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In the past, apple cultivar hardi-
ness has been predominantly reported
as either a minimum survival tem-
perature or in general descriptive
terms, such as: tender, hardy, very
hardr, an~ extremely hardy. ~e.n
hardmes IS reported as a SpeCifIC
minimum survival temperature, the
researcher loses information on culti-
var.environment mediated hardiness
fluctuations. For example, if cultivar
hardiness is characterized by a mini-
mum survival temperature obtained
in the fall or winter, no information
is available to show that the injury
might be due to a cultivar tendency to
prematurely deharden in response to
midwinter or early spring warm tem-
peratures

A more complete, but often time
consuming technique for a large num-
ber of cultivars is to monitor hardi-
ness throughout the fall, winter, and
early spring and to correlate this with
actual environmental temperature
fluctuations. Fall tests using this
method determine the hardening rate,
as well as the po~nt when hardening
is initiated. Winter measurements de-
termine the minimum temperature
that a variety is capable of withstand-
ing, midwinter tests can measure abil-
ity to resist dehardening following
warm temperatures and early spring .'
tests produce information on dehard-
ening rates and resistance to late
spring freezes, Emmery and Howlett
(29).

The general means of reporting
apple hardiness through the use of
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descriptive terms lacks precision and
presents difficulties in interpretation.
With this method there are no set
increments of injury for determining
whether a twig is hardy, very hardy
or extremely hardy. Consequently, ob-
servations made by one individual
may vary from those made by another.
Furthermore, there are no means of
predicting whether a cultivar con-
sidered hardy in southern Minnesota
will grow in Saskatoon, Saskatchewan,
Canada or even in northern Min-
nesota.

An alternative hardiness classifi-
cation method which combines the
merits of the previous methods is
one in which apple cultivars are
placed into hardiness zones accord-
ing to the most northern area in
which they have been reported to
grow and incur little or no injury.
With this system, the cultivar is
tested under actual environment~l
conditions of a specific location
for several years. Thus, factors such
as fall hardening rate, minimum
temperature survival, resistance to
dehardening following midwinter
warm trends and early spring dehard-
ening are accounted for if the given
conditions occurred in its history.
,Thus it is possible to predict, with~reasonable 

accuracy, additional loca-
tions in the same or in warmer hardi-
Des zones where a variety would be
reasonably well adapted. However,
there are also local and microclima-
tological factors such as rainfall, soil
type, frost occurrence, wind exposure,:he 
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and humidity that should be con-
sidered, before making this type of
decision.

Table 1, is a list of apple cultivars
that have been reported to grow with-
out or with minimal (up to approxi-
mately 6 inches of dead wood) injury
in the hardiness zones ranging from
4b (-30. to -20°F) to 2a (-500 to
-40°F). Cultivars were placed into
zones only if they had grown in a
location for several years. In the case
of named cultivars it was assumed
that testing was adequate at its place
of origin or at an experiment station
prior to being released. Cultivar se-
lection dates and release dates are
included, when available, to indicate
the period of observation. There are
a number of instances where a culti-
var was found to grow successfully
in a more northern location than its
place of origin as shown in Table 1.
Conversely, it was assumed that a
cultivar would not originate in a
hardiness zone in which it was not
adapted. There are a number of cases
where cultivars shown may be hardier
than the zone for which they are
listed, but no records of their survival
further northward were found.

Additional information in Table 1
includes: parentage; whether a culti-
var is a crab apple and/or an orna-
mental; whether it is used as an inter-
stock or a dwarfing rootstock; the
principle uses of the fruit; and a sub-
jective fruit quality rating.

Figure I is a USDA, plant hardi-
ness zone map, which is divided into
zones of 10°F temperature differ-
entials according to the approximate
range of the average annual minimum
temperatures. Each z'one is sub-
divided into two sections which in-
dicate 5°F differentals. The north
section is the colder of the two. Num-
bers on Fig. II correspond to the num-
bers depicting locations in Table 1

where cold hardy apple cultivars
were originated or grown.

In interpreting the hardiness zone
maps (Fig. I, II) and Table 1 it is
necessary to take into account the
proximity of adjacent hardiness zones,
since the environment between two
zones becomes progressively similar
towards their boundary. Furthermore
there are localized temperature vari-
ations due to cities, altitude differ:
ences, and other microclimatological
factors.

Figures III and IV depict pedigree
charts in which 'McIntosh' and M.
baccata have played major roles in
the inheritance of c 0 I d hardiness.
When 'McIntosh' (Fig. III) which has
a hardiness zone clossification of 4a
(-30 to -20°F) is use d as the
female parent, it can be seen that the
hardiness zones of its progeny select-
ions may range from 4b (-30 to
-20°F) to 2a (-50 to -40°F). Ob-
viously pollen parents have con-
tributed c 0 I d hardiness supporting
the theory of Watkins and Spangelo
(43) that cold hardiness in apples is
predominantly additive, and also im-
plicating, at least in this case, that\
maternal inheritance is less of a de-
termining factor (Wilner 44). We
should recognize that this study is
based on response of selected indi-
viduals rather than entire progeny
which have been subjected to the
strong selection pressure of winter
freezing. Consequently, progeny lack-
ing hardiness in a particular area were
eliminated. It is also apparent that
many of the hardier apple cultivars
have 'McIntosh' incorported into their
genetic make-up, probably because
this relatively hardy cultivar has also
been a popular choice as a parent for
fruit quality.

A pedigree chart of hardy cultivars
with M. baccata as a parental source
of cold hardiness is shown in Figure
IV. Here the greatest increase in cul-
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tivar hardiness was obtained when 6. , .1952. Regi"
relatively hardy cultivars such as ter of new fruit and nut varieti~s lis!
'Melba' (an offspring of 'McIntosh') ~~8-~'9:oc. Amer. Soc. Hart. S~. 60:
and 'Tetofsky' were used as the male .

parent. This may again reflect the 7. , .1953. Regis-
necessity to use the hardiest parents ter of new fruit and nut varieti~s list
with good quality as suggested by no. 8. Proc. Amer. Soc. Hart. Sc~. 62~
W k. d S I (43) 514-516.

at ms an pange 0 .
Th ' rod . d f . I b d 8. , .1954. Regis-

IS S Y provi es a aIr y roa ter of new fruit and nut varieties list

overview of apple hardiness in the no. 9. Proc. Amer. Soc. Hart. Sci. 64,:
United States and Canada. Since the 537.
introduction of har~y M. baccata 9. , .1955. Regis-
germplasm, great strIdes have been ter of new fruit and nut varieties list
made in breeding for cold hardiness. no. 10. Proc. Amer. Soc. Hart. Sci. 66:
Consequently, we now have many 446-447.
first an~ ~e~ond generation hy~rids 10. , .1956. Regis-
that exhIbit mcreased cold hardmess. ter of new fruit and nut varieties list
Further breeding should emphasize no. 11. Proc. Amer. Soc. Hart. Sci. 68:
the crossing of these hybrids with 612-616.
~igh quality .apple cul~ivars and selec- 11. , .1957. Regis-
nons. possessl~g the hlg?est degree of ter of new fruit and nut varieties list
hardmess avaIlable. ThIs should lead no. 12. Proc. Amer. Soc. Halt. Sci. 70:
to increased quality and size of the 558-561.
fruit with cold tolerance. 12. , .1958. Regis-

It is hoped that this paper will ter of new fruit and nut varietie.s list
facilitate the breedin g for cold hardi no. 13. Proc. Amer. Soc. Hart. Sc~. 72'

-521-523.
ness and the exchange of apple cul-
tivars between areas possessing simi- 13. , .1959. Regis-
lar hardiness problems. ter of new fruit and nut varietie.s list

no. 14. Proc. Amer. Soc. Hart. Sc~. 74:
760-765. ';
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n a 0 .a L a a ..a ..a T -a a a '"
~.. '"-'" a
~ ...
~..3 3.vaX Horolsor. '- Gorlond

X Crimson Beauty' -Coroyel'"

Mcintosh 4. X Forest'C Ed;or 4.

Toshfor 4a

Mclntosh4' X Longfield'C Moud4'

Shoron~'

Mcintosh 4. X Fomeuse4. ~ Blair4.

Mcintosh4. X Grimes Golden' -=- Jubilee4.

\Mcintosh 4. X Jersey Block' ~ Macoun 4. '

, Mcintosh 4. X Lawver' --Tashlow 4. .

Mcintosh 4. X Lindo 4b -Fantalja 4.

Mcintosh 4. X ~ ~ .~ South Dakota Macata 4.

Mcintosh 4. X Mllwoukee' --Toshkee4.

Mclntosh4. X Newtawn' -Spartan4.

IMcintosh 4. X virginia Crob'. -:;0..- Moga4'

Mclntosh4. X Yellow Newtawn'-_Newtosh4'

Mcintosh 4. X 001;0 20 r--=- Killond'b

I -Northlond'b

Figure 3. A pedigree chart of the cultivar 'McIntosh', depicting cold hardiness of resultant
cultivars based on the coldest hardiness zones in which they have survived with little
or no injury. Cultivars for which hardiness zones were not found or fell outside the
4b to 2a hardiness zone range are identified by *. O.P. refers to open pollinated.
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g Exeter 2~-~. x .

Amur -~ ~ c
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..0t U E x Beauty.. x x x .: "

0 0
2~ > >

Chipman

II ~. II II II 2~ II jl
~I Rupert ~I il 21 Andersen ~I ~I

Figure 4. A pedigree chart of Malus baccata depicting the cold hardiness of resultant culti.
vars based on the coldest hardiness zones in which cultivars survive with little or no
injury. Cultivars marked by * are those for which hardiness zones were not found or
fell outside the 4b to 2a hardiness zone range of this study. O.P. refers to open
pollinated.
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