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Frost Tolerance in Seedlings of Vaccinium membranaceum,
Vaccinium globulare, and Vaccinium deliciosum

Abshact

Frost tolerances ol Vaccinir.n, glab lare, V. d,eliciosam. antl V. membranace*m seedlings were
compared at conrrolled temperarures of 0', -l', -6", and -9'C. Subsequent shoot etowth decreased
with decredsing tempem(ure in a i l  species.  bur growth t rends di t fered.  Seedine.  ot  V.  del ;c io *n
were more frost tolerant than the others. I/. deliciotun seedliogs ai<o began spdng growth earlier
when all three species were growo in the same environmeAt,

Introduction

Wild hucklelrrry fields occupy extensive areas in the mountains of Oregoo and \fash-
ington. Many of these areas produce large quantities o{ high quality fruig and some
are heavily utilized by berry pickers (Minore, 1972). Unfomrnately, huckleberry pro-
duction is o{ten reduced by frost damage Similar crop reductions occur in tbe blueberry
fields of eastern North America (Jobnson, 1951; Hall, Aalders, aod Barker, 1964).
Sometimes most of the aurumn berry crotrr is desffoyed by spring frosts that occxr when
the huckleberry trushes are actively growing, but a few huckleberry shrubs remain
uninjured aod productive after severe frosts. Many of these shrubs escape damage be-
cause they grow in protected locations or under local heavy snow accumulations w.herc
active growth is delayed. Others seem to be frost resistant-field observations after the
severe frosts of 1973 indicated drat some lorthwesterrl Vaccinium speoes are filore
frost tolerant than orhers. As it is difficult to separate species differences from envir-
onmental differences in the field, we compared the frost olerances of three common
nofthwesteJn Vaccinium species under controlled conditions. Our wotking hypothesis
was that frost damage would increase with decreasing remperarues. Further, we ex-
pected damage ro differ among species.

Vacciniun. nLanzbrdnaoeanz grows a moderate ro high elevations ( 1000-1800 m)
on both eastern and western slopes of the Olympic Mountaios and the Cascade Range.
V, globulare also grows at moderate elwations, but usually occlus east of the Cascade
cfest. Both V. membranaceum and V. globulare are large shru,bs, 0.)-1.0 m tall when
mature. In coluasr, Z. delicioyrm is a low, matted shrub less than 0.5 m tall. It is
common at elevations above 1300 m in the Olynr,pics and Cascades. All three species
produce palatable berries, aod all three occur in the heavily used huckletrerry fields near
Mr Adams, \Tashiogton.

Methods

V, metnbrunaceum, V. globdare, and, V, deliciowm berries were collected from the
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Sawtooth hucklebeny field near Mr Adams, Sfashington, in Septernber, 797 4. A single

shrub ( tlre only one found in this locality) provided the V globulate berries. Z.

neinbranaceurt at'd. V. deliciasum berries were collected froan mafly (>50) shrubs

Viable seeds were obtained from the:e fresh berries by pulping them in a laboratoty

blender, then decanting the lighter pulP ftom the heavier seeds by running water

thlough a gendy agitated dish. After drying, the unstratified seeds were sown o'n moist

peat surfaces in a gtowth charnber set for 18"C, 12-hour days and 13'C, 12-hour nights.

The seeds of all three species germinated it 16 to 2l days. Seven weekis after gemina-

don, growth charnber conditions were chalged rc 20oC, l4-hou,r days and 14"C, 10-

hour nights. Aftet seedlings were 10 weeks old, the peat subsffate was saturated peri-

odically with a nutrient solutio[ based uPon the macronutrient proportions Published
by Ingestad (1973) ar'd the tnicronutrie s listed by Minton, Hagler, arrd Brightwell
(  1 9 5 1 ) .

Twelve-week-old seedlings of all three species were ffansplanted to individual pots

filled with a peat-sand soil (50 perceat Peat, t0 Pelceot soil by volume) These pots

v/ere affangJ io tfuee randomized blocks viithin the growth chamber. Each block

conmifled 72 Ws (24 of each species ) rafldomly arranged by species and future freez-

ing treatment. Temperarures, PhotoPeriods, and nutrient additions were rnaintaioed at

the levels used befote transplanting All seedlings were Srown uoder these conditions

for an additional 20 weeks. All three species responded well and appeared to be equally

healthy and vigorous when 32 weeks old.

Dormancy was induced in the 32-week-old seedlings by gradually lowering growth

chamber ternperatures and shotening photoperiods over foul weeks (Tempratures

were lowered 2.8oC, aod photoperiods shortened 15 hours per week ) At the end of

this adjustment period, temperature was maintained at a constant 3oC, with 8 hours

of illumination in every 24-hour period. These chilling conditions were maintaioed for

16 weeks, wittr one exception-4 vreeks into the domancy period, a gtowth chamber

malfunction lowered the temperatute to -loC for an unknowo period during a weekend'

Although both soils and plants appeared to be ftozen solidly in this accidental qccur'

rence, seedlings were oot adversely affected Nfhen growth charnber tempratures and

photoperiods were readjusted to ple-chilling levls (20'C, 14-hour days; 14"C, 1O-hour

nigns; iZ weeks later, the dormant seedlings responded by breaking buds and com-

meocing growth.

After chilling conditions had been terminated for 10 days, the new leaves on each

seedling were couoted. Five weeks after chill termination, the vigotously growing seed-

lioss iere transferred to a l'C conditioning room for 24 hours, then subjected to

1-h"our freezing ffeatments at 0', -3', -6", and -9"C Pots were embedded in sawdust

ro prevent soii freezing during hese tt@tments Beginning at 1oC, the freezing-treat-

^a'n, ,a-paru*ta, were attained gradually by lowering air temperatules at a uniform

rcte of 4"C per hout in a frcezitg charnber. Aftel being held at the treatment temPer-

ature for t hour, temperatures were raised again to 1o at the same rate of, 4oC pet hour

(1' every 15 minutes). Six seedlings of each species were treated -at 
each temperature

-in each of the three randomized blocla. The blocks were treated sequeotially in the

same freezing cham er. Treatments in each block were randomly ordered and applied

in successive freezing-chamtrer cycles ln this stay,216 Vacciniam plants were frozen-

3 blocks x 3 species x 4 treatments x 6 seedlings per treatment
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Immediately before being subjected to the {reezing ffeatmenrs, the length of the
longest live shoot on each of tbe 216 Vaccinium seedlings was measured and recorded.
Immediately after treatment, all seedlings were transferred back to normal groviing
conditio,ns in their original, randomized gtowth chamber positions. They were main-
tained in this gro*th-cbarnber envirolnent for an additiqnal eight weeks following
treatment, after which the lengith of the longest live shoor on each seedling was again
msasured. Shoots of all seedings then were cllt at the soil surface, oven-dtied at 65'C
for 48 hours, and weighed. Shoot reslnnse r'as calcllated by subracting shoot lengths
eight weeks after treatmeqt frcm shoot lengths immediately before treatmenn

To test our hi'pothesis, main effects of ternperature treatmetrts and their interac-
tions widr species were partitioned into linear, qua&atic, and cubic cornponents and
subjected to analyses of variance ( Snedecoa and Cochran, 1961, pp. 349-359). F..e-
sponse clrve equations wete then constructed for each species using as coefficients
only those values that were significaot at P(.05. Finally, rhe calculated curves werc
used o illustnte graphically any statistically significant frost response trends.

Resulls

Phenolqgical differences between spcies became evident soon after the dormart Vac-
cinium *edlings resumed growth at the end of the chilling period ( Fig. l) . V. d,elicia-
sun brds er<lunded more rapidly thao buds of the other two qrcies. Average numbers
of neqr leaves per plant 10 days after chill terminatio,n viere:

V. mem,branaceum-1,0l
V. glo bularc-|\.1
Y. t euctoJq4n-1o.l

These differences bettteet V, d,eliciasum and the other species are statistically significaot
at the .0, level of probabiliw.

l. Varc;ninn glob*trare (left), V. delitiosan (ceoter), and V. mem,nnacetm seedl\ngs
10 days after termination of chilling conditions. 7. d.eliciosan breaks dormancy faster
than the other two species,
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Seedlings subjected to 0o and -3"C treatments were not visibly affected, and shoot
response did oot differ appreciably among species. In contrast, frost da.mage was evi-
den im,rnediately when seedlings were removed from the -6o aad -9"C treatments.
Leaves were dull in colqr or wilted, with an odor reminisceot of fresh peas. Although
a.l,l plants were injured at drese lowet ternperatures, V. d.eliciosunt seedlings seemed
less affected than seedlings of the other two species. This difference besrer.t V. delicio-

Flgtre 2. Vactiairm globdarc (lett), V. deliciotr.tt (center), and V. nenbranace*m seedlirgs- 
for.rr weeks 

-after 
freezing ai 4'C, V. d,eliciot*n ij less damaged than the other tw'o

specles.

TABLE 1. Averase Yacclnlum shoot resDonse (leneth difference) measured 8 weeks alier lreezing.l

Freezins Temperature (C")
- 3 "

V. Alobulare
Y. m€mbral'acGtrm
V, deliclosum

+2 .08
+2.25
+2 .61

+2.24
+1.28
+3.08

-  6 . 5 8
-6.50
-1.19

-9.22
- 6 , 3  6

lResDonse=lencih oi lonsest live shoot 8 weeks alter freezins minus lenaih ol lonaest live shoot be-
tore freezins. N€saiive values indicaie shooi lencth decreases. Ea.ch tabular licur€ is the averase of
18 Dlant measur€ments.

TABLE 2. Averase oven-alry vaccinium shoot weiahts mea.sur€d 8 weeks aller ireezi.s.l

Fr€ezins T€mperature (C')
- 3 '  - 6 "

Y. membrlnlceum
1.51
1.43
1 . 5  4

1.41
1.61
2,24

3.75
3.61
3.34

4 . 3 7
3.29
3.18

rEach tabular fisure is the averase shoot weight ot 18 Dlants.
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s*m nd dte other species was quite aplrarerrt 4 weeks #te! ffeatmelt ( Fig. 2 ) - None
of the seedlings died, and the 8-week measurements surnmarized in Tables 1 ar,d 2 con-
firmed out eatlier observations. Shoot response trends and species.treatment interac-
tiotrs vrere significant at the .001 level of probability. Ternperatures of 0" and -3"C did
not seem to darrnge any of the species. All shoot lengths were reduced by the -6"
and -9'C tlsatments, but the species tends differed (Fig.3). V. deliciosam shoot
lenglhs were less affected by -6'C han shoots of other species. The superior frost
tolerance of V. d.eliciowm at -6oC also is demonsrated by the shoot-s/eight trends
shown in Figure 4. Both shoot length and dry weigh response cufves indicate con-
verging species trends at -9oC.

Discussion

Phenologiol differences among species may be partially responsible for the observed
differences in frost olerance. Because tr/. deliciosum began spring growth eadier than
the orher species, its new leaves and shoots had a somewhat longer time to mature and
harden before being subjected to the freezing trsatments. Ail three species experienced
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Figure 3. Restrronse curves showing decreased growth (lengrh difference) measured eight weeks
after freezing. Each plorted point is a block average (six seedlings). Linear compon-
ents of all three species trends are hig]tty significant. Quadratic components of the I/.
rleliciowm and V. glob.late aod cubic compooents of rhe 7. glob are ard V. rnem
branacer.m trends are also highly signi{icaot.
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Fiente 4. Va..inilm shooFweight trends measured eight weeks afier freezing. Iach plomed poinr

ir a block average (six seedlings). Linear componenrs of all three species are highly sig-
ni f icant .  Cubic components are highl l  . igni f icr 'nr  in rhe L qnbmtaekn-^;d | .
dobal,afe tends.

identical dormancy and growth environmeots, however, so this difference in phenology
does not negate the observed {rost tolerance differences as such. In nature, V. d,elicionm
should be more tolerant of spring frosts than either V, membra,naceutn, or V. globularc
when all three species have emerged from their vrinter dormant priod. If an early
spring frost struck after V, d,eliciotutn broke dormancy, but before V. nzembrcnaceunt
and V, globulare began spring growth, the observed frost tolerance relationship among
species migh be reversed. This lattet situation probably seldom occurs in nature, for
the lower stature of V, deliciosutn keeps it under the snow longer than the taller shrubs
of V, membranaceun. ar.d V, globularc, effectively delaying its growing season. Similar
stages of shoot rnatuJity might occur in all three species sirnultaneously if this growing
season delay 

'tn 
V, d.eliciosam compensated {or the phenolog.ical differences among

species. Our data do not permit frost tolerance comparisons in such a situarion.
Growth charnber conditions and the plants growing in these conditions, though

uniform and comparable, are not exactly the same as field conditions and plant ecotypes
existing in nature. The absolute levels of frost response measured in our growth chamber
may or may no{ occur at similar temperatures in naturg even srhen similar precondition-

o

D

o

a z .o

- , - - - . - - - - r _ A
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ing regimes and identical rates of cooling and warming occur. The relative species
differences observed here, however, should be similar to those io oature. \flheo all three
species are growing vigorously in the spring, V, d,eliciotum is more frost toleraflt than
eithet V, membtanaceunr ot V, global.arc, V, d,eliciotunz probably should be favored
where irosr-prooe areas are managed for wild huckleberry production.

Acknowledgments

Richard K. Hermann, Oregon State University, graciously provided an excellent freez-
ing chamber and much advice. Kenton L. Chambers, also of Oregon State University,
identified the Vaccinium globdare shrab used as a seed soutce for tha species. Roberr
L. Campbell and John I7. Hazard, USDA Pacific Northwest Forest and Ranse Experi-
ment Station, conttibuted statistical advice and couosel.

Literature Cited

Hnll, I.V., L. E. Aalders, and W. G. Barker. 1964. A preliminary investieadon of factors limitinc
_ Iowbwh blueberry production on Cape Breron tslind. Can. J. planr"S(i. 4 t\5)t Art-ag).'
Ingesad, T. 1971. Mineral flurrienr requirements ot Vaccininm &i: idaea and V. ml,ttillaj.

Physiologia Plantatnm 29 (2) : 219-246.
Johnson, S. 1951. Problems associated with culrivated bluebeny production in nonhern Michigan.

Michigan Siate College Agric. Exp. Srn. Qudft.  Bul l .  JJr4t: 2ol-2qS.
Minore. D. 1o-2. The \( i ld Huckleberries of Oregon and !(/ashingron-A Dwindl ing Resour,e

USDA For. Serv.. Pac. l \orrhwesr For. & Ranse fxp. Srn. Res. pap. pN.W-t4t. ,0 pp
Minton, N. A,. T. B..Hasler. rnd \9. T. Brighrwell .  loi l .  Nurrieor-elemeor deficiency symptom,

o[ rhe rabbireye blueberry. Proc. Amer. Sor. Hon. Sci.  58: I15-l  t9.
Snedecor, G. Sf., and V. C. Cochrao. 1967. Statistical Methods. Iowa State Universitv Press. Ames.

593 pp.

Receired. February 2j, 1977

Accepred. for publication AfuiL 21, 1977

Frost Tolerance in Seedlings 1 8 t


