extracellular spaces, as discussed above. The
extracellular spaces are usually filled with matrix that is
stained with PAS and alcian blue. TT extracellular matrix
(TT-ECM) is thought to control pollen tube growth directly
because TT-ECM supplies nutrients to pollen tubes.
However, it is difficult to extract only TT-ECM from
thriving grape pistils because the diameter of TT is less than
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Rinsed with H,O and
extracted with mineral
solutions

|
Glass capillary

~

Apoplast extract

Fig. 12 Apoplast extraction and separation of TT-ECM. TT was excised
with a micro capillary and subjected to apoplast extraction with
H,0—NaCl—MgCl,, in that order.

40 pm. However, inserting a micro capillary (I.D. 100 pm)
from the top of a pistil (stigma) to the base of the ovary
could excise the central column of the pistil, including
mainly TT, with minimum contamination by other ovary
tissues (Okamoto et al, 2002b). The excised TTs in the
micro capillary were washed successively with HO, 1 M
NaCl, and 50 mM MgCl,, and each extract was obtained by
centrifugation at low speed as 3,000 rpm (Fig. 12). This
extraction procedure using mineral solutions enables release
of ion-bound ECM from the cell wall, and is called the
apoplast extraction method. Sample pistils were collected
from two diploid (Muscat of Alexandria and Campbell
Early) and two tetraploid (Kyoho and Pione) grapes and the
effects of the extracts on pollen tube growth were compared.
Interestingly, NaCl extracts of tetraploid grape pistils
possessed strong pollen tube growth promoting activity
(pollen tube growth promoter; PGP), while extracts of
diploid ones were inactive (Table 2). After separating the
NaCl extracts on a TSK gel column and biochemical
analyses, a PGP having a molecular mass of approximately
40 kDa was purified, which was assumed to be a
polysaccharide composed of D-glucose units (Murakami
and Okamoto, 2005). The PGP may facilitate passage of
pollen tubes through the central part of the ovary of

Table 2 Effect of apo-plast NaCl extracts from the TT in cv. Pione
pistils on in vitro pollen germination®

Pollen germination¥(%)

Molecular weight No. of pistils

(range) extracted Campbell Early Pione (4x)
(2x)
25 17.3 * 49.7 *
5,000 - 10,000 50 13.7 ** 70.9 **
100 14.1 ** 73.4 **
25 154 * 0.0 **
10,000 - 30,000 50 21.9 68.5 **
100 13.5 ** 75.8 **
25 16.4 * 51.9*
>30,000 50 11.2 ** 59.1 **
100 0.8 ** 74.3 **
Blank 23.6 40.4

z Extracts were dried in vacuo and added to 100 1 1 of pollen germination
media.

Y Mean = SE. Means were compared with blank test (t-test), * p<0.05;
**p<0.01.

tetraploid cultivars where TT develops poorly. In diploid
cultivars, pollen tubes can easily penetrate ovary tissue
because of the well-developed TT.

Together, the results indicate that pollen tube growth in
grape pistils is controlled by a balance of several factors,
including the different developmental patterns of TT and the
existence of PGI and PGP in ovary tissues. Further
experiments should be performed to clarify the mechanisms
of TT development and PGI and PGP production, as well as

the effects of cultivation conditions on those mechanisms.

3. Methods to overcome poor berry set in tetraploid
cultivars

After the development of Kyoho and other tetraploid
cultivars in the 1960s, growers have made great efforts to
overcome poor berry set. Several cultivation conditions were
found to improve berry set. Some were temporary solutions

while others are practiced to this day.

1) “Protected” cultivation

Grape cultivation in a film-covered plastic house began
in the 1960s. In general, berry set of Kyoho and other
tetraploid cultivars is significantly improved when the vines

are planted in plastic houses. Covering clusters can improve
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berry set if the blooming period overlapped with the rainy
days. Such “protected” cultivation conditions present two
major advantages for berry set: one is that it protects the
cluster from rainwater, ensuring sufficient self-pollination,
and the other is that it keeps higher temperatures than
outside, resulting in improvement of both pollen tube
growth into pistils and ovary development after ovule
fertilization. Together with the other advantages for cluster
production, such as less infection by diseases and good
appearance of harvested clusters, tetraploid cultivars are

usually grown under protected cultivation conditions.

2) Foliar and cluster application of SADH
The effectiveness of pre-bloom application of
N-dimethylamino succinamic acid (SADH), a plant growth
retardant, in improving Kyoho berry set was found in the
1970s. Foliar spray of SADH two to three weeks before full
bloom was widely practiced in many Kyoho vineyards,
producing filled clusters. The spray retarded significantly
shoot growth in Kyoho vines where vigorous shoots often
caused severe flower shatter. It is generally accepted that the
improvement of berry set after SADH spray is caused by
decreasing nutritional competition between shoots and
clusters. However, Naito (1974, 1976, 1980) demonstrated
that SADH application to only clusters improved berry set.
He analyzed changes in endogenous plant hormones after
SADH application and concluded that SADH increases
cytokinin activity in florets at bloom, ultimately promoting
Kyoho berry set. Okamoto et al, (1985) found that the
SADH spray for Kyoho clusters increased significantly
normally developed florets at the blooming stage, which
results in seeded berry setting.
In 1985, SADH was found to induce growth of cancer
cells in humans, and its production was stopped worldwide.
Thereafter, other growth retardants, CCC

(2-chloroethyl trimethylammonium chloride), were found to

such as

be effective. However, most growers had already improved
the cultivation conditions of Kyoho by using pruning
systems and fertilizer application, realizing good berry set

without having to apply such growth retardants.

3) Canopy enlargement with weak pruning

The greatest improvement in Kyoho cultivation was the
development of the cane pruning system with an enlarged
canopy (Tsuchiya, 1980). The system was predominantly
established by grape growers in Yamanashi Prefecture in the
1970s. The canopy size ranged from 100 to 300 m” for each
vine. Kyoho vines growing on such a large canopy develop
a lot of short shoots and no vigorous ones. In such shoots,
Kyoho can set a sufficient number of normal seeded berries
to produce marketable clusters. This fact agrees with the
finding of Okamoto et al. that the development of ovules
and TT at anthesis, as well as pollen tube growth after
pollination, was better in short shoots than in long and

vigorous ones.

4) Root-zone restriction

To control shoot vigor in tetraploid cultivars, a root-zone
restriction planting system was developed by the Hiroshima
Prefectural Institute for Fruit Production (Imai, et al. 1987;
Imai, 1991). This new system improved berry set of
tetraploid grape vines and enabled production of filled
clusters. Anatomical analyses of florets at anthesis revealed
that ovule and TT development, as well as pollen tube
growth after
compared to vines cultivated with the conventional method
(Okamoto et al, 2001b). Imai et al. (1991) planted Kyoho
vines at 0.5 m intervals in a raised bed (0.6 m wide and 0.3
m high) in a film-covered house. Such a high-density

planting system can produced fruit clusters at a normal level

anthesis, were significantly improved

in mature vineyards (15 to 20 tons per ha) even in the
second year after nursery planting. Recently, developed a
‘Hiroshima bilateral cordon system’ for tetraploid grape
cultivation where vines were planted at 4 to 8 m intervals in
raised beds furnished with an automatic irrigation system
(Kato and Imai, 2000). This new root-zone restriction
system with “enlarged canopy” vines has been adopted
widely in Hiroshima Prefecture, because of the promising
marketable cluster production a few years after nursery

planting.

5) GA; treatment to induce parthenocarpy
Seedless berry production of cv. Delaware and Muscat

Bailey A was established in the 1960s by treating pre-bloom
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indicate that Pione clusters tend to exhibit
Table 3 Effects of GA, treatment on berry set and seed development

in Aki-Queen and Pione grape clusters parthenocarpy and that GA; stimulates seedless

berry set. Measurements revealed that pollen tube

. Seedless
Cultivar  Lmeof GA Berry set berry  No- of seeds growth in pistils was inhibited by GA treatment in
) y
application Z % o per berry ) o
0 Aki-Queen but not in Pione because tube growth
Aki-Queen At blooming 74.8 92.1 0.07 was already completed by the time GA3; was
Untreated 42.0 232 L11 applied in Pione. The most important effect of GA
koK kK k%
treatment on Pione pistils was on the growth of
Pione 3 days after full bloom 96.5 100.0 0.00 the ovary wall. GA treatment was found to
Untreated 73.9 98.6 0.01 .. . . . .
significantly increase ovary wall width in Pione
k% k%K *

ZClusters were dipped into 25 ppm GA, solution. Means in each column and
each cultivar were separated by the t-test (**, p<0.01, *, p<0.05, n =38).

clusters with 100 ppm GAj;. However, GA treatment of
tetraploid clusters was unsuccessful because of excessive
elongation and severe hardening of the rachis, resulting in
After trials,

successful GA treatment at concentrations as low as 15 t025

insufficient berry development. several
ppm was achieved in cv. Pione in the 1980s, where GA; was
applied to post- and not pre-bloom clusters. A high
percentage (50 to 70%) of florets in the treated clusters
usually set seedless berries. To produce compact clusters
weighing 400 to 500 g, flower clusters should be trimmed,
leaving only a 3 to 3.5 cm portion at the tip during blooming
time. The second GA treatment must be carried out using 25
ppm GA; 10 to 14 days after the first treatment.

As noted previously, tetraploid cultivars, such as Kyoho
and Pione, spontaneously set a lot of small seedless berries
(Okamoto et al, 1984). This means that the cultivars tend to
exhibit parthenocarpy, which may be due to high levels of
plant hormones such as gibberellin. It is considered that the
exogenous application of GA; at low concentrations even at
post-bloom can stimulate seedless berry set.

Miura and Okamoto (2004) studied berry set of
Aki-Queen (selected from Kyoho seedlings) and Pione
grapes in both GA-treated and untreated clusters. As shown
in Table 3, the number of seedless berries per cluster of
Aki-Queen was increased significantly by applying GA; at
full bloom. On the other hand, in Pione clusters, 98.6% of
set berries were seedless even in untreated clusters. The
percentage berry set, however, was increased significantly
by applying GA three days after full bloom. These data

pistils when measured five and ten days after
bloom, although cell number was not increased.
From these results, it is concluded that GA
treatment of tetraploid grape clusters stimulates
ovary wall tissue growth, resulting in a high percentage of

seedless berry set in the clusters.
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[ Bl T FoofsEREE (2)

4567 Ry OFREERR—EDORRA & BEE i
[oi] A LR

R LR e B AR ERFERE (B2) 700-8530 il Lt s o 1-1-1

B B

1937 FRICKFH B B 415 KT oo “AlRFA’

L BT ETV EOREETV., EOEENGR
Lz ‘B 1T, BRI E R CRE G IERIEND,
W Ch 7=, UL, EIREDVS LW
LWV REEFD, EREORIFIRETH -7, W
PFROFERFFEZ D & T~ T—U—D 4
FEAIEARA T B 2 A R A RS R R
RO, aYPXROAERERTH LT =7 Uk
FASREFENTE Y, LN -> T, BElEOREFERRITE
T=TNNHHE LB EEDIE, 1960 405
Filde & fth oD 4 fEARGHRE & OB AEIC L~ T, e —
X AV BT RE ZHO AMEHRSFEIER S,
T LTy s v ATy b AHKER A EERE TS
EE, fEE, dEERY GUIBHENER) Ok
(EAFERER) 72E, IO RWNE D
AEFENT, LorL, 1980 FARLAKED T 270 4 55 FE
X, Y BT, B3R THY, b OfEE
RNROJFIKZEH & 2 OUGER OBRFEIIIEF I\ EHEL /A
T T H o7,

EHOIL, B, A —ROFEFERROJRRE 205
DO HEE L U, F 9 SO OB RE A FZERSC in vitro
FERAAT - T, FEFERROTARFKAMEROFEE RS
BEIEEAEORBIZHD Z L 20D, S HITE
BHEZ L ha—L LT AWE MO PICAEE
THIEEHALMNI L, ZH ORI E 27~
EEBIT, 4 RO FERARZ AT 572012,
B TITHONT-SER OB & Z DORRIZ DN T, i
HISEM T2,

1. BEFBORE

1) EDS50FxE
BRAEHADHET W R OIRD 5 OFFREZ A L7552

EARTECIE 80% LA EOIER S EREMIZIER Th -

TeDIZH L, 4 FHASFE I, HlfkEsEo By ilHG
E, AE e & THIERIERRIT 40~50%, FEFEOAR
B7pElE, B4 —3 TR 5 OIFIERFORK
FENL L B b, IEFMERTH TN 20~30% Th
ST, Fo. FAYETERNI A TR E IR
RERRN S HITIRNZ 2D FHE OB RS
DS 4 EARSFEO RO FER RIZEIE- L T D L HESE
STz, T, BEHEIREEAZ 2 72 Nitsch (1951)
DFABEH I W CBIAERTO/IMER SR L= & 2 A,
EA—RMETIL, BRI A 56D H IO T
FRELITIER L2, MR TOWD 5 O3 EITE
L RRERST, —J, ATy hF 7T x4
Y RUTTIE, FEOERE, MEROFEEICKITTESR
BEORBI TG NS o Tz, ZNLHDZ EnG, 4
HASTETIL, BIfEM £ TORRER, IR 9 DIFRER &
RORFIEDEFARO—K T, FRCERFENEE T
b5 L FOMANEIND Z EBHLNI ST,

2) EMEFBEBORTEE

HEF VNN TOLERE DB T 55544k (Pollen
tube transmitting tissue, TT) OF&EIL, EHE L OV5H
EERIZONT TR 2 AR & 4 RS RRIC B 250 T
IR, PR TR 4 f5RS TR TT FE I
ICRGERD DVNIRIBRCTH Y . T B EERE
IEO—HIZ72 5T D LHEE SN D, HIHIRRERS /e
ETHEM OB 24925 & TT DI b DL
BINDIEND, DD ORGERR LFRKIC, B
FEFMITT HECHEE L5 L b D,

3) HFVRITHTHENEERDHEE

BAEM O E LT rFEE DT T ey s
(Sucrose 20%% &te) Lio—ERMER L%, €D
T BT ERE TS L. 4 [HRSRRDFEE)
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Ol E R ZHET 2% E  (Pollen tube growth

inhibitor, PGI) 2371 > 7 AZHERT 5 Z & D3RO B
T MEF WO RE 80— N A B FREOEECEtfehht L,
PGI{EMEZ 7 A LTS, MeOH F6 L UUKHhHIY
HIIZ PGI D% < DMF(E LT=, MeOH it % %0 7
m~ MCoOBEL TR R, 2 FEO PGL S EEESh, £
@ 1 Dl quercetin 3-O-glucuronide & [FIE S A7z,

4) 4 EARIEOM T LRICTEFTh IEMNEERRED
=}

BB OB TH D TT OMIERIBRIZIZ, PAS X7
N T TN Yt Z D TT MfafiBR )
' (extracellular matrix, TT-ECM) WfEET 5, BEAEH
DMEFT NS TT #5328 0 H LT, NaCl B
MgCL & C TT-ECM % 7R 77 A Mt L7=, ©4
—MEF VD NaCl fhiti#icid, TAESMC B EE
REET H1EEY'E (Pollen tube growth promoter,
PGP) MFIEL., Fv LVl T7— ) —DOMEF N TIEE
DIEMIE 22372, ZDOZ LT, TTAFEL TS 2
ARG CIL, FRAERE OEREZIET 208 01T
TERMEETIXAR N, EDOFGENA R 4 (FRLFET
A E A RACEWE DFEEIZ L > T 9 U Tk,
FEATERAATREIC e > TWD D EEZ HND, 728,
EA—MES VO TECM & £ 5 PTT @ 1 Sl
D-glucose % £hf5r &3 553 14K 40 kDa DEZPEHHT
HDH T EAVHI LTz,

2. Af5KRT FOERFROHREHLT

1960 AERITHAE - T2 FIEOHFIH I T, KPEMT
IIHREFLETE DT DI RN T, £77.1960
FRIBEOE=— LT g VAEBEOEKIZE T, B
WEDFBHIBIEIZ IR Y bhdT=, FOTshRx, Bt
HOIEFEAHE DR & 1 LT Th o 72, 1970 FRUIZA
%L, BALAISADH (B-7-1 ») OBIERTOEATIE
WEDFERLTENIRE IR E b7 b9 2 LB LM
. ZHUC K > CEBSREAIRE <R LT, [FF
(2, IIBLROPEHCRARE S-SR OJER & KRy - 595
SEHEANC LT, Blg, B —rOfRELENRKE
< A L. R ADIERRIEC K5 B-FA Rl
BITMIE DRI & 72 o7z, —T7, 1980 4RI, A
SSRGS C TRISGRIIRAET ) 0sBFe S,
Flgra EOFAERDa Y ha—L &) Z LIk -
T, MEELEEZMI[TDHE L BT, By REH
N BRI > TR LA bk LT,
1980 4EAR DM B 1L, B A —ROIERD GA ALPE
\Z& o T EEROBRMERDER SN, ZOEIN
BRRIC L - T, N E CIIEEMRNANATEETH - 72
FRETETRTH, RE LSS AREL 72, v
— I A AR E FIMORRE LT, 2 ORI,
R, ams A —, B Y £ O 4 fERBFEIC
X LTHAEZNT, BIETITE A LD 4 fFHASREITRL
E R T J o THERAE I N TN D,
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