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Abstract
Many blueberry cultivars contain genetic material from Vaccinium species adapted to southern and northern
regions. In this study, we compared the flower bud hardiness of several cultivars with diverse species backgrounds
during the fall, winter and spring. Twigs were collected from field-grown plants and frozen to a range of tempera-
tures to determine the temperature resulting in 50% bud mortality. The hardiest cultivars were ‘Sierra’, ‘Patriot’
and ‘Elliott’, as well as the new cultivars ‘Aurora’ and ‘Liberty’. ‘Bluecrop’ and ‘Brigitta’ were intermediate in
hardiness, and ‘Legacy’ was the least hardy cultivar tested. Results suggest that hardiness of cultivars cannot be

predicted accurately from their species composition.

Low temperature injury reduces highbush
blueberry (Vaccinium corymbosum L.) pro-
duction in many regions. Injury can occur in
the autumn as tissues are acclimating, in mid-
winter when tissues are fully acclimated, or in
the spring during deacclimation. Flower buds
are typically less hardy than twig or cane tis-
sues (4). Flower buds and shoot tissues begin
acclimating to cold in October, but may not
attain maximum hardiness until December or
January (3,5). Flower buds can begin deac-
climating soon after maximum hardiness
is reached, and under Michigan conditions,
injury can occur in the late winter or spring
(3). In contrast, cold injury to blueberries in
western Washington most often occurs in the
late fall and winter (8).

Many Vaccinium species have been utilized
by blueberry breeders to develop cultivars
adapted to diverse climates (1,10,14). Low-
bush blueberry (V. angustifolium) has been
used to develop hardy half-high cultivars for
cold areas. Lowbush and lowbush/highbush
hybrids acclimate earlier than highbush culti-
vars, and tolerate early winter cold as a result
(15), but some also deacclimate quickly and
lose hardiness in the late winter.

Native southern species have also been
hybridized with northern highbush types to de-
velop “southern highbush” types (1,7). While
most of these hybrids were generated for areas
with very low-chilling hours and warm win-
ters, some have chilling requirements between
600-800 hours and could have varying degrees
of cold tolerance. Recent releases that fall into
this “intermediate” category are ‘Legacy’,
‘Ozarkblue’ and ‘Sierra’.

Predicting hardiness of cultivars from their
genetic makeup alone appears difficult. In
our informal observations of cultivar trials in
Michigan, flower buds of ‘Sierra’ have rarely
been damaged by low temperature, while
flower buds of ‘Legacy’ and ‘Ozarkblue’ are
commonly damaged. Flower buds of most
pure northern highbush types such as ‘Elliott’
and ‘Bluecrop’ survived most winters, while a
high percentage of the flower buds of ‘Brigitta’
were damaged in most years. Ehlenfeldt et
al. (9) reported that two cultivars containing
southern species (‘Legacy’, ‘Ozarkblue’)
were less hardy than northern highbush culti-
vars in mid-winter, but they deacclimated at
comparable rates. The stage of bud opening
or development provides an accurate estimate
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of the degree of deacclimation (16).

The overall cold hardiness of blueberries
is affected by rates of acclimation, degree of
tolerance during deep winter rest and rates of
deacclimation. The variation in cold damage
observed among highbush cultivars may relate
to differences in all three of these param-
eters. To test this hypothesis, we compared
the flower bud hardiness of a diverse array
of blueberry cultivars in the fall, winter and
spring of 2003 and 2004.

Materials and Methods

During the first season, 60 twigs, at least
10 cm long and with three or more flower
buds, were removed on 25 Nov. 2003, from
‘Bluecrop’ (4 plants), ‘Brigitta’ (5 plants),
‘Patriot’ (4 plants), ‘Sierra’ (3 plants), and
‘Legacy’ (2 plants) at Grand Junction, Mich.,
and from ‘Bluecrop’ (5 plants), and ‘Aurora’
and ‘Liberty’ (1 plant each) at the Southwest
Michigan Research and Extension Center
(SWMREC) in Benton Harbor, Mich. Twigs
were placed in plastic bags with a moist pa-
per towel, transported in an ice-filled cooler
to East Lansing, Mich, and prepared within
24 hr for controlled temperature freezing as
described previously (13,17).

To determine freezing tolerance, three twigs
from each cultivar were bundled together in
moist cotton cheese cloth, wrapped in alumi-
num foil, and placed in an Ultralow Freezer
(ScienTemp, Adrian, Mich.) programmed to
cool at a rate of 2 °C per hour. Three bundles
(replicates) were removed when temperatures
recorded by a thermocouple placed next to
the bundles reached -12, -16, -20, and -24
°C. Three control bundles were also held at
3 °C. After freezing, the bundles were held
at 3 °C for 1 d and 20 °C and 100% relative
humidity for 5 d (to allow expression of visible
symptoms). Buds were cross-sectioned and
examined under a dissecting microscope to
determine the number that were green (live)
and brown (dead). The temperature resulting
in 50% flower primordia mortality (LT, ) was

calculated using the modified Spearmann-
Karber method (2). Additional twigs were
sampled on 19 Jan. and 1 Mar. 2004 from the
same bushes and four bushes of ‘Elliott’ at
both locations. Twigs were handled and as-
sessed as described above, except that twigs
sampled in Jan. were removed at temperatures
of -17, -21, -25, -29, and -33 °C, and those
sampled in Mar. were frozen to -9, -13, -17,
-21 and -25 °C. Because the same cultivars
were not sampled on each date, ANOVA was
performed on LT, data for each date and loca-
tion, and cultivar means were separated using
an LSD test (P = 0.05). Data for each cultivar
were also analyzed separately to compare
sampling times.

In the second season (2004-2005), twigs
were only sampled from plants at Grand Junc-
tion. Samples were collected from the same
bushes as in year 1, as well as four bushes
each of ‘Ozarkblue’ and US 245. US 245 is
75 % ‘Bluecrop’ and 25% V. darrowii, one of
the primary species used to develop low-chill
southern highbush cultivars (6). Sampling
dates and freeze temperatures were 17 Nov.
04 (-8, -12, -16, -20, -24, -28, -32 °C), 24 Jan.
05 (-16,-20, -24, -28, and -32 °C), and 10 Mar.
2005 (-10, -14,-18,-22, -26 °C). Post-freezing
handling and evaluation were the same as in
year 1. Since the same cultivars were sampled
on each date, data were analyzed as a factorial
design, with Time and Cultivar as factors.

Daily minimum and maximum temperatures
were recorded by automated weather stations
at each location. Average daily temperatures
were calculated as: (min + max)/2. The aver-
age daily temperatures for the seven days prior
to each sampling were computed.

Results
At SWMREC in 2003-2004, ‘Aurora’ was
the hardiest cultivar in the late fall, winter and
early spring, followed by ‘Liberty’, ‘Elliott’
and ‘Bluecrop’ (Table 1). ‘Aurora’ did not
significantly vary in hardiness across dates (P
> 0.05), while ‘Liberty” and ‘Bluecrop’ were
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Table 1. Flower bud hardiness of blueberry cultivars at SWMREC in Benton Harbor, Mich., as deter-

mined by controlled freezing tests.

LT, (°Cy
Cultivar (LSD, ,, across dates) 25 Nov. 2003 19 Jan. 2004 1 Mar. 2004
Aurora (nsY) -25.3 ax -26.8 a -25.7 a
Liberty (3.2) -214b -25.8a -25.0ab
Elliott (ns) ntv -23.3 ab -23.7 ab
Bluecrop (2.0) -17.4c -19.5b -21.3b
LSD 3.6 4.5 4.0

0.05

“Temperature resulting in 50% flower bud mortality
YMeans across columns not significantly different

*Letters indicate significant differences between means in columns

“Cultivar not tested

significantly less hardy in November than on
later sampling dates. ‘Elliott” was not tested in
the fall. The average daily temperatures for the
7 days prior to the Nov, Jan, and Mar sampling
dates were 9, -4, and 1 °C, respectively.

At Grand Junction in 2003-2004, ‘Sierra’,
‘Patriot’, and ‘Elliott” were the most hardy
overall with no significant changes in LT,
across seasons (Table 2). ‘Legacy’ was the
least hardy in all seasons, and had significantly
higher LT, values in the spring than the fall
or winter. In fact, Legacy was 10 degrees
less hardy than any other cultivar in March.
‘Brigitta’ and ‘Bluecrop’ were intermediate in
hardiness, with ‘Bluecrop’ being significantly

less hardy in the fall. ‘Brigitta’ also had its
lowest LT, in the fall, but the value was not
significantly different than the other seasonal
values. The average daily temperatures at
Grand Junction for the 7 days prior to the Nov.,
Jan., and Mar. sampling dates were 9, -4, and
0 °C, respectively.

In 2004-2005, LT, data showed a highly
significant date x cultivar interaction. A
Tukey’s HSD test was used to separate the
large number of means (Table 3). ‘Sierra’, ‘Pa-
triot” and ‘Elliott’ were again the most hardy
overall, but they were significantly less hardy
in the spring and fall than winter. ‘Legacy’ was
again the least hardy in all seasons, but with

Table 2. Flower bud hardiness of blueberry cultivars at Grand Junction, Mich., as determined by con-

trolled freezing tests.

Cultivar (LSD, ,, across dates) LT, (°C)*
25 Nov. 2003 19 Jan. 2004 1 Mar. 2004

Patriot (nsY) -24.7 a* -21.1 bc -239a
Sierra (ns) -23.2 ab 243 a -23.5a
Elliott (ns) nt¥ -22.6 abc -21.0a
Brigitta (ns) -19.6 bc -23.5 ab -20.1a
Bluecrop (3.1) -16.2c -20.8 c -18.6 a
Legacy (4.6) -149c -15.1d -8.1b
LSD, 5.0 25 6.5

“Temperature resulting in 50% flower bud mortality
YMeans across columns not significantly different

*Letters indicate significant differences between means in columns

“Cultivar not tested
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Table 3. Flower bud hardiness of blueberry cultivars at Grand Junction, Mich., as determined by con-

trolled freezing tests.

Cultivar LT, (°C)*
17 Nov. 2004 24 Jan. 2005 10 Mar. 2005

Sierra -25.0 & -319a -27.4 a
Patriot -24.6 ab -32.0a -27.5a
Elliott -23.9 ab -31.2a -22.9 bc
Ozarkblue -23.8 ab -26.2 bc -214c
Bluecrop -23.7 ab -29.4 ab -26.1 ab
US 245 -22.7 ab -240c¢ -17.4d
Brigitta -21.2b -30.9 a -26.7 a
Legacy -15.7 ¢ -17.5d -134 e

“Temperature resulting in 50% flower bud mortality

YLetters indicate significant difference between means in columns (Tukey’s HSD, . = 3.6). The same HSD value can

be used to compare means across columns

no significant change in LT, in the fall, winter
and spring samples. ‘Ozarkblue’, ‘Bluecrop’,
US 245 and ‘Brigitta’ were intermediate in
hardiness. ‘Brigitta’ was significantly less
hardy in the spring and fall than mid-winter.
‘Ozarkblue’ and US-245 were significantly
less hardy in the spring, while ‘Bluecrop’ had
asignificantly lower LT, in the fall. The aver-
age daily temperatures for the 7 days prior to
the Nov., Jan., and Mar. sampling dates were
5, -12, and -2 °C, respectively.

Discussion

The new northern highbush releases ‘Lib-
erty’ and ‘Aurora’ are as hardy as ‘Elliott’,
the standard late-season cultivar in Michigan.
‘Patriot’ also proved quite hardy in all sea-
sons, even though it is frequently reported to
be damaged by cold. This may be due to its
floral buds developing more rapidly than other
cultivars once temperatures begin to rise in late
winter, making it more likely to be frost dam-
aged if temperatures drop suddenly (12).

‘Bluecrop’ and ‘Brigitta’ were intermedi-
ate in cold hardiness, and varied in their rates
of acclimation and deaclimation. ‘Bluecrop’
was less acclimated in the late fall than winter
in both years, while ‘Brigitta’ was less cold
hardy in both the early spring and late fall of

2003-2004 but not in 2004-2005. These results
suggest that ‘Brigitta’ may deacclimate more
readily than ‘Bluecrop’ some years in the
spring, but it does not explain why ‘Brigitta’
routinely suffers what has appeared to be cold
damage. Perhaps ‘Brigitta’ is more sensitive to
cold than the other northern highbush cultivars
at periods earlier and later than those analyzed
in this study.

Among the genotypes containing high pro-
portions of genes from southern blueberry spe-
cies, ‘Legacy’ was the least hardy at all sample
dates. ‘Legacy’ has been observed to retain
its leaves late into the fall like many southern
highbush cultivars, suggesting that it might ac-
climate to cold slowly. However, ‘Ozarkblue’
and US 245 also retain their leaves until the
very late fall and they proved to be just as
hardy in the fall and winter as the mid-season
standard ‘Bluecrop’. This indicates that leaf
retention is not a good indicator of potential
winter hardiness. Bittenbender and Howell
(2) also found no correlation between flower
bud hardiness and fall leaf retention in seven
northern highbush cultivars.

In summary, these data verify our infor-
mal observations that the ancestry of high-
bush blueberry cultivars can not be used to
adequately predict season patterns of cold
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hardiness. Hancock et al. (11), also found con-
siderable levels of variation in cold hardiness
in a highbush breeding population containing
12.5 % V. darrowii, and in another study found
several complex hybrids that were very winter
hardy, even though a high percentage of their
genes were from southern species (12). V.
constablaei, which is distributed in higher
elevation sites in the southern U.S., appears
to provide consistently slower rates of deac-
climation, which may be useful in developing
genotypes with tolerance to late-winter cold
(16). These observations suggest that a lack
of cold hardiness should not impede the use of
southern species in northern highbush breed-
ing programs.
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