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SUMMARY

Apical meristems of tissue cultured Vaccinium species (V.
corymbosum L., V. uliginosum L. and Y. ovatum Pursh.) were
tested for their ability to cryopreserve following cold
hardening. In vitro-grown plants were cold hardened/chilled at
alternating temperatures (22°C day/-1°c night) for o0, 1, 3, 5

or 7 weeks before the meristems were excised and cooled to -350

C at four different rates. Survival rate following immersion
in liquid nitrogen and rapid thawing varied greatly among
species. V. corymbosum survival increased from 6% to 58%

following three or more weeks of cold hardening/chilling.
Freezing at the slowest rate, 0.1°¢c/min, was the most
successful. V. uliginosum improved slightly after cold
hardening but V. ovatum did not improve significantly under any

treatment. wWarm-grown plants of V. corymbosum survived only at
the 0.1 °C/min freezing rate while those of the other species
did not survive at any rate.
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INTRODUCTION

Development of cryopreservation techniques for apical
meristems of diverse plant species requires a balance of
factors. Research into the cryopreservation requirements of
pea (1), strawberry (2), Brassica (3), pear (4), and raspberry
(5) as well as other genera (6) have demonstrated the need to
determine ideal combinations of cooling rates and prefreezing
temperatures. Cooling rates of less than 1°C/min are important
to the survival of meristematic tissue. The rate of cooling is
genus dependent (1,2,3,4,5). v

Both cold hardening and dehydration due to pretreatment
and cooling rate contribute to the survival of meristems frozen
to -196°cC. Cold hardening for one week greatly increased the
survival rates of both Rubus and Pyrus species frozen in liquid

nitrogen (4,8). Dormant apple buds survived best when the
tissues had 20% or less liquid water, due to slow dehydration,
at the prefreezing temperature (9).

Chilling requirements may also play a role in the recovery
of Vaccinium meristems following cryopreservation. Chilling
requirements of high-bush and rabbiteye blueberry cultivars
vary from 250 to 870 h below 7°C (10,11). Normal growth will
not occur if the requirement is not met; plants will not bloon
and often die. The effect of a chilling requirement on
cryopreservation has not been investigated.

This study examines the effects of freezing rate and cold
hardening/chilling requirement on the survival of apical
meristems of Vaccinium frozen in liquid nitrogen.

MATERIALS AND METHODS

Tissue culture and acclimation conditions: Plantlets of
the in vitro-grown Vaccinium species were maintained on woody
plant medium (12) modified by doubling the calcium nitrate with
5 mg-liter~1 2-IP [N6 (2-isopentenyl)adenine], 3% sucrose and



0.6% agar (Difco-bacto) at pH 5.2. Growth room conditions were
16 h days and 8 h nights at 25°9C. Cold hardening/chilling
conditions were 22°C days (8 h) and -1°C nights (16 h) for 400,
600 or 800 h below 7°C. Dissected meristems (0.8 mm) of both
treatments were incubated for 48 h on medium with 0.8% agar and
5% DMSO (dimethylsulfoxide). Meristems were grown under the
same conditions as the parent plantlets.

Addition of cryoprotectant: Following incubation,
meristems were transferred to 0.25 ml liquid modified woody
plant medium in 1.2 ml plastic cryotubes on ice. The
cryoprotectant PGD (13), a mixture of 10% each polyethylene
glycol, glucose and DMSO, was added dropwise up to 1.2 ml over
30 min. The sample was then equilibrated at -1°9C for 30 min
followed by removal of excess cryoprotectant.

Freezing: Samples were frozen in 1 ml of the
cryoprotectant at either 0.1, 0.3, 0.5 or 0.8 °C/min to -35°C
in a programmable controlled-temperature freezing chamber
(Cryomed, Leona, MI) and immersed in liquid nitrogen for one
hour. The prefreezing temperature was determined in
preliminary experiments (data not given).

Thawing: Vials were thawed in a 40°C water bath for one
min, then cooled in a 23°C water bath. The cryoprotectant was
drained from the vials and replaced with 1liquid medium.
Meristems were drained on sterile filter paper and plated on
medium for regrowth. Twenty treated meristems and five
controls (not frozen) were tested for each of five replicates
per species.

Growth following freezing: Meristems were plated on 2 ml
medium in sterile welled plates (Costar, Cambridge, MA) (24
wells per plate). Recovering meristems were observed over a
period of 30 days. Survival was measured as the number of
meristems that formed shoots or callus.



Table 1. The influence of conditioning in cold or warm
temperatures on the survival of meristems of Vaccinium species
following cryopreservation in liquid nitrogen.

Number of meristenms

Cold-hardened Warm-grown
Species Local# Living Dead Total Living Dead Total
V. co osum 17 3 520 523 3 502 505
V. co osum 40 143 401 544 22 513 535
V. ovatunm 83 18 514 531 11 497 508
V. uliginosum 137 3 441 444 0 487 487
Totals 167 1876 2042 31 1993 2024

af G2

V. co osum 17 1 0.002 NS
V. co osum 40 1 112.84 *%x%
V. ovatum 83 1 0.1 NS
V. uliginosum 137 1 4.45 *
Cold Hardened 3 296.74 ***
Warm Grown 3 35.55 k%

Z G values calculated as in Sokal and Rohlf (14).
NS, *,*** Nonsignificant (NS) or significant at the 5% or 0.1%
level, respectively.

RESULTS 'AND DISCUSSION

Species differences: The survival rate of cryopreserved
Vaccinium meristems was quite variable. Of the four accessions
tested (three species), only V. corymbosum (V40) survived at
highly significant levels (Table 1).

Differences between species were also seen in the survival
following cold hardening or warm growth. This variability is
much greater than that seen in either Pyrus or Rubus species
and cultivars (4,8).




Table 2. The effect of freezing rate on the survival of
meristems of Vaccinium corymbosum (V 40) cooled to -35°C and
immersed in liquid nitrogen for one h following warm or cold-
hardening treatments.

Number of meristems

Freezing Cold-hardened Warm-grown
rate? Living Dead Total Living Dead Total GY
0.1 54 51 105 17 149 166 56.57 *%x%
0.3 53 127 180 5 140 145 43.19 **%
0.5 30 125 155 0 116 116 36.29 *%x*
0.8 6 98 104 0 108 108 8.73 **
Totals 143 401 544 22 513 535

af GY
Conditioning ‘ 1 112.83 **%
Effect of freezing rate on hardened plants 3 64.87 **xk
Effect of freezing rate on warm-grown plants 3 30.32 *kx%

2 Oc/min to =-35°C
¥ G values calculated as in Sokal and Rohlf (14)
**%,%%% significant at the 1% or 0.1% level, respectively.

Freezing rates: The levels of recovery in V.
corymbosum (V 40) were further analyzed to determine the
effect of freezing rate on survival and the interaction of
conditioning with freezing rate (Table 2). V. corymbosum (V
40) showed high levels of significance for all factors
tested. Slower freezing rates were more significant than
the faster rates, however all cold-hardening treatments
produced higher survival rates than their warm counterparts.

Warm-grown plants survived at the slowest rate (0.1) but
not at any of the faster rates. The effect of freezing rate
on hardened plants was even more apparent. The freezing rate
had a highly significant effect on both warm-grown and
cold-hardened plants.



conditioning and chilling requirements: The effect of
cold hardening on V. corymbosum (V 40) was highly
significant fer all freezing rates tested. The length of the
cold period for conditioning under this study is equivalent
to 400, 600, and 800 h of Ehilling. A shorter period of
cold, 100 h, was not adequate to condition any of the species
tested (data not given) even though it was useful with Pyrus
and Rubus species (4,8). V. corymbosum (V 40) survived
better following cold hardening for 3, 5 or 7 weeks (Table

3). callus production was rare (data not given).

In other blueberry species at least 250 to 870 h below
79C are required for normal growth to occur (10,11). The
three species tested in this study appear to be no exception.
The accessions that did not respond to up to 800 h chilling
may have other requirements that were not met. In this
genus, the hardiness level of the plant may not be as
important as the requirement for chilling since average
hardiness for blueberries ranges from -14°C to -26°C and the
maximum in December may be as low as -40°C (15).

Cryopreservation of Vaccinium species requires
consideration of many factors. Short periods of chilling,
less than 3 weeks, are not effective in preparing plants for
freezing. Longer amounts of cold hardening, equivalent to
normal chilling requirements, appear to be necessary for
successful cryopreservation of at least one of the genotypes
tested. Cold hardening under the conditions of this study
for 3, 5 or 7 weeks is equivalent to up to 800 hours of
chilling below 7°C. One species responded positively to this
length of hardening/chilling while the others appear to have
further requirements that were not met.

Future work is needed to determine the degree to which
the plants have cold hardened, as well as to determine
whether their natural chilling requirements must be met.
Continued work on the growth requirements of Vaccinium
species in culture may also aid in the development of further
cryopreservation strategies.



Table 3. Shoot production in apical meristems of Vaccinium
corymbosum (V 40) following growth in warm conditions or cold
hardening for 1, 3, 5 or 7 weeks, cooling at four controlled
rates to -35 éndeimmersion in liquid nitrogen for one hour.

Percent Shoot Production?
Weeks of cold hardening

Freezing

rateY 1 Week 3 Weeks 5 Weeks 7 Weeks

Cold-hardened

0.1 6.25 + 0.03 42.11 #+ 0.08 57.89 £ 0 45.0 + 0.25
0.3 X 23.33 + 0.11 21.66 + 0.18 33.3 + 0.08
0.5 - v 13.48 + 0.0° 27.89 + 0.12 17.28 + 0.02
0.8 - . 7.50 + 0.08 6.11 + 0.01 5.41 + O

Warm-Grown O Weeks cold hardening
0.1 26.43 + 5.7
No survivors at 0.3, 0.5 or 0.8

2 Percent of meristems frozen showing normal growth (ﬁean +

SEM). Callus production was rare.
Y Oc/min to -35°C.
X no survival at this rate.
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