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

Date of bud-break of sugar maple in Ohio field tests 
varies with the geographic source of the seed. The varia- 
tion is clinal, beginning in trees of extreme northern and 
northeastern provenances, progressing through trees of 
central provenances, then to trees of southeastern, south- 
ern and western provenances. The rate of leaf unfolding 
is slightly more rapid in northern than in southern trees 
(KRIEBEL, 1957). Geographic variation in time of bild- 
breaking is so extreme that it is possible to See trees in 
all stages of development during a few days in April ( F i g -  
u r e  1). 

This pattern of bud-break is not the direct result of 
variation in chilling requirement. If it were, trees of 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 of 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 of bud dormancy. OLMSTED'S resl~lts 
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 
of bud rest. During late winter, low temperatures :Ire 
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 of 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 of outdoor chilling. In another 
experiment, trees were planted outdoors in a warm climate 
and response was measured during the first and secorid 
growing seasons. 

Materials and Methods 

Seven chilling periods (treatments) and four provenances 
were used in the Ohio experiment. The provenances uri3re 
distributed over a 1500 mile north-south transect through 

I) Professor of Forest Genetics, #io Agricultural Experiment 
Station, and Associate Professor of Forest Genetics, University 
of Idaho, respectively. The authors are grateful to H. NIENSTAEDT, 
U. S. Forest Service, Rhinelander, Wisconsin, for review of the 
manuscript. 

the middle of 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 of 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 of 21° C ? 8O to 9O 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 of outdoor chilling. 

At weekly intervals, beginning in late December, eich 
tree was examined and rated for stage of 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 F i g u r e  I .  

Figure 1. - 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 York, north- 
eastern Ohio, northeastern Tennessee, central Ohio, southwestern 

Pennsylvania. 
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