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from Puerto Rico. However, production
of these avocados is still so small that the
local market will continue for some time
to absorb the entire crop at a relatively

high price.

duty free and have a shorter distance to
continental markets. Guatemalan and
Guatemalan-West Indian hybrids '1:ppear
to be the only types of avocados adapted
to the development of an export trade

By W. G. Brierley,
University of Minnesota, St. Paul, Minn.

Our knowl~dge of plant behavior of,
ten is advanced materially when ~ome
general problem is broken down into spe,
cinc factors. It seems likely that more
rapid progress may be made in the study
of winter hardiness, or more particularly
cold resistance of woody plants, if a care,
ful analysis of the problem is made to
determine what specific factors are in,
volved. A perusal of the numerous con'
tributions on the subject of hardiness in
woody fruit plants will reveal that the
majority deal only with survival: Over
the years these records of survival have
been useful, but often they do not explain
the difference noted in plant behavior un,
der different conditions. Fortunately some
.epoits have dealt with the effects of spe,
cinc factors but it is evident that this ap'
proach should be used more extensively.

The introduction within recent years
of many new fruit varieties has intensified
the need for studies to determine thede-
tailed nature of ability to survive winter
conditions. Many of these new varieties
are the results of fruit Breeding pro-;
grams directed towards superior cold re-
sistance. Thes~varieties usually are con-
sidered hardy at their place of. origin Be-
cause there the)' have survived many win-
ters. But what enaBles them to survive?
And why are these "hardy" plants some-
times severely injured or winter killed?
Is it lack of cold resistance or lack of
something else which .leads to injury? To
answer such questions, and to gain a
clearer underst~nding of the reaction of
both old and new varieties to winter con-
ditions it is apparent, that we should at-
tempt to recognize the specific factors
which make 4p th~ hardiness complex,
and study the role of each relative to
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survival or injury. The writer has at'\twater content of woody plants may fali
tempted to attack the problem in this 1!rand rise repeatedly, and slight losses seem
way, but it is recognized that the co' to cause no injury. But loss of a large
ordinated efforts of other investigators percentage of water may result in mate'
is needed to determine which factors are rial injury unless conditions are very
valid and unportant. The factors pre' favorable 'for water replacement during
sented and discussed herein are offered late winter or early spring. Where ~in'
with hope that discussion and improve' ter drying occurs it complicates the prob,
ment may follow. lem o(survival.

Basic Factors Reaction to Low Temperatures

Certain basic factors have long been As mentioned above, most hardiness
recognized as affecting winter survival. records deal with the ability of woody
These include maturity, c9ndition of the fruit plants to survive winter conditions.
plant, exposure, and the variety itself. Studies of "hardiness" often have seemed
These factors need not be discussed in contradictory because the role of specific
detail here. However, we have at times factors has not been understood. We
too complacently attributed winter in' need to recognize the possibility that
jury to SO!}1e one of these factors when cold resistance is a complex 9f several
it has been due to some other factor not specific factors. Some of these factors
recognized at the time. Quite often se' have Peen recognized and studied but
vere injury to raspberry canes has been little is known about others. The reveral
attributed to immaturity, but, as shown factors which now appear to be related
in the illustration, such injury often is in whole or in part to winter survival
due to rapid loss of cold resistance dur, will be discussed briefly.
ing a few warm days in winter. R P . d Th . d.. 1. est erlo. e restIng con Ition

Winter Drying in woody plants usually is considered an

Another factor which often is confus.. internal control which prevents growth
ing is winter drying, or desi<;cation. This at war!}1 temperatures. For the most part
factor usually is of little importance in it appears to be a function 9f the buds.
eastern localities, but in the Great Plains It is commonly called the "Winter" rest,
area and the inter,mountain region it but as it begins about the end of the
may cause severe injury. In this case, as. growing season with bud maturity and in
with immaturity, we need to determine northern localitIes usually is ended by
carefully the cause of injury. Drying of early December it is not truly a "winter"
woody plants in winter may follow in, condition. Rest may be broken by heat,
jury from insects, diseases, warm spells; anesthetics, or injuries, but most COm'
or other causes, and such drying may monly it is broken by low temperatures.
easily be confused with true desiccatiin With\in~reasing exposure to low temper,
injury. When drying o<;curs it is neces, atures the intensity of rest decreases. The
sary to determine if it is the cause of or same lowte:m~eratures bring about dorm,
a result of injury. During winter the ancy and resistance to cold. So far as we
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know these factors are not directly re-

lated but all are responses to decliping

temperature. However, w hen test is

broken early in the raspberry plant,

warm spells seem to cause a loss of both
cold resistance and dormancy and thus

result in severe injury during subsequent
cold weather.

ditions. More information is needed on
this item.

4. Rate of Development of Cold Re-

sistance. Available information relating

to this factor deals largely with herbac-

eous plants. Some recent studies have

shown that the Latham raspberry is able

to harden rapidly. We may assume that

similar behavior enabled the "hardy"

apple varieties Haralson, Wealthy, Mc-

Intosh and Nort4western to escape ser-

ious injury in Minnesota during the Arm-..
istice Day storm of 1940 whereas the
less "hardy" varieties Jonath~n and De-
licious were severely injured. All these
varieties appeared to be well matu~ed

and temperatures in the locality during
and immediately following the storm did
not' fall below zero, so injury could be
attributed neither to immaturity nor se-
vere cold. Sudden cold may be a cause
of injury at times but it is doubtful if it
c;l.uses much injury to hardened plants
particularly if hardiness is retained. Dif-
ferences in the rate of hardening have
been noted in some reports but we need
to learn Uluch more about the role of this
factor.

2. Dormancy. Most woody plants are
unable to grow at temperatures below
abq~t 41°F. and they are then said to be

dormant. If the rest is broken some plants
begin bud activity very quickly at tem-

peratures above 41°. There are marked
differences between the kinds of plants,
however, as warm temperatures which
start activity in raspberry buds do not
5eem to affect apple or plum buds to the
same extent. Evidently moderately low
temperatures, or a "steady" winter is

beneficial in maintaining both dormancy

and cold resistance.

3. Time of Development of Cold Re-
sistance. Considerable evidence has been

presented to show that mature woody
plants harden as the temperature declines,
but not enough is known about the time

when cold resistance is fully developed
in fruit plants. It seems likely that woody
plants, adapted to northern regions de,
velop cold resistance early. But there may
be marked differences between kinds and
varieties in this respect. It may be that
some cases of injury attributed to im,
maturity possibly are due to' delayed
hardening. If injury is so caused, it would
not necessarily indicate inability to har,
den eventually under more favorable con,

5' .Ultimate Cold Resistance. This
can be defi?ed as the lowest temperature
a variety can withstand without injury
under the most favorable conditions. To
a large extent published hardiness rat,
ings are expressions of this factor as they
show ,the. average behavior of varieties
over a period of several years. However,
as these ratings are not always based on
exposure to controlled low temperatures
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they may not show the ultimate degree
of resistance. Our information could be
improved by more studies carried on un-
der controlled temperatures.

6. Variations in Cold Resistance.
We long have known that cold resistance
is developed as temperatures decline inlate 

fall and early winter. We have as'
sumed that such resistance is retained
throughout winter and lost rapidly to,

wards early spring when temperatures
rise. It may be that this regular behavior
does occur in some fruits. We also know
that roots and tops, leaf and fruit buds

differ in their degree of cold resistance.
But only recently have we begun to learn
that cold resistance may rise and fall as
winter temperatures vary. Present indi,
cations are that failure of some plants to
survive certain winters may be due to
loss of cold resistance rather than failure
to develop it. Retention or loss of a high
degree of cold resistance possibly may ex'

plain why Eome plants are injured by
fluctuating winter temperatures while
others escape injury. Loss of part or all
of the ultimate cold resistance of a plant

possibly can explain some cases of injury
from sudden cold. It is evident that our
information relating to this factor is in-

complete.

,,_v"cc~c,
Matured and hardened Latham raspberry
canes may be injured by cold if exposed to
warm temperatures prior to the col.d period.

No.1. No exposure to warm temperatures.
No.2. 2 days at +4~oP.: 24 hours at -Sop.
No.3. 4 days at +4~oP.: 24 hours at -Sop.
No.4. S days at +4~oP.: 24 hours at -Sop.
Injury in the field similar to that of numbers
2, 3, and 4 generally has been attributed to

immaturity.

7. Ability to Regain Cold Resistance.
This factor is directly related to the pre-
ceding one. If cold resistance is lost can it
be regained? To what extent is it lost?
How rapidly can it be regained? A few
recent reports show that some plants or
their parts readily reharden if conditions
are favorable. That so little is known

about ability to reharden reflects our lack
of informatiom relative to loss of cold

resistance. Obviously-'sUch'information is
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factors of the hardiness complex, it seems
likely that we shall materially advance
our knowledge of the winter behavior of
woody fruit plants.

needed before the problem of winter sur,
vivat can be fully understood.

If the problem of winter survival can
be broken down into &Ome such specific

d'otb~6t@

1740 To The Present
By ]. H. Waring

University of Maine, Orono, Maine

The Baldwin cIon is fully 200 years
old. S. A. Beach, in 'The Apples of New
YOTi{, gives as its origin a farm in Wilm-
ington, near Lowell, Massachusetts "soon
after 1740;" Its diss~mination and pop-
ularity did not come at once, but Wil-
liam Kenrick wrote of it in 1833: "No
apple in the vicinity of Boston is so pop-
ular as this at the present day." F. C.
Bradford, in his Master's thesis on Maine
Apple Varieties, placed Baldwin as the
leading commercial variety 0 f Maine
from 1850 through 1910.. This leadership
was held until 1933, but the following
severe winter killed or severely injured
some two-thirds of the Baldwin trees in
Maine orchards and gave impetus to a de-
cline that had already set in and has con-
tinued since.

Many Unfavorable Reports

Contributing to Agriculture of Maine
about 1867, Calvin Chamberlain of Fox-
croft cited the experiments of a "Mr. A."
in one of the eastern counties, who r~;

ported: "I ha. ve tried some 100 varieties,
and thrown away about 5'0 recorded in
the books as worthless in this soil and

climate. Among them is the Baldwin. I
cut down a tree of that variety this fall
that had been living and dying for ten
years and produced about a barrel of im-
perfect apples." This is an extreme case
because the tree was probably located
near Oldtownj Maine, which was too far
north for this variety. Ultimately Bald-
win was adjudged to be out of. place
throdghout much of New England.

In 1873,L}-. A. Gilber,t of Androscog-
gin C()unty wrote tn'atthe Baldwin fruit




