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Cold Hardiness of Dormant Buds of
Grape Cultivars: Comparison of
Thermal Analysis and Field Survival
Tony K. Wolf and M. Kay Cook
Winchester Agricultural Research and Extension Center, Virginia Polyte
Institute and State University, 595 Laurel Grove Road, Winchester, VA 2

Additional index words. differential thermal analysis, grapevine, Vitis spp.

Abstract. Thermal analysis (TA) was used to evaluate dormant bud cold hardiness of nin
Vitis cultivars weekly during the 1993–94 dormant period. TA hardiness estimates we
expressed as either mean low-temperature exotherm temperature (MLTE) or tempera
tures lethal to 10% (LT10), 50% (LT50), or 90% (LT 90) of dormant bud sample. A
destructive freeze on 19 Jan. 1994 presented an opportunity to compare dormant bud fie
survival with laboratory estimates of bud hardiness that had been derived from TA
Vineyard air temperatures of –24C caused primary bud kill that ranged from a mean o
15% with ‘Concord’ to 100% with ‘Viognier’. With the exception of ‘Viognier’ and one
of two ‘Cabernet Sauvignon’ clones, field mortality levels were accurately bracketed b
TA estimates of LT10, MLTE, and LT 90 values, which had been obtained in the wee
preceding the freeze. ‘Viognier’ bud hardiness was overestimated by ≈1.5C, and the
hardiness of ‘Cabernet Sauvignon clone UCD#6’ was underestimated by <1C. Th
discrepancy with ‘Viognier’ may have been related to prior destruction of primary buds
by bud necrosis and the misinterpretation of secondary bud exotherms as due to prima
buds.
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Thermal analysis (TA), including differ
ential thermal analysis (DTA), is common
used to measure cold hardiness of tissues
organs that avoid freezing by supercoolin
such as floral buds of cherry (Prunus cerasus
L.) (Callan, 1990) and peach [Prunus persica
(L.) Batsch] (Durner and Gianfagna, 199
Quamme, 1978) and the mixed buds of gra
(Andrews et al., 1984; Quamme, 1986; Wo
and Pool, 1987). In practice, TA uses sensit
thermocouples or thermoelectric (TE) mo
ules to detect the latent heat of fusion relea
when supercooled tissues freeze. Grape 
TA was originally explored by Pierquet et a
(1977) and Pierquet and Stushnoff (198
who established a relationship between b
exothermic events and specific primordia d
struction. Grape bud TA was modified b
Andrews et al. (1984) to take advantage of 
greater sensitivity and sample size afforded
TE modules. Refinements subsequently w
made to freezing protocol (Quamme, 198
Wolf and Pool, 1987). The advent of low-co
data-acquisition hardware (Wample et a
1990; Wolf and Pool, 1986) has facilitated t
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application of grape bud TA to studies 
genotypic differences (Pool et al., 1990) a
response to the environment (Pool et al., 19
Wolf and Cook, 1992) and cultural practic
(Hamman et al., 1990; Wample et al., 199

The conviction that laboratory hardine
tests faithfully represent actual field hardine
is central to studies that seek to predict pl
survival or damage in response to field con
tions. Using TA as a measure of grape b
hardiness was examined in early TA resea
and found valid (Andrews et al., 198
Quamme, 1986; Wolf and Pool, 1987). Ty
cally, comparisons were made of TA and ot
laboratory techniques, such as browning
specific tissues following sample exposure
a range of test temperatures. Differences
hardiness estimates measured by these t
niques were ≈1 to 3C. The ability of TA and
DTA to accurately estimate bud cold har
ness can be affected by bud excision, 
cooling rate, and other protocol; the techniq
also may be inappropriate for some syste
(Flinn and Ashworth, 1994). Cooling rates
≤10C/h did not affect the low-temperatu
exotherm (LTE) temperature of grape bud T
(Quamme, 1986; Wolf and Pool, 1987), b
LTE temperatures can be increased if buds
excised without attached nodal tiss
(Quamme, 1986; Wolf and Pool, 1987). Bas
on work with peaches (Ashworth and Dav
1987), the attached nodal tissue may serv
an anatomical barrier to ice nucleation of 
bud primordia.

Despite more than 10 years of use, th
have been few opportunities to closely co
pare TA hardiness estimates with actual fi
survival following cold stress episodes. Th
report resulted from the occurrence of a da
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aging low-temperature episode on 19 Jan
1994 that coincided with weekly TA estimates
of grape bud cold hardiness. The data provide
assurance that TA can accurately represe
field hardiness, but some caution must be use
interpreting exothermic events from sample
of vines that have a significant proportion o
previously destroyed primary buds.

Materials and Methods

Plant material. In this study, vines were
grown at Virginia Tech’s Winchester Agricul-
tural Expt. Station, Winchester. Dormant bud
cold hardiness of nine cultivars was evaluate
weekly using TA from 29 Sept. 1993. Vitis
vinifera L. cultivars were ‘Cabernet Sauvignon
clone UCD #6’, ‘Cabernet Sauvignon clone
UCD #8’, ‘Fer Servadau’, ‘Petit Verdot’,
‘Riesling’, and ‘Viognier’. All vinifera culti-
vars were grafted to rootstock C-3309. Othe
cultivars were ‘Concord’ (V. labrusca L),
‘Seyval’ (Vitis hybrid), and ‘Norton’ (V.
aestivalis Michx.). All cultivars, except ‘Con-
cord’, ‘Seyval’, and ‘Riesling’, were part of an
evaluation study established in 1989 of 2
cultivars. Each cultivar was planted in three
vine plots, replicated five times, in a com-
pletely randomized design. ‘Concord’,
‘Seyval’, and ‘Riesling’ were planted in
nonreplicated, independent rows in 1990
(‘Seyval’) and 1991 (‘Concord’ and
‘Riesling’). All vines were spaced 2.1 m apar
in north–south-oriented rows that were 3.7 m
wide. Except for ‘Concord’ and ‘Riesling’, all
vines were trained to bilateral cordons (1.1 m
above ground), spur-pruned, and shoots pos
tioned vertically. ‘Concord’ and ‘Riesling’
were trained to Geneva Double Curtain an
shoots positioned downwards. Shoot densi
ranged from 15 to 20 per meter of canopy
except with ‘Seyval’, which had a density of
12 to 15 shoots/meter. Two recording thermo
graphs, with a verification thermometer, were
located in the vineyard, each 1.5 m abov
ground in National Weather Service-approve
instrument shelters. Thermograph calibratio
was checked on 19 Jan. 1994 at –23C an
–26C in a freezer (model T20-S with Watlow
942 programmer; Tenney Environmental
Philadelphia) that held a constant temperatu
with <1C variation.

Dormant bud TA. Weekly TA measures of
dormant bud cold hardiness were made sta
ing 29 Sept. 1993 and continuing through lat
Jan. 1994. For each cultivar, at least two rep
resentative canes were collected from differ
ent vines at each test date. Buds at node po
tions three to 15 were used for TA; they wer
excised in the laboratory and mounted on T
modules (MELCOR, Trenton, N.J.) with a
strip of water-moistened filter paper to pro-
mote ice nucleation of moisture at the bud–T
module interface (Wolf and Pool, 1987). Buds
were excised so that 0.5 to 1.0 mm of subten
ing nodal tissue remained attached to the bu
For each hardiness test, four or five buds we
mounted on each of four or five TE modules
for a total of 20 buds per cultivar. Loaded
modules were cooled from 0 to –35C, at 4C/
in the previously described freezer. TE volt
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age and separate thermocouple tempera
data were recorded every 20 sec with the d
acquisition hardware (Wolf and Pool, 1986
Data were subsequently plotted to determ
the LTE temperature. The median prima
bud LTE temperatures for each of the four
five TE modules were averaged to derive
single mean LTE (MLTE) value for each cu
tivar. In addition to MLTE temperatures, le
thal temperature values were obtained for p
mary buds by ranking all primary bud LTE
for a given cultivar and determining the tem
perature lethal to 10%, 50%, and 90% (LT10,
LT50, and LT90, respectively) of the sample fo
each test date. The yield of LTEs judged
originate from primary buds was 0.9 to 1
LTE “yield” represents the ratio of exotherm
to the number of buds examined. Each co
pound grape bud should produce one prim
bud exotherm; however, the actual exother
: number of buds ratio in a sample usua
averages less than one. Reductions in L
1454

Table 1. Comparison of dormant bud cold hardi
exposure to –24C on 19 Jan. 1994.

Hardiness Cabernet 
test date LT10 ML
13 Jan. –18.3 –
18 Jan. –20.5 –
Dead primary buds (%)y 9

Nor
10 Jan. –25.6 –
17 Jan. –23.3 –
Dead primary buds(%)y 2

Cabernet S
5 Jan. –19.4 –
12 Jan. –20.5 –
Dead primary buds (%)y 7
zLT10 = temperature lethal to 10% of a bud samp
yDetermined on 21 Jan.

Fig. 1. Daily high and low air temperature at v
temperatures for ‘Cabernet Sauvignon clone
Sept. 1993 through 1 Feb. 1994.
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yield can result from prior bud destructio
failure to register exotherms due to extend
signal recording frequency, simultaneous b
freezing that superimposes two or mo
exotherms, and perhaps other reasons.

Assessment of bud kill from field exposu
Primary bud mortality was evaluated follow
ing the 19 Jan. freeze by collecting one rep
sentative cane per vine on 21 Jan. (≈15 canes
per cultivar). The canes were held at 22C 
48 to 72 h, after which buds at nodes th
through 15 were sectioned with a razor a
examined visually. The primary bud wa
judged dead if brown and alive if green. Pre
ous to this exercise, a similar survey had b
conducted 18 to 21 Nov. 1993 to determine 
primary bud necrosis level (Morrison and Iod
1990) among all cultivars. The bud necro
survey used three canes per vine, wher
buds at nodes three through 15 were sectio
with a razor and evaluated in a manner sim
to that described for assessing freeze inju
HO
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ness measured by thermal analysis and field mort

Sauvignon #8z Concord
TE LT 90 LT10 MLTE
21.1 –22.8 –20.0 –25.6
23.3 –24.4 –20.5 –26.1
0 15
ton Viognier
28.3 –29.4 –21.1 –23.9
28.9 –30.6 –22.9 –24.2
2 100
auvignon #6 Petit Verdot

21.1 –22.2 –18.3 –22.2
22.2 –23.3 –17.8 –22.2
6 95

le; MLTE = mean low-temperature exotherm temp

ineyard and mean low-temperature exotherm (M
 UCD#8’ and ‘Cabernet Sauvignon clone UCD#6’ f
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Results and Discussion

Vineyard daily high and low temperature
from 1 Sept. 1993 through 1 Feb. 1994 a
shown in Fig. 1. The first killing frost occurred
11 Nov., and temperatures throughout N
vember and December were considered c
ducive to good cold hardiness acquisitio
MLTE temperatures for the two ‘Caberne
Sauvignon’ clones decreased linearly throu
mid-December and attained levels by 1 Ja
that were lower than any previously recorde
for this cultivar in Virginia (Wolf and Cook,
1992); acclimation conditions were excellen
at least for ‘Cabernet Sauvignon’ (Fig. 1
MLTE patterns for the other cultivars wer
similar in slope and stability to patterns show
for ‘Cabernet Sauvignon’.

The period from 15 to 20 Jan. 1994 wa
characterized by unusually low temperature
Both vineyard thermographs recorded a low
–24C from 0600 to 0800 HR on the morning of
19 Jan. Cooling rate in the vineyard was 0.7
h from 1800 to 2400 HR on 18 Jan. and 0.6C/h
from 0000 to 0800 HR on 19 Jan. Records from
the National Weather Service station at Dull
Airport, Chantilly, Va. (75 km away) indi-
cated that sustained winds from 0000 to 06
HR on 19 Jan. were no less than 3.6 m•s–1 and
averaged 4.5 m•s–1. Given the wind, the
vineyard’s small size (≈1.0 ha), and the uni-
form temperatures recorded in the vineyard
is reasonable to presume that all plots expe
enced essentially the same temperature.

For seven of the nine cultivars evaluate
during Winter 1993–94, TA provided a clos
approximation of actual bud hardiness as eva
ated by bud kill following 19 Jan. (Table 1)
MLTE temperatures and LT50 values (not
shown) differed by no more than 0.7C. Eith
estimate of hardiness could be used; howev
MLTE temperature has more general use
TA studies and was the estimate of choice
Table 1. Thermal analysis overestimated co
hardiness of ‘Viognier’ buds by ≥1.5C. The
Nov. 1993 survey indicated that ‘Viognier
suffered 32% primary bud necrosis (Table 2
Causes of grape bud necrosis are unknow
but the condition observed in Virginia ap
peared similar to that described for table grap
in California (Morrison and Iodi, 1990) and
Chile (Pérez and Kliewer, 1990). Bud necros
also was observed among other cultivars bu

LTE)
rom 1
RTSCIENCE, VOL. 29(12), DECEMBER 1994

ality sustained by nine Vitis cultivars before and as a result of

Riesling
LT 90 LT10 MLTE LT 90

–27.2 –21.1 –23.3 –25.0
–30.6 –20.0 –25.0 –26.1

37
Seyval

–25.0  –23.3 –25.0 –27.8
–25.5 –17.8 –25.6 –28.3

32
Fer Servadau

–23.9 –18.9 –20.5 –22.8
–23.9 –18.3 –21.1 –23.9

99

erature; LT90 = temperature lethal to 90% of a bud sample.
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Table 2. Cultivar differences in primary bud de
struction resulting from bud necrosis (assesse
Nov. 1993) and field exposure to –24C on 1
Jan. 1994. Canes from nonreplicated cultivar
were randomly collected from at least five vines
Percentage data were square-root-transform
before analysis of variance but are shown a
nontransformed values.

Bud Cold-
necrosis injured

Cultivar nz %y nz %y

Viognier 18 31.5 A 10 100 A
Fer Servadau 22 5.3 B 13 99 A
Petit Verdot 12 0.0 B 8  95 AB
Cabernet Sauvignon

Clone #8 30 5.7 B 15 90 AB
Cabernet Sauvignon

Clone #6 30 3.2 B 15 76 B
Riesling 10 0.6x 10 37x

Seyval 20 1.3x 12 32x

Norton 12 4.8 B 13 22 C
Concord --- ---x 10 15x

zn = number of canes examined.
yMean separation within rows by Duncan’s multiple
range test at P ≤ 0.05; nonreplicated vines were no
included in mean separation.
xNot replicated.
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<6%. Interpretation of grape bud LTEs 
complicated by the presence of secondary bu
usually two, in the compound structure (Pra
1974). Primary bud exotherms are judged
the basis of their greater size and higher te
perature of occurrence than those of second
buds; however, some subjectivity is inhere
with interpretation. We suspect that the har
ness discrepancy with ‘Viognier’ was pro
duced by including some secondary bud LT
in the data interpretation, even thoug
‘Viognier’ LTE yield was expected to be lowe
(≈0.7) due to 32% primary bud necrosis. A
though the cold hardiness of ‘Cabern
Sauvignon clone UCD #6’ was slightly unde
estimated, the discrepancy was reasona
particularly because it had been >6 days si
the last MLTE determination. No attempt w
made to estimate the cold hardiness of seco
ary buds or to methodically tally seconda
bud mortality in the field, although this exe
HORTSCIENCE, VOL. 29(12), DECEMBER 1994
cise would have been possible. Due to t
significant cold injury on 19 Jan. (Table 2
further hardiness tests during Winter 1993–
were suspended.

We demonstrated that TA can accurate
estimate dormant bud cold hardiness of t
Vitis species and an interspecific hybrid th
represent a wide range of inherent cold har
ness. In addition to relative differences in co
hardiness between population samples, 
can be confidently used to estimate the ab
lute cold hardiness of buds. Some cauti
must be used in estimating the cold hardin
of a population that has a significant inciden
of nonfreeze injury, and some judgment 
required to distinguish the LTEs of primar
and secondary buds if this is of interest to t
researcher.
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