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Abstract. Floral budbreak and fruit set in many southern highbush blueberry (SHB)
cultivars (hybrids of Vaccinium corymbosum L. with other species of Vaccinium) begin
prior to vegetative budbreak. Experiments were conducted with two SHB cultivars,
‘Misty’ and ‘Sharpblue’, to test the hypothesis that initial flower bud density (flower buds/
m cane length) affects vegetative budbreak and shoot development, which in turn affect
fruit development. Flower bud density of field-grown plants was adjusted in two noncon-
secutive years by removing none, one-third, or two-thirds of the flower buds during
dormancy. Vegetative budbreak, new shoot dry weight, leaf area, and leaf area : fruit
ratios decreased with increasing flower bud density in both cultivars. Average fruit fresh
weight and fruit soluble solids decreased in both cultivars, and fruit ripening was delayed
in ‘Misty’ as leaf area : fruit ratios decreased. This study indicates that because of the
inverse relationship between flower bud density and canopy establishment, decreasing the
density of flower buds in SHB will increase fruit size and quality and hasten ripening.

present during full bloom (Forshey et al., 1983).
However, in many southern highbush blue-
berry (SHB) cultivars, floral budbreak and
fruit set begin prior to vegetative budbreak.
Field observations in Florida indicate that heavy
flower and fruit loads in some SHB cultivars
may delay and reduce vegetative budbreak
and canopy development. Partial removal of
some of these flower buds by shoot tip pruning
increases vegetative budbreak and shoot de-
velopment, supporting the field observations.
Thus, flower and fruit load appear to have a
significant effect on vegetative budbreak and
subsequent shoot development in SHB. The
reduction in canopy development associated
with high flower and fruit load would reduce
leaf area : fruit ratios and could reduce fruit
yield. However, the effect of flower and fruit
load on vegetative budbreak, shoot develop-
ment, and leaf area : fruit ratios, and the effect
of leaf area : fruit ratios on fruit development
have not been studied in SHB.

The present study tests the following hy-
pothesis: as initial flower bud and fruit density
decrease in SHB, the extent of vegetative
budbreak and canopy development increase,
which in turn enhances fruit development. The
specific objectives were to determine the ef-
fects of 1) varying flower bud densities on
vegetative budbreak and canopy development;
and 2) leaf area : fruit ratio on fruit weight,
quality, and development period.

Materials and Methods

Experiments were conducted at the Horti-
cultural Research Unit near Gainesville, Fla.,
in 1995 using 10 ‘Misty’ and 10 ‘Sharpblue’
SHB plants, and in 1997 using 10 ‘Misty’
plants. These cultivars were chosen because of
their differing spring budbreak phenologies.

In ‘Sharpblue’, vegetative and floral buds break
simultaneously, while in ‘Misty’, vegetative
budbreak occurs up to 4 weeks after floral
budbreak. The plants were 5–7 years old and
were planted 0.8 m apart in a single row
oriented north–south. Soil type was a Kanapaha
fine sand (loamy, siliceous, hyperthermic,
Grossarenic, Paleudults) amended with peat at
the rate of 38 m3·ha–1. The strip of soil extend-
ing 0.8 m on each side of the row was covered
with a 8–12-cm layer of pine bark mulch. Plants
were fertilized with 9.2 kg·ha–1 per month of
granular 16N–2P–7K fertilizer. Irrigation and
weed control practices followed standard rec-
ommendations (Williamson and Lyrene, 1995).

Three healthy canes of average vigor and
flower bud density were selected on most
plants; however, some plants had only two
suitable canes. In those cases, an additional
cane was selected on an adjacent plant to
complete the replication. The following treat-
ments were randomly assigned to the three
selected canes per replication: 1) no flower
buds removed; 2) every third flower bud re-
moved; 3) every second and third flower bud
removed. Flower buds were hand thinned dur-
ing dormancy (Feb. 1995 and Jan. 1997) at
evenly spaced intervals along the canes in-
stead of at the cane tips, to separate the pos-
sible effects of apical dominance from those of
flower bud density. The canes not selected for
the experiment were allowed to flower and
fruit with no flower bud adjustment.

In 1995, canes were 1–3 years old and total
cane length, including lateral shoots and all
wood ages, averaged 320 cm (range from 112–
642 cm). In 1997, canes were 1 year old and
averaged 85 cm in length (range from 33–175
cm). Prior to flower bud thinning, length of
each treatment cane, including lateral stems,
was measured from the point of attachment to
the subtending cane, and the total number of
flower buds per cane was counted. Initial
flower bud density (flower bud number/m
cane length) was determined.

Floral and vegetative budbreak on the
treated canes was measured on a weekly basis
and ripe fruits were harvested every 3–5 d.
Fruit development period (FDP) was calcu-
lated as the number of days from 80% full
bloom to 80% ripe fruit. Fruit soluble solids
were measured (1995 only) on a subsample of
five fruits from each cane at each harvest date
with an Abbe refractometer (model 10460;
Cambridge Instrument, Buffalo, N.Y.). Treat-
ment canes were removed after final fruit
harvest. Leaf area was measured using a LI-
COR portable leaf area meter (model LI-3000;
LI-COR, Lincoln, Nebr.) and the leaves and
current-year’s stems were dried at 70 °C to
determine dry weight.

The experimental design was a random-
ized complete-block design with 10 replica-
tions, considering the degree of flower bud
thinning as the treatment, and individual plants,
or in some cases two adjacent plants, as blocks.
The plants were nested within the two culti-
vars in 1995 and all plants within a cultivar
were in the same section of a row. Repeated
measures over time were observed on indi-
vidual canes, which were nested within indi-

Reproductive development is often an ex-
haustive process that affects the whole plant,
as the demand for carbohydrates by reproduc-
tive organs can be high (Murneek, 1926). Fruit
photosynthesis may provide a portion of the
carbohydrates needed for fruit growth
(Birkhold et al., 1992), but most of the carbo-
hydrates come from current leaf photosynthe-
sis or storage reserves. If carbohydrate sup-
plies are insufficient to meet the demands of
the different reproductive and/or vegetative
sinks, competition occurs and sink develop-
ment is affected. For example, reduced veg-
etative development is associated with fruit-
ing in tomato (Lycopersicon esculentum L.)
(Hurd et al., 1979; Murneek, 1926), apple
(Malus ×domestica Borkh.) (Avery et al., 1979;
Maggs, 1963), cherry (Prunus avium L.)
(Kappel, 1991), and strawberry (Fragaria
×ananassa Duchesne) (Schaffer et al., 1986).

In many crops, vegetative development
precedes floral budbreak and fruit set. For
example, inflorescences in strawberry and to-
mato arise from the axils of leaves after the
canopy has partially developed. In northern
highbush blueberry (Vaccinium corymbosum
L.), vegetative budbreak precedes floral
budbreak (Bell, 1950), and in apple 18% to
20% of the total canopy present at harvest is
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vidual blueberry plants. The SAS program
(SAS Institute, Cary, N.C.) was used for statis-
tical analyses. Flower bud density varied over
wide ranges for each of the three treatments;
these data were therefore analyzed with re-
gression as a continuous, rather than a dis-
crete, variable. PROC GLM was used for
analysis of variance and regression analysis
and PROC CORR was used to test correla-
tions. Variability among plants was not statis-
tically significant, so plant effects were not
used in the model. Total cane length was used
as a covariate to account for differences in
initial cane size.

Results and Discussion

In 1995, initial flower bud density was
greater for ‘Misty’ (28) than for ‘Sharpblue’
(22). This concurs with field observations that
‘Misty’ usually initiates more flower buds
than many other SHB cultivars. After treat-
ment, flower bud density ranged from 7 to 34
in ‘Misty’ and from 5 to 27 in ‘Sharpblue’ in
1995 and from 5 to 35 in ‘Misty’ in 1997.

In 1995, 50% bloom occurred on 9 Mar. for
both ‘Misty’ and ‘Sharpblue’ and 80% bloom
occurred on 19 Mar. and 23 Mar. for ‘Misty’
and ‘Sharpblue’, respectively. In 1997, 50%
bloom was reached on 23 Feb. and 80% bloom
on 28 Feb. Since floral budbreak and fruit set
overlapped and fruit density was not adjusted
in this study, separation of the effects of flower
bud density from the effects of fruit density
was not possible. Fruit density increased with
increasing flower bud density in both ‘Misty’
and ‘Sharpblue’, and in 1995 it was similar for
both cultivars (Fig. 1).

The number of vegetative buds that broke
and grew per unit cane length decreased as
flower bud density increased, although flower
bud density explained only ≈30% of the vari-
ability in vegetative budbreak (Fig. 2). This
relationship was similar at all measurement
dates. In 1995, percentage vegetative budbreak
decreased ≈60% and ≈50% for ‘Misty’ and
‘Sharpblue’, respectively, as flower bud den-
sity increased from 5 buds/m to 30 buds/m.
Similarly, in 1997, vegetative budbreak in
‘Misty’ was reduced ≈75% at high (40 buds/
m) vs. low (5 buds/m) flower bud density.
Although suppression of vegetative growth
due to fruiting has been reported in several
different species (Hurd et al., 1979; Maggs,
1963; Schecter et al., 1994), few, if any, re-
ports exist on the effect of flower or fruit
density on initial vegetative budbreak. The
number of new vegetative shoots was greater
for ‘Sharpblue’ than for ‘Misty’, indicating
that cultivar also has a large effect on vegeta-
tive response to flower bud density. This cul-
tivar effect may partially reflect differing
budbreak phenologies.

The reduction in vegetative budbreak as
flower bud density increased reduced total
leaf area at final fruit harvest (Fig. 3A). New
stem length and weight, as well as leaf weight,
also decreased as flower bud density increased;
however, because the r values between leaf
area, leaf dry weight, new stem length, and
new stem dry weight were >0.93 for both

cultivars in 1995 and >0.94 in 1997, only leaf
area is presented. Total leaf area was de-
creased ≈30% (‘Sharpblue’) and ≈40%
(‘Misty’) in 1995 at high (30 buds/m) vs. low
(5 buds/m) flower bud density. In 1997, total
leaf area of ‘Misty’ was reduced ≈60% as
flower bud density increased from 5 to 40
buds/m. These reductions in SHB are more
dramatic than those reported for apple (Maggs,
1963; Schechter et al., 1994), strawberry

(Schaffer et al., 1986), and pistachio
(Weinbaum et al., 1994). In these crops, how-
ever, some leaf area is already present when
floral budbreak and fruit set occur, thus total
leaf area is less likely to be negatively affected
than in crops such as SHB where floral
budbreak precedes (‘Misty’) or coincides with
(‘Sharpblue’) vegetative budbreak. The phe-
nology of budbreak in sweet cherry is some-
what more analogous to that in SHB, since

Fig. 2. Vegetative budbreak of ‘Misty’ and ‘Sharpblue’ SHB as affected by flower bud density. ‘Misty’, 28
Mar. 1995: y = 0.257 – 0.053lnx, r2 = 0.31, P < 0.001; ‘Sharpblue’, 28 Mar. 1995: y = 0.386 – 0.089lnx,
r2 = 0.34, P < 0.001; ‘Misty’, 11 Mar. 1997: y = 0.151 – 0.039lnx, r2 = 0.36, P < 0.0001.

Fig. 1. Fruit density and flower bud density in ‘Misty’ and ‘Sharpblue’ SHB. 1995: y = –0.43 + 0.32lnx, r2

= 0.45, P < 0.001; 1997: y = –1.27 + 0.78lnx, r2 = 0.66, P < 0.0001.
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floral and vegetative budbreak occur simulta-
neously. Even so, leaf area at fruit harvest was
only ≈13% less on fruiting than on nonfruiting
trees (Kappel, 1991). The larger reduction in
leaf area of blueberry relative to sweet cherry
may be due to the higher harvest index in
blueberry (Darnell and Birkhold, 1996) or to
the fact that new vegetative growth competes
better with fruit growth in sweet cherry than in
blueberry.

The reduction in total leaf area and the
concomitant reduction in leaf area : fruit ratios
with increased flower bud density (Fig. 3B)
adversely affected fruit development. The mean
fruit fresh weight decreased with decreasing
leaf area : fruit ratio, particularly in ‘Misty’
(Fig. 4). Similar results have been reported for
many other fruit crops, including apple (Ferree
and Cahoon, 1987), peach (Weinberger, 1931),
and cherry (Facteau et al., 1983; Roper and
Loescher, 1987). In northern highbush blue-
berry, where leaf development begins prior to
floral budbreak, berry size decreased with an
increase in crop load, although specific leaf
area : fruit ratios were not given (Ballinger et
al., 1963). A leaf area : fruit ratio of 20 cm2 per
fruit was needed for optimum fruit size in
‘Tifblue’ rabbiteye blueberry (Vaccinium ashei
Reade) (Patten and Neuendorff, 1989). This is
similar to results from our study for ‘Sharp-
blue’. For ‘Misty’, however, the range in leaf
area : fruit ratio was only 0 to ≈25 cm2 per fruit,
and the lack of data points above this makes it
difficult to predict if increased ratios would
increase fruit fresh weight.

Fruit soluble solids increased as leaf area :
fruit ratio increased in ‘Misty’, and to a lesser
extent, in ‘Sharpblue’ (Fig. 5A). Similar in-
creases in soluble solids as the leaf area : fruit
ratio increased have been found for apple
(Facteau et al., 1983; Ferree and Cahoon,
1987), sweet cherries (Roper and Loescher,
1987), and northern highbush blueberries
(Ballinger et al., 1963). Regardless of the leaf
area : fruit ratio, ‘Sharpblue’ fruit always had
higher soluble solids than ‘Misty’ fruit. This,
again, may be partially due to the difference in
budbreak phenologies between the two culti-
vars.

Leaf area : fruit ratio did not affect FDP in
‘Sharpblue’; however, there was a marked
decrease in FDP with increased leaf area : fruit
ratio in ‘Misty’ (Fig. 5B). Similarly, Ballinger
et al. (1963) found that the FDP in ‘Wolcott’
blueberry decreased with a decrease in crop
load, although actual FDP values were not
given. Although no differences in FDP were
found with ‘Sharpblue’ in our study, Patterson
(1997) estimated that the last 25% of the fruit
on heavily cropped ‘Sharpblue’ would be too
small and late maturing to be marketable.

Flower and fruit thinning often reduce total
fruit yield (Ballinger et al., 1963; Snelgar et al.,
1986; Weinberger, 1931). This was true for
‘Sharpblue’ at all harvest dates, and final cu-
mulative yield in ‘Sharpblue’ decreased from
235 to 53 g per cane as flower bud density
decreased from 27 to 5. However, in 1995,
cumulative fruit yield in ‘Misty’ through 10
May increased from 57 to 121 g per cane as
flower bud density decreased from 34 to 7. By

Fig. 4. Mean fruit fresh weight of ‘Misty’ and ‘Sharpblue’ SHB as influenced by leaf area : fruit ratio.
‘Misty’, 1995: y = 0.78 + 0.34lnx, r2 = 0.74, P < 0.001; ‘Sharpblue’, 1995: y =1.11 + 0.11lnx, r2 = 0.21,
P < 0.01; ‘Misty’, 1997: y = 0.83 + 0.42lnx, r2 = 0.82, P < 0.0001.

Fig. 3. Total leaf area (A) and leaf area : fruit ratio (B) at final fruit harvest of ‘Misty’ and ‘Sharpblue’ SHB
as affected by flower bud density. (A) ‘Misty’, 1995: y = 2771 – 908lnx + 4.4length, r2 = 0.77, P < 0.001;
‘Sharpblue’, 1995: y = 2982 – 858lnx + 8.6length, r2 = 0.80, P <0.01; ‘Misty’, 1997: y = 880.2–287lnx
+ 2.9length, r2 = 0.33, P ≤ 0.0009. (B) ‘Misty’, 1995: y = 56.78 –15.5lnx, r2 = 0.47, P < 0.001; ‘Sharpblue’,
1995: y = 164.7 – 45.4lnx, r2 = 0.29, P < 0.001; ‘Misty’, 1997: y = 42.8 – 12.4lnx, r2 = 0.41, P < 0.0001.
The regression lines and data points shown indicate adjustment at the average value of the cane length
covariate.
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16 May, cumulative berry yield was similar
for all flower bud densities, but by 30 May,
cumulative yield had decreased from 194 to
140 g per cane as flower bud density decreased
from 34 to 7. The positive effect of flower bud
thinning on early yield in ‘Misty’ was even
more pronounced in 1997. Although final cu-
mulative yield (through 30 May) was unaf-
fected by flower bud thinning, cumulative
yield through 13 Mar. increased from 39 to
216 g per cane as flower bud density decreased
from 35 to 5. Blueberry prices are always
highest during the early harvest period, and
flower bud thinning markedly increased early
yield in ‘Misty’ in both years, with little, if
any, detrimental effect on total cumulative
yield.

These results indicate that decreasing flower
bud density of some SHB cultivars increases
vegetative development, resulting in an in-
crease in fruit size and quality and an advance-
ment in ripening. This appears to be especially
true for those cultivars (i.e., ‘Misty’) that ex-
hibit floral prior to vegetative budbreak, since
early fruit development in these cases will
depend solely on storage carbohydrates. In
these cultivars, flower bud thinning would
result in larger, earlier-season and higher-

priced fruit. For example, ‘Misty’ may require
that up to one-third of its flower buds be
removed in order to stimulate vegetative
budbreak and canopy and reproductive devel-
opment. Although flower bud density and fruit
density were not separated in this experiment,
there appears to be an early effect of flower
bud density, which may be critical for vegeta-
tive budbreak and development and warrants
further investigation.
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