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Abstract.

 

 Yields of southern highbush blueberries (

 

Vaccinium
corymbosum

 

) in north Florida and southeast Georgia were re-
duced by up to 50% in many fields in 2003 due to poor pollina-
tion and fruit set on varieties such as ‘Millennia’, ‘Star’, and
‘Southern Belle’. Mean daily relative humidity during the flow-
ering period (15 Febrary to 15 March), as recorded at the Ala-
chua station of the Florida Automated Weather Network
(FAWN), indicated that 25 of the 29 days of the pollination sea-
son in 2003 had above-average relative humidity, and only 4
had below-average relative humidity. Average values for this
comparison were based on data from the same FAWN station
for the past 4 years. It is hypothesized that poor pollen shed
and reduced bee flight due to rain and high humidity were re-
sponsible for the poor fruit set. Despite poor pollination and
yield reductions on most varieties, some varieties and test se-
lections had excellent fruit set. Small plantings had better fruit
set than large plantings, suggesting that bee activity during
the few days of good pollination weather was enough to polli-
nate small numbers of flowers but not large numbers.

 

Southern highbush blueberries (complex hybrids between

 

Vaccinium corymbosum

 

 L. and 

 

V. darrowi

 

 Camp.) are cultivated
on approximately 1000 acres in north and central Florida.
The plants normally flower from mid-February through mid-
March and ripen from early April through late May. The cul-
tivars range from partly to highly self-incompatible. Varieties

are inter-planted to promote cross pollination, and 2 to 10
colonies of honeybees per acre are placed in fields during
flowering. Native bees, notably southeastern blueberry bees
(

 

Habropoda laboriosa

 

) and queen bumblebees (

 

Bombus

 

 spp.)
are also important in pollinating blueberries in Florida, but
their abundance when needed for blueberry pollination var-
ies greatly from year to year.

Following a cold winter, which provided above-average
chilling, flowering was heavy in blueberry fields in north-cen-
tral Florida during February and March, 2003, and in the ab-
sence of freeze damage, prospects seemed excellent for a
large crop. By 15 Mar., however, it was obvious in the Gaines-
ville area that many berries on varieties such as ‘Millennia’
and ‘Star’ were not developing normally, and by early April,
numerous undeveloped berries were falling from many vari-
eties. The purpose of this paper is to describe the fruit set
problem that occurred on two large blueberry farms in Ala-
chua County in 2003 and to present data relative to the hy-
pothesis that high humidity during flowering contributed to
the poor fruit set.

 

Materials and Methods

 

Observations on flowering and fruit set were made on two
commercial blueberry farms in Alachua County, Florida, one
near Archer and one near Windsor. Both farms are owned
and operated by Straughn Farms. Each farm contained ap-
proximately 100 acres of blueberries planted on pine-bark
beds at the rate of about 1800 plants per acre. The plants
ranged in age from 1 to 10 years old on the Windsor farm and
from 1 to 5 years old on the Archer farm. Approximately 70%
of the Windsor farm and 30% of the Archer Farm consisted
of plants that were old enough to be in full production. The
farms were fertilized, irrigated, and otherwise managed as
recommended for commercial blueberry production in Flor-
ida. Honeybees (528 hives at Windsor and 200 hives at Ar-
cher) were brought in at the start of bloom to supplement
natural populations of bumblebees and southeastern blue-
berry bees (

 

Habropoda laboriosa

 

).
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Percent open flowers and percent corolla drop were re-
corded at various times during the flowering period for the
major varieties and for numerous test selections. The fields
were examined frequently throughout the flowering period
to determine whether flower thrips, freezing temperatures, or
botrytis flower blight were affecting pollination and fruit set.
At several times during the period of berry development, the
fraction of the berries that appeared to be developing nor-
mally was noted.

Data on mean 24-h relative humidity at the 2 m level were
obtained from the internet for the IFAS Florida Automated
Weather Network (FAWN) station at Alachua. Flowering data
for 2003 indicated that the period from 15 Feb. through 15
Mar. included the days during which most of the flowers of all
major varieties could have been pollinated at Windsor and
Archer. The mean 24-hr relative humidities for these 29 d in
2003 were compared with climatic normals for the same peri-
od. Blueberry pollen sheds poorly from flowers during peri-
ods of high humidity, and cloudy, humid weather reduces bee
flight. To obtain norms for relative humidity for the period 15
Feb. through 15 Mar., FAWN data from the Alachua station
for the four years 2000 through 2003 were used. The data
available were mean daily relative humidities at the 2 m level
for each day. The four years provided 117 daily means. These
were arranged in order from lowest to highest and then were
divided into 9 pollination-weather classes, from H+ to L-. The
H+ class included those days that had the lowest mean relative
humidity and the L- class those days that had the highest mean
relative humidity. An attempt was made to set the class bound-
aries so that each class contained one-ninth of the days, or 13
d per class. Table 1 shows that, because of limitations on the
precision of the data, class size ranged from 11 to 15 d. Using
the classes, the days of the 2003 pollination season were com-
pared with days of the same period for the previous three
years. In addition, each day of the flowering periods of various
varieties in 2003 was examined in terms of pollination weather
class to see if fruit set differences among the varieties could be
explained by relative humidity during their flowering periods.

Late in the fruit ripening season, samples of ripe berries
from several varieties were collected from the Archer farm.
Mean berry weight and the number of well-developed seeds
per berry were determined.

 

Results and Discussion

 

Two varieties that represented a large percentage of the
total planting on both farms, ‘Millennia’ and ‘Star’, had large

yield losses due to fruit drop and failure of many berries to size
normally (Table 2). The variety ‘Santa Fe’ also had very poor
fruit set, but was not widely planted on either farm. Numerous
test varieties not included in Table 2 also suffered large yield
reductions due to poor fruit set. At least 500 test varieties of
southern highbush blueberry were present in 15-plant plots at
the Windsor farm. Most of these had at least some fruit drop
or failure of some berries to size normally after pollination,
but there was great variation among the varieties. The four
numbered test selections listed in Table 2 were included be-
cause their high fruit set distinguished them from many vari-
eties and test selections. All the varieties in Table 2 are
southern highbush blueberry, except for ‘Climax’, ‘Becky-
blue’, and ‘Bonita’ which are rabbiteye (

 

V

 

. 

 

ashei

 

 Reade). The
three rabbiteye varieties were inter-planted in one field at
Windsor. The southern highbush were inter-planted in alter-
nating rows, with at least 3 varieties in each field.

The plants at both Windsor and Archer entered the flow-
ering season in good health with an abundance of flower
buds. The plants flowered heavily and the flowers appeared
healthy. The winter of 2002-2003 was unusually cold in north
Florida, with almost twice the normal number of chilling
hours in Gainesville. Damage from freezes was prevented af-
ter 1 Feb. using overhead irrigation. Flower thrips in the blue-
berry flowers at Windsor were very few before 18 Mar. but
became abundant and damaging by 20 Mar. Thrips were not
a serious problem during the flowering of the southern high-
bush varieties on the farms observed for this study. If Botrytis
blight was ever damaging at Windsor or Archer, it was only on
the latest flowers of the latest varieties.

Pollination weather, as determined by mean daily relative
humidity at the Alachua FAWN station from 15 Feb. to 15
Mar., was unusually bad during the flowering season of 2003
in Alachua (Tables 3 and 4). In addition, there were many
rainy days during the pollination season (Table 4). Only 3 d
out of 29 were in the best 3 pollination-weather classes in 2003,
compared to 12, 10, and 11 d for the previous three years. In
2003, 19 d were in the worst three pollination-weather classes,
compared to 5, 9, and 8 for the three preceding years.

Examination of the pollination weather on specific days
in 2003 relative to the stage of flowering of specific cultivars
supports but does not prove the link between poor fruit set
and bad pollination weather. For example, ‘Millennia’, on
which only the first-open flowers produced normal-sized ber-
ries, had 20% open flowers on 22 Feb., and the only two days
with good pollination weather during ‘Millennia’s’ flowering
season were 23 and 24 Feb. (Table 4).

 

Table 1. Description of 9 classes of pollination days based on average percent relative humidity at the Alachua, Florida FAWN location between 15 Feb. and
15 Mar. for 4 years (2000-2003).

Class
no. Class name

Mean 24-h
relative humidity

Number of d in class for 4 years
2000-2003

Number of d in class for individual years

2000 2001 2002 2003

1 H+ 35-58 11 0 5 6 0
2 H 59-68 12 5 2 3 2
3 H- 69-71 13 7 3 2 1
4 M+ 72-73 13 7 3 2 1
5 M 74-75 12 5 4 3 0
6 M- 76-77 15 1 3 5 6
7 L+ 78-80 14 3 4 4 3
8 L 81-87 13 2 4 2 5
9 L- 88-96 14 0 1 2 11

Total days 117 30 29 29 29
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Several varieties that flowered at approximately the same
time as ‘Millennia’ and ‘Star’ had excellent fruit set. These
include ‘Emerald’, ‘Jewel’, and ‘Sapphire’ as well as the test
selections FL86-19, FL96-96 and FL98-358. Berry samples
from these varieties were examined for seed content, and
nearly all the berries had some well-developed seeds. There
are several possible explanations for why these varieties were
pollinated sufficiently during the same period that ‘Millen-
nia’ and ‘Star’ were not being pollinated. Their flowers may
have been unusually attractive to bees, the flowers may have
had the ability to set fruit when self-pollinated, and the flow-
ers of these varieties may have shed large amounts of pollen
without the assistance of bees.

The number of well-developed seeds per berry from ber-
ries harvested during the last 30% of the ripening season at
Archer showed that of the five varieties tested, only ‘Star’ pro-
duced large numbers of seedless marketable fruit (Table 5).
Of 20 ‘Star’ berries sampled, 12 had no seed. ‘Millennia’,

which had poor fruit set, had between 4 and 25 well-devel-
oped seeds in every berry sampled. This suggests that ‘Star’
can produce marketable fruit even when no seeds are formed
but ‘Millennia’ cannot.

Although both ‘Star’ and ‘Millennia’ had much-reduced
crops, apparently due to pollination problems, the two variet-
ies behaved quite differently. Both varieties had 20-30% of a
normal crop of large berries that ripened early. These early
berries constituted nearly the entire crop for the year for ‘Mil-
lennia’. ‘Star’, however, after the early, large berries had been
harvested, ripened numerous smaller but still marketable ber-
ries over a 3 to 4 week period. These late berries had few or
no well-developed seeds. Thus, the ability of ‘Star’ to retain
and bring to maturity seedless berries greatly increased its
yield in 2003 compared to ‘Millennia’. It is estimated that half
of the fruit harvested from ‘Star’ in 2003 on these farms came
from seedless or near-seedless berries that ripened 2 to 4
weeks after the seeded berries.

 

Table 2. Estimated percent of a full crop on various clones at Straughn Farms in Archer and Windsor. Estimates were made at various times after flowering.

Clone

Estimated percent full crop

Archer
Mar. 25

Archer
Apr. 1

Windsor
Apr. 7

Archer
Apr. 8

Windsor
Apr. 12

Windsor
Apr. 18

Archer
Apr. 20

Millennia 30 20 40 30 30 20 25
Star 60 30 50 50 50 40 40
Windsor - 50 80 90 90 50 60
Emerald 70 80 90 100 100 - -
Jewel 80 100 100 - - 80 100
Sapphire - - 100 - - - -
Santa Fe 50 60 5 - - - -
Misty - - - - 90 - -
86-19 90 90 100 100 100 90 90
96-96 80 80 100 100 - 100 100
98-358 90 - 100 100 - 100 100
98-363 90 - 100 100 - 100 100
Climax - - - - - 100 -
Beckyblue - - - - - 50 -
Bonita - - - - - 100 -

Table 3. Percent open flowers and percent petal fall at various dates at Windsor, Fla. in 2003 and estimated dates of 10% open flower and 80% petal fall (pol-
lination period).

Clone

Percent open flowers Percent petal fall Estimated dates

Feb. 16 Feb. 22 Mar. 1 Mar. 11 Mar. 11 Mar. 17 10% open 80% petal drop

Millennia 0 20 70 95 40 90 Feb. 20 Mar. 15
Star 0 2 50 100 80 95 Feb. 24 Mar. 11
Windsor 0 0 2 80 5 65 Mar. 3 Mar. 20
Emerald 0 10 80 99 95 95 Feb. 22 Mar. 8
Jewel 1 20 70 98 90 98 Feb. 20 Mar. 9
Sapphire 2 25 70 98 95 Feb. 19 Mar. 6
Santa Fe 0 0.1 40 90 60 98 Feb. 26 Mar. 15
Sebring 0 10 90 99 90 90 Feb. 22 Mar. 8
Misty — — 10 90 70 Mar. 1 Mar. 13

86-19 5 20 80 98 90 95 Feb. 18 Mar. 8
96-96 2 30 70 100 98 99 Feb. 18 Mar. 6
98-358 0 30 90 100 95 98 Feb. 18 Mar. 6
98-363 10 80 98 100 98 99 Feb. 16 Mar. 4
90-91 0 1 30 100 50 95 Feb. 25 Mar. 14
Climax — — 5 50 5 80 Mar. 3 Mar. 17
Beckyblue — — 20 70 40 95 Feb. 27 Mar. 15
Bonita — — 0.1 40 0 50 Mar. 6 Mar. 21
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Other Observations on the Blueberry Fruit Set Problem in 2003

 

1. Fruit set was not a serious problem in blueberry fields
south of Orlando. These fields flowered 2-3 weeks earlier
than in the Windsor-Archer area, at a time when the
weather was much less rainy. Fruit set was poor on most
commercial acreage of southern highbush blueberry in
Clinch County, GA (Homerville area), where the flower-
ing period was very wet. Five consecutive days of rain dur-
ing the second week of April resulted in poor fruit set on

‘Croatan’, ‘Reveille’, and ‘Bladen’ which flowered during
that time in eastern North Carolina (Bill Cline, personal
communication). Fruit set on later-blooming varieties in
North Carolina, such as ‘Duke’ and ‘Jersey’, was normal.

2. Fruit set was excellent in the high-density seedling nurs-
eries at the University of Florida Plant Science Unit in Ci-
tra and at the University of Florida Horticultural Unit in
Gainesville. Both locations are within 30 miles of Archer
and Windsor. This can be explained by the relatively

 

Table 4. Pollination weather from 1 Feb. to 25 Mar. 25, 2003 classified into 9 classes (L- = poorest to H+ = best) based on mean 24-hr relative humidity at the
Alachua FAWN station and daily rainfall in cm at the Alachua station.

Date
Polination 

weather
Daily rainfall 

(cm) Date
Polination 

weather
Daily rainfall 

(cm) Date
Polination 

weather
Daily rainfall 

(cm)

Feb. 1 M+ Feb. 21 L- Mar. 13 M-
Feb. 2 H Feb. 22 L- 2.51 Mar. 14 L
Feb. 3 H- Feb. 23 H Mar. 15 L-
Feb. 4 L- 0.45 Feb. 24 H Mar. 16 L
Feb. 5 H Feb. 25 M- Mar. 17 L 0.74
Feb. 6 L+ 0.28 Feb. 26 M- Mar. 18 L+
Feb. 7 L- 3.77 Feb. 27 L 1.70 Mar. 19 L
Feb. 8 M+ 0.02 Feb. 28 L- 0.65 Mar. 20 L
Feb. 9 L- 1.45 Mar. 1 L- 4.41 Mar. 21 H
Feb. 10 M+ 0.56 Mar. 2 L 0.04 Mar. 22 M+
Feb. 11 H Mar. 3 L- 0.87 Mar. 23 L-
Feb. 12 H Mar. 4 L- 2.09 Mar. 24 H
Feb. 13 H Mar. 5 L Mar. 25 L-
Feb. 14 H- Mar. 6 M-
Feb. 15 L+ Mar. 7 L- 0.74
Feb. 16 L- 5.78 Mar. 8 L-
Feb. 17 L 0.02 Mar. 9 L- 4.63
Feb. 18 L+ Mar. 10 H- 0.02
Feb. 19 L+ Mar. 11 M+
Feb. 20 M- Mar. 12 M-

Table 5. Mean berry weights and number of seeds per berry for berries harvested 9 May, 2003 from a commercial planting at Archer, Florida.

Variety Millennia Windsor Star  FL98-358 FL86-19

% of crop already ripe 90 80 90 70 80
Mean berry wt (g) 1.81 1.78 1.41 1.60 1.74
Standard deviation 0.264 0.221 0.092 0.077 0.181

Number of seeds per berry for
20 berries arranged from lowest 
to highest.

4 2 0 6 2
5 2 0 6 2
5 2 0 6 2
6 3 0 8 2
6 3 0 9 3
6 4 0 9 3
6 4 0 11 3
6 4 0 12 3
6 5 0 13 3
7 5 0 14 3
9 5 0 16 4

10 6 0 16 4
11 6 1 17 5
11 7 1 18 5
12 7 1 18 6
13 7 1 23 6
14 8 1 24 6
21 9 1 26 7
23 13 2 26 8
25 21 2 31 8
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small acreage at both locations, which probably resulted
in a high bee number to flower number ratio.

3. In Windsor and Archer, ‘Millennia’ and many other vari-
eties dropped a large number of undeveloped berries 4-5
weeks after the flowers opened. Many of the berries that
appeared to be undeveloped on ‘Star’ at that time contin-
ued on the bush and later ripened late in the season as
smaller berries.

4. Several growers in north Florida and southeast Georgia
reported that bumblebees and/or southeastern blueber-
ry bees were numerous in blueberry fields before heavy
rain fell on February 16, but were almost entirely absent
thereafter.

 

Summary and Conclusions

 

Reduced fruit set observed on many southern highbush va-
rieties in north Florida and southeast Georgia in the spring of
2003 was probably due, in part, to frequent rains and high rel-
ative humidity during the time of flowering. Although pollina-
tion weather this bad is not frequent during the period of
blueberry flowering, poor pollination is always a possible cause
of reduced yields. It is expected that pollination issues will be-
come increasingly important as the size of blueberry farms in-
creases. Ways to minimize pollination problems in blueberries
include maximizing the availability and activity of both native
solitary bees and honeybees, inter-planting in close proximity
highly cross-compatible varieties that shed pollen abundantly,
and choosing varieties that are easy to pollinate.
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Abstract.

 

 

 

Blueberries (

 

Vaccinium corymbosum

 

) are susceptible
to a number of leaf spot diseases which can cause early fall
defoliation. Depending on cultivar, weather and disease pres-
sure, near complete defoliation can occur by early to mid-Oc-
tober during some years. Flower bud initiation in blueberry is
photoperiodic with short photoperiods and cool temperatures
stimulating flower bud initiation. Since leaves are the organs
that perceive photoperiod, it follows that early fall defoliation
could have a negative impact on flower bud initiation. In 1998,
representative canes of mature, field-grown, ‘Misty’ and
‘Sharpblue’ southern highbush blueberry were hand-defoliat-
ed on 4 September, 2 October, 6 November, 7 December, or not
defoliated. The experiment was repeated in 1999. Also in 1999,
entire plants of ‘Star’ were hand-defoliated at various times be-
tween Sept. and Dec. The early defoliation treatments (4 Sep-
tember and 2 October) resulted in reduced flower bud number
for ‘Misty’ but not for ‘Sharpblue’ when compared with later
defoliation treatments or controls. Flower buds that developed
on canes defoliated on 4 September or 2 October were smaller
than flower buds on canes defoliated on 6 November, 7 De-
cember, or on non-defoliated canes. During the following
spring, fruit fresh weight per unit cane length was less for the
September and October defoliation treatments than for the De-
cember treatment or controls. Whole plant defoliation of ‘Star’

also resulted in delayed flowering and fruiting (September de-
foliation), or reduced flower bud initiation and yield (October
defoliation) compared to controls.

 

Florida’s long growing seasons with frequent rains are
conducive to leaf spot disease development on blueberry by
various fungal pathogens including 

 

Septoria albopunctata

 

,

 

 Phyl-
losticta vaccinii

 

, and 

 

Pucciniastrum vaccinii

 

. If left uncontrolled,
these leaf spot diseases can cause partial or complete defolia-
tion of SHB blueberries by mid-fall which is about 4 to 8 weeks
before natural leaf senescence and abscission (Williamson
and Lyrene, 1995). Flower bud induction occurs during short
photoperiods in lowbush (

 

V. angustifolium

 

) (Hall and Luwig,
1961), highbush (

 

V. corymbosum

 

) (Hall et al., 1963), and rab-
biteye (RE)

 

 (V. ashei

 

) (Darnell, 1991) blueberry. Lyrene
(1992) concluded that early fall defoliation of RE blueberry
reduced flower bud induction either by eliminating photore-
ceptors, or by lowering carbohydrate reserves, during critical
periods. Field observations suggest that there are also nega-
tive effects of premature fall defoliation on flower bud initia-
tion and berry yield of SHB blueberry. The following
experiments were conducted to determine if complete or par-
tial premature fall defoliation inhibits flower bud induction,
or reduces fruit yield, of SHB blueberry.

 

Materials and Methods

 

Two field experiments and one container experiment
were conducted in Alachua County in north-central Florida.

 

1998 field experiments

 

. Field-grown ‘Misty’ and ‘Sharpblue’
SHB blueberry plants located in a commercial blueberry farm
in north-central Florida were used. The plants were in their
seventh leaf with an average height of about 1.5 m (4.9 ft). All
plants were topped with a mechanical hedger in mid-June to
stimulate a strong vegetative growth flush during mid to late
summer. Randomly selected summer shoots were hand defo-
liated on 4 Sept., 2 Oct., 6 Nov., or 7 Dec. Control shoots were
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