ficant differences existing between the regional means.
The regions identified were:

Region A. Northern Scandinavia in the vicinity of the
Arctic Circle.
Region C. Central and Southern Scandinavia.

Region G. Northeastern Germany and Czechoslovakia.
Region H. Western Germany, eastern France and

Belgium.
Region |. England.
Region J. Yugoslavia.

Region K. Northeastern Greece (Macedonia).
Region L. Scotland.

Region M. South central mountains of France.
Region N. Northern and central Spain.
Region T. North central Turkey.

Comparisons were made of the regional grouping based
on ths parental measurements and a regional grouping
based on juvenile characters in an associated 122-origin
provenance study in a uniform environment in East Lans-
ing, Michigan, reported by WriGHT and BuLL (1963). The
groupings were nearly identical. In other words, it is pos-
sible to delimit a race or variety of Scotch pine nearly as
well by studying parental specimens collected in Europe
as by growing their progenies in this country. However,
it was not possible to forecast a race’s performance in
Michigan from a study o the parental cones and leaves.
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Patterns of Height Growth Initiation and Cessation in Douglasfir

By H. IRGENs-MOLLER
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Corvallis, Oregon

(Received for publication March 27, 1966)

Introduction

Although studies of patterns of growth initiation or bud
burst in Douglas-fir (Pseudotsuga menziesii [Mirs.] FRANCO)
have been reported earlier (for a review see Sweer, 1965)
the genetic variation in this characteristic continues to at-
tract attention because the relative time of bud burst often
determines the success or failure of Douglas-fir introduced
into areas with late frosts or widely fluctuating weather
conditions during spring such as in northwestern Europe.
This short paper also reports on the relationship between
the relative time of bud burst and cessation of terminal
growth and, in addition, adds some details of local varia-
tion.

Methods and Results

The observations reported here were made in a breeding
arboretum near Corvallis, Oregon, containing plants from
throughout the natural range o the species. The experi-
mental design is that of complete randomization at a spac-
ing of 12 by 12 feet. Observations were made during the
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second to eighth year after planting before any crown com-
petition occurred. Time of bud burst was defined as thc
time when any bud, regardless of position in crown had
opened to expose the new needles. Observations were made
at three to five days intervals.

Growth Initiation

Plants originating along an east-west transect across
western Oregon were first selected for study. The earliest
o these selected trees in bud burst each year were those
originating from the vicinity of Corvallis (Fig. 1) while those
from the Oregon Coast Range only 20—49 miles west of
Corvallis and 100—200 ft. higher in elevation were the
latest. The earliness of the Corvallis plants and those from
Sweet Home is in accordance with the conclusions drswn
by Muncer et al. (1936) that Douglas-fir from broad, open
valleys are early. The lateness o the Coast Range plants
is more difficult to explain since no weather data are avail-
able from that area. However, the area around Corvallis
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Figure 1. — Times of bud burst and length of leader growth in

Douglas-fir plants from five localities along an east-west transect

across western Oregon when grown at Corvallis, Oregon, averages

of 44—100 plants per source. Standard errors of means for time of

bud burst and leader length do not exceed 15 days and .15 feet,

respectively. Open circle: Corvallis; open triangle: Sweet Home;

open square: Coast; black circle: Santiam Pass; black triangle:
Coast Range.

is characterized by early and severe summer droughts ac-
centuated by severe grass competition and it is possible
that such conditions have permitted only plants which
start and stop growth early to survive in that area. Trees
from the east side of the Willamette Valley near the town
of Sweet Home were slightly later than those from the
west-side (Corvallis) possibly reflecting the slightly higher
precipitation there, (60 versus 40 inches). The lateness of
the Santiam Pass plants no doubt reflects the shorter grow-
ing season there and possibly also a lack of sufficient winter
chilling during the winters at the planting site of Corvallis.
Santiam Pass plants have been shown to require a longer
period of chilling at 40° F than plants from the valley
(Wommack, 1964) for normal growth.

The relative time of bud burst for plants from all sources
became progressively later during the first four years of
observation (Fig. 1). There was no correlation between this
and weather conditions. It is a common observation in the
forest that young trees are earlier than older trees and the
progressively later bud burst in the plantation with in-
creasing age appears to reflect this fact. However, in 1965
bud burst in the test plantation was as early as in 1959 and
the differences between the five groups became very small.
This may reflect a somewhat warmer spring that year, but
is more likely due to the change in microclimate in the
plantation created by the larger size of the trees which
decreased air movements and increased air temperature
near the ground. This is indicated by the fact that in all
trees it was the buds on the lower branches one-two feet
above ground and on the south side of the trees which
opened first.

SweeT (1965) has reported on the time lag in bud burst
between the lateral and terminal buds in two-year old
Douglas-fir in New Zealand. He found significant positive

correlations between the size of this time lag which varied
from two to more than 20 days and the length of frost-free
season, the mean, temperature of the coldest month, and,
therefore, also a negative correlation with the altitude of
crigin. No such correlation could be found in the present
material at the age of eight years. The average time lag for
each group varied from seven to nine days.

As is evident from Figure 1 there was no correlation be-
tween time of bud burst and amount of leader growth. The
leader growth of the earliest plants was each year as small
as those from Santiam Pass which were next to the latest
in bud burst.

The observations on bud burst described above were
confined to plants originating west of the Cascades. On
April 6, 1965 observations were made in a three-year old
part of the arboretum containing plants from the Rocky
Mountains and eastern Washington and Oregon as well as
plants from west of the Cascades in an effort to compare
plants from continental and coastal origins. Only five per~
cent of the plants from western Washington and Oregon
had started growth as opposed to 73 percent of plants from
eastern Washington and Oregon and 80 percent of plants
from New Mexico and Arizona based on samples of 73 to
186 plants per source.

Growth Cessation

During 1961 weekly measurements of leader growth was
made in an attempt to determine by interpolation the time
when 90 percent of the height growth was completed (Fig-
ure 2). The Corvallis plants ceased height growth earlier
than those from the remaining four sources. The period of
growth between 10 and 90 percent completion of height
growth was about the same for all sources with the ex-
ception of those from Santiam Pass which had a six to
eight day shorter period no doubt reflecting the short grow-
ing season at the place of origin.

From Figure 2 it appeared that there might be a corre-
lation between the time of terminal bud burst and the time
of height growth cessation. Statistically significant corre-
lations were indeed found for plants from four of the areas
along the east-west transect and for plants from Van-
couver Island. However, the correlations varied greatly
from .85 for the Vancouver Island plants, .40—.60 for the
plants from the Coast, Coast Range and Sweet Home, to
none for the Corvallis plants and a negative correlation for
the Santiam Pass plants (—.33). The biological meaning, if
any, of this variation remains obscure.
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Figure 2. — Time-course of leader growth of Douglas-fir plants

(four years old) from five localities along an east-west transect
across western Oregon when grown at Corvallis, Oregon. Averages
of 44—68 plants. Symbols as in Figure 1.
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Discussion

The difference in time of bud burst of 15 to 18 days found
between plants originating from areas separated by only
20—40 miles is of considerable importance in the selection
of a seed source. Of equal importance is the lack of re-
lationship between the time of bud burst and amount of
growth since this permits selection of late types without
necessarily also selecting for poor growth. However, this is
true only when considering trees native to the area west of
the Cascades. Continental sources from areas east of the
Cascades and the Rocky Mountains are considerably earlier
and also more slow growing. In any selection for early or late
types recognition should be given to the obvious age de-
pendency of the relative time of bud burst with younger
plants being earlier. The great variability in time of bud

burst indicates that the genetic control probably is multi-
factorial. The differences among the plants from the various
sources with regard to the relationship between the times
of initiation and cessation of height growth need further
observations, including plants from other sources, before
the possible biological meaning of these differences can be
understood in terms of the environments of their native
habitats.
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Effects of Temperature on the Growth and Wood Formation
of Ten Pinus resinosa Sources

By Puirip R. LARSON?)

(Received for publication March 30, 1966)

Red pine (Pinus resinosa Airr.) is often considered an ex-
tremely homogeneous species. The literature on the extent
of red pine variability has been comprehensively reviewed
and critically evaluated by FowrLer (1964). On the basis of
this literature survey and results of his own experiments,
FowLeEr reached the following conclusion: “Red pine, re-
gardless of its origin, was observed to be morphologically
uniform. With few exceptions, the variation observed could
be attributed more easily to environmental than to genetic
differences. A survey of the literature revealed that, al-
though genetic differences undoubtedly do occur among red
pines from different origins, the magnitude of these dif-
ferences is not great.”

Results of the present study, conducted during the 1962
growing season on 3-year-old red pine seedlings, agree in
some respects with those of FowLer. Although statistically
significant differences among sources were found in the
characteristics examined, no meaningful relationship could
be established between any of these growth characteristics
and geographic origin of the seed. On the contrary, source
differences in vegetative growth characteristics, such as
terminal elongation and needle size, suggested a random
distribution that may be attributed to the variability among
local populations. However, source differences in most
wood growth characterislics appeared to be more closely
associated with certain aspects of vegetative growth and
varied accordingly.

Material and Methods

Red pine seedlings, representing seed collections from 10
widely separated natural stands, were used as test material.
The 10 sources selected for this study were fairly represent-
ative of the original 77 collections used by WriGHT et al.
(1963) and extend across the natural range of the species
(Table 1). Procedures for seed collection and for sowing and
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lander, Wisconsin.
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rearing in the nursery have been previously described
(WRIGHT et al., 1963).

In the fall of 1961, after two growing seasons in the nurs-
ery, the seedlings were transplanted to clay pots and placed
in a cold room maintained at about 5° C. After approxi-
mately 5 months of cold exposure, 20 seedlings of each
source were randomly divided into lots of 5 and transferred
to 4 growth rooms. The growth rooms were maintained
on identical daylengths but different temperature regimes.

In each room 48 eight-foot fluorescent lamps supple-
mented with incandescent lamps provided a total light in-
tensity of about 3500 foot-candles at plant height. The
daylength was adjusted to correspond, as closely as pos-
sible, to that prevailing at Rhinelander, Wisconsin (ap-
proximately 45° N. latitude). Thus, the daylength increased
from 12-3/4 hours at the start of the experiment to 15-3/4
hours at mid-season, and then decreased. In addition, a
standard ¥ -hour “twilight” of about 250 foot-candles in-
tensity was added to the beginning and end of each day.

The following temperature schedule was maintained
throughout the experiment:

Day Night
oc | oC
Room 1 23.8 (75°F) 12.8 (55° F)
Room 2 18.3 (65°F) 12.8 (55° F)
Room 3 29.2 (85°F) 18.3 (65° F)
Room 4 23.8 (75°F) 18.3 (65° F)

The daily changes in temperature coincided with the
changes in daylength. All changes in temperature and day-
length were controlled automatically by preset time clocks.

Since the rooms were not provided with humidity con-
{rols, humidity tended to vary with temperature. For ex-
ample, the high temperature Room 3 was more humid
following watering, but also dried out somewhat faster than
the lower temperature rooms. However, by watering the
trees in all rooms twice daily, soil moisture and atmospheric
humidity were maintained at acceptable levels.

Height growth and needle elongation were measured
weekly on every seedling. Three needles to be measured




