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Abstract. Pollen from six southern highbush blueberry cultivars derived from Vac-
cinium corymbosum L. and one or more other species (V. darrowi Camp, V. ashei
Reade, and V. angustifolium Aiton) was incubated on nutrient agar to determine tetrad
viability, pollen tube growth rates, and incidence of multiple pollen tube germinations.
‘Avonblue’ pollen had a significantly lower tetrad germination percentage than ‘Geor-
giagem’, ‘Flordablue’, ‘Sharpblue’, ‘Gulfcoast’, or ‘O’Neal’, all of which had >90%
viable tetrads. The in vitro growth rate of ‘O’Neal’ pollen tubes was significantly higher
than the growth rates of ‘Sharpblue’ and ‘Georgiagem pollen tubes. Of those tetrads
that were viable, more than two pollen tubes germinated from 83% and 91% of the
‘Gulfcoast’ and ‘Sharpblue’ tetrads, respectively, while only 11% of the ‘Flordablue’
tetrads produced more than two pollen tubes. The total number of pollen tubes ger-
minated per 100 tetrads ranged from 157 (‘Flordablue’) to 324 (‘Sharpblue’), resulting
in actual pollen grain viabilities ranging from 39% to 81%. Genetic differences in
pollen vigor, as indicated by pollen viability, pollen tube growth rates, and multiple
pollen tube germinations, may influence blueberry growers’ success in optimizing the
beneficial effects of cross-pollination on fruit development.
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Early ripening southern highbush blueber-
ries, which are complex hybrids involving
Vaccinium corymbosum, V. darrowi, V.
ashei, and/or V. angustifolium, supply an early
market at premium prices for blueberry
growers from the Gulf coastal plains (Lang
and Danka, 1992; Lyrene and Sherman,
1984). Improved knowledge of southern
highbush fruit development and ripening is
vital to full realization of their genetic po-
tential. Since their interspecific ancestry in-
cludes diploid, tetraploid, and hexaploid
species ranging from self-fruitful to self-in-
compatible, one of the first factors to study
with regard to fruit development is pollen
viability and vigor.

Ranges in pollen viability have been re-
ported from 48% to 99% and from 14% to
98% for rabbiteye and lowbush blueberry se-
lections, respectively (Cockerham and Gal-
letta, 1976). Differences in pollen viability
may contribute to the differences in fruit set
and development observed among highbush
blueberry cultivars (Eck, 1986). Brewer and
Dobson (1969) reported that ‘Rubel’ pollen
germinated in vitro and in vivo at signifi-
cantly higher levels than ‘Jersey’ (45% vs.
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23%). Vander Kloet (1983) found that pollen
viability correlated with seed count and fruit
size, but not fruit set percentage or days to
maturity in wild selections of highbush blue-
berries. Stushnoff and Hough (1968) found
that ‘Coville’ pollen tetrads failed to ger-
minate from anthers that did not dehisce
properly.

One measure of blueberry pollen vigor is
the growth rate of pollen tubes, although in
vitro growth rates may have little resem-
blance to in vivo growth rates due to the
influence of the maternal tissue (Sanders and
Lord, 1989). The ability of the pollen tetrad
to germinate more than one pollen tube may
be another component of pollen vigor (Knox
and Friederich, 1974). However, the ability
to germinate multiple pollen tubes may sim-
ply be another measure of viability if ger-
mination of each grain is independent within
the tetrad (P. Lyrene, personal communica-
tion). Each of the four united grains in a
tetrad is capable of germinating and forming
a viable pollen tube (Camp, 1945; Stushnoff
and Palser, 1969), although this phenome-
non has been studied little. Eck (1986) stated
that the blueberry pollen tetrad seldom pro-
duces multiple pollen tubes, citing Brewer
and Dobson’s (1969) report that 98% of ger-
minated ‘Rubel’ pollen produced single ger-
mination tubes; the remaining 2% produced
two tubes, and only rarely three. However,
Vander Kloet (1983) noted that the tangle of
pollen tubes observed in a water agar sample
made it impossible to determine whether vi-
able tetrads had two, three, or four tubes.
Few reports of blueberry pollen viability have
either 1) clearly differentiated between pol-
len tetrad and pollen grain viability or 2)
Plant/pollen materials. Four-year-old pot-
ted ‘Avonblue’, ‘Flordablue’, and ‘Sharp-
blue’ plants and 3-year-old potted
‘Georgiagem’, ‘Gulfcoast’, and ‘O’Neal’
plants were moved in February from a
shadehouse into refrigerated storage (7C).
After 4 weeks, flowers were forced at 25C
in the laboratory. Flowers were tagged at
anthesis, and pollen was collected randomly
from flowers of the same physiological age
(24 h after opening of the corolla) at various
shoot locations within and among 50 plants
of each cultivar. Pollen from all plants of
each cultivar was pooled for use as a treat-
ment.

Pollen tetrad viability. For this in vitro
experiment, “pollen tetrad viability” refers
only to the ability of a tetrad to germinate,
rather than the ability to also effect fertiliza-
tion. Since some previous studies of pollen
viability are actually based on tetrad, rather
than individual grain, germination (Brewer
and Dobson, 1969), viability is expressed as
the percentage of pollen tetrads with one or
more grains producing a pollen tube at least
as long (≈30 µm) as the tetrad diameter
(Cockerham and Galletta, 1976). Pollen grain

contradicted Eck’s interpretation. To our
knowledge, quantitative data on the ability
of southern highbush cultivars to germinate
multiple pollen tubes have not been pub-
lished.

The effects of interspecific hybridization
on pollen viability and vigor of southern
highbush cultivars are still unclear; reports
are limited and seemingly contradictory. In
vitro pollen viability percentages range from
22% for ‘Avonblue’ and 48% for ‘Sharp-
blue’ (Goldy and Lyrene, 1983) to 90% (using
acetocarmine staining) for ‘Avonblue’ (Gup-
ton, 1984). The former authors suggested that
the complex, diverse heritage of these inter-
specific hybrids may result in reduced fer-
tility, as manifested by poor pollen germi-
nation.

Since little is known about the pollen-pis-
til biology of southern highbush blueberries,
the objectives of this experiment were to
characterize a) pollen viability (as measured
by tetrad germination), b) pollen vigor (as
measured by pollen tube growth rate), and
c) incidence of multiple pollen tubes (allow-
ing estimation of pollen grain viability) for
‘Sharpblue’, ‘Flordablue’, ‘Avonblue’,
‘Gulfcoast’, ‘Georgiagem’, and ‘O’Neal’
southern highbush blueberries.
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viability was calculated as described below,
taking into account multiple pollen tube ger-
mination from each tetrad.

In vitro tetrad viability tests were con-
ducted using petri dishes containing 30 ml
of a nutrient agar medium [10% sucrose, 100
ppm H3BO3, 300 ppm Ca(NO3)2·H2O, 200
ppm MgSO4·7H2O, 100 ppm KNO3, and
2.5% water agar] (Stushnoff and Feliciano,
1968). Each petri dish was dusted evenly
with fresh pollen, then covered and incu-
bated at 25C. After 24 h, 300 random pollen
tetrads per dish were examined using a light
microscope ( ×100). There were four repli-
cations for each cultivar.

Pollen tube growth rate. Nutrient agar
plates were dusted with fresh pollen and in-
cubated at 24C for 72 h. Beginning 4 h after
incubation began, plates were removed every
2 h, and pollen tube lengths were determined
under a light microscope ( ×100). Measure-
ments, which began at different observation
periods based on when each pollen tetrad
germinated, were made with a calibrated mi-
crometer disk (Bausch and Lomb no. 31-16-
05; Rochester, N.Y.) placed on the eyepiece
diaphragm of the microscope. Individual
pollen tube measurements ceased whenever
a pollen tube burst (generally ≈60 h after
incubation began), as often occurs for in vi-
tro agar tests (Galletta, 1983). There were
four replications of 100 pollen tubes per dish
for each cultivar.

Multiple pollen tubes and pollen grain vi-
ability. Nutrient agar plates were prepared
and dusted as described above, then incu-
bated at 24C. After 24 h, 100 pollen tetrads
per dish were examined under a light micro-
scope (×100). Only pollen tubes longer than
≈30 µm were counted. There were four rep-
lications for each cultivar. Actual pollen grain
germination percentage, as indicated by total
pollen tube production, was calculated for
each cultivar by [(mean number of pollen
tubes in 100 germinating tetrads) × (percent
pollen tetrad germination)]/(four grains/te-
trad).

All data were analyzed by analysis of var-
iance, and mean separations were calculated
by Duncan’s multiple range test.

Southern highbush pollen tetrad viability.
In a preliminary experiment to compare a
simple water agar (Brewer and Dobson,
1969), the nutrient agar described, and a
crystal-violet staining technique for assess-
426
ing in vitro pollen viability (Stushnoff and
Feliciano, 1968), the nutrient agar yielded
the most consistent and accurate results (Par-
rie, 1990). Southern highbush pollen tetrad
germination was poor (≈50%) on water agar
alone, and crystal-violet staining yielded
variable results. The variability associated
with staining is often due to false positive
pollen viabilities (Parfitt and Ganeshan, 1989;
Werner and Chang, 1981). However, using
nutrient agar, in vitro tetrad viability was
high and similar among all cultivars except
‘Avonblue’, for which it was significantly
lower (≈80% vs. 90% to 96% for the others)
(Table 1).

Pollen tubegrowth. Although in vitro pol-
len tube growth rates may not be represent-
ative of in vivo growth rates due to con-
founding influences associated with the stylar
tissue, in vitro data can provide an indication
of inherent pollen vigor. The six southern
highbush cultivars in this study had signifi-
cantly different in vitro mean pollen tube
growth rates, ranging from 26 to 40 µm·h -1

(Table 1). Based on these data, pollen of
‘O’Neal’ was more vigorous than that of
‘Sharpblue’ or ‘Georgiagem’. Blueberry
pollen tubes will reach the base of the style
within 48 to 72 h of pollination (El-Agamy
et al., 1982; Galletta, 1983); clearly, at the
in vitro rates reported here, pollen tubes would
take at least twice as long to traverse a sim-
ilar distance. Anatomical studies of polli-
nated blueberry styles are needed to verify
the in vivo significance of these in vitro rate
data.

Multiple pollen tubes and pollen grain vi-
ability. In contrast to Eck’s (1986) conclu-
sion that multiple pollen tubes are infrequent
in blueberries, all of the southern highbush
cultivars in this study exhibited a substantial
level of multiple pollen tube germination
(Table 2). All ‘Sharpblue’ and ‘Gulfcoast’
tetrads that germinated had multiple tubes,
and more than 75% of the germinated tetrads
from ‘Avonblue’, ‘Georgiagem’, and
‘O’Neal’ had multiple pollen tubes. Only
‘Flordablue’ tetrads germinated about as many
single as multiple pollen tubes. The pro-
pensity for two, three, or four pollen tubes
per germinating tetrad also varied among
cultivars, yet distribution of this tendency
was not necessarily in accordance with pol-
len grain viability (Table 2). More than half
of ‘Sharpblue’ germinated tetrads had four
pollen tubes, while more than half of ‘Gulf-
coast’ germinated tetrads had three pollen
tubes. Germination of four pollen tubes from
‘Avonblue’ or ‘Flordablue’ tetrads was ex-
tremely rare. Consequently, assumptions re-
garding the independence of each grain in a
tetrad, and thus whether multiple pollen tube
germination may be a measure only of via-
bility or of vigor as well, remains to be tested.

The interaction between pollen tetrad vi-
ability and the propensity for multiple pollen
tube germination was calculated as actual
pollen grain germination percentage, a mea-
sure of each cultivar’s ability to generate po-
tentially fertile sperm (Table 2). Based on
its high propensity to generate four pollen
tubes and high tetrad viability, ‘Sharpblue’
had the highest pollen grain viability, fol-
lowed by ‘Gulfcoast’ and ‘Georgiagem’.
Much lower values (less than half that of
‘Sharpblue’) were recorded for ‘Flordablue’
(due to poor multiple pollen tube germina-
tion) and ‘Avonblue’ (due to both lower te-
trad viability and lower multiple pollen tube
germination).

The pollen grain viability for ‘Avonblue’
was nearly twice as high as that reported in
the nutrient agar germination tests of Goldy
and Lyrene (1983), but it was only half that
reported in the staining tests of Gupton (1984).
Goldy and Lyrene (1983) also germinated
‘Sharpblue’ pollen, reporting 48% viability
compared to our results of 81%. Conse-
quently, our data indicate that some cultivars
(‘Avonblue’, ‘Flordablue’) may exhibit the
reduced pollen grain viability that Goldy and
Lyrene suggested to be associated with poor
fertility of interspecific hybrids. However,
the high pollen tetrad viabilities and rela-
tively high incidence of multiple tube ger-
minations for ‘Georgiagem’, ‘Gulfcoast’,
‘O’Neal’, and especially ‘Sharpblue’ sug-
gests that their complex, interspecific ances-
tries do not adversely affect pollen grain
viability.

In vivo studies of southern highbush blue-
berry pollen fertility, as related to fruit set
and development, have been undertaken only
recently, with as yet variable results (Gup-
ton, 1984, 1991; Lang and Danka, 1991a,
1991b; Lyrene, 1989). Data from limited
cultivar pollination combinations indicate that
pollen source has little effect on fruit set, but
may have substantial effects on fruit size and
ripening date that are suggestive of a xenia/
metaxenia effect. Further understanding of
these pollen-based effects and their relation-
ship to cultivar selection will be of vital im-
portance to the development of southern
highbush planting recommendations.
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