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Experimental work on sugar maple by Ourmstep (1931)
showed that there is a relationship between completion
of bud rest and degree o previous chilling. The studies
further indicated that the rate  unfolding & new shoots
has a positive correlation with the degree d chilling,
although this relationship was not investigated in deta:l.

Date o bud-break o sugar maple in Ohio field tests
varies with the geographic source d the seed. The varia-
tion is clinal, beginning in trees & extreme northern and
northeastern provenances, progressing through trees o
central provenances, then to trees d southeastern, south-
ern and western provenances. The rate o leaf unfolding
is slightly more rapid in northern than in southern trees
(KRriEBEL, 1957). Geographic variation in time o bnd-
breaking is so extreme that it is possible to see trees in
all stages d development during a few days in April (Fig-
urel).

This pattern d bud-break is not the direct result o
variation in chilling requirement. If it were, trees o north-
ern origin presumably would require more chilling tnan
trees of southern origin and would be the last to break
bud, rather than the first. The progression would be from
south to north, rather than from north to south. If chilling
requirement varies with provenance, the minimum re-
quirements d all provenances are met before any trees
break bud, and another environmental condition appears
to become the controlling one. There is evidence that high
temperature is the principal factor controlling bud-break
during this last phase o bud dormancy. OLmsTED’S results
suggested that natural high temperatures aid in breaking
dormancy. Recent studies indicate that in apricot flower
buds, high temperatures gradually assume more control
over bud development as the tree approaches completion
o bud rest. During late winter, low temperatures are
necessary to complete the rest-breaking process, but bud
development Progresses only if chilling is supplemerited
with temperatures favorable to growth. In spring and
summer, low temperature loses its significance and growth
is dependent on temperatures in the lower part d the
maximum range (Brown, 1960).

In this study, two methods were used to provide condi-
tions under which low temperature was a limiting factor.
The trees were divided into two groups, for separate ex-
periments. In one experiment, trees were moved indoors
after different durations o outdoor chilling. In another
experiment, trees were planted outdoorsin a warm climate
and response was measured during the first and second
growing seasons.

Materials and Methods

Seven chilling periods (treatments) and four provenances
were used in the Ohio experiment. The provenances were
distributed over a 1500 mile north-south transect through
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the middle d the species range, where topography is
moderate and elevation fairly uniform. Fifty-six trees
were used. This provided two trees per replication, and
permitted a factorial arrangement o treatments.

Four-year-old transplants were selected at random, dug
from the nursery in early fall, potted, and placed in the
lath house. Trees were brought into the greenhouse at
three-week intervals, and grown under a 16-hour photo-
period at a temperature o 21°C? 8°t09° C. The first trees
were brought in on October 16. The term "chilling incre-
ment" in subsequent discussion refers to the successive
three-week periods o outdoor chilling.

At weekly intervals, beginning in late December, each
tree was examined and rated for stage o bud-break, using
a scale previously developed and shown below:

1= no visible bud swelling

2 = buds swelling

3 = buds just breaking

4 = leaves unfolding

5= leaves open, still somewhat curled
6 = leaves flat

The stages are illustrated by Figure 1.

Figure 1L — Variation in leaf development of trees from 6 prove-

nances on April 28, 1960 at Wooster, Ohio. Seed source, from upper

left to lower right: central Nova Scotia, central New Y ork, north-

eastern Ohio, northeastern Tennessee, central Ohio, southwestern
Pennsylvania.



The weekly records were kept until the end of April,
when all trees were either in full leaf or dormant. Later,
casual phenological observations were made less ire-
quently.

Time and Rate of Flushing in Relation to Duration
of Chilling Period
Mean values of bud development are shown in Figure 2
by provenance and inspection date for each of the seven
chilling treatments. The curves have the typical S-shape
characteristic of growth in leaf area plotted over time
(GREGORY, 1956).

L 10/16

6 M ~ P bl s
.
o ,"
z S /'
put e
b4 ’
@ 4 ’
=]
-]
3
al
[a] A
= ot | ]
=1 .ﬂmmnmmnmm‘m.mf- --------- m} |
(69 97) (125) (153)
w
o6~
5 —
w
o4
<
-
wv

’

1 . mmumn.mnmr&*n:-\@" -
(48) (76) (104) (132)

7 2 4 18 4 18 2 16 ]
JAN. FEB MAR. APR.

When chilling was terminated on October 16 nor:nal
bud-break was not induced in trees of any of the four
provenances. Some small leaves developed on lower
branches of Georgia trees 175 days after chilling, but the
upper branches remained dormant. Several months later,
upper branches of all these trees were still dormant. By
August 1, the lowest buds of Tennessee trees had leafed
out, lower buds of Ohio trees were swelling, one Michigan
tree had a few lower leaves, and the other Michigan tree
was still dormant.

An additional three weeks of outdoor chilling resulted in
normal development of Georgia and Tennessee trees. Ohio
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Figure 2. — Time and rate of normal bud-break in the greenhouse, in relation to date of termination of natural chilling (shown by arrow
in the last 3 graphs). Figures in parentheses indicate number of days from end of chilling.
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and Michigan trees remained dormant, with the exception
of abnormal bud-break (lowest buds) on one Michigan tree.
Georgia trees leafed out first. Trees from both Georgia and
Tennessee developed slowly, as indicated by the slope of
the curves in Figure 2.

When chilling was terminated on November 27 bud-
break was induced in all trees, although the leaves of one
Ohio tree were small and restricted to the lower branches.
The period after chilling and prior to bud-break was
shorter for Georgia trees than for other trees. Rate of
flushing (time between Stage 1 and Stage 6) was shorter
than for comparable trees in Treatment 2.

In the fourth treatment, the period of post-chilling dor-
mancy was further shortened in trees of all provenances.
The time gap between Georgia trees and both Tennessee
and Michigan trees was narrowed, although Georgia trees
were more advanced than the others. The slowest response
was recorded for the Ohio provenance.

In the fifth and sixth treatments, there was further re-
duction in duration of post-chilling rest, although time re-
quired for the actual process of flushing was not reduced
very much. There was little difference in date of initiation
or completion of leafing-out between trees of different seed
sources.

Trees outdoors until February 19 (Treatment 7) were ex-
posed to a period of rigorous winter weather which killed
the Georgia and Ohio trees. Thus they were eliminated
from the last family of curves. There was no apparent in-
jury to other trees. The Michigan trees were about a week
ahead of Tennessee trees in time of leafing out. This re-
lationship was the reverse of that observed in trees sub-
jected to shorter chilling periods.

Normal outdoor flushing of trees of the same progenies
is shown in the lower half of Figure 3. The broken lines
indicate that measurements were not taken before Stage
2. The relative position of each of the four curves was

6 Sy

BURSTING
e IS o

~

BUD

OF
=

;L OHIO

STAGE

| I 1 | | Il 1 ! 1 ]

4 18 4 18 2 16 30 14 28
FEB. MAR. APR. MAY

Figure 3. — Time and rate of normal bud-break in the field. Upper
curves, Gainesville, Florida; lower curves, Wooster, Ohio. Legend
as in Figure 2.

Table 1. — Relationship of the duration of dormancy after chilling

to the length of the chilling period and the number of hours of

chilling below 7° C. — = no bud break; — a = abnormal leafing. on

lower branches only; — b = bud break inhibited by cold injury
or tree mortality.

No. of Days to Reach Leafing Stage 4
Date Hrs. of Norris Belle- o
fiein e Macon ; Dukes
Chill. Chill i Ten- ‘ font N
Te:lrr::il—g bello]vx:rg Georgia ne:.?ee Oghailone | Mich.
nated e - —_— — |
Tree Tree Tree ‘ Tree
1 } 2 1 2 ’ 1 \ 2 :
10/16 211 |—a —a e —
11/6 457 83 144 116 135 — — —_ —
11/27 §22 69 76 90 104 102 —a 93 067
12/18 1235 53 62 69 71 93 —b 76 79
1/8 1637 44 —a 48 48 55 55 46 48
1/29 2158 34 34 36 44 39 41 34 39
2/19 2662 |—b —b 41 41 —b —b 34 30
Table 2. — Reduction in post-chilling dormancy obtained by suec-
cessive increments of chilling.
Reduction in Mean Number of Days
Total Chilling Required to Reach Stage 4
Hours of, | Increment ‘ T
Chilling Hours Macon  Norris Belle- Duke
Below 70 c.‘ Below °°C.| Georaia Tenn. | fog;lai;ne \ Mi Ch?
o | ;o5 - -
9892 365 24 30 — —
1235 413 14 26 8 22
1637 402 14 23 39 26
521 10 7 14 10
2158 504 | — 0 — 6
2662

established in earlier studies and indicates sequence in the
clinal pattern. This sequence is not affected by seedling
age or year of measurement (KrIEBEL, 1957). The upper half
of Figure 3 shows response of trees of the same progenies
during their second winter and spring in field plots at
Gainesville, Florida.

Table 1 presents comparative measures of the relation-
ship of the duration of post-chilling dormant period to the
degree of chilling. Table 2 shows the influence of additional
chilling increments on the duration of the post-chilling
dormant period.

Discussion

Time in days is a useful base on which to plot response,
as in Figure 2. It is also a convenient basis for establishing
treatments, using 3-week periods of exposure to outdoor
temperatures. While time in days is a suitable measure of
post-chilling dormancy in a warm greenhouse and of leaf
unfolding from start to finish, it is not an accurate measure
of the amount of chilling applied in each treatment, because
of wide fluctuations in outdoor temperature.

It is difficult to apply a quantitative measure of chilling,
because the physiological relationship of low temperature
to bud rest of woody plants is poorly understood. Investiga-
tions of the chemical changes associated with rest, the
auxin-inhibitor mechanism, and physical factors have been
summarized by Doorensos (1953) and SamisH (1954).

Most studies of chilling requirement of trees have been
concerned with fruit trees, expecially peach (Prunus per-
sica). It has been found that extreme cold is not necessary
to break rest in peach trees. Temperatures of 7° C. are ade-
quate; a temperature of 10° C. is effective but less efficient.
The optimum is probably around 4° C. In climates with
long winters the rest is broken long before winter is over,
often by early December. Shoots brought into a warm room
after this time will develop normally. When peach trees
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have had their chilling requirements partly fulfilled, de-
velopment takes place at favorable temperatures, but at
a very slow rate. When chilling is inadequate, abnormal
bud-break may take place. In this case, the older buds are
the first to break dormancy. These have had two or more
chilling periods and need less chilling the second time than
1-year-old buds.

In peaches, the number of hours of chilling below 7° C.
required to complete bud rest varies greatly with the
variety, ranging from about 200 hours to 1200 hours. The
number of days during which the chilling occurs is impor-
tant. If chilling is concentrated over a shorter period in-
stead of being spread over several months, more hours
are required. Continuous chilling permits the shortest time
for bud break, but more hours of chilling are required than
if chilling is alternated with warmer temperatures and
spread over a period of months (WEINBERGER, 1961). There-
fore measurements of chilling requirement taken after
uniform low-temperature treatment indoors are not a
measure of outdoor chilling requirement. However, they
can reveal intraspecific variation, as did the analyses by
Perry and Wanc of Acer rubrum (1960).

Another observation on peach trees should be mentioned,
namely that low temperatures in December and January
are more effective in breaking the rest of peach buds than
are low temperatures in November or February (WEINBER-
GER, 1961).

The number of hours of chilling required for completion
of rest have been ascertained for many species and varieties
of woody plants. However, the 7° C. threshhold has recog-
nized limitations and should not be applied uncritically to
every species (SamisH, 1961). It does provide a useful stand-
ard for evaluating differences in chilling requirement be-
tween varieties, or in this case of differences between trees
of different provenances. Until the upper limits of tem-
peratures in the chilling range are more intensively studied
in sugar maple, a 7 C. value will provide a basis for quan-
titative measure of degree of chilling which is as useful as
another temperature in the range of 7 to 9° C. This was
indicated by trial calculations using the data from this ex~
periment.

The measurements in these experiments were taken to
Stage 4 in the middle of the flushing period, because the
beginning and end of flushing are very difficult to fix.
Table 1 shows that: (1) the longer the chilling period, the
shorter was the period before flushing, although very long
chilling periods had relatively little additional effect over
moderately long periods; (2) there was a longer interval
to bud-break in northern trees than in southern trees.

In Table 1, the amount of chilling is given in number of
hours below 7° C. The minimum requirement for trees of
both Georgia and Tennessee origin was between 211 and
457 hours. For Ohio and Michigan trees it was between
457 and 822 hours. One Ohio tree showed abnormal leafing
after 822 hours, and one with 1235 chilling hours failed to
break bud. In the latter case there was some indication
that injury was related to microenvironment and root ex-
pusure, rather than to genotype.

Reduction in duration of the post-chilling dormant period
obtained after successive increments of chilling varied
with seed source. This is shown in Table 2. The greatest
reductions among trees of southern origin occurred early in
the treatment series, with relatively few chilling hours.
Among Tennessee trees, there was #large reduction early
in the series, but the effects of adding the third and fourth
chilling increments were also large, more so than were the
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effects on Georgia trees. This suggests that there is an in-
herent difference in chilling requirement between trees
of these two provenances which the comparison of mini-
mum requirements for bud-break does not reveal.

The effect of successive chilling increments on Ohio trees
was similar to the effect on Michigan trees. Table 2 shows
that in both cases, the greatest reduction in time to bud-
break resulted from the addition of 402 hours of chilling to
the previous 1235 hours. There was much less reduction
after further chilling. Michigan trees responded more with
less chilling than did Ohio trees, though this could be due
to experimental error.

Treatments were continued long enough to give a rea-
sonable indication of the diminishing effectiveness of ad-
ditional chilling as related to seed source. Decreasing ef-
fectiveness of additional chilling provided by the last two
treatments resulted in northern trees breaking bud at
about the same time as southern trees. Table 1 indicates
that the minimum time in days from movement into the
greenhouse until bud-break was 30 to 40 days for trees
of all sources, regardless of how much chilling was applied.
The amount of chilling required for a 40-day period was
about 1800 hours for Georgia trees, and about 2100 hours
for trees of other seed sources. This is as close an estimation
of “optimum” or “normal” chilling requirement (distin-
guished from minimum requirement for bud-break) as the
data permit.

It seems clear that trees from all four sources obtaired
the required amount of chilling well before the end of the
winter. Apparently during the period from mid-February
to outdoor bud-break in late April some other environ-
mental factor replaced the requirement for additional chil-
ling as the stimulus controlling onset of growth.

In the Florida field test (Figure 3, top), the climate pro-
vided sufficient chilling during the winter to induce normal
bud-break in all trees. In the Florida locality there were
47 days on which the temperature was below 7° C. for an
hour or more, a total of about 430 hours. This was a con-
siderably smaller amount of chilling than was required in
Ohio for all but the Georgia trees. Results are quite con-
sistent with evidence previously discussed. The chilling in
Florida consisted of a series of cycles with most highs in
the range of 15° to 25° Centigrade and lows in the range
of —6° to + 9° Centigrade. The period with occasional
temperatures below 7® C. extended from November 1o
March, according to daily records of the Gainesville weath-
er station (1958-59). In Ohio, the chilling period for the
early treatments was much shorter and more concentrated.
The results suggest that in maples, as in peach trees, con-
tinous chilling or a concentrated period of chilling requires
more actual hours of low temperature than if the chilling
is alternated with warmer temperatures and spread over
several months. Also, as in the peach, temperatures in Dec-
ember and January seem to accelerate completion of bud
rest more than temperatures in November and February.
The reversal of the position of the Georgia curve in Fig-
ure 3 (top) as compared with Figure 3 (bottom) indicates
that although chilling in Florida was adequate for bud
break, trees of northern sources were delayed in time of
flushing by limited chilling, and that the time required for
bud-breaking was extended.

Summary

Experiments on chilling requirement of sugar maple in-
cluded potted trees from four provenances subjected to



seven durations of outdoor chilling in northern Ohio, and
trees from the same seed progenies in field tests in central
Florida and in northern Ohio.

Sugar maples of southern origin broke dormancy with
less normal outdoor chilling than did sugar maples of
northern origin. Only trees of Georgia and Tennessee ori-
gin broke bud normally when brought into a warm green-
house on November 6 after 457 hours of chilling below 7° C.
Trees of Ohio and Michigan origin broke bud after chilling
was terminated on November 27 (822 hours below 7° C.)
although flushing of one tree of the Ohio provenance was
abnormal and restricted to lower buds.

Length of the post-chilling dormant period varied with
both amount of chilling and seed source. The greater the
amount of chilling, the shorter was the subsequent period
before bud break. Differences between northern and south-
ern genotypes in length of this dormant period decreased
as the amount of chilling was increased. When outdoor
chilling was terminated in late January or early February,
there was very little difference in duration of post-chilling
dormancy between northern and southern genotypes.

The chilling increments were not equally effective in
reducing the subsequent time to bud-break. In Georgia
trees, the maximum reduction occurred after about 800
hours below 7° C. The time reduction in Tennessee trees
was nearly as large after 1200 and 1600 hours as after 100
hours. In Ohio and Michigan trees, the maximum reduc-
tion occurred after 1600 hours below 7° C.

Increasing the amount of chilling increased the rate of
leaf unfolding by decreasing the number of days between
Stage 1 and Stage 6. Chilling beyond early February (about
2300 hours below 7° C.) did not seem to further accelerate
rate of development, even in trees of northern origin.

Trees exposed to a full winter in the field in Ohio flushed
in a north-to-south sequence with regard to seed source.
Among trees exposed to a full winter in the field in central
Florida (about 400 hours below 7° C.), trees of Georgia ori-
gin flushed first; trees from other sources flushed later and
all at about the same time. The time-span in days of the
process of leaf-unfolding of trees of Georgia origin was
the same outdoors in Florida and Ohio, but for northern
genotypes the process was much slower in Florida than in
Ohio.

The studies indicated that after mid-February under the
test conditions (about 2500 hours below 7° C.) the chilling
requirement of trees of all sources had been fully supplied
and other factors controlled the time of bud-break.

Zusammenfassung

Titel der Arbeit: Die Wechselwirkung zwischen Prove-
nienz und der Dauer der Abkiihlung bei der Knospendff-
nung des Zuckerahorns.

Versuche iiber den Bedarf an tiefen Temperaturen um-
faBBten eingetopfte Pflanzen aus 4 Herkiinften, die in
Nord-Ohio im Freiland 7 verschieden langen Abkiihlungs-
zeiten ausgesetzt wurden, und Pflanzen der gleichen Saat-
gutnachkommenschaften auf Feldversuchen in Mittel-Flo-
rida und Nord-Ohio.

Zuckerahorne siidlicher Herkunft beendeten den Ruhe-
zustand schon bei weniger starker natiirlicher Freiland-
abkiihlung als Zuckerahorne nérdlicher Herkunft. Nur
Pflanzen der Herkiinfte Georgia und Tennessee 6ffneten
normalerweise die Knospen, wenn sie am 6. November
nach 457 Stunden Abkiihlung unter 7° C in ein geheiztes
Gewichshaus gebracht wurden. Die Pflanzen von Ohio

und Michigan 6ffneten die Knospen, wenn die Abkiihlung
am 27. November beendet wurde (822 Stunden unter 7% C),
wenn auch der Austrieb einer Pflanze der Herkunft Ohio
abnorm und auf die unteren Knospen beschrinkt war.

Die Linge der Reaktionszeit wechselte je nach der
Dauer der Abkiihlung und der Herkunft. Je groBer die
Dauer der Abkiihlung war, desto kilirzer war die folgende
Periode bis zur Knospendffnung. Die Unterschiede in der
Lange der Reaktionszeit zwischen nordlichen und sudli-
chen Genotypen verringerten sich mit zunehmend stidrke-
rer Abkiihlung. Wenn die Freilandabkiihlung Ende Ja-
nuar oder Anfang Februar beendet wurde, bestand sehr
geringe Verschiedenheit in der Dauer der Reaktionszeit
zwischen nordlichen und siidlichen Genotypen.

Die Zunahme der Dauer der Abkuhlung wirkte nicht
gleichermaBen verringernd auf die Folgezeit bis zur Knos-
pendffnung. Bei den Pflanzen der Herkunft Georgia trat
die groBte Verringerung nach etwa 800 Stunden unter 7° C
ein. Die Zeitverringerung bei der Herkunft Tennessee war
nach 1200 Stunden und 1600 Stunden etwa so groB3 wie
nach 400 Stunden. Bei den Herkiinften Ohio und Michigan
trat die groBte Verringerung nach 1600 Stunden unter 7° C
ein.

Die Steigerung der Dauer der Abklihlung erhohte die
Geschwindigkeit der Blattentfaltung, indem die Zahl der
Tage zwischen Stadium 1 und Stadium 6 verringert wur-
den. Die Abkiihlung bis zu einem Zeitpunkt nach Anfang
Februar (etwa 2300 Stunden unter 7° C) schien die Ent-
wicklungsgeschwindigkeit auch von Pflanzen nérdlicher
Herkunft nicht weiter zu beschleunigen.

Pflanzen, die auf einer Versuchsfliche in Ohio einem
ganzen Winter ausgesetzt waren, trieben in einer Nord-
Siid-Reihenfolge hinsichtlich der Saatgutherkunft aus. Von
den Pflanzen, die auf einer Fliche in Mittel-Florida einem
vollen Winter ausgesetzt waren (etwa 400 Stunden unter
7% C), trieben zuerst die Pflanzen der Herkunft Georgia
aus; die Pflanzen der anderen Herkiinfte trieben spater
und alle etwa zur gleichen Zeit aus. Die Zeitspanne in Ta-
gen des Vorganges der Blattentfaltung war bei der Her-
kunft Georgia unter Freilandbedingungen in Florida und
Ohio gleich, fiir nordliche Herkiinfte aber war der Vor-
gang in Florida viel langsamer als in Ohio.

Die Untersuchungen zeigten, daB nach Mitte Februar
unter den Bedingungen des Versuchs (etwa 2500 Stunden
unter 7° C) der Bedarf an tiefen Temperaturen bei Pflan-
zen aller Herkiinfte voll gedeckt war und andere Fakto-
ren den Zeitpunkt der Knospendéffnung kontrollierten.

Résumé

Titre de larticle: Interaction entre la provenance et
I'intensité du froid mécessaire ¢ la levée de dormance des
bourgeons d’Erable d-sucre.

Ces expériences sur les besoins en froid de I’Erable a
sucre ont porté sur : des sujets en pot de quatre prove-
nances soumis a sept durées de froid dans le Nord de
I’Ohio; les arbres des mémes provenances établis en plan-
tations comparatives dans le centre de la Floride et dans
ie nord de I’Ohio.

Le besoin en froid pour la levée de dormance des pro-
venances méridionales d’Erable a sucre est plus faible que

"celui des provenances septenirionales. Seuls les arbres

de Geéorgie et du Tennessee débourrent normalement
lorsqu’ils sont amenés dans une serre chaude le 6 Novem-

bre apres 457 heures d’exposition & un froid inférieur a
7¢ C. Les arbres de I'Ohio et du Michigan débourrent
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apres la fin du traitement au froid le 27 Novembre (822
heures au-dessous de 7° C); cependant, le débourrage d’un
arbre de ia provenance Ohio était anormal et limité aux
bourgeons inférieurs.

La lcngueur de la périnde de dormance apres l’exposi-
tion au froid variait a la fois avec l'intensité du froid et
avec la provenance. Plus intense était la réfrigération,
plus courte la période suivante avant le débourrage. Les
différences entre les écotypes septentrionaux et méridio-
naux en ce qui concerne la longueur de cette période de
dormance ont diminué avec l'augmentation de l'intensité
du jroid. Lorsque la réfrigération était terminée en fin
Janvier ou au début Février, il y avait trés peu de diffé-
rence dans la durée de la dormance aprés réfrigération
entre les écotypes septentrionaux et meéridionaux.

L’efficacité de l'augmentation de réfrigération pour ré-
duire la période de dormance avant le débourrage n’était
pas toujours la méme. En ce qui concerne les proveances
de Geéorgie, la réduction maxima est intervenue aprés en-
viron: 800 heures d’exposition au-dessous de 7° C. Pour les
provenances du Tennessee, la réduction fut presgquaussi
importante aprés 1200 et 1600 heures qu’aprés 400 heures.
Pour le2s arbres de 1’Ohio et du Michigan, la réduction
maximum est intervenue aprés 1600 heures au-dessous
de 7" C.

L’augmentation de l'intensité du froid augmente la vi-
tesse de débourrage en diminuant le nombre de jours en-
tre le stade 1 et le stade 6. La réfrigération au-dela de
début Février (environ 2300 heures au-dessous de 7° C)
ne semble plus avoir d’effet sur laugmentation de la
vitesse de déborrage méme chez les arbres d’origine sep-
tentrionale.

Les abres exposés a I’hiver norrmal dans la plantation
comparative en Obhio ont débourré de la facon suivante:

les provenances scptentrionales les premiéres et les pro-
venances meéridionales les derniéres; toutes, suivant une
variation clinale.

Pour les arbres exposés a l'hiver dans la plantation
cornparative de Floride centrale (environ 400 heures au-
dessous de 70 (), les provenances de Géorgie ont débourré
les premiéres; les autres provenances ont débourré des
provenances de Géorgie a été la méme a lextérieur en
Floride et en Ohio, mais pour les écotypes septentrionaux,
cette durcée etait beaucoup plus courte en Floride qu’en
Ohio.

Cette étude montre quapreé la mi-Février, dans les con-
ditions de l'essai (énviron 2500 heures au-dessous de 7°
Cj, les besoins en froid des arbres de toutes les origines
ont éte pleinement satisfaits et que d’autres facteurs ont
déterminé I’époque de débourrage.

Literature Cited

BrowN, D. S.: The relation of temperature to the growth of
apricot flower buds. Proc. Amer. Soc. Hort. Sci. 75: 138—147 (19€0).
— DooreNBos, J.: Review of the literature on dormancy in buds of
woody plants. Meded. Landb. Hogesch., Wageningen, 53 (1): 1—24
(1953). — Grecory, F. C.: General aspects of leaf growth. In: The
growth of leaves, pp. 3—17. Proc. 3rd Easter School in Agric. Science.
Univ. of Nottingham, 1956. London, 1956, 223 pp. — KrieseL, H. B.: Pat-
terns of genetic variation in sugar maple. Ohio Agric. Exp. Sta.,
Res. Bull. 791, 88 pp. (1957). — OwumsTeEDp, C. E.: Experiments on
photoperiodism, dormancy, and leaf age and abscission in sugar
maple. Bot. Gaz. 112 (4): 365—393 (1951). — PER}W, T. O., and WaNg,
C. W.: Genetic variation in the winter chilling requirement tor
date of dormancy break for Acer rubrum. Ecology 41 (4): 790—794
(1960). — Samish, R. M.: Dormancy in woody plants. In: Annual
Review of Plant Physiology 6: 183--204 (1954). — U. S. Dept. of
Commerce, Weather Bureau: Climatological data. Florida. (Oct.,
1958-March, 1959.) — WEINBERGER, J. H.: Temperatures and fruits
and seeds. In: Seeds. The Yearbook of Agriculture, pp. 46—51.
U. S. Dept. Agr., Washington, 1961.

Interspecific Hybridization in the Genus Abies

By F. U. KuagaN and J. A. WINIESKI*)

(Received for publication July 26, 1962)

Introduction

Artificial hybridization is an important tool in forest
genetics. It makes it possible to produce trees with gene
combinations that might never occur in nature. Tree breed-
ers around the world have placed special emphasis on in-
terspecific crosses of species in various genera. Fairly de-
tailed information on crossability patterns are available
for genera such as Pinus, Picea and Larix. Several lists of
species crosses in Abies have been reported by workers
(JounsoN, 1939; Wricur, 1962!); RouMEDER, 1959 and 1961).
However, a search of the literature revealed no current
crossability pattern for that genus.

Experiments were initiated in the spring of 1960 at the
State University College of Forestry at Syracuse University
in an attempt to establish a crossability pattern in Abies.
The objectives of this study are as follows:

1. The compilation of reported Abies crosses into a pattern.

*) F. U. KraeaN (deceased), Associate Professor of Silviculture,

State University College of Forestry at Syracuse University,
Syracuse, New. York; J. A. Winieskl, graduate student, now Forest
Geneticist, Department of Forests and Waters, Commonwealth of
Pennsylvania, Harrisburg, Pa.

') Personal communication, J. W. WricHr, Michigan State Uni-
versity, East Lansing, Michigan (2/28/62).
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2. The extention of this established pattern by experimen-
tal artificial hybridization.

3. The production of interspecific hybrids for future study
and evaluation for forestry purposes.

This paper reports the results of the controlled pollina-
tions attempted in 1960 along with the compiled crossabiii-
ty pattern. The results of new crosses carried out in 1962
and data on the putative hybrids produced in 1960 will be
reported at a later date.

Review of Literature
General

SARGENT (1926) recognized 33 species of Abies existing in
the temperate regions of the northern hemisphere. Vicui
and Gaussen (1929) arrived at a total of 52 species and 12
varieties in their revision of the genus. REHDER (1958) lists
31 species, but states that “about 40 species” of true firs
exist in the temperate regions of the northern hemisphere.

Various workers have divided the genus Abies into two
or three sections. According to McNae (1876), Bertrand
separated the species into two sections based on the posi-
tion of the needle resin canals. MATTreELD’S (1926) maps
divide Mediterranean species into two sections based on



