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Abstract. Pruning is a recommended practice for blueberry (Vaccinium spp.) production
and is usually done in the summer in warm subtropical climates with long growing
seasons. Summer pruning promotes healthy vegetative growth during the remainder of
the growing season; however, research-based recommendations for summer pruning
strategies are lacking. The objective of this study was to determine effects of summer
pruning timing and intensity on vegetative growth in ‘Jewel’ and ‘Emerald’ southern
highbush blueberry (V. corymbosum-interspecific hybrid), two cultivars of the primary
species grown in subtropical areas. To determine effects of pruning time, 30% of the
canopy was removed in June or July. To determine pruning intensity effects, either 30%
or 60% of the canopy was removed in June, both followed by shoot tipping in July. Both
timing and intensity treatments were compared with a non-pruned control. Lack of
pruning in the first year had no negative effects on growth; however, lack of pruning for
two or more seasons decreased regrowth volume and shoot length of both cultivars. By
the third season, canopy regrowth volume in both cultivars decreased in the non-pruned
control compared with the 30% and 60% pruning treatments and compared with the
June pruning treatment. Disease infection in ‘Jewel’ was also increased in the non-
pruned control compared with these pruning treatments. Summer pruning, regardless of
timing or intensity, generally increased vigor of vegetative growth for both cultivars and
decreased incidence of leaf disease in ‘Jewel’.

Pruning blueberries is a recommended
practice to maintain the balance between
vegetative vigor and reproductive growth
(Mainland, 1989; Shutak and Marucci, 1966;
Williamson et al., 2004; Yarborough, 2006).
Pruning improves light penetration into the
canopy, adjusts leaf:fruit and shoot:root ratios
(Rana et al., 2011; Ryugo, 1986), improves
harvest efficiency, and reduces limb breakage
(Austin, 1997; Clark and Matheny, 2010;
Hrotko, 2013). Lack of pruning, however,
results in excessively tall, hard-to-pick bushes
(Krewer et al., 2004; Pescie et al., 2011; Strik
et al.,, 2003) and decreases vigor and node
number in regrowth shoots (Pescie et al,
2011).

Low-chill subtropical production areas
use southern highbush blueberry (SHB) cul-
tivars and rely on high prices obtained for
early-season fruit (Lyrene, 1992; Williamson
and Lyrene, 2004a, 2004b). Summer pruning
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after fruit harvest is used in these areas to
stimulate healthy vegetative growth for the
remainder of the growing season (Patten
etal., 1991; Williamson et al., 2004). Healthy
foliage must be maintained in blueberry
during the long growing season after fruit
harvest to support optimal flower bud de-
velopment and carbohydrate reserve replen-
ishment (Lyrene, 1992, 2005; Williamson
and Miller, 2002). These carbohydrates are
used to supply the intensive sink demand of
flowering and early fruit development the
next growing season (Swain and Darnell,
2001, 2002). However, both timing and
severity of summer pruning must be consid-
ered to obtain desired results (Rana et al.,
2011). Early or heavy summer pruning can
result in excessive regrowth, late pruning can
reduce cold-hardiness, and lack of pruning
can reduce the amount of regrowth (Mika
and Piatkowski, 1989; Pescie et al., 2011;
Williamson and Darnell, 1996).

Several studies have been done on sum-
mer pruning in blueberry (Austin, 1997;
Austin and Bondari, 1989; Bafados et al.,
2009; Davies, 1983; Krewer et al., 2004;
Mainland, 1989; Pescie et al., 2011; Spiers
et al., 2002; Williamson and Darnell, 1996);
however, few studies describe the effects on
vegetative traits. In Chile, early summer

pruning of southern and northern highbush
(V. corymbosum) blueberries increased lateral
shoot number and length compared with late
pruning (Bafiados et al., 2009). Williamson
and Darnell (1996) reported that regrowth and
canopy volume of ‘Sharpblue’ SHB was
greater when plants were pruned early after
harvest compared with plants pruned later.
Although severe pruning also increased re-
growth compared with moderate and no prun-
ing, regrowth volume was not enough to
compensate for the loss in canopy volume
resulting from pruning. Austin and Bondari
(1989) found no differences in plant height
measured 1 year after different pruning treat-
ments in ‘Tifblue’ rabbiteye blueberry grown
in Georgia, regardless of season or intensity
of pruning. Similar results were found by
Krewer et al. (2004) in ‘Climax’ rabbiteye
blueberry. Mainland (1989), however, found
that winter followed by summer pruning
decreased rabbiteye blueberry plant size
compared with winter pruning in North Caro-
lina. In Louisiana, summer pruning of rabbi-
teye blueberries resulted in more and longer
shoots compared with no pruning (Spiers et al.,
2002). Summer pruning of blueberry appears
to have more positive effects in climates
with longer growing seasons (Bafiados et al.,
2009; Williamson and Darnell, 1996); how-
ever, proper timing and intensity of pruning
remain to be determined.

Pruning reduces disease levels possibly
by reducing inoculum levels, decreasing mois-
ture retention inside the canopy, and increas-
ing pesticide coverage (Hanson et al., 2000).
Furthermore, pruning can promote vigor of the
plant, increasing the productivity and survival
even in the presence of disease (Smith,
2006a, 2006b; Williamson et al., 2004).
Summer pruning can be useful in controlling
leaf diseases such as septoria leaf spot (Sep-
toria albopunctata) and blueberry leaf rust
(Pucciniastrum vaccinii), which are emerg-
ing problems with the expansion of SHB
production (Scherm et al., 2001). These leaf
diseases cause marked reductions in photo-
synthesis (Roloff et al., 2004), fruit set, and
yield (Ojiambo et al., 2006) and often cause
severe defoliation (Lyrene, 1992; Ojiambo
and Scherm, 2005a). However, the wounds
caused by pruning can increase plant suscepti-
bility to other diseases, most notably stem blight
(Botryosphaeria dothidea, Lasiodiplodia theo-
bromae, and Neofusicoccum ribis) (Milholland,
1972), which has been identified as the
disease with the greatest economic impact
in the Florida blueberry industry (Wright and
Harmon, 2010). Although pruning appears to
be associated with disease incidence, there
are no studies that have examined the effect
of timing and intensity of summer pruning on
diseases in blueberry.

Most summer pruning studies on blue-
berries have been done in climates far different
from those found in the subtropical blueberry
production regions, and few studies have been
done with SHB, which is expanding in
acreage in the southeast United States and
California, warmer regions of Argentina and
Chile, and Mexico (Banados, 2004, 2009).
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Furthermore, most studies have little infor-
mation on the effects of pruning on vegeta-
tive growth or disease incidence and severity.
The hypothesis tested in the current research
was that summer pruning stimulates vegeta-
tive regrowth and reduces disease incidence
in SHB. The objectives of this study were to
determine the effects of timing and severity
of summer pruning on vegetative growth,
defoliation, incidence of leaf spots, and in-
cidence and severity of stem blight in SHB.

Material and Methods

‘Emerald’ and ‘Jewel” SHB, field-planted
at the UF-IFAS Plant Science Research and
Education Unit in Citra, FL, in 2006, were
used in this experiment. ‘Emerald’ bushes are
spreading to upright (Williamson et al.,
2014), produce vigorous growth (Lyrene,
2008), and exhibit moderate to high resis-
tance to leaf spots (Lyrene, 2001a) and
moderate resistance to stem blight (Smith,
2006a). ‘Jewel’ is an upright bush with some
spreading of the canes and is moderately
resistant to stem blight and highly susceptible
to rust leaf spots (Lyrene, 2001b; Williamson
et al., 2012, 2014; Williamson and Lyrene,
2004a). The planting was on raised pine bark
beds and the plants were spaced 0.9 mx 2.7 m
in-row and between rows, respectively. Gran-
ular fertilizer was applied at an annual rate of
239N-35P-132K kg-ha™!, evenly distributed
every 20 d from March through October. The
plants were irrigated with microsprinklers at
a rate of 10.6 L/plant/d from mid-February
through mid-October and 8.0 L/plant/d from
mid-October through mid-February; and over-
head irrigation provided frost protection.
Plants were sprayed with fungicide on the
following dates: 15 June 2011 with pyraclos-
trobin (Cabrio®; BASF Corporation, Re-
search Triangle Park, NC) and 13 Oct. 2011
with pyraclostrobin + boscalid (Pristine®
WG; BASF Corporation); 10 Aug. and 21
Sept. 2012 with chlorothalonil (Bravo
Weather Stik®; Syngenta, Greensboro, NC),

31 Aug. 2012 with fenbuconazole (Indar™ 75
WSP; Dow AgroSciences, Calgary, Canada)
and mono and dipotassium salts of phospho-
rous acid (Agri-Fos®; Agrichem, Loganholme,
Australia) tank mix, and 1 June 2012 with
Pristine®; 21 Mar. and 2 Oct. 2013 with
Pristine®.

Pruning treatments to assess effects of
timing, intensity, and shoot tipping were
imposed after fruit harvest in Spring 2011.
To determine effects of pruning time, 30% of
the canopy was removed in June (early) or
July (late). To determine pruning intensity
effects, either 30% (moderate) or 60%
(heavy) of the canopy was removed in June,
both followed by shoot tipping in July. Both
timing and intensity treatments were com-
pared with a non-pruned control. The effect
of shoot tipping was assessed by comparing
tipping vs. no tipping in July only on plants
that received moderate pruning in June.
Pruning treatments as well as tipping were
done mechanically, pruning the top and sides
of plants with a handheld hedge trimmer,
PP2822 (Poulan PRO, Charlotte, NC). Tip-
ping consisted of removal of the top ~4 cm
of regrowth. In 2012 and 2013, the treatments
were pruned 5 cm above the cut from the
previous year (followed by tipping when
appropriate), therefore achieving about the
same initial pruned plant size for each treat-
ment. The experiment was a randomized
complete block design (RCBD) with four
plant plots (one guard plant on each side
and two central data plants) and six replica-
tions per cultivar. Because the field consisted
of alternating rows of ‘Emerald’ and ‘Jewel’,
each cultivar was evaluated independently
for pruning intensity, timing, and tipping and
direct comparisons between the two cultivars
were not made. Data were collected for three
seasons starting with the first pruning in 2011
using different seasons as repeated measures.
Pairwise comparisons were made to test the
main effects of timing, intensity, and tipping.

Plant canopy volume was measured after
summer pruning treatments were applied the

Table 1. Effect of pruning time and intensity on canopy volume at the end of the growing season in
‘Emerald’ and ‘Jewel” southern highbush blueberry.

Canopy volume (m?)

Jewel
Treatment” Emerald” 2011 2012 2013
Timing
Non-pruned control 1.42 ax 1.60 aB 1.69 aAB 1.87 aA
June 1.13b 1.22bB 1.30bB 1.56 bA
July 1.06 b 1.26 bC 1.46 abB 1.80 abA
Intensity
0% 142 a 1.60 aB 1.69 aAB 1.87 aA
30% 1.04 b 1.16 bC 1.34 bB 1.67 aA
60% 0.80 b 0.75 cC 0.95 cB 1.33 bA
Tipping
Tipped 1.04 a 1.16 aC 1.34 aB 1.67 aA
Not tipped 1.13a 1.22 aB 1.30 aB 1.56 aA

“Timing, intensity, and tipping are main effects; 0%, 30%, and 60% refer to the percentages of canopy

volume removed during pruning.

YEmerald volume was averaged for 2011, 2012, and 2013 because there was no interaction between
treatment and year; Jewel had a significant interaction between treatment and year.

*Means followed by the same lowercase letter within a column for each main effect or uppercase letter
within a row for each cultivar are not significantly different by Tukey’s honestly significant difference at

P =0.05.
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first year to verify the percent of canopy
removed in each pruning treatment. Subse-
quently, canopy volume was measured in
December of each year when plants were
dormant. Volume was calculated as an ellip-
soid for non-pruned plants (Eq. [1]) and as
a half ellipsoid for the mechanically pruned
plants (Eq. [2]) as a result of different plant
shapes between treatments:

4 H D D,
Vellipsaid = g X T X 5 X 7 X 7 [1]
4 Dy D,
- XTXHX — X —/—
3 2 2
Viaif ettipsoid = 5

(2]

Plant height (H) and across-row diameter
(D) were measured, whereas the in-row di-
ameter (D,) was assumed to be the in-row
spacing because plants were growing together
in a continuous hedgerow. Regrowth volume
was determined by measuring canopy volume
immediately after summer pruning and subtract-
ing that from the canopy volume measured the
next December, when plants were dormant. For
the non-pruned control, regrowth volume was
defined as the difference between the volume of
plants in June and in December of each year.

After shoot growth ceased each fall, one
shoot per treatment per replication was ran-
domly collected from each cultivar to assess
number of growth flushes. Five additional
shoots originating from pruning cuts were
randomly selected on each data plant for in situ
measurements of total shoot length (including
all laterals originating from that shoot) and
number of lateral shoots. For non-pruned plants,
the total shoot length and number of laterals of
five current season’s shoots were measured.

Plants were rated biweekly for leaf spot in
the fall, starting in mid-November (2011),
late and early October (2012 and 2013,
respectively), through full defoliation in
December of each year. The percentage of
leaves containing at least one leaf spot (in-
cidence) was visually estimated in the fall in
all years, and the number of leaf spots per leaf
(severity) was assessed in 2012 and 2013 by
counting leaf spots in the five most apical
fully developed leaves of one shoot per plant
(Ojiambo and Scherm, 2006). Defoliation
percentage was visually estimated for both
cultivars. For ‘Jewel’, defoliation estimates
were done on the same dates as leaf spot
measurements, whereas ‘Emerald’ was rated
only in December, because natural defolia-
tion in this cultivar under Florida conditions
is usually low. Estimates of defoliation were
done through mid-December of all years, at
which time hydrogen cyanamide (1.5%) was
applied to defoliate plants and aid in fulfilling
the chilling requirement. The incidence and
severity of stem blight was also determined in
Dec. 2011, May 2012, and June 2012, after
which no further infection of stem blight
occurred. Plants with infected canes or shoots
were identified and counted (incidence), and
the infected parts were pruned and dried in
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a drying oven at 65 °C to obtain their dry
weights (severity).

On 12 and 13 Feb. 2012, overhead irriga-
tion was used for freeze protection. As a result
of the length of the freezes and the resultant
ice build-up, cane breakage occurred in some
plants. Broken canes were pruned and dried
in a drying oven at 65 °C to obtain dry
weights.

Based on the RCBD, data were analyzed
using PROC GLIMMIX on SAS 9.2 (SAS
Institute Inc., Cary, NC), and pairwise com-
parisons of treatment means were used to
compare individual treatments for main ef-
fect differences. Errors in P values caused by
multiple comparisons were adjusted using
Tukey’s honestly significant difference at
P = 0.05. Whenever interactions between
treatments and years [(timing, intensity, tip-
ping) X (year)] were significant, data were
analyzed within years across treatments and
within treatments across years. Therefore,
variables with interactions between treatment
and years have averages presented for each
year separately.

Results

The June and July pruning treatments
resulted in ~20% removal of the canopy.
Canopy removal in the 30% (moderate) and
60% (heavy) pruning treatments averaged 26%
and 55%, respectively, for both cultivars.
There were significant interactions between
treatments and year for canopy volume in
‘Jewel” (Table 1) and volume of regrowth
(Table 2), shoot length, and number of laterals
(Table 3) in both cultivars.

Canopy volume increased from 2011 to
2013 for all treatments in both cultivars
(Table 1). Canopy volume of non-pruned
‘Emerald’ was significantly larger than can-
opy volume of June or July-pruned plants at
the end of each growing season. In ‘Jewel’,
non-pruned plants had greater canopy volumes
in all years compared with June-pruned plants,
whereas canopy volumes of non-pruned and
July-pruned plants were similar in 2012 and
2013.

Both pruning intensities decreased canopy
volume of ‘Emerald’ at the end of the growing
season compared with the non-pruned plants
(Table 1). For ‘Jewel’, non-pruned plants were
larger than both 30% and 60% canopy re-
moval in 2011 and 2012 but similar to 30%
canopy removal in 2013. The heavy pruned
plants were consistently smaller than the other
pruning treatments in all 3 years. Tipping had
no effect on canopy volume at the end of the
growing seasons in either cultivar.

Regrowth volume of non-pruned plants
(i.e., the increase in canopy volume between
June and December) was greater than
July-pruned plants in 2011 for both cultivars
(Table 2). In ‘Emerald’, regrowth volume of
June-pruned plants was greater compared
with July-pruned plants in 2012, and it was
greater than both July-pruned and the
non-pruned control in 2013. For ‘Jewel’,
there were no differences among pruning
time treatments in 2012, but in 2013,
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June-pruned plants had greater regrowth vol-
ume compared with the non-pruned control
(Table 2). Regrowth volume of non-pruned
‘Jewel’ decreased significantly from 2011 to
2012 and 2013, whereas regrowth volume in
the pruning treatments was either similar
among years or increased with successive
years. A similar pattern, although not statisti-

2). For ‘Jewel’, both 30% and 60% canopy
removal reduced regrowth volume compared
with non-pruned plants in 2011, whereas
there were no differences among treatments
in 2012. In 2013, however, both pruning
intensities increased regrowth volume com-
pared with the non-pruned control in both
cultivars. Tipping reduced regrowth volume

in 2012 and 2013 in ‘Emerald’ but not in
‘Jewel’.

June and July pruning reduced shoot
length compared with the non-pruned control

cally significant, was observed in ‘Emerald’
(Table 2).

Pruning intensity did not affect regrowth
volume in ‘Emerald’ in 2011 or 2012 (Table

Table 2. Effect of pruning time and intensity on regrowth volume in ‘Emerald’ and ‘Jewel’ southern
highbush blueberry in three growing seasons.

Volume of regrowth? (m®)

Emerald Jewel
Treatment” 2011 2012 2013 2011 2012 2013
Timing
Non-pruned control 0.21 aA* 0.14 abA 0.15 bA 0.27 aA 0.18 aB 0.13 bB
June 0.17 abB 0.20 aB 0.28 aA 0.20 abA 0.22 aA 0.26 aA
July 0.09 bB 0.10 bB 0.18 bA 0.12 bB 0.20 aA 0.20 abA
Intensity
0% 0.21 aA 0.14 aA 0.15 bA 0.27 aA 0.18 aB 0.13bB
30% 0.14 aB 0.11 aB 0.21 aA 0.16 bB 0.22 aAB 0.27 aA
60% 0.16 aA 0.17 aA 0.21 aA 0.17 bB 0.25 aAB 0.32 aA
Tipping
Tipped 0.14 aB 0.11 bB 0.21 bA 0.16 aB 0.22 aAB 0.27 aA
Not tipped 0.17 aB 0.20 aB 0.28 aA 0.20 aA 0.22 aA 0.26 aA

“Regrowth = (volume at the end of growing season) — (volume immediately after pruning, or June for the
non-pruned control) in each year.

YTiming, intensity, and tipping are main effects; 0%, 30%, and 60% refer to the percentages of canopy
volume removed during pruning.

*Means followed by the same lowercase letter within a column for each main effect or uppercase letter
within a row for each cultivar are not significantly different by Tukey’s honestly significant difference at
P = 0.05.

Table 3. Effect of pruning time and intensity on regrowth lateral shoot length and number of laterals per
shoot in ‘Emerald’ and ‘Jewel’ southern highbush blueberry.

Shoot length (cm) Lateral no./shoot
Treatment” 2011 2012 2013 2011 2012 2013
Emerald
Timing
Non-pruned control¥ 59.0 aA* 33.3aB 24.8 aB 3.2 aA 1.5 aB 1.2 aB
June 26.4 bAB 31.3aA 20.9 aB 1.2bB 1.4 aA 1.2 aB
July 18.7 bA 13.9bB 12.0 bB 1.5 bA 1.1 aA 1.0 aA
Intensity
0% 59.0 aA 333aB 24.8 abB 3.2aA 1.5bB 1.2bB
30% 19.8 cA 229 aA 20.1 bA 1.4 bA 1.8 abA 1.4 bA
60% 40.9 bA 343 aAB 28.3 aB 2.0 bAB 2.3 aA 1.7 aB
Tipping
Tipped 19.8 aA 22.9 aA 20.1 aA 1.4 aA 1.8 aA 1.4 aA
Not tipped 26.4 aAB 31.3 aA 20.9 aB 1.2 aB 1.4 aA 1.2 aB
Jewel
Timing
Non-pruned control 63.0 aA 54.0 aA 23.7 aB 5.8 aA 2.5aB 1.3 aB
June 31.4 bAB 39.4 abA 26.3 aB 1.7 bA 2.3 aA 1.8 aA
July 239 bA 25.0 bA 21.2 aA 1.9 bA 1.8 aA 1.4 aA
Intensity
0% 63.0 aA 54.0 aA 23.7bB 5.8 aA 2.5bB 1.3¢cB
30% 31.8 bA 40.0 aA 29.8 bA 2.6 bA 3.1abA  2.8DbA
60% 49.7 aA 523 aA 49.9 aA 3.6 bA 3.8 aA 4.0 aA
Tipping
Tipped 31.8 aA 40.0 aA 29.8 aA 2.6 aA 3.1 aA 2.8 aA
Not tipped 31.4 aAB 39.4 aA 26.3 aB 1.7 aA 2.3 aA 1.8 aA

“Timing, intensity, and tipping are main effects; 0%, 30%, and 60% refer to the percentages of canopy
volume removed during pruning.

YShoot length and number of laterals in non-pruned control plants were measured in shoots growing from
the beginning of the growth season.

*Means followed by the same lowercase letter within a column for each main effect and cultivar or
uppercase letter within a row for each variable are not significantly different by Tukey’s honestly
significant difference at P = 0.05.
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in 2011 in both cultivars (Table 3).In2012 and
2013, both the non-pruned control and
June-pruned plants had longer shoots com-
pared with July-pruned plants of ‘Emerald’. In
‘Jewel’, July pruning decreased shoot length
compared with the non-pruned control 2012,
but there were no differences in shoot length
among pruning time treatments in 2013. The
effect of pruning time on the number of laterals
was similar in both cultivars (Table 3). June
and July pruning reduced the number of
laterals in 2011, but there were no differences
among treatments in 2012 or 2013. Similar to
the reduction in shoot length, late pruning
(July) also reduced the number of regrowth
flushes in ‘Emerald’ compared with the early
pruning treatment in 2011 and 2012 (data not
shown). Late pruning also tended to reduce the
number of regrowth flushes in ‘Jewel’.
Moderate (30%) and heavy (60%) pruning
intensities reduced shoot length of regrowth
in ‘Emerald” compared with the non-pruned
control in 2011 (Table 3). In 2012 there were
no differences among treatments, and in 2013,
the heavy pruning resulted in increased re-
growth compared with the moderate pruning.
For ‘Jewel’, both heavy and no pruning
resulted in greater regrowth compared with
moderate pruning in 2011. In 2012, there were
no differences among intensities, and in 2013,
heavy pruning had greater regrowth compared
with both non-pruned and moderate pruning.
The effect of pruning intensities on number of
laterals was similar in both cultivars. In 2011,
non-pruned plants produced more laterals com-
pared with 30% and 60% pruning. However,
heavy pruning resulted in an increased number
of laterals compared with non-pruned in 2012
and compared with non-pruned and moderate
pruning in 2013. Tipping had no effect on shoot
length or number of laterals in either cultivar.
There were no differences among treat-
ments for cane breakage resulting from freeze
protection in ‘Emerald’, whereas only in-
tensity affected cane breakage for ‘Jewel’.
The non-pruned ‘Jewel’ plants had increased
cane breakage compared with both 30% and
60% pruning treatments (data not shown).
‘Jewel’ was severely affected by leaf
spots, visually identified as blueberry leaf
rust, especially in 2012 and 2013 (Table 4);
however, July pruning reduced the incidence
of leaf spots through early Nov. 2012 com-
pared with the non-pruned control. In 2013,
both June and July pruning reduced the in-
cidence of leaf spots through mid-November
compared with the non-pruned control.
Non-pruned plants also exhibited greater leaf
spot severity (as measured by average num-
ber of leaf spots per leaf) compared with June
and July pruning treatments (Table 5). No
significant leaf spot infections were observed
in ‘Emerald’ in any of the growing seasons.
In ‘Jewel’, both pruning intensities gen-
erally had a lower incidence of leaf spots
through mid-November compared with the
non-pruned control (Table 4). However, in-
tensity of pruning had no effect on leaf spot
severity (Table 5), whereas tipping had no
effect on either incidence or severity of leaf
spots. Stem blight was not observed in
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Table 4. Effect of pruning time and intensity on incidence of leaf spots in ‘Jewel’ southern highbush

blueberry.
Treatment” Leaves containing at least one leaf spot (%)
Timing
2011 — — — 17 Nov. 1 Dec. 21 Dec.
Non-pruned control — — — 70.0 a* 70.0 a 56.7 a
June — — — 433 a 40.0a 50.0a
July — — — 66.7 a 733 a 66.7 a
2012 — — 25 Oct. 8 Nov. 23 Nowv. 11 Dec.
Non-pruned control — — 383 a 81.7a 883 a 975a
June — — 350a 61.7 ab 833a 95.0a
July — — 158b 41.7b 783 a 942 a
2013 3 Oct. 17 Oct. 31 Oct. 14 Nov. 29 Nov. 12 Dec.
Non-pruned control 633a 95.0a 99.2a 100.0 a 100.0 a 100.0 a
June 242b 68.3b 88.3b 91.7b 100.0 a 100.0 a
July 3250 73.3 ab 90.0b 942b 100.0 a 100.0 a
Intensity
2011 — — — 17 Nov. 1 Dec. 21 Dec.
0% — — — 70.0 a* 70.0 a 56.7a
30% — — — 36.7b 40.0 a 633a
60% — — — 36.7b 433 a 833a
2012 — — 25 Oct. 8 Nov. 23 Nowv. 11 Dec.
0% — — 383a 81.7a 88.3a 975a
30% — — 26.7 ab 533b 81.7 ab 96.7 a
60% — — 15.0b 533b 733b 100.0 a
2013 3 Oct. 17 Oct. 31 Oct. 14 Nov. 29 Nov. 12 Dec.
0% 633a 95.0a 99.2a 100.0 a 100.0 a 100.0 a
30% 26.7b 78.3 ab 90.8 b 95.0b 100.0 a 100.0 a
60% 233b 66.7 b 86.7b 92.5¢ 100.0 a 100.0 a
Tipping
2011 — — — 17 Nov. 1 Dec. 21 Dec.
Tipped — — — 36.7 a 40.0 a 633 a
Not tipped — — — 433 a 40.0 a 50.0 a
2012 — — 25 Oct. 8 Nov. 23 Nov. 11 Dec.
Tipped — — 26.7 a 533a 81.7a 96.7 a
Not tipped — — 350a 61.7 a 833a 950a
2013 3 Oct. 17 Oct. 31 Oct. 14 Nov. 29 Nowv. 12 Dec.
Tipped 26.7 a 78.3 a 90.8 a 95.0a 100.0 a 100.0 a
Not tipped 242 a 68.3 a 883 a 91.7 a 100.0 a 100.0 a

“Timing, intensity, and tipping are main effects; 0%, 30%, and 60% refer to the percentages of canopy

volume removed during pruning.

YData were collected on three dates in 2011, four dates in 2012, and six dates in 2013.
*Means followed by the same letter within a column within each year for each main effect are not
significantly different by Tukey’s honestly significant difference at P < 0.05.

‘Jewel’ over the three seasons. In ‘Emerald’,
8% to 33% of the plants exhibited stem
blight, but there were no differences among
timings, intensities, or tipping for incidence
or severity (data not shown).

In general, June- and July-pruned ‘Jewel’
defoliated later and to a lesser extent compared
with the non-pruned control (Table 5). Simi-
larly, 30% and 60% canopy removal delayed
defoliation compared with the non-pruned
control. Tipping had no effect on defoliation
in ‘Jewel’. Defoliation was relatively low for
‘Emerald’ by the end of the season in all years
(data not shown), and there were no differences
among treatments in 2011 or 2013. In 2012,
only the 30% pruning treatment had greater
defoliation than the non-pruned control.

Discussion

Although summer pruning is used to stim-
ulate healthy vegetative growth in blueberries,

this is the first report on effects of timing and
intensity of summer pruning on vegetative
growth and disease incidence and severity in
SHB.

The lack of difference in canopy volume
starting in 2012 between July-pruned and
non-pruned ‘Jewel’ plants was a reflection
of both the increase in regrowth volume from
2011 to 2012 in the July pruning treatment
and a reduction in the regrowth in the
non-pruned plants. Although the July pruning
resulted in decreased shoot length compared
with no pruning in 2011 and 2012, pruning
likely increased the number of growing
points, leading to regrowth volume and can-
opy volume comparable to non-pruned plants
starting in 2012. Little or no differences in
canopy and regrowth volume were seen
between June and July pruning treatments
in ‘Jewel’ probably as a result of the long
growing season. In ‘Emerald’, differences in
regrowth volume between June and July
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Table 5. Effect of pruning time and intensity on defoliation and leaf spot severity in ‘Jewel’ southern

highbush blueberry.
Defoliation (%)
Leaf Early Late Late

Treatment” spotnoy  Oct*  Mid-Oct. Oct. Mid-Nov.  Nov.  Mid-Dec.
Timing

Non-pruned control 19.0 av 275a 475a 42.1a 475 a 550a 66.9 a

June 13.1b 75b 142b 204 b 192b 26.7b 51.1b

July 1250 11.7b  242ab 21.3b 258b 350b 61.7 ab
Intensity

0% 19.0a 275a 475 a 42.1a 475a 550a 66.9 a

30% 14.0 a 75b 20.0b 20.8 b 22.5b 283 b 57.2 ab

60% 16.7 a 6.7b 133b 129b 13.8b 18.6b 533b
Tipping

Tipped 14.0a 75a 20.0a 20.8 a 225a 283 a 572a

Not tipped 13.1a 75a 142 a 204 a 192 a 26.7 a S51.1a

“Timing, intensity, and tipping are main effects; 0%, 30%, and 60% refer to the percentages of canopy

volume removed during pruning.

YAverage number of leaf spots were counted in five fully expanded leaves in one shoot per data plant. Data
were collected on 8 Nov., 23 Nov., and 11 Dec. 2012 and 14 Nov., 29 Nov., and 12 Dec. 2013 and averaged
overall dates since there were no interactions between treatment, date and year.

*Early October refers to data collected on 3 Oct. 2013; Mid-Oct. refers to data collected on 17 Oct. 2013;
Late Oct. refers to data collected on 25 Oct. 2012 and 31 Oct. 2013; Mid-Nov. refers to data collected on 17
Nov. 2011, 8 Nov. 2012, and 14 Nov. 2013; Late Nov. refers to data collected on 1 Dec. 2011, 23 Nov.
2012, and 29 Nov. 2012; Mid-Dec. refers to data collected on 21 Dec. 2011, 11 Dec. 2012, and 12 Dec.
2013. Data were averaged within each date for 2011, 2012, and 2013 because there were no interactions

between treatment and year.

“Means followed by the same letter within a column for each main effect are not significantly different by

Tukey’s honestly significant difference at P =< 0.05.

pruning treatments were probably the result
of earlier cessation of shoot growth and
formation of flower buds in this cultivar
compared with ‘Jewel’ (Banados and Strik,
2006; Kovaleski et al., 2015). Thus, unlike
the June pruning treatment, pruning ‘Emer-
ald’ in July would not have allowed sufficient
time for shoot regrowth to occur. Williamson
and Darnell (1996), however, found a de-
creased plant height and canopy volume in
late-pruned compared with early-pruned
‘Sharpblue’. Similarly, Bafiados et al. (2009)
found a reduction in growth and lateral
branching in both southern and northern
highbush blueberry when pruned 2 to 3
months after harvest compared with pruning
soon after harvest. In both studies, however,
the late summer pruning was later in the
season than the late pruning in our study and
would therefore reduce the time for plants to
regrow before dormancy.

The lack of differences in canopy volume
between 30% and non-pruned ‘Jewel’ plants
in 2013 suggests a compensatory growth,
where pruning promoted sufficient regrowth
to overcome the pruned volume. The lack of
difference in canopy volume of ‘Emerald’
between the 30% and 60% pruning treatments
suggests a similar compensatory growth re-
sponse. In the case of ‘Emerald’, however,
pruned plants did not attain the same canopy
volume as non-pruned plants, which is sim-
ilar to response found by Williamson and
Darnell (1996). This difference in cultivar
response to pruning intensity may be the
result of plant architecture differences, be-
cause ‘Emerald’ has shorter regrowth
shoots compared with ‘Jewel’, resulting in
a more pronounced dwarfing effect from
pruning.

Regrowth volume of non-pruned ‘Jewel’
was greater compared with 30% and 60%
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pruned, which may have contributed to
greater ice build-up during freeze protection,
resulting in increased cane breakage com-
pared with the other treatments. This effect
was not observed in ‘Emerald’, possibly
because its architecture is less upright com-
pared with ‘Jewel’ (Lyrene, 2001b, 2008).
However, the significant reduction in
regrowth volume of non-pruned ‘Jewel’ from
2011 through 2013, and a similar, although
not statistically significant trend observed in
‘Emerald’ (P = 0.06), suggests that lack of
pruning reduces vegetative vigor in SHB
over time. This effect was also seen in the
reduction in the number of growth flushes in
the regrowth of ‘Jewel’ non-pruned plants
compared with all pruning treatments from
2011 to 2013 (data not shown). The same
effect was described in a winter pruning
study with two highbush blueberry cultivars
by Strik et al. (2003), who suggested that the
decreased regrowth resulting from the lack of
pruning may have a negative impact on berry
weight, picking efficiency, and yield. The
reduction in lateral shoot length and number
from 2011 to 2013 in the non-pruned plants
follows the canopy regrowth volume trend
and further supports the loss of vigor result-
ing from no pruning.

The decrease in shoot length caused by
heavy (60%) pruning in ‘Emerald’ from 2011
to 2013 may indicate a loss of vigor in this
treatment, possibly as a result of carbohy-
drate depletion resulting from excessively
heavy pruning in all years (McFadyen et al.,
2011). However, the decrease in shoot length
in ‘Emerald” was not reflected in a decrease in
regrowth volume. This is probably because
shoot length was a cumulative measurement
of the length of shoots and all laterals, and the
reduction in the number of laterals would
decrease shoot length without affecting volume.

This effect of 60% pruning was not observed
in ‘Jewel’, possibly because the plants were
larger and therefore contained more reserves.
However, continued heavy pruning of this
cultivar may eventually result in similar de-
creases in shoot length.

Although shoot length decreased (‘Emer-
ald’) or remained the same (‘Jewel’) in the
60% pruning treatment over the 3-year pe-
riod, shoots in this treatment were as long or
longer compared with the 30% and 0%
pruning treatments in both cultivars. A sim-
ilar effect was observed by Spiers et al.
(2002), where regrowth shoot number and
length of ‘Climax’ rabbiteye blueberry were
significantly greater in heavily pruned com-
pared with non-pruned plants. Heavy pruning
of ‘Sharpblue’ SHB also increased regrowth
shoot length compared with moderate and no
pruning (Williamson and Darnell, 1996).
Although these studies only evaluated or
described the pruning effects in the first year
after pruning treatments, it is possible that
heavy pruning may promote continuously
vigorous shoot regrowth over several years.

In 2013, the incidence of leaf spots in
‘Jewel’ was remarkably high for all treat-
ments, averaging 91% across all treatments
by 31 Oct., much earlier than in the previous
2 years. The incidence of leaf spots in Dec.
2012 was also considerably higher than in
2011. This could be a result of the increased
rainfall in the summer months of 2012 and
2013 and less fungicide applications (in
2013), which may have contributed to the
spread of leaf spot diseases during summer
regrowth (Scherm et al., 2007; Williamson
and Miller, 2002). Non-pruned ‘Jewel’ plants
consistently had the highest percentage of
leaves containing leaf spots in all years,
likely because older infected leaves were
not removed through summer pruning. The
high incidence of leaf spots in this treatment
likely led to the increased leaf defoliation
(Ojiambo et al., 2006; Ojiambo and Scherm,
2005a), which would reduce photosynthesis
of the non-pruned plants during the fall, as
described by Roloff et al. (2004), and con-
tribute to the loss of vigor in these plants over
the years. Occasional decreases in the in-
cidence of leaf spots such as from 1 Dec. to
21 Dec. 2011 in the non-pruned control and
July pruning treatments are likely the result
of defoliation of severely affected leaves, as
found by Ojiambo and Scherm (2005b). The
low defoliation seen in ‘Emerald’ is typical,
probably as a result of the resistance to leaf
diseases (Lyrene, 2001a), which aids in
maintaining healthier foliage through the fall.

Lack of pruning in the first year had no
severe negative effects on the growth of the
cultivars analyzed, whereas tipping had no
effect over the 3 years, possibly because the
evaluation of tipping (i.e., tipping vs. no
tipping) was only done at the 30% pruning
intensity. However, lack of pruning for two
or more seasons decreased vegetative vigor
compared with pruning treatments as mea-
sured by regrowth volume, which may de-
crease flower bud formation and yield
(Lyrene, 2005). Lack of pruning also resulted
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in increased early-season incidence and se-
verity of leaf rust and increased cane break-
age from freeze protection in ‘Jewel’. Data
indicate that summer pruning, regardless of
timing or intensity, is beneficial for the
vegetative growth of SHB. Moderate (30%)
and early pruning increased vegetative re-
growth over time for both cultivars, and
reduced cane breakage and disease infection
for ‘Jewel’.
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