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Abstract. We evaluated the extent to which ‘Swenson Red’ seeded grape (Vitis~ spp.)
responded to single and repeated GA ,applications to induce seedless fruit development.
Field studies were conducted to test the time of pre-anthesis GA,application (18, or 24
May or 3 June), the usefulness of postanthesis application, the optimum GA,concen-
tration (0, 0.075, 0.15, or 0.3 mm), and the method of application. The treatment dates
that gave a high percentage of seedless berries with an acceptable berry count per
cluster were 24 May with postanthesis application and 3 June pre-anthesis only. The
optimum GA,concentration was 0.15 mm applied both before and after anthesis. The
most seedless berries developed when pre- and postanthesis applications were used,
indicating many seedless fruit developed from flowers that would have abscised. There
was no difference in percent heedlessness, number of berries per cluster, or number
of seeds per berry between clusters dipped or sprayed with 0.3 mm GA,. Chemical
uame used: gibberellic acid (GA)).

parthenocarpy

GA,is known to stimulate parthenocarpic
fruit development in grapes and other fruits
(Pharis and King, 1985). Clore (1965) and
Ito et al. (1969) established that dipping flower
bud clusters of V~ labruscana ‘Delaware’
in 0.26 mm (100 ppm) GA,»10 days before
and again 10 days after anthesis resulted in
nearly 100% seedless fruit. Pratt and Shaulis
(1961) aso obtained a high percentage of
seedless fruit with ‘Fredonia grapes, espe-
cialy under conditions of reduced or inhib-

pruned in early spring, and summer pruning
was performed as necessary to control vigor.

In 1985, 10 canes, each bearing two in-
florescences, were randomly selected on each
of three dates (18 and 24 May and 3 June).
Ten additional canes with two inflorescences
each were selected to receive a water control
on 18 May. Inflorescences were dipped in
0.26 mm potassium salt of GA, or water (both
solutions contained a small amount of Tween
20 as a surfactant) and agitated briefly to

ited pollination. In many other cases, dislodge air bubbles. Both inflorescences on
however, GA,failed to induce seedlessness

(Motomura and Hori, 1978); thus, cultivars

each shoot received the same pre-anthesis
treatment. On 17 June (corresponding to fruit
set for clusters with GA,on 18 May), 0.26
mm GA ,was applied to the distal cluster on
each cane, including shoots that received only
water as a preanthesis treatment. There were
no nontreated distal clusters, and interaction
between clusters on the same cane was as-
sumed to be nonexistent. The experiment was
a completely randomized design with four
and two treatment levels of two factors:
preanthesis and postanthesis GA,applica-
tion, respectively. Data were subjected to
arcsin transformation for analysis of variance
and back-transformed for presentation.

Three factors were studied in 1986: GA,
concentration necessary to induce seedless-
ness (0, 0.075, 0.15, and 0.3 mm), appli-
cation method (spraying vs. dipping clusters),
and time of application (pre-anthesis, post-
anthesis, and pre- + postanthesis). Three
canes on each of 10 vines were selected to
receive the same GA,concentration but at
different application times: pre-anthesis (27
May), postanthesis (18 June), or pre- + post-
anthesis (same dates). Another 10 vines were
selected to compare application method at the
highest GA,rate, again with the same appli-
cation times. All canes were thinned to one
inflorescence each at the time of pre-anthesis
application.

This experiment had been designed as a
split plot with the plant as the main plot.
However, because many shoots were wind-
damaged and bird injury to fruit was sub-
stantial, data were analyzed according to a
completely randomized design. Again, data
were arcsin-transformed for analysis and back-
transformed for presentation.

In both years, clusters from al treatments
were harvested at the same time, when the

need to be evaluated individualy for this
characteristic.

The objective of the following studies was
to evauate the response of Vitis = spp.
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‘Swenson Red' to single and repeated appli-
cations of GA,under field conditions to
stimulate seedless fruit development. * Swen-
son Red’ is a high-quality, seeded table grape
able to reliably survive temperatures com-
mon to Minnesota winters.

Vines of ‘Swenson Red’ used in the 1985
and 1986 field studies were grown at the
Univ. of Minnesota Horticultural Research
Center near Excelsior. Vines were planted in
1979 at a 2-m spacing, trained to double up-
per cordons, and cane-pruned. Vines were
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Effect of pre- and postanthesis application of 0.26 mm GA,on number of berries per cluster
and on the number of seeds per berry for ‘ Swenson Red’, 1985.
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Fig. 2. Effect of pre- and postanthesis GA,application on number of berries per cluster and number

of seeds per berry for ‘ Swenson Red’, 1986.

Table 1. Effects of pre-anthesis and postanthesis GA,(0.26 mm application on fruit set and seed-

lessness of ‘Swenson Red’ in 1985.

Seedless

Pre/postanthesis berries/cluster Berries/cluster Seeds/berry
treatment (%) (no.) (no.)
Control/0 0 b 65.0 a 1.74 a
18 May/0 35b 3090 1.48 a
24 May/0 23.1 ab 39.1b 1.14a
3 June/0 379 a 70.4 a 1.06 a
Control/GA, 46.5b 87.4a 0.95a
18 May/GA, 51.4b 91.4 a 0.63 a
24 May/GA, 80.2 a 80.5 a 0.24b
3 June/GA; 48.3 b 499 b 0.81a
Effect of pre-anthesis treatment ** NS **
Effect of postanthesis treatment i > **
* %k * % *

Interaction

“Means separation within columns and among postanthesis treatments by Tukey’s HSD, o5 Values. Data

represent means of eight randomly selected clusters.

NS.x.**Nonsignificant or significant at P = 0.05 or 0.01, respectively.

Table 2. Effects of GA,concentration and use of postanthesis GA,application on fruit set and

seedlessness of ‘ Swenson Red’ in 1986.

GA, Seedless
concn berries/cluster Berries/cluster Seeds/berry
Time of application (mm) (%) (no.) (no.)
Pre-anthesis 0 0 71.3 2.25
0.075 0 39.6 1.74
0.15 0 35.3 1.65
0.3 41 30.9 1.44
Postanthesis 0 0 60.6 2.25
0.075 19.7 54.8 1.60
0.15 17.3 56.6 1.62
0.3 10.7 64.8 1.80
Both 0 0 57.0 2.14
0.075 7.6 27.5 1.64
0.15 30.4 52.6 1.32
0.3 1.0 330 1.79
Effect of application time *E ** NS
Effect of GA; concentration *x ** b
Interaction * * NS

NS.*.**Nonsignificant or significant at P = 0.05 or 0.01, respectively.

GA treated clusters had completed veraison
and were ripening. Berries were sliced equa-
torially, the number of seeds per berry
counted, and the berries were categorized
according to seed count.

In 1986, no statistical difference was de-
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tected between the two application methods,
and the data, therefore, were pooled.

GA ,application either before or after an-
thesis induced seedless fruit development. In
fact, the mgjority of berries in the 18 and 24
May treatments that received both pre-an-

thesis and postanthesis applications were
seedless (Table 1). In 1986, postanthesis
treatment also increased percent heedlessness
at al GA concentrations (Table 2); seedless
berries were induced only when a postan-
thesis application was used, except at 0.3
mMm GA,, where a few seedless berries were
induced with a preanthesis application alone.

In both 1985 and 1986, clusters receiving
postanthesis application usually had more
berries than clusters receiving only a pre-
anthesis application (Tables 1 and 2). The
only exceptions were the 3 June application
in 1985 and the 0.075 and 0.3 mm pre +
postanthesis applications in 1986. Pre-an-
thesis GA,treatment without a postanthesis
application reduced berry count per cluster,
except for the 3 June treatment in 1985.

Pre-anthesis or postanthesis GA,treat-
ments reduced the mean number of seeds per
berry, athough the reduction was not as great
in 1986 as in 1985 (Tables 1 and 2).

The mode of action of GA -induced par-
thenocarpy is unclear. The accepted mech-
anism (Motomura and Ito, 1972) states that
pre-anthesis application of GA,“kills’ ovules
and that postanthesis application stimulates
subsequently seedless fruit to develop to ma-
turity. Other evidence (Fellman, 1989)
suggests pre-anthesis GA,creates “de-
velopmental incongruity” between the pistil
and the embryo sac; pistil development is
accelerated, but development of the embryo
sac does not change, the result being failure
of double fertilization and lack of seed de-
velopment. In addition, Fellman (1989) found
the degree of developmental incongruity
lessened over the flowering period, indicat-
ing earlier-opening flowers were more likely
to be seedless than later-opening ones.

The difference in berry number per cluster
between clusters receiving GA,before vs.
after anthesis appeared to consist largely of
seedless berries (Figs. 1 and 2). Perhaps,
GA ., stimulated nonfertilized or otherwise
nonviable fruit to be retained. The excep-
tions are significant in that the pre-anthesis
3 June treatment without postanthesis appli-
cation was probably |ate enough to stimulate
aready nonviable flowers to continue de-
velopment similar in effect to a postanthesis
treatment. Likewise, the addition of a post-
anthesis application for this treatment was
perhaps excessive, resulting in thinning of
the berries. In 1986, postanthesis treatments
resulting in decreases in berry count per cluster
were probably due to inadequate or exces-
sive GA,concentrations.

The low percentage of seedless berries from
the 1986 study, compared to 1985, could,
perhaps, be explained by environmental con-
ditions, although high temperatures (3 30C;
Motomura and Hori, 1977) did not appear to
be the cause during our experiments.

The optimal time for GA,application is
not well defined. External markers used to
determine stage of inflorescence develop-
ment are subjective and prone to error. The
literature describes the optimal time as when
individua florets on the inflorescence are
slightly separated (Ito et al., 1969). A dight
misjudgements could easily result in a sub-
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stantial increase in seeded berries or in no
berries at al (Motomura and Ito, 1972). A
more accurate and, hence, more meaningful
description of inflorescence development,
perhaps based on growing degree days, could
help remove subjectivity. Until then, the wide
year-to-year variability and increased labor
costs associated with repeated applications
make the commercial use of GA.-induced
parthenocarpy limited. Further research un-
der field and controlled environments is nec-
essary to better understand conditions that
result in parthenocarpic fruit development.
With a thorough comprehension of the
mechanism of GA-induced seedlessness, fruit
producers may be able to better manipulate
this growth regulator.
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