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GENETIC VARIATIONS IN LENGTH OF ACTIVE GROWIH PERIOD
AMONG RACES OF DOUGLAS-FIR, PSEUDOTSUGA
MENZIESII (MIRB.) FRANC

INTRODUCTION

Resistance of perénnial plants'to adverse climate
conditions such as frost or drought is correlated with
their annual cycles of dormancy and active growth (26).
Drought and frost resistance are often highest during the
period of dormancy (26). The adaptation of a particular
species to a particular area therefore includes the
cessation of height growth well in advance of the onset
of elimatic conditions which would injure actively growing
plants. Similarly, sueh adaptation also ineludes the
characteristic of remaining dormant even though the period
of unfavorable conditions for growth may be interrupted
by short intervals of conditions favorable for growth.

The annual period favorable for active growth (the
growing season) varies greatly with latitude and altitude.
In the Douglas-fir region of the Pacifioe Northwest the
number of frost-free days varies from 260 at the southern
Oregon coast to less than 90 days in the Oregon Cascades
at 4000 feet elevation (59). This diversity in length of
active growth period may have resulted in the differenti-
ation of ecotypes adapted to the length of growing season
at the various localities. Such adaptation may result

from the selective pressures exerted by the last killing



frost in the fall.

On this assumption the conclusion may be drawn that
trees native to a particular habitat are better adapted
to that habitat than are trees introduced from other
areas. However, this conclusion does not necessarilly
imply that native trees also produce a higher yield than
introduced trees. Lindquist (27) has shown that Norway

spruce (Picea abies (L.) Karst.) from certain areas in

Germany gives a higher yield in southern Sweden than do
Norway spruce native to southern Sweden. Similarly,
Scots pine (Pinus gilvestris L.) introduced to Europe
from Latvia and kstonia performs better than Scots pine
native to Burope (48,7).

The charaeteristics of a tree (its phenotype) result
from an interaction between its genetic constitution (ita
genotype) and the environmental conditions under which it
is and has been growing. The use of non-local seed may
involve the introduction of seed into a type of environ-
ment different from that of the area in which it wase
collected. Consequently, changes in phenotypic expression
may result. The degree to which the phenotypic expression
of a particular genotype can be modified by changes in
environment may be termed its range of reaction (51).

All such modifications affect, in one way or other, the
value of the ultimate crop.

A knowledge of the genetic differences with regard
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to length of active growth period appears important in the
selection of a suitable seced source for re~forestation of
any partieular area., However, a knowledge of the degree
40 which the length of active growth period may be
modified by certain environmental factors appears equally
important.

The purpose of the present study was to obtain
information on genetic differences in length of active
growth period among Douglas-firs of different origins.
Information was also sought as to the degree to which the
length of active growth period may be modified by changes
in photoperiod and temperature. The study was concerned
primarily with the following!

(1) Genetic differences with regard to time of

break of dormancy.

(2) The influence of photoperiod upon the time of

break of dormancy.

(3) The influence of various degrees of winter

chilling on the time of bresk of dormancy.

(4) Genetic differences with regard to the time of

onset of dormancy.

(5) The influence of photoperiod upon the time of

onset of dormancy.

(6) The correlation between the time of onset of

dormancy and resistance to frost.

(7) The correlation between dry matter content of



needles and length of active growth period.



LITERATURE RuVIEW

Intraspecific Aiversity in forest tree specles has
in the past largely been ascribed to environmental modi-
fications., This is partly due to the fact that locsl
seed usually was used in re-forestation programs. How=
gver, Zuring the middle of the 18th century extensive
re~forestation programs were initiated in Furope in which
the seed often was collected considerabvle distances from
the area in which it was used (2). This led to the
observation that the success of the re-forestation often
depended on the seed source. Thus, in 1755 D. G. Schreber
observed that seed of larch from Tyrol, when used near
Halle, Germany, gaeve rise to trees inferior to those from
seed collected in certain other areas (48).

In 1760 Duhamel du tionceau pointed out (48) that the

diversity in Scots pine (Iinus silvestris L.) could not

be explained merely as envircnmental modifications. He
based this on the observatlon that Scots pine from Latvia
grew better than Scots pine from any other area when
planted in southern Trance. iionceau was one of the firast
to realize that part of the diversity in Scots pine is of
an hereditary nature.

During the middle of the 19th century Vilmorin in
France started the first intensive study of the nature of

this varistion in Scots pine (48). He obtained seed from
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widely scattered areas in Europe and Russia from which he
established plantations near Les Barres, France. In 1862
he reported (Exposé hiatorique et descriptif de l'ecole
forestiére des Barres. Memoires d'Agriculture. Faris
1862. Cited by 48) that striking differences wére observed
among the various sources with regard to growth rate and
general appearance. His publication gave rise to numerous
similar experiments and heated discussions as to the
possible cause of the observed differences (48)., iloragues
in 1873 pointed out that they were due to hereditary
differences: "Jamals je n'al un des graines provenant de
Geneve y produire un Pin de Riga, nli un Pin de Riga y
produire un Pin de Geneve.," (Cited by 48). This led
many investigators to coneclude that what Linnaeus had
described as one species, Pinus silvesiris, in reality
was several closely related species or varieties, In the
following years numerous taxonomic papers on Scots pine
appeared (48). .

Vilmorin's studies in Scots pine mark the beginning
of a pericd of intensive studies of variability in forest
tree species.

Studies of intra-specific diversity in length of active
growth period.

%ith the inecreasing efforts toward re-forestation in

Europe, convineing evidence accumulated zs to the



existence of hereditary varisbility within forest tree
species, particularly witn reference to the relative time
of initiation and cessation of height growth.

In 1898 Urtenblad in Sweden observed that Scots pine
from northern Sweden, planted near Stockholm, stopped
height growth in August, whereas plants from southern
Sweden plznted adjacent to the former did not stop growth
until fall frosts killed the terminal shoots. (rtenblad
explained these differences as hereditary acdaptations to
the length ot growing seasons in northern and southern
Sweden (cited by 2).

These and similar findings elsewhere led to investi-
gations to determine the magnitude and nature of such
differences. One of the pioneers in this field was
Cieslar in Austria. The purpose of his investigations
was, in Cieslar's own words (4)s "Es liegt in der Natur
der Organismen dass sle sich den sie beinflussenden
klimatischen Verhaltnissen ANpasSBSeNesessseesssing interes-—
aiert heute vornehmlich die Frage, ob nicht eine
physioclogische Umstimmung unter dem Einflusse Jahrtausende
langen Vegetierens =auf einem und demselben Flecke
eingetreten ist, welche die Tieflandsfichte von jener des
Hochgebirges oder des Nordens unterscheidet." Like
earlier investigators Cieslar believed in the inheritance
of acquired characters, as is evident from the &above

quotation.
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Cieslar found that Norway spruce from high altitudes
or latitudes ceased height growth earlier than plants from
low altitudes or latitudes when planted side by side in
the lowland near Vienna. As a consequence of this the
plants from high altitudes or latitudes attained smaller
heights than those from low altitudes or latitudes.

Cieslar reported in two later publications (1849 and
1907,_cited by 2) on the further development of the plants
descrived in his first paper and on later established
plantations at different elevations. At high elevations
(1380 meters avove sea level) the differences in height
growth between plants from low and plants from bigh
elevations were considerably less than in plantations at
low elevations. |

Cieslar's findings started some of the most heated
discussions in European forestry literature. Farticularly
Mayr in Germany (30) criticized sharply Cieslar's con-
clusion that the different growth rates of high~ and low-—
elevation plants were due to heredisary differences. The
fact that the height differences almost disappeared at
nigh elevations proved to Mayr that they were due only to
environmental influences. He stated, that if the higher
growth rate of the low-elevation plants was hereditary
then it should also be maintained at high elevations. 1In
other words, Mayr believed that only characteristics

which were not modified by environmental changes could be



termed hereditary. lavr's peper arpeared in 1908, a few
years before Johannsen (51) coined the terms genotype and
phenotype to describe the interaction between hereditary
factors and the environment.

In Switzerland Bngler (8) started similar experiments
in 1898 and 1903. He obtained seed of Scots pine from
55 different localities from northern Scandinavia to
southern France and from Scotland to the Ural mountains
in eastern Russia. PIlantations were established fron
this seed at eleven different localities in Switzerland
at elevations ranging from 370 to 1980 meters above sea
level, His findings were in sgreement with those of
Cieslar: ",...die von SUd nach Nord und von den Tieflagen
Mitteleuropas bis zur oberen Waldgrenze der Alpen
auftretenden Formen dieser Holzart stellen zwei einander
sehr Ahnliche, kontinuerliche Reihen dar, deren Anfangs—
und Endglieder durch eine grosse Zahl von Zwischengliedern
verbunden sind." (8).

Of particular interest are ingler's observations on
the relative time of height growth initiation and
cessation in plants from different sources (9). In the
plentations at low elevations (e.g., Adlisberg, 670 m)
growth initiation occurred almost simultaneously in all
sources. However, in the plantations at high elevations
the trees from northern Scandinavia and those‘from high

elevations in the Alps started growth considerably earlier
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than those from low elevations. Thus, in a plantation at
1800 meters elevation, plants from Belgium started growth
around June 10, whereas those from Engadiner, Switzerland
(1800 m.) almost had stopped growth at that time. This
indicates, according to Engler, that the optimum temper-
ature for height growth is lower for the plants from
high elevations or northern latitudes than it is for
plants from low elevations. Karschon (16, 17) has
recently confirmed these findings.

Cessation of height growth, on the other hand, did
not appear to be influenced by temperature conditions,.
Engler found (9) that the plants in the Adlisberg
plantation (670 m.) could be grouped into three classes
with regard to time of height growth cessation. Scandi-
navian and East-Russian plants stopped growth August
12-22. Plants from medium and high elevations in the
Alps and southern French mountains stopped growth August
31 to September 20, and plants from the Swiss and German
lowlands stopped growth September 27 to October 23.
Similar differences were also found in the plantations at
high elevations. The late growth of the plents from low
elevations rendered them very susceptible to the early
fall frosts at high elevations. The frost~killing of
the immature terminal shoots was one of the reasons for

the poor growth of low-elevation plants at high elevations.
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In a study of the rate of shoot elongation in one of
the lowland plantations Engler found (9) that the rate
increased with increasing temperatures. Howeveg, this
was more pronounced in plants native to the lowland than
in plants from high elevations, since in the latter the
pericd of shoot elongation had almost terminated when high
temperatures occurred during July and August. ZEngler
suggested that low-elevation plants require a higher
temperature for shoot elongation than do high-elevation
plants, and that the cold nights at high elevations may
be another factor responsible for the poor growth of low-
slavation plants at high elevations.

The hereditary nature of these differences in length
of active growth period was well illustrated by Engler in
a study of Norway spruce (9). He collected seed of low-
land apruée which had been planted at high elevation
(1750 m.) 30~40 years earlier. The trees in this plan-
tation were, as would be expected, of rather slow growth
and poor form. He also collected seed from native spruce
in the vicinity at the same elevation. Both seed
collections were sown in the lowland. The plants derived
from the trees in the plantation developed 1ntoitypioal
fast- and late~-growing lowland spruces whereas 'the plants
from the native trees developed into plants which stopped
growth early in the season. Engler used these findings

to emphasize that although the lowland spruces became
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strongly modified if planted at high elevations this
should not, as Mayr suggested (30), bve interpreted as
being due to the lack of any hereditary differe%ces
between the two forms since: "....die in Hochgebirge
verbrachten Tieflandefichten im Alter von 30~-40 Janren
von schlechter Wuchsform sind und im Wachstum hinter den
spontanen Hochgebirgsfichten zurtickbleiben, so ist damit
beweisen, dass gut ausgeprfigte physiologische Fichtenrassen
ihre Eigenschaften nicht so rasch verlieren."

In 1907 Schott (49) found great differences in time
of initiation of height growth among Scots pine from
various asreas when grown at Knippelsheim, western Germany.
The plants from Finland were the earliest, then followed
the plants from Germany and Belgium. [The latest were
those from western Hungary and southern France which
started growth at a time when all other sources had
developed new shoots of one to three centimeters in length.
Like Cieslar and Engler he found that the early cessation
0of height growth in plants from northern, qontinental, or
high-~elevation areas resulted in smaller plants than those
from southern and mueritime areas. At four years of age

plants from the following sources had attained hieghts of:

Belgium 57«27 om
Pfalz, Germany 56.66 cm
Western Hungury 36.78 cm

Southern French mountains 28,95 em
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Finland 14.80 em

These findings were of particulsr importance in
Sweden because of this country's great latitudinal
extension (from 54°40' to 70°n. lat.). Re-forestation
programs in northern Sweden during the period 1890-1900
proved to be complete failures with practically a 100%
mortality during the first 5«10 years after planting or
seeding (50). The reason, which became evident after
Cieslar and Engler's work, was that the seed used came
from southern Sweden or even Germany. Use of local seed
was considered impractical and too costly because of the
snall and irregular seed crops at northern latitudes.

Schotte (50) in 1909 started collections of Scots
pine seed from 24 localities throughout Sweden. From this
he established plantations at seven different localities
in ¢entral and northern Sweden. He found that the further
anorth the plantations were established the greater becanme
the differences between plants from the wvarious sources
with regard to survival. Thus, at a ten-year old plan~
tation in Lappland at 67°n. lat. plants from Smaaland
(57-58%n. lat.) suffered a mortality of 86 percent as
opposed to 41 percent for plants from lLappland. The heavy
mortality of the plants from southern Sweden was caused
primarily by their failure to stop growth before the first
gevere fall frosts. Furthermore, the southern pines were

highly susceptible to the snow mold, rfhacidium gnfestans
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Karst., and deer-browsing, as opposed to plants of northern
origin.,

Schotte concluded that only leccal seed should be used
in northern Sweden. He divided Sweden into five climatic
zones based on the mean teumperatures during the period
from June to September and recommended that all seed be
used in the zone in which it was collected. Eneroth, in
a later study (7), pointed out that Schotte's zones were
much too large. From a study of the survival percentage
at the various plantations he concluded that the vari-
ability in Scots pine was much greater than Schotte had
indicated.

This veriability in Scots pine became the objeet of
what perhaps is the most extensive study ever made of any
forest tree species, Although the study, which was
repcrted by Langlet (24), was designed primarily to detect
differences in frost hardiness among 3cots pine from
various localities in Sweden, the data presented also
give valuable information as to variations in length of
active growth period., In a preliminury study of the
physiologiecal nature of frost hardiness Langlet found that
the dry matter content of the needles during the winter
months (in percent of their fresh weight) was closely
correlated with the degree of frost hardiness. The yearly
changes in frost hardiness were followed closely by

similar changes in dry matter content, both being highest
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during the period from November to February.

Langlet found that plants of northern origin had a
significantly higher percentage of dry matter than those
of southern origin. Since plants of northern origin start
height growth earlier than those of southern origin when
grown at the same locality (14,24,49) a correlation
between the relative time of initiation of height growth
and percentage of dry matter was demonstrated. Thus, in
a plantation of 59%n., lat. containing plants from twenty-
two different localities between the 56th and 63th
northern parallels, Langlet found that the plants from
695°n. lat. were the earliest of all and their average dry
matter percentage was 41.5. With deoreasing latitude of
origin the percentage of dry matter also decreasged. Plants
of the southernmost origin (56%n. lat.) were the latest
with a dry matter percentage of only 35. The percentage
of dry matter (determined during the winter months) thus
appears indicative of the relative earliness of the plants.

In order to determine to what degree the percentage
of dry matter content is modified by changes in environ-
mental conditions Langlet established plantations at three
different latitudes (56, 64, and 67%. lat.) with plants
from 26 different localities. Dry matter determinztions
made during the winter months showed that the plants of
northern origin maintained about the same percentage of

dry matter at all three latitudes. Plants of sguthern
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origin, on the other hand, showed a reduction in dry
matter with increasing latitude. As pointed ouf by Langlet
this situation reflects clearly the earlier obsérvations
(1,41) that plants of southern origin fail to reach
maturity before winter at northern latitudes, i.e.,
immature needles are characterized by a low dry matter
content compared to mature ones. Conversely, it had also
heen demonstrated earlier (4,49) that plants of northern
origin moved to southern latitudes reach maturity before
the growing season is over. Consequently their dry matter
percentage during winter remained the same at all three
latitudes.

Langlet found that the dry matter percentage of all
the various sources investigated was a function of the
latitude of seed source and the length of growing season
at the seed source expressed in number of days with a mean
temperature of 6°C. or over. At uniform elevations the
latter is, of course, also a function of latitude.

Since the number of days with a mean temperature above
6°C. decreases in a more or less continuous manner with
increasing latitude or altitude, Langlet implied that the
variation in Scots pine also was of & more or léss
continuous nature., This implication was heuvily criticized
by Turesson (58) who re-analyzed Langlet's data and found

that in the southern half of Sweden no correlation existed

between the percentage of dry matter and latituée of seed
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source. He maintained that the southern form of Scots
pine wus clearly distinguishable from the northern form
on both morphological and physiclogical characteristics,
and that there existed only few intermediate forms.
Turesson refers to some of his earlier publications (55,
56,57) in winich he demonstrated discontinuous variation in
a number of herbacecus species in Sweden. Some of this
veriation was also correlated with veriaticns in edaphic
factors, and he therefore found it unlikely that the vari-
ation in Scots pine should be correlated only with vari-
ations in mean temperatures.

maresson (58) also pointed to the possibility that
the differences in dry matter content might be the result
of long=-lasting modifications induced by the different
climatie conditions under which the seed used had matured.
Turesgon cited results from an experiment with & pure line
of barley in which it was showvn that the yield was in—‘
;luenced by the climatic conditions under which the seed
had matured. He pointed out that the procf of the
hereditary nature of the differences in dry matler content
could only be obtained if the seed was harvested from
regions with similer climatic conditlons.

An attempt to do this was described by ILanglet in
1941 (25)., He harvested seed from a 38-year old plan-
tation, of Yorway spruce of Gerumen origin in central

Sweden and from native Swedish spruce in the vieinilty.



He alsc imported seed from ceniral Germany. Dry matter
deteriinations of the seedlings frou the German spruces,
wiich hud been growing in Sweden for 38 years, showed that
they were similar t¢ those trow tue imported seed. The
seedlings frowz the native spruces, on the other haud, had
a significantly higher dry uwatter content. Differences
in dry matter content cculd thus not be ascribed to long-
lasting modifications induced during seed ripening.
Bornebuseh had eariier wade a similar investigation and
reached the same coinclusions (2).

the experiments described so far were priuwarily con-
cerned with genetic differences between populations from
widely separated ureas, Une of the first sludies cof
genetic variability in small populations was reported by
Raunkjaer in 1918 (475). He found that variations in time
of growth initiation (defined as bud burst) within a small
stand of Suropean beech (Fagus gilvatica L.) were due to
genetic differences. ‘fYhe tiue of bud burst in progeuies
from selected early and late trees was well correlated
with the time of bud burst of their mother trees. In
Sweden uylven (53) made observations over a period of
thres years on the time of bud burst in more than 300

trees of #ngzlish oak (Quercus robur L.) in a single stand.

He found considersble diversity from tree to tree.
Generally, the saue relative time of bud burst was recorded

each year for each tree, but some fluctuations from year
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to year were noted.

Rohmeder in Germany (46) found censiderable diff-
erences in time of bud burst among the trees in a stand
of Korway spruce. The genetic nature of thig variation
woes well illustrated by the fact thet a good correlation
in time of bud burst was demonstrated between selected
mother trees and iheir nine-year old progeaies. Since
the progenies were the result of uncontrolled pollinations
there wus, however, considerable variation withing each
progeny.

Recently Kiellander in Sweden (19) reported oa =
study of the inheritunce of relative time of bud burst in
Norway spruce. He found that among trees of German origin
certain individuals, after controlled pollinations, con-
sistently trazenitied genes Yor ilateness o 21l trel
orogenies with ensuing hardiness to late spring frosts.
idellender found that such differences in time of bud
vurst were very little influenced by environmental factors
and therefore well suited for genetic imvestigutions.

Oksbjerg (36) found that trees waich start growth
lute are of a distinet advantaze in areas with late spring
frosts. He found considerable variation in time of bud
burst among the trees in a plantation of Horway spruce in
western Denmark. OCksbjerg selected 50C early and 500
late trees and found that in a year with latle gpring

frosts 310 of the early trees became heavily damaged while



20
only 165 of the late trees were damaged. Oksbjerg sug-
gested that selection in the nursery bed of seedlings
which start growth late for planting in areas wﬁth late
spring frosts would be of practical importance. He
mentions that such is the practice in some English forest
nurseries.

In 1925 Romell (47) reported on investigations of the
length of active growth period of Norway spruce and Scots
pine growing at ten different localities in Sweden from
56%n. late. to 67%. lat, Five young Scots pine and five
young Norway spruces were selected among native trees at
each locality and observed for three years. Romell found
that the time of bud burst in Scots pine became increas-
ingly later with increasing latitude as would be expected.
For spruce, however, the variation was not of a continuous
nature but varied widely and irregularly from locality to
locality. The causes of this variability could not be
determined. Romell suggested that edaphie factors no
doubt played a major role. Although nothing can be con-
cluded from this experiment with regard to the possible
role of genetic differences as the cause of some of the
irregularity, it appears likely from other studies (19,
36,46) that this is the case.

The speed of shoot elongation (i.e., the amount of
elongation per week) was closely correlated with temper-

ature conditions, with high temperatures increasing the
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speed. Hiork in Norway (31) observed that the rate of
shoot elongation in Norway spruce was reduced ebnsiderably
during cold summers. The total amount of elongétion, how=
ever, appeared unaffected by the temperature during the
elongation period. Romell found that it was the temper—
ature during the preceeding summer which influenced the
total amount of elongation. This is in accordance with
the findings of Wareing (63) and Hertz (13), and may be
true of all conifers in which all internode primordia are
formed in the apieal meristem the summer previous to their
emergence.

Although Norway spruces (which start growth late) are
of a distinet advantage in areas with late spring frosts
they suffer heavily in areas with early summer droughts
as shown by Oksbjerg (37). During the period from iay to
September 1955 the weather in western Denmark was
characterized by a cold and wet day and a cold and dry
June, followed by an unusually long period of warm and dry
weather lasting to the end of September. In a plantation
of selected late and early trees described earlier he
found that the trees starting growth late had suffered
heavily from the drought. In many plants the terminal
shoot had wilted and in some cases the whole plant had
died. Practically none of the early trees were damaged.
As pointed out by Oksbjers, the damage was not only due

to the length of the drought period but perhaps even more



to the time in which it started. Observations during the
early part of the drought period showed that thf late
trees had not yet stopped height growth and that the suc-
culent new leaders therefore were very gsensitive to water
‘deficiencies. Oksbjerg suggested that the cold weather

preceeding the drought period probably also contributed
to the damage due .to 1its retarding effect on shoot elong-
ation.

Comparatively few investigations have been m:de on
variations‘in the times of initiation and cessation of
height gzrowth in Douglas~fir. Munger and Morris (34) in
1933 and 1934 compared the times of bud burst in Douglas-
fir from thirteen different localities west of the Cascade
rahge from Darrington in northern Washington to Benton,
near Corvallis, 250 miles to the south. Three plantations
each containing plants from all thirteen localitiesa were
established in 1914 and 1916 at Wind River, Washington at
;}OO feet elevation and near Mk, Hood, Oregon at 2800 and
4600 feet elevations. iorris and iunger found that at all
three plantations trees Ifrom the saume localities were the
earliest in both years. These observations were repeated
in 1955 by idorris, Silen, and Irgens-iioller (Bé) who found
that the relative sequence in times of bud burst was the

same a8 that twenty years earlier.
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fhe effect of photoperiod upon the time of initiation of
helght growth.

In 1852 Henfrey suggested thal the latitudinal vari-
ation in length of day may be an important factor in the
distribution and development of plants (cited by 55).
However, very little experimental evidence of the role of
day-length upon the development of plants was available
at this time. One of the first experiments on the effect
of light upon initiation of height growth in forest trees
was reported by Jost in 1894 (15). On iarch 10, 1892 he
placed cut branches of European beech in water in a light-
proof, dark box. By May 14 the tree from which the
branches were cut had unfolded its leaves wheremps the buds
on the cut branches in the dark remained dormant. On June
21 Jost exposed the tip of one of the branches to the day-
light through'a hole in the box while the base of the
branch remained in darkness. In a few weeks the exposed
buds opened and normal leaves were developed while the
basal buds in the dark remained dormant. On September 1
all the branches were removed from the dark with the
result that all buds opened and new but sonewhat smaller
than normal leaves developed. Light thus appeared
necessary for initiation of growth in beech. io eliminate
any possible effect caused by the detachment off the
branches from the mother tree Jost repeated thq experiment

with potted, l2-year old plants and obtained the same



NS
=S

result as with cut brunches. Jost's results were con-
firmed by llacdougal (28) in 1903 in an experiment designed
to study the effect of etiolation upon the anatomy of a
nunber of plant species.

In 1914 Klebs (20) reported on his classical experi-
ments on the effect of light upon initiation of growth in
beech. IHe showed that dormancy could be broken at any
time during winter and even during the leafy stage of
gumner dormancy by exposure of the plants in the green-
house to continuous illumination. Plants exposed to
norinal winter day-length in the same greenhouse failed to
break dormancy.

dareing (65) showed that the failure of beech to
break dormancy under normal winter day-length in gpite of
high temperatures cannot be ascribed to lack of winfer
chilliing. He found no difference between plants chilled
for five months and unchilled plants in their response to
light.

Wareing also showed (loc.cit.) that the effect of
light upon the dormsncy of beech is a photoperiodie
phenomenon. Under day-lengths of less than twelve hours
dormant beech seedlings moved into a greenhous? remained
dormant in spite of high temperatures. He shoﬁed that
this efiect was governed by the length of the dark period,
gince if the latter was interrupted by one houﬁ of illumi-

nation dormancy was broken. The photoperiodic nature of
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this response was further Jemonstrated by an experiment
in which one group (A) of six dermant plants was exposed
to two six~hour periods of light alternating with two six~
hour periods of darkness while another group (C) of six
dormant plants was exposed to twelve hours of light and
twelve hours of darkness. Both groups thus received the
game total amount of light and were exposed to the same
temperatures. Yet, after 32 duys of these treatments zll
the plants in group A had broken dormancy whereas all the
plants in group C remained dormant. The periodicity of
the light rather than the total amount of light was the
governing factor.

Although high teumperatures appear to have no effect
on dormancy or beech exposed to day-lengths of less than
about twelve hours they will hasten bud burst if the day-
length exceeds twelve hours. This is borne out by
Wareing's observation (loc.cit.) that under natural con-
ditions in Great Britain bud burst occurs somewhat later
than in the greenhouse,

Pauley {(39) found that other members of the Fagaceae
also failed to break dormancy in continuous darkness in
spite of favorable temperatures (approximately 70%F.).

The species tested were: red oak (Querous borealis iichx.

f.), white oak (Q. alba L.), black oak (3. velutins Lam.),

American beech (Fagus grandifolie Ehrh.), and American

chestnut (Castanea dentata Borkh.).
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The discovery and definition of photoperiodic re-
gponses in plants by Garner and Allard in 1920 (10) was
based on experimants with inductisn of flowering in
herbaceous »lants exposed to various day-length?. How-
ever, they also included few woody species in their

experiments. They found (11) that yellow poplar

(Liriodendron tulipifera L.) resumed height growth if

moved into a greenhouse in September and given additional
light from sunset to midnight. Plants moved to the saue
greenhouse but exposed only to normal length of day re-
nmained dormant. |

In 1936 Kramer (21) found that sweet gum (Liquidembar

styraciflua L.), red osk, and yellow poplar brought into

a greenhouse in January broke dormancy earlier if exposed
to day-lengths of 14 1/2 hours than if exposed to day-
lengths of only 8 1/2 hours.

Phillips (42) found thst dormaney in loblelly pine

(Pinus tseda L.) and northern white cedar (Ihujs ccci-

dentalis L.) could be broken almost immediately in
November if the plants were exposed to an 18«hour day in
the greenhouse. Control plaats in the sawme greenhouse did
not break dormancy until two and a half months later.
Furthermore, red light (680 - 1400 millimicrons in wave-
length) given from 8 pm to 1 pm as supplement to the
nornal length of day was as effective as full lgght. Blue

light (380 - 510 millimicrons), on the other hahd, had no



effect on dormancy.

wareing (67) has pointed out that although most
plants respond to long photoperiods by initieting height
growth the initiation of height growth in nature cannot
be explained as a response of the plante to the increase
in day-length during spring. He found that some forest
tree species start growth indepeundently of photoperiod 1if
tiey nave been exposed to low temperatures during the
winter. Even continuous darkness did not prevent growth
initiation in leafless, dormant seedlings of birch (Betula
pubescens ihrh.) chilled for six weeks at 5°C. Ihe same
situation exists in Fopulus as shown by Pauley and Perry
(41), They exposed clones aud progeunies of various
species of Populus represeuting all sections of the genus
to continuous light, normal day-length, and continuous
darkness tor about three months during late winter and
early spring of 195%. The temperature for all three
treatments was maintained at approximately 70°F, o
significant difference in time of bresk of dormancy was
found between any of the treatments.
Effect of photopericd on the time of cessation of height
growth.

According to Wareing (67 ) over 60 species have been
investigated with regard to the effect of photoperiod upon
the time of cessation of height growth. In all but a few
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cases photoperiod had a marked influence. Exposure to a
short photoperiod hastened cessation of height gyowth and
consequently also reduced the total amount of height
growth. Moshkov in Russia found that black locust
(Robinia pseudoacacia L.) attained heights of only 3-5
en during the first season of growth if exposed fo short
days from germination (cited by 67). Sylvem (52) found
that exposure to short days reduced hsight growth
drastically in aspen (Populus tremuls L.).

The effect of long days has in all cases proved to
be a delay in cessation of height growth (67). Maksimov
(29) reported that continuous illumination of English oak
caused an increase in height growth of up to fourteen
times that of the control plants (twelve hours illumi-
nation). During ten months of exposure to continuous
1llumination a height of 1.5 meter was attained and over
100 leaves per plant formed, while the controi plants
attained heights of only .06 t0o .10 meter with only four
to 8ix leaves. Up to nine "flushes" of growth occurred in
the plents under continuous illumination as opposed to
only one "flush" of growth in the plants exposed to twelve
hours illumination.

Veen (61) demonstrated that day-lengths excebding
sixteen hours kept species of Populus growing continuously,
whereas shorter day-lengths (9-12 hours) induced growth

cessation after four to six weeks of growth.
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dareing (67) hus stated thut although most forest
tree species respond to short days by ceasing height
growth it cannot be concluded that cessation of height
growth in nature represents a response to tue decrease in
day-length during late swnmere. He found that ia genera
like Pagus, jJuercus, Aesculus, Juzlans, 2inus, Abies, and
others cessation of growth occurs in June or July before
aily appreciahle reduction in day-length has occurred. In

other genera such as alnus, Acer, Plataunus, and Zarpinus

cessation of growth occurs in July or August. #areing is
of the opinion that the reduction in day-length at tnis
time of tune year is too small to be considered as a

limiting factor for further extension growth.
The locus of photoperiodic perception.

Wareing's recent sexperiments in England are probably
the most extensive photoperiodic investigations in forest
trees., He found (63) that Scots pine could be induced to
resume growth Juring late summer by continuous 1llumination.
Mants which had been dormant a1l winter were unaffected
by such treatment. 7The doruwancy during late summer in
Scote pine is characterized by considerable activity of
the apical meristem since it is during this pefiod that
the primordia of next season's shoot are formed (€7)e The
failure of long days to break dormancy after the primordia

have been formed (i.e., during winter) indicates,
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according to Warcing (lcce. cit.) thut prhotoperiodic in-
duction of break of dermency occurs via the getlve spi%al
meristem and not via the leaves a5 1s the case in
herbaceous plants,.

The important rcle of the apical meristem as the
locus of photoperiodic perception hos also been demor~
gtrated in beech by Verelng (65). Tight intensities as
low us 2C ILux were sufflcient to break Jormancy rapidly
if the bud scales were reaoved from the buds. Intact
buds were not affected by such low intensities. De~scaled
buds in continuous darkness did, however, alsc break
dormancy, vut only after a cousiderable length of time.
This is never the case in intact buds. ﬁareing suggoests
that the bud scales may have an inhibitory effect which
the meristem is able to overcome under long-day conditions.

In birch the apical meristem also appesrs to be the
locus of photoperiodic perception. Wareing showed (€6)
that in leafy, dormant birch seedlings the buds mast be
exposed tc continucus illuminstion or long days to bresk
dormancy. &Lxposure of the meture leaves alone failed to
break dormancy. LHowever, leaves expcsed to short days
appear to heve an inhibltory effect upon the activity of
the apical meristems. Thus, if the buds were exposed to
continuous illiumination but the leaves kept under short
days the plents remained dorment. The primary effect of

exposing the leaves to continuous illumination appears to
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be to suppress the inhibitory effect which they exert on
the apical meristem during long dark periods.

This inhibitory effeet apparantly can be overcome by
active apical meristems., Wareing found (loc. cit.) that
if the leaves of actively growing birch seedlings were
kept under short days no dormancy was induced if the
apical meristem was waintained under continuous illumi~-
ﬁatiqp.

English oak was found by Wareing to respond in
essentially the same manner as birch to continuous illumi-
nation. However, the growth of osk differs from that of
bireh in that it does not take place continuously but in
short periods of rapid internode extension ("flushes")
alternating with periods characterized by the formation
of a terminal bud., Wareing exnosed dormant, leafy oak
seedlings to continuous illumination and obtained a new
"flush" of growth in less than four weeks. PFPlants in
which the terminal buds were kept under short days (eight
hours) and the leaves under continuous illumination did
not produce new growth. If the terminal bud was kept
under continuous illumination and the leaves under short
days the plants remained dormant, as was the case with
birch.

In sycamore maple (Acer pseudoplatanus L.) and black

locust (Robinis pseudoacacia L.), on the other hand, the

apical meristems appear insensitive to photoperiod.
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Actively growing seedlings of these two species became
dorment if the lesves were kept under short days even if
the apical meristem was maintained under continLous illumi-~
nation. Their photoperiodic}insensitivity is shown by the
fact that if the leaves were kept under continwﬁus light
and the active apical meristems under short days no
dormancy was induced as in bireh and oak but only a re~
duction of internode extemnsion of the new shoot. Further-~
more, dormant, leafy seedlings could not be induced tb
break dormancy by more than four weeks of continuous
illumination.

These observations led Wareing to conclude (67) that
the effesct of long days on dormant, leafy seedlings of the
species investigated (e.g., birch, oak, beech, and Scots
pine) ié primarily that of suppréssion of an inhibitory
effect exerted by the leaves during long dark-pcriods and
a direct srowth stimulating effect upon the apical meri-
stem. This latter effect ié lacking in some species (i.e.,
black locust and sycamore maple).

Effect of.temperature upon the time of initiation and
cessation of height growth.

With the exception of beech (67) and other members
of the FPagaceae (39) exposure to high temperatures always
hasten initiation of growth in forest tree speqies (67).
Olmsted (38) has shown that this response of dérmant
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plants to high temperatures, is greatly influenced by past
exposures to low temperatures. Olmsted found that the
earliness of growth initiation (defined as bud burst) was
correlated with the length of the period of exposure to
low temperatures (chilling). After chilling ou#doors
until December 6 Olmsted brought groups of plan%s of sugar

maple (Acer saccharum Marsh.) into the greenhouse at

regular intervals until Pebruary 15. Growth started
progressively earlier the longer the exposure to low
temperatures until the last week in January when all
plants apparently had received enough chilling. The
effeect of additional chilling in accelerating growth
initiation was more pronounced in December than in January.
Olmsted also found that short exposures to very low
temperatures had an accelerating effect. For example, on
December 13-14 the temperature outside the greenhouse went
down to 10-18°F. for 23 hours. The mean date of bud burst
for the plants brought into the greenhouse after this
period was two weeks earlier than that for the plants
brought in the day before the cold period.

Vegis (62 ) has demonstrated that high temperatures
induce dormancy in the water plant Hydrogcharis morsus-ranae
L.,. Temperatures above 259C, invariably induced dormancy
whereas at teuwperatures below 10°C. the plants remained
actively growing almost indefinitely. Kramer (22) has

recently shown a similar effect of high temperatures on
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seedlings of loblolly pine (Pinusg taeda L.). FPlants grown
at 17°¢, during night and 23°C. during day continued
growth later in the season than did plants growh at a
constant teuperature of 23°¢,

The interaction between responses to photoperiod and
tenperature.

Gustafson (12) has shown that the effect of chilling
appears to be related to the effect of long days. He
found that seedlings of red pine (giggg resinosa Ait.)
which had not been exposed to freezing temperatures
during the winter made no growth or only slight growth
during the following summer unless they were exposed to a
day-length of more than approximately 16 hours. Similarly,
wareing (67) found that un-chilled, leafless and dormant
seedlings of birch started growth earlier under long
photoperiods than under short photoperiods, whereas
chilled plants started growth independently of photoperiod.
Black and Wareing found the same situation in birch seed.
Long photoperiods were required for rapid germination in
unchilled seed, whereas chilled seed germinated rapidly
even in complete darkness. Olmsted (38) found that un-
chilled seedlings of sugar maple started growth earlier
under 20-hour photoperiods than under eight~hour photo-

periods which suggests that inadequate chillng may
partly be compensated for by long photoperiods;
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Vegis (62 ) has demonstrated a similar interaction
between photoperiod and temperature during the growth
period. He found that the dormancy-inducing efféct of
high temperatures on plants of Hydrocharis to a certain
degree could be counter-acted by long photoperiods. The
higher the teuperatures the longer was the photoperiod
required to keep the plants active. However, above 25°C.
even continuous illumination could not prevent dormancy,
whereas at terperatures below 10%C. the plants remained
sctive almost indefinitely regcardless of photoperiod.
iven complete darkness did not induce dormancy.

On the basis of his findings in Hydrocharis Vegis
atteupted to explain the fact that northern ecotypes of
forest trees stop growth in June or July if planted at
southern latitudes. On the assumntion that northern
ecovypes have a lower optimum temperature for growth than
southern ecotypes, he maintained (62) that the high
temperatures during swmmer at southern latitudes exceeds
the optimum temperature for growth of northern ecotypes.
Consequently such plants go into dormancy earlier than
plants native to southern latitudes. Ffurthermore,
northern ecotypes planted at southern latitudes are also
exposed to shorter photoperiods than those of their native
habitat. This accentuates the dormancy-inducing effect
of high temperatures.

Conversely, when southern ecotypes are moved to
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northern latitudes they may never be exposed to temper-
atures exceeding their optimum temperature for growth and
therefore continue growth late., In addition they are
exposed to photoperiods longer than those of their native
habitat. This delays cessation of height growth.

The origin of genetically founded intra-specific diversity
in time of height growth initiation and cessation.

As suggested by Pauley and Perry (41) adaptation to
length of growing season in any particular area may come
about by the selective pressures exerted by the last
killing frosts during spring and the first killing frosts
during fall. Only those plants which react to the pre-
vailing conditions of the area in a suitable manner are
capable of survival and reproduction.

Within any uniform day-length zone the growing season
often varies considerably in length due to topography and
other faectors. If response to photoperiodic changes are
one of the components of adaptation to length of growing
aeaccil, then differences in such responses should be found
among plahts native to the same day-length zone. Pauley
and Perry (41) have found such differences among plants
or western balsam poplar (Populus trichocarpa Hook.)
native to a zone between the 45th and 47th northern
parallels extending from the Pacifie Ocean to wfstern

Montana. While the length of growing season within this
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zone varies from 250 days to 0 days, the day-length
regime is essentially the same throughout the zone.

Plants collected from this zone were planted at ¥weston,
Wassachusetts (42%n., lat., length of growing season 148
days) and the tize of height growth cessation noted for
each plant. The pleants from areas with a long growing

season (250 days) stopped growth in early Cctober while
those from areas with a short growing season (90 days)

stopped growth in early July.

Differences in puotoperiodic responses was further
demonstrated by Pauley and Perry (41) in the following
experiment. They exposed about 100 clones of wesiern
balsam poplar from various elevations and latitudes to the
natural day-length of Boston, ilassachusetts and to a
long~day regime corresponding to that of Juneau, Alaska
(ca. 58° 20'n. lat.) by way of supplemental electric
light. Both treatments were given out-of-doors in a
nursery. Ihe long-day treatment was adjusted every third
day so as to follow the natural changes in day-length at
Juneau. Use of supplemental light was discontinued on
September 30, when the day-length of Boston became greater
than that of Juneau. Time of cessation of height growth
for each clone under both treatments was observed. The
differences between the two treatments were considerably
greater'in the clones from high elevations or latitudes

(short growing seasons) than in those from low elevations
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at low latitudes (long growing seasons). Thus, in plants
from 60%n. lat. the difference was 60 ~ 70 days whereas
in plants from 44°n. lat. it was only 5 - 20 days. Two
clones, both from 46°n. lat., but one from 5000 feet
elevation, the other from 25 feet elevation, showed
differerences of, respectively, 34 snd 5 days.

Pauley and Perry (41) found that a clone native to
approximately the same latitude as Boston, Massachusetts,
stopped growth on October 6 if exposed to the day-length
regine of Boston whereas it did not stop until FNoveuber 11
if exposed to the day-length regime of Juneau. Clones
from near Juneau, on the other hand, stopred growth August
28 when exposed toc the day-length regime of Juneeu and on
June 20 if exposed to that of Boston. The clone from the
latitude of Boston would thus quickly be eliminated by
frost if planted near Junesu, while the clone from Juneau,
if planted near Boston, soon would be overtopped by
competing vegetation because it adds little to its height

each season.
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GENBTIC DIFPFERENCES WITH REGARD TO
TINME OF BREAK OF DORMANCY

Bud burst 1/ in Douglas-fir occurs in nature over a
very wide period of time. In 1955 bud burst at the coast
of Oregon, near Newport, occurred in late April, whereas
in the Cascade range, at an elevation of 4000 feet, it
did not occur until the last week of June. These obser-
vations refer in both cases to young plants (10-25 years)
in which bud burst occurs up to three weeks earlier than
in older plants.

These differences would appear to be an effect of the
different length of growing seasons at the iwo localitles.
However, there is also the possibility that such differ-
ences are, in part, caused by genetic differences as
demonstrated by Pauley(40) with altitudinal ecotypes
of Populus trichogcarpa Hook.

Plants at eight localities along an east-west
transect from Santiam Pass in the Cascades to Tidewater
near the coast were selected for study (Fig. 1). During
the spring of 1955 temperatures at five of these locali-
bvies were recorded (Fig. 2) by thermographs placed in
shelters five feet above the ground in forest stands.

Temperature data for such a short period of time is

of limited value for the interpretation of phenological

I/ Break of dormancy is in this study defined as bud
burst, i.e., the emergence of the new shoot from
the winter-bud.
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Fig. 1. East-west transect in western
Oregon along which eight localities

were selected for observations on time
of bud burst.
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Fige 2. Daily maximum and minimum
temperatures at five localities along
the east-west transect (see Fig. 1).
Spring 1955.
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observations. However, they do indicate that the daily
temperature fluctuations are greater at high elevations
in the Cascades than in the coastal range. Thug, at
Santiam Pass (Junction, Fig. 2) the difference between day
and night temperatures exceeded 4003. on clear days while
at the other locations considerably smaller differences
were recorded.

The time of bud burst in younger plants (three to
ten years old) was noted for each locality (Fig. 2).

With increasing altitude bud burst occurred progressively
later. Bud burst occurred at all localities in periods
with no night frost.

During December of 1954 plants were collected from
gseven of the eight localities shown in Figure l. No
plants were collected from Junction, Santiam Pass. About
100 plants, three to six years old, were collected from
each locality. All plants were brought to Corvallis and
potted in four inch pots. Aiken silty loam from the Oak
Creek area in MeDonald Forest north of Corvallis was used
for all the plants. The potted plants were placed
randomly in cold-frames located on the campus c¢f Oregon
State College. All plants were thus exposed to the same
winter conditions.

During the following spring the date of bud burst for
each plant was noted. This date was defined aé the day in
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which the needles of any bud, regardless of the position
on the plant, first emerged from the bud scales. In most
plants the terminal bud on the leader was the fﬁrst to
burst, but in a few plants buds on lateral branches were
earlier than the terminal, Plants with a damaged terminal
bud or leader were discarded since damage to, or rcmoval
of the leader may induce early bud burst. Temperature
conditions in the cold frame were recorded by a thermo-
graph (Fig. 3). Obsecrvations were made each day during
the period of bud burst (Fig. 4).

A nultiple range test as devised by Duncan (6) showed
that the mean date of bud burst for the plamts from
Corvallis (20 days after April 1) was significantly
different from any of the other means (Table la). The
same was the case for the plants from Snow Creek (51 days
after April 1). The plants from Tidewater (38 days)
differed significantly from those from all other locali-
ties with exception of those from Blodgett (35 days). HNo
significant difference was found among the plants from
Foster (31 days), Summit (32 days), Sheep Oreek (33 daya),
and Blodgett.

Twenty-five randomly selected plants from each
locality Were planted at the Botany and Plant Pathology
farm east of Corvallis in 1956 for observations}as to the
consistency of the observed differences in timeiof bud

burst (Fig. 4). Dates of bud burst for each of these



Fige 3+ Daily maximum and minimum
temperatures to which Douglas-fir
seediings for seven locelities along
the east-west transect (Fig. 1) were
expoged during spring 1955.
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Fige 4. Dates of bud burst in Douglas-~fir
seedlings from seven different localities
along the east-west transect (Fig. 1)
when grown at Corvallis. Spring 1955,
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Table la. Multiple range F- test of mean dates of bud burst in Douglas-fir seedlings
from seven different localities (Fig. 1) in Oregon when grown at Corvallis, Oregon,
spring 1955.

Origin: Corvallis Foster Summit Sheep Creek Blodgett Tidewater OSnow Creek
Number of

days after
April 1 20 31 32 33 35 38 51

Table 1lb. Multiple range P~ tcst of mean dates of bud burst in Douglas-fir seedlings
from seven different localities (Fig. 1) in Oregon when grown at Corvallis, OUregon,
spring 1957.

Origin: Corvallis Sheep Creek Foster Summit Snow Creek Blodgett Tidewater
Number of

days after
March 20 16 20 23 24 25 29 29

Note: Any two means not underscored by the same line are significantly different.
at the 5 percent level of significance.

"~ Any two means underscored by the ssme line are not significantly different.

0¢
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plants were noted during the spring of 1957 (Fig. 5). A
multiple range test (Table 1b) showed that the plants from
Corvallis were again in 1957 significantly earlier than
any of the other plants (16 days after darch 18p. The
plants from Snow Creek (25 days after Msrch lB)iwere in
1957 significantly earlier than the plants from Blodgett
and Tidewater (both 29 days after March 18).

In 1955 the difference between the mean dates of bud
burst of the earliest and that of the latest plants was
32 days whereas in 1957 it was only 13 days. (Fig. 6).
This drastic reduction in the length of the period of bud
burst may be attributable to several factors. The higher
temperatures during the spring of 1957 as compared to
those of 1955 (Table 2) may be responsible for part of
this reduction.

Table 2. Temperature data (°F) from United States
Weather Bureau's station at Oregon State College,
Corvallis (59).

Average Average Average Highest Lowest

Maximum Minimum

1957 1955 1957 1955 1957 1955 1957 1955 1957 1955
53.1 48.9 39.5 32.8 46.3 40.9 65 60 31 22
6l.1 53.1 40.8 35.6 51.0 44.4 85 74 30 29
675 64.5 47.5 39,9 57.5 52.2 83 7 37 33
72.9 71.9 49.5 47.1 61.2 59.5 83 95 | 40 35
Note: Temperatures given for iarch, April, May, and June
respectively.
Another factor may be the reduction in numLer of

plants from each source. Thus, the 1955 observations were



Pig: 5+ Dates of bud burst in Douglas-fir
seedlings from seven localities along
the east-west iransect (Pigs 1) when
grown at Corvallis, Oregon. Spring 1957.
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Pig. 6. HNean dates of bud burst during
1955 and 1957 in Dougluas-fir seedlings
from seven localities along the east-
west transeot (Fig. 1) when growvm at
Corvallis.
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based on 50 plants from each source as opposed to 25 in
1957.

Phenotypic adaptation (i.€., modifications§ to the
environmental conditions of the experimental ar?a may also
have contributed to the reduction of the differences in
time of bud burst. This is evidenced by the fact that the
plants from Corvallis maintained their relative position
as the earliest plants in both years (Fig. 6). They were
collected in an area close to the experimental areas, and
were, consequently, not exposed to the modifying effects
of a new environment. Conversely, the plants from Snow
Creek were subjected to the greatest change in environ-
mental conditions (i.e., moved from an elevation of 4000
feet to one of 200 feet)., They also show the greatest
change in relative time of bud burst during the two years
they were grown in the valley (Fig. 6).

The seedlings employed in the above experiment
represent a mixture of progenies from an unknown number
of trees at each collection area. Seedlings were
collected on the assumption that a better sample of the
genotypes characteristic of each area would be obtained
by collection of established seedlings than by collection
of seed., Heterozygosity of the parent itree and genetic
recombinations may result in seed of rather high genetic
diversity of which only a part would be fitted for the

conditions of the collection areas. The genotypes of
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seedlings derived from seed collected at each area and
grown in a greenhouse may therefore not be characteristioc
of those of the collection areas,

By collection of seed from individual trees at each
area some measure of local, genetic variation can be
obtained by comparisons of progenies. Furthermore,
collection of seed permits a uniform treatment of all
plants from the time of germination whereas established
geedlings collected at different localities have been
exposed to different environmental conditions prior to
their collection. Such differences may influence the
subsequent development of the plants.

On the basis of these considerations it was found
desirable also to study differences between seedlings
which had been exposed to uniform conditions since germin-
ation. Seeds were therefore collected during the fall of
1956 from seven trees growing within an area of less than
one half of a square mile near Browder Creek in Santiam
Pass at 4000 feet elevation, from five trees in McDonald
Forest, 10 miles north of Corvallis, at elevations ranging
from 300 to 900 feet, and from itwo trees near Eddyville
(Fig. 1) in the coastal range at 100 feet elevation. All
seeds were stratified for two weeks at 5°C, and sown in
November 1956 in pots in the greenhouse. Fifteen to
thirty seedlings from each progeny were given additional
light each day from 5 p.m. to 11 p.m; from four 40 Watt
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flourscent and one 40 Watt incandescent lamp suspended
three feet above the plants. From December 15 the plants
were treated with short days (nine hours) to induce
dormancy. The plants were covered with dlack, light-proof
cloth each day at 5 p.m. &nd uncovered at 8 a.m.. By
February 1 all plants had formed a dormant, terminsl bud.
They were then treated with long days (nineteen hours) to
jnduce bud burst. Date of bud burst was observed for each
plant (Fig. 7). The mean dates of bud burst for the
progenies from Browder Creek varied from 22 days (tree
#93) to 35 days (tree #89) after February indicating a
considerable local genetic variability. The fact that the
progenies were derived from uncontrolled pollinations
tends to emphasize the variability since it may be assumed
that pollination occurred more OTr less at random among the
trees of the area.

An even greater local difference was found between
two trees growing within 100 feet from each other near
®ddyville, Oregon (Fig. 8). The differences in mean dates
of bud burst between their progenies was 22 days (24 and
46 days after February 1).

Progenies of the five trees from MeDonald Forest, 10
miles north of Corvallis, showed mean dates of bud burst
varying from 12 days to 21 days after February 1 (Fig. 8).

A comparison between the mean date of bud burst of

all the vrogenies from licDonald Forest with that of all



Fig. 7. Dates of bud burst in 3-months
0old progenies from seven Douglas-fir
trees at Browder Creek, Santiam Pess,

Oregon when grown in greenhouse, spring
1957.
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Fig. 8. Dates of bud burst in 3-month
old progenies from five Douglas-fir
trees in Mclonald Forest, north of
Corvallis, Oregon; and from two trees
near Eddyville, Oregon. Greenhouse,

spring 1957.
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the progenies from Santiam Pass (Fig. 9) showed that the
plants from McDonald Forest were earlier than those from
Santiam Pass. The difference of 10 days is significant
at the 5 percent level of significance ("t~test"). This
confirms the earlier observation (Figs. 4 and 5) that
plants from high altitudes start growth later than those
from low altitudes when grown in the lowland.

Pauley (40), who described a similar situation in
altitudinal ecoiypes of western balsam poplar, found this
earliness of the low altitude plants rather surprising
since he anticipated that high altitude plants "would
demonstrate a precosity similar to that which character-
jizes their high latitude cousins". This anticipation
would appear justified since the length of the growing
gseason at high altitudes often is comparable to that of
high latitudés. Pauley's findings and the present
findings in Douglas-fir are contrary to those of Karschon
(16,17). He found that high-elevation ecotypes of Scots
pine broke dormancy earlier than those from low elevation
when both were grown at temperatures around 5°C. Karschon
concluded that high~elevation plants have a lower optimum
temperature for break of dormancy than do plants from low
elevations. In other words, the differences in time of
bresk of dormancy were due to differences in response to
temperature increases during spring. Thie explanation

does not appear valid for the situation in Douglas-~fir and



Fig. 9. Dates of bud dburst in three
months o0ld progenies of seven Douglag-
fir trees from Browder Creek, Santiem
rass, Uregon compared with those of
three-month old progenies of five trees
in KeDonald Forest, north of Corvallis,
Cregon. Greenhouse, spring 1957,
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poplar.

The environmental conditions along the transect under
study (Fig. 1) may be described as very heterogcneous. As
pointed out by Thoday (54) natural selection in a heter-
ogeneous environment tends to favor individuals;with a
high phenotypiec flexibility (i.e., with wide reéction
ranges) especially in orgenisms with a long life span.
Many characteristics of Douglas-fir, including 'the relative
time of bud burst, may therefore exhibit great flexibilidty.
This phenotypic flexibility should not obscure the
existence of genetic differences with regard to the time
of buéd burst among trees of different origins. Such
differences may become of great importance when plants are

moved to areas with adverse environmental conditions.

Conclusions

The observed variation in time of bud burst among
altitudinal ecotypes of Douglas-fir growing under
essentially uniform environmental conditions may be
ascribed to genetic differences in their response to the
environmental conditions of the experimental area. Ilants
native to high altitudes started growth later than those
native to low altitudes. Lxcept for minor changes, the
relative sequence of time of bud burst was found to be the
same over a period of two years. Compurisons Betwéen

progenies of single trees from a resiricted are¢a ihdicate
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considerable local genetic diversity. Seedlings derived
from seed collected at various altitudes and exposed to
uniform conditions frowm germinstion showed differences
similar to those of seedlings collected in their native

habitats. |



68

THE INFLUENCE OF PHCTOPZRIOD AND TEMPERATURE UPON

THE TIME OF BREAK OF DORMANCY

Break of dormancy represents a recsponse of the plant
to changes in the sum total of environmental cohditions.
Since the response to changes in one environmenhal factor
never is independent of the status of all other environ-
mental factors influencing the plant, any attempt to
single cut the environmental factors responsible for break
of dormancy appears neaningless. Only the relative role
of such factors can be determined. Such determinations
may be made by changing the factor to be studied while
keeping all other factors at a constant level.

“xposure to long photoperiods has been shown to
hasten break of dormancy in a number of forest tree
species (&7). Pauley and Perry (41) have demonstrated
that intra-specific diversity in time of onset of dormancy
may, partly, be ascribed to intra-specific diversity in
response to photoperiod. An experiment was set up in 1956
to determine whether the observed diversity in time of bud
burst among altitudinal ecotypes of Douglas~fir (Figs. 4,
5, T, 8y, 9) was due to a diversity in response to photo-
period. On February 1 approximately twenty potted plants
(three to seven years old) from each of the seven locali-
ties along the east-west transect (Fig. 1) were placed
in temperature controlled compariments in the éreenhouse.
In compartment I the plants were exposed to noﬁmal daylight
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from 8 a.m. to 5 p.m. and covered with light-proof cloth
from 5 p.m. t0 8 pe.m. In compartment II the plants were
exposed to normal daylight from 8 a.m. to 5 p.m. and to

artificial light from a 200 Watt incandescent lawp from

5 pem. to 11 p.m. The temperature in both compariments
was kept at 45°F. at night and 65-70°F. during the day.
This was done to avoid any possible overriding effect of
high temperatures upon the effect of the different photo-
periods. The treatments are graphically illustrated in

a generalized way in Figure 10.

Significant differences (at the five percent level,
"t-test”) was found between the responses to the two
treatments in plants from all localities with the
exception of those from the lowest elevations (Corvallis
and Tidewater). Although long photoperiods did not
significantly change the mean date of bud burst of the
low-elevation plants, long days did hasten bud burst
strikingly in the high~elevation plants (Fig. 11).

Approximately twenty plants from each of the same
sources (three to seven years old) had been left in the
cold-frame since their collection in 1954. During the
Bpring of 1956 half of them were exposed to normal day,
and the other half received additional light from 5 pem.
to 11 p.m. The temperatures to which these plgnts were
exposed during the spring of 1956 are shown iniFigure 12,
The differences in mean dates of bud burst between the two
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treatments in this experiment are much smaller (Fig. 13)
than in the previous experiment (Fig. 11). Hone of them
are statistically significant. But, where there are
differences it is consistently the lonp-day treated plants
which have the earliest means. The smaller differences
in this experiment may be due to the fact that the differ-
ence in day-length between the two treatments was less
than in the previous experiment (ecf. Fig. 10 and Fig. 12).
The different temperature regimes under which the two
experiments were conducted may be another reason for the
smaller differences. The plants in the temperature con-
trolled compartmenis were consistently exposed to 45°F.
each night and to day temperatures between 65° and 70°F,
The plants in the cold-frame, on the other hand, were
seldom exposed to temperatures above 45°p, during the
first month of the experiment (prior to March 10) while
in the latter half of the experiment the temperature often
went considerably above 70°P. and only occassionally down
%o 45%°F, and then only for brief periods (Fige. 12).

The apparent high photoperiodic sensitivity of the
high-elevation plants was confirmed by a second experiment
during the spring of 1957. Seeds were collected from nine
trees along Browder Creek at Santiam Pass at 4000 feet
elevation and from six trees in McDonald Forest north of
Corvallis at elevations ranging from 300 to 900 feet
during the fall of 1956. The seeds were stratified for



Fig. 10. Temperatures and day-lengths
employed in photoperiodic experiment
with Douglas-fir seedlings from seven
localities along the east-west transect
(Fig. 1). Spring 1956.
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PFlg. 11, Dates of bud burst in Douglas~-
fir seedlings from seven localities
along the east-west transect (Fig. 1)
when treated with photoperiods of nine
hours (S) and nineteen hourse (L) in
temperature controlled cabinete (see
Fig. 10); s-significant difference at
the 5 pergent level of significance
("t-test"). Spring 1956.
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Figs 12. Temperatures and day-lengths
to which Douglas~fir seedlings from
geven localities along the east-west
gggsect (Fig. 1) were exposed. Spring
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Pige 13. Dates of bud burst in Douglas-
fir seedlings from seven localities
along the east-weat transect (Fig. 1)
when treated with normal (S) and long
(L) days as indicated in Figure 12.
Spring 1956.
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two weeks at 5°C. and sown in pots in the greenhouse in
November. After germination the seedlings were given
additional light each day from 5 p.ms to 11 pen, from
four 40 wWatt flourescent and one 40 Watt incandescent
lamp suspended three feet above the plants. From December
15 the plants were treated with short days (nine hours)
to induce dormancy. The plants were covered with black,
light-proof cloth each day at 5 p.ms and unooveged at
8 a.m. By February 1 all plants had formed a d%rmant,
terminal bud. A total of 151 plants from Browder Creek
and 95 from MocDonald Forest were then treated with long
days (nineteen hours) and 128 plants from Browder Creek
and 111 from McDonald Forest were treated with short days
(nine hours). The mean date of bud burst of the plants
from MecDonald Forest was significantly earlier than that
of the plants from Browder Creek at the five percent level
of significance ("t-test®"). This was true under both long
and short days (¥Fig. 14). The greater photoperiodic
sensitivity of the plants from high elevations 1s evidenced
by the fact that very few of the buds on plants from
Browder Creek opened under short-day treatment, whereas
the buds opened on several of the plants from low
elevation (McDonald Forest). However, both high- and low-
elevation plants showed a very abnormal type of growth.
The emerging needles did not elongate fully and practically

no internode extension tock place. The opened buds



Pig. 14, Dates of bud burst in three-
months o0ld Douglas-fir seedlings from
high and low elevations when grown in
the greenhouse since germination and
treated with nine hour photoperiods (5)
and nineteen hour photoperiods (L).
Spring 1957.
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appeared as compact rosettes of short needles. A similar
effect of short daye on leaf elongation and internode
extension was observed by Kramer (21) in red gum
(Ligquidambar styraciflua L.) and by Wareing (63) in Scots
pine. By Hay 15, about a month after the buds on some of
the plants under the short days had opened, no internode
extension had yet taken place. Since there were no
indications that the rest of the plants would start growth
under short cdays this treatment was discontinued and the
plants exposed to ﬁormal day-length. 4 month after the
short-day treatment was discontinued all plants had
started growih with normal internode extension and needle

elongation.

goneclusgion.

Photoperiod has a pronounced influence on time of bud
burst in three to seven year old Douglas-~fir seedlings.
Long photoperiods (nineteen hours) hasten bud burst. This
effect was found greatest in plants from high elevations.
Short photoperiods (nine hours) almost completely pre—
vented bud burst, particularly in plants from high alti-
tudes,

The observed differences in time of bud burst among
altitudinal ecotypes of Doug;as—fir may tentatively be
ascribed to genetic differences with regard to response

to the natural inorease in day-length during spring.
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High~elevation plants may require a longer day for bud
buret than low-elevation plants. Mowever, the pigh photo=-
periodic sensitivity of the high-elevation plants may also
be attributable to inadequate chilling during the winter
months. Plants from high elevations may requirb a longer
period of chilling then plants from low elevations. The
chilling requirement of the high~elevation plants may not
have been met by the short and mild winter at Corvallis
which may result in increased photoperiodic sensitivity

(67)
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THE INFLUENCE OF VARYING DEGREES OF WINTER CHILLING
OF THE TIME OF BREAK OF DORMANCY
Gustafson (12), Olmsted (38), and Wareing1(68) showed
that long days hasten break of dormancy in unchilled plants
of a number of forest tree species whereas lon% days have
little or no effect on chilled plants. Intra—dpecific
variations in chilling requirements have been demonstrated
in fruit trees (23). Similar intra-specific variations
may be assumed to exist in forest tree species. High-
elevation plants may require a longer period of winter
chilling to break dormancy than plants from low elevations
where the winters are shorter. Inadequate chilling of the
high-elevation plants may explain the fact that long days
hastened bud burst in these plants whereas long days had
little or no effect on the low-elevation plants (Fig. 11).
Comparisons between the mean dates of bud burst of the
ﬁpree- to seven~year o0ld Douglas-fir seedlings collected
along the east-west tramsect (Fig. 1) when treated with
different photoperiods and temperatures illustrate well
the effect of long photoperiods and/cr chilling. The
difference between the earliest and latest mean dates of
bud burst of the plants from the temperature controlled
cabinets (Fig. 10) was 24 days when exposed to nine-hour
photoperiods and only 11 days when exposed to 15-16-hour
photoperiods (Fig. 15 center). The long photoperiods may
have hastened bud burst in the plants from high elevations
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becauée their chilling requirements were not met by the
mild winters at Corvallis. This is further evidenced by
the fact that plants brought into the greenhouse on
February lst and exposed to high temperatures (65-80°F,
day and night) and normal day-length showed a difference
of 27 days (Fig. 15, left) as compared to omly 1l days
for plants kept out-of-doors for the whole winter (Fig. 15,
right.).

The effect of chilling was further demonstrated by
the following experiment. On April 1, 1956 seeds from
seven localities in the Pacific Northwest (Fig. 17)
were sown in pots in the greenhouse. After germination
twenty to thirty planis from each source were moved out—
of-doors while another twenty to thirty plante from each
source were kept in the greenhouse until January 15« On
January 15, 1957 the plants kept out-of-doors were moved
into the greenhouse adjacent to the plants kept in the
greenhouse from germination. Both groups ere then
exposed to nineteen~-hour photoperiods. The plants which
had been kept in the greenhouse (i.e., no chilling) broke
dormancy in a very irregular manner (Fig. 17) with the
latest plants breaking dormancy up %o 65 days after the
earliest (e.g., the plants from Verlot, Mt. Baker National
Forest). The plants which had been exposed to winter
temperatures to January 15, on the other hand, broke

dormancy during much shorter periods varying from ten to



Fig. 15, HMean dates of bud burst in
three to seven years old Douglas-fir
seedlings from seven localities along
the east-west transect (Fig. 1) when
treated with various photoperiods and
temperatures. Spring 1956.
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Pige 16. Localities in the Pacific
Rorthwest from which seed was obtained.,
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Figes 17, Dates of bud burst in chilled
(C) and unchilled (U) one-year old
Douglas-fir seedlings. For location of
seed sources see Fig., 16. Winter 1957.
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seventeen days (Fig. 18).

Conclusion.

High temperatures during the dormant periocd delay bud
burst in Douglas-fir seedlings from high elevations as
compared to plants from low elevations. This effect of
high temperatures may partly be eliminated by long photo-
periods (19 hours). The observed differences in the
effect of long photoperiods upon high- and low- elevation
plants, respectively, may therefore be ascribed partly to
differences in chilling requirements. Similarly, the
differences in the time of bud burst observed between
high~ and low-elevation plants grown under natural con-
ditions at Corvallis (Fig. 4 and 5) may also be ascribed,
at least partly, to differences in chilling requirements.
The chilling requirements of the high~elevation plants may
not have been met by the mild and short winters at

Corvallis thus causing a delay ii bud burst.
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GENETIC DIFFERENCZS WITH REGARD TO THE
TIME OF ONSET OF DORMARCY

The onset of dormancy in Douglas-fir is characterized
by a gradual reduction in growth rate and the formation
of a terminal, dormant bud. Both of these processes
extend over several weeks. The time of onset of dormancy
(defined as cessation of height growth) is, consequently,
difficult to determine with any great degree of exactiness.
However, the week during which height growth ceased may
be determined by weekly height measurements.

Pauley and Perry have shown that plants of.western
balsam poplar (Populus irichocarpa Hook.) native to areas
with a short frost-free period stop height growth earlier
thén plants native to areas with a long frost-free period.
The greatest differences in time of cessation of height
growth may therefore be expected between plants native to
areas which differ greatly with regard to length of frost-
free period. In the Pacific Northwest such areas are
represented by high elevations in the Cascades with a
frost-free period of less than 90 days and areas along the
coast with a frost-free period of more than 200 days.(60)

During the fall of 1956 seed were obtained from the
following areas with the object of determining differences
in time of cessation of height growth:

1) Browder Creek, Santiam Pass, Oregon, (Pige 1)

at 4000 feet elevation with a frost-free period
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of less than 90 days. OSeeds from this area
were collected from three single trees‘growing
adjacent to each other.,

2) Detroit, Oregon (Fig. 16), at 3600 feet elevation
with a frost-free period of less than 90 days.
This is a stand collection as are all the
following collections.

3) Eddyvilie, Oregon (Fig. 1), at 100 feet elevation
with a frost-free period of more tham 200 days.

4) Selmon Arm, interior British Columhia (Fig. 16),
at 1900-2120 feet elevation with & frost-free
period of less than 90 days (18).

5) Qualicum, Nanaimo, and Alberni on southern
Vancouver Island (Fig. 16), at elevations ranging
from 180 to 690 feet and with a frost~free period
of more than 200 days (18).

Seeds from these localities were sown in February

1957 in the greenhouse in four-inch pots. After germi-
nation the seedlings were thinned to two to three
seedlings per pot. On April 2 the planis were moved out-
of-doors and placed in cold-frames. Weekly height
measurements were started on July 30. A pilece of heavy
wire was placed along each of twenty randomly selected
plants from each source. The height of each plant above
the cotyledonary node was marked on the wire each week.

The week of cessation of height growth was defined as the
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week in which no increase in height from the previous week
could be detected.

The plants native to areas with a short frost-free
period (Browder Creek, Detroit, and Salmon Arm) stopped
height growth considerably earlier than the plants native
t0 areas with a long frost-free period (Vancouver Island
and Eddyville). The mean weeks of cessation of height
growth for the former varied from the fourth to the sixth
week after the week of July 2%, whereas for the latter the
mean weeks varied from the sixth to the eigth week
(Fig. 18). The greatest mean difference (four weeks) is
between plants from high elevations and those from the
coastal areas. This difference may actually be greater
than indicated in Figure 18 since some of the selected
plants had stopped height growth prior to July 30 when the
measurements were started. This was particularly true for
the plants from Salmon Arm, B.C.. The maximum average
difference may therefore conservatively be estimated to
be at least four weeks.

These differances in time of cessation of height
growth may be aseribed to genetic differences in the
response of the plants to the environmental conditions of
the experimental area. Consequently, they are not
necessarily of the same magnitude as those betiween the
plants growing in their native habitats.

Each plant measured was also examined as 1o the



Fig. 18, Time of cessation of height
growth in ten months old Douglas-fir
seedlings from nine different localities
in the Pacific Northwest when grown at
Corvallis. The number of vertical lines
through each square indicates the number
of flushes of growth produced during the
summer. The number of plants indicated to
have stopped height growth during the
first week after July 23 represents the
number of plants which had stopped height
growth prior to the first height measure-
ment on July 30. For location of seed
sources see Fig. 16 and 1.
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number of flushes of growth made during the suumer (Fig.
18). The high elevation plants remained dormant for a
longer period after the first flush of growth than did the
low-elevation plants. For that reason the spread in time
of cessation of height growth appeared greater in the
high~elevation plants than in the low-elevation plants
(Fig. 18). 1In the latter the flushes followed each other
rapidly with only short periods of dormancy. «hereas the
dormancy between flushes of growbth in the high-elevation
plants was characterized by the formation of a distinct,
terminal bud, the buds formed in the low-elevation plants
were indistinet, of short duration, and difrfiecult to
detect.

The differences in time of cessation of height
growth among the various sources were reflecied by the
total heights of the seedlings at the end of the growing
period. The plants which stopped growth early attained
only small heights compared to those which continued
growth late in the season (Fig. 19). Thus, the plants
from Salmon Arm, B.C. attained an average height of only
22 mm as compared to 72 mm (Qualicum), 86 mm (Nanaimo),
and 112 mm (Alberni) for the plants from Vancouver Island.
Similarly, the plants from Biowder Creek attained average
heights of only 55 mm (tree #88), 75 mm (tree #87), and
35 mm (tree #84) as compared to 151 mm for the plants
from Eddyville. '
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Figs 19. Comparison between ten-months o0ld Douglas-fir
seedlings of different origins sown February 1957.
From left to right: Salmon Arm, British Columbia,
1900-2120 feet elevation; Qualicum, Vancouver Island,
200 feet elevation; Browder Creek, Santiam Pass,
Oregon, 4000 feet elevation (Tree #87); and Bddyville,
Oregon, 100 feet elevation. For locations of seed
sources see Figs. 1 and 16. October 1957.

99



100

The greatest differences in the time of cessation of
height growth (and total height) are found between plants
from coastal climates (Vancouver Island and Eddyville)
and plants from more montane climates (Salmon Arm and
Browder Creek). Although Eddyville is located more than
300 miles to the south of southern Vancouver Island the
climatic conditions at these two localities are very
similar and the frost-free periods are between 200 and 240
days, whereas at Browder Creek, only approximately 100
miles east of Eddyville, the climate is considerably more
severe and the frost-free period less than 90 days.

Differences in time of cessation of height growth can
also be detected simply by observations of the percentage
of dormant plants at a certain date. Such observations
were made on July 8th, 1957, on plants from twenty
different sources (Fig. 20) sown in February 1957 in the
greenhouse and placed out-of-doors in cold-frames on
April 2. ‘Twenty randomly selected plants from each source
were observed as to dormancy, including earlier dormancies
(i.e., some of the plants had at this time started a
gsecond flush of growth). The persistance of the bud
scales or bud scale scars made such observations
relatively easy.

All of the plants from interior British Columbia
(Salmon Arm) had gone into dormancy once prior to July 8th
and only twenty percent of these plants had started a



Fig. 20. Percentages of dormant and
actively growing five-month old Douglas—
fir seedlings from twenty localities
in the Pacific Rorthwest when grown at
Corvallis., For location of seed sources
Bee Figt 16¢
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second flush of growth (Fig. 20). Similarly, a high
percentage of the plants from four localities at high
elevations near Detroit, Oregon, was dormant on or prior
to July 8th. Relatively few of the plants native to
areas with a long frost-free period (Vancouver Island) had
gone into dormancy and almost all of these had started
a second flush of growth.

All of these plants were growing under essentially
the same environmental conditions. The observed
differences in time of cessation of height growth may

therefore be ascribed to genetic differences.

Conclusion.

Genetic differences with regard to the time of
gcessation of height growth among Douglas-fir seedlings of
different origins have been demonstrated. Plants native
to areas with a short frost-free period stopped growth
at least four weeks earlier than plants native to areas
with a long frost-free period.

Plants native to areas with a short frost-free period
were characterized by a long period of dormancy between
the first and second flush of growth, whereas in plants
native to areas with a long frost-free period the flushes
of growth followed each other rapidly with only short
periods of dormancy.

The early cessation of height growth in the plants
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native to areas with a short growing season is reflected

by their short heights at the end of the season compared
to the three to four times greater heights attained by the

plants native to areas with a long growing season.
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THE INFLUENCE OF PHOTOPERIOD UPON THE TIME
OF ONSET OF DORMARCY

Short photoperiods hasten onset of dormancy in a
number of forest tree species. An experiment was set up
in 1956 to determine the effect of short photeoperiods
upon the time of onset of dormancy in Douglas-fir seed-
lings.

Seeds from nine different localities in the Pacific
Northwest were sown in cans in the greenhouse on April lst
1956, Half of the plants from each locality was grown
under a nine-hour photoperiod and the other half under a
nineteen~hour photoperiod. The experiment was repeated
in two different greenhouses. On July lat the plants
exposed to the short photoperiods had all stopped height
growth and formed a dormant, terminal bud whereas the
plante exposed to the long photoperiods were still
actively growing (Fig. 21). For comparative purposes
random samples of five plants from each locality and
experiment were dried in a plant press and photographed
(Pigs. 22-29). The plants exposed to short photoperiods
had produced fewer needles than those exposed to long
photoperiods. Furthermore, the difference in number of
leaves between plants exposed to short photoperiods and
plants exposed to long photoperiocds appeared to vary with
the seed source (cf. Fig. 22 with Fig. 29) indicating a

diversity in response to photoperiod.
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Fig. 21. Three months 0ld Douglas-fir seedlings grown
under long days (19 hours) and short days (9 hours)
since germination April 15, 1956. Photographed

July 15, 1956.



Fig. 22, Three months old Douglas-fir
seedlings from Bear Springs, Mt. Hood
National Forest, Oregon, treated with
long and short days since germination.

Fig. 23, Three months old Douglas-fir
seedlings from Bohemia, Umpqua National
Forest, Oregon, treated with long and
short days since germination.
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Pig. 24. Three montha o0ld Douglas-fir
seedlings from Ashford, Snoqualmie
National Forest, Washington, treated
with long and short days since
germination.

Fig. 25. Three months 0ld Douglas~fir
seedlings from Rogue River National
Porest, Oregon, treated with long and
short days since germination.
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Fig. 26, Three months old Douglas-fir
seedlings from North Santiam Pass,
Oregon, treated with long and short days
since germination.

Pig. 27. Three months old Douglas-fir
geedlings from nigh elevation in Linn
County, Qregon, treated with long and
short davs ginceé germination.
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Pig. 28. Three months old Douglas-fir
gseedlings from zig zag, Mt. Hood National
Forest, Oregon, when treated with long
and short days since germination.

Pig. 29. Three months old Douglas-fir
seedlings from Ashford, Snoqualmie
National Porest, Washington, when
treated with long and short days.
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Diversity in response to'photoperiod wag further
indicated by the following experiment:

Seed from eight different localities in the Pacific
Northwest (Table 3) were stratified for two weeks at 59C.
and sown on Pebruary 26 in pots in the greenhouse. Flants
from each source were exposed fo each of the following

different photoperiods:

1) 8 a.n. to 5 peme =— 9 hours

2) 8 aeme t0 5 pems with a "light-break"” from
9 p.me to 10:30 peilie == 10% hours

%3) 8 a.m. to 5 p.m. with a *1ight-break" from
2 g.m. t0 3:30 a.,me = 104 hours

4) 4 a.m. to 11 pem. == 19 hours

All light given in addition to the daylight from 8 a.m.
to 5 pem. was given from a 40 Watt incandescent lamp
suspended three feet above the plants. Lach source was
represented twice in each treatment.

On May 25 twenty plants from each source and treat-
ment were cut off at the soil surface and dried in a plant
press. This was done 10 facilitate the counting o? leaves.

The plants from treatment 1 were in all sourcés the
smallest with an average number of leaves of only 14.55
(Table 3)., Additional light from 9 peme to 10:30 peme
(treatment 2) increased the average number of leaves to
21.%4. If the additional light wase given from 2 a.m. %0
%:30 a.m. the average number of leaves was increased to

25,16. Thus, although the same total amount of liight was



Table 3.

different origins when treated with four different photoperiods.

Origin

Oakridge, Oregon
2500-3000 ft.

Mineral, Washington
1550 ft. -

Ashford, Washington
1500 ft.

Elbe, Washington
1050-1250 ft.

Nanaimo, Vancouver Island
180-200 fte.

Nanaimo, Vancouver Island
0-500 ft.

Salmon Arm, B. C.
1900-2120 ft.

Shuswap Lake (Salmon Arm)
B. C., 1000-1500 ft.

Treatment Averages

Note:

treatment and source.

1
Samples
1 2

13.4 10.9
12.15

15.9 17.5
16.70

13.9 17.1
15.50

:

17.1 15.8
16.45

14.8 17.2
16.00

10.1 13.3
11.70

10.8
9.85

14.55

8,9‘221.“

Treatments

2 3
Samples Samples
1 2 1 2
21.9 20.3 24.0 25,0

21.10 24.50
20.5 20.0 28,0 26.0
20.1 18.3 24.5 25.4

19.20 24 .95
26.4 27.5 27.2 26.0

26.95 26 .60

21.34

. 20.1 20.2
20.15

25.16

4
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27.0 29.7
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26.5 22.7
24.60

26.03

Average number of leaves on three-month old Douglas-fir seedlings of

Source
Averages

21.36

23,07

22.02

24.02

22.52

22.92

20.51

17.69

Underlined numbers denote averages of the two samples from each

For location of seed sources see Fig. 16.




117
given in treatments 2 and 3 a greater effect was obtained
if the "light-break" was given during the latter half of
the dark-period than during the first half. Long-day
treatment increased the number of leaves to only 26.03
(treatment 4). A light-break during the latter half of
the dark period is thus almost as effective as a long
photoperiod. The statistical significance of these
results was tested by an analysis of variance (Table 4).
Table 4., Analysis of variasnce of number of leaves on

three~month old Douglas-fir seedlings of different
origins when treated with four different photoperiods.

Treatments Sums of Degrees of Mean - F
Squares freedom Squares

Treatments (7) 1310.1942 3 436.7314 166.30%

Sources (S) 217.3699 7 31,0528 11.82%

Tx S 174.2720 21 8.2986 5e16%

Samples in T x S 84.0350 32 2.6261

Total 1785.8711 64

Both the responses to treatments and the sources differ
significantly at the five percent level of significance.

The least significant difference hetween the ireatment

means (LSD) 13V2.£_§&§2§l x 2.04 = 1.65. Since the means
appear in order of increasing magnitude in Table 5 any
difference between adjacent means greater than 1.65 may
be considered as significant at the five percent level.
The fact that the responses to treatments 2 and 3 differ
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significantly even though the total amount of light given
was the same in both treatments proves that the periodicity
rather than the total amount of light was the governing
factor. The responses to the four treatments are there-
fore of a photoperiodic nature.

Plants from the various localities respond differently
tp the game treatment as indicated by the significance of
the treatment-source interaction in the analysis of
varisnce (Tahle 4.). The least significant difference

between responses to the various treatments within any one

group of plants from the same source 1is Jrg~§—§&§g§£ x
2,04 = 3,30, The number of leaves developed under the
various photoperiods {expressed as percentages of the
number of leaves developed under the nine-hour photo-
periods) varies widely with the seed source (Fig. 30).
Plants from areas with short frost-free periods and
continental climates showed a greater response to photo-
period (Shuswap Leke and Salmon Arm, interior British
Columbia) than plants from areas with a coastal climate
(Nanaimo, Vaacouver Island). No direct correlation
appears to exist between the length of frost-free period
at the seed source and the magnitude of response to photo-
period. This is evidenced from the fact that planta from
Nanaimo, Vancouver Island, with a frost-free period of
more than 200 days (18) showed almost as great a respounse
to treatment 3 and 4 as did plants from Ashford, Mineral,



Pig. 30, Hesponses of Douglas~fir seed-~
lings from eight localities in the
Paeific Northwest (Fige 16) when exposed
to the following photoperiods since
germination PFebruary 1957:

1) 8 aeme t0 5 pems == 3 hours

2) 8 a.me. to 5 pem, with 2 "light-break"
from 9 p.ms to 10330 pem. == 104 hours

%) 8 a.ms to 5 pem. with a "light-break"
from 2 a.l. 30 3130 a.m. == 10% hours

4) 4 a.,m. t0 11 p.m. == 19 hours

The number of leaves developed under the
various photoperiods is expressed as per-
centage of number of leaves developed under
the nine-hour photoperiod (trecatment 1).
Broken lines indicate significant differences
at the five percent level of significance.
For location of seed sources see Fig. 16.

May 25, 1957.
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and Elbe in wWashington with frost-free periods of from 140
to 160 days (60). On the other hand, plants from Oekridge,
Oregon with a frost-free period of about 180 days (60)
showed a much greater response to treatments 3 and 4 than
the plants from the three localities in Washington.

The differences in number of leaves between the
treatments and sources reflect differences in time of
cessation of height growth. The small number of leaves
on the plants from treatment 1 is due to the fact that
only 34 percent of the seedlings were actively growing at
the time of sampling (Table 5). The seedlings from treat-
ment 2 on the other hand, contained 75 percent actively
growing seedlings. The corresponding percentages for
treatments 3 and 4 were 92 and 98, respectively. Compari-
sons between plants from different sources within any one
treatment clearly reflects the differences in photoperivdic
sensitivity, particularly among the plants treated with
short days (treatment 1). The plants from interior British
Columbia had all stopped growth at the time of sampling.
The plants from Vancouver Island, on the other hand, con-
tained 65 to 73 percent actively growing seedlings. A
few of the plants treated with long days (treatment 4)
from interior British Columbia had stopped growth at the
time of sampling whereas all the plants from all the other
sources were actively growing. This may indicate that a

photoperiod longer than nineteen hours is required to keep



Table 5.

Origin

Oakridge, Oregon
2500-3000 ft.

Mineral, Washington
1550 ft.

Ashford, Washington
1500 ft.

Elbe, Washington
1050-1250 ft.

Nanaimo, Vancouver Island
180-200 ft.

Nanaimo, Vancouver Island
0‘500 fto

Salmon Arm, B. C.
1900-2120 ft.

Shuswap Lake, Be. C.

Treatment Averages

Note:

treatment and source.

Percentages of activel
when treated with four differe

o

34 .06

Treatments
2 3
Samples Samples
1 2 1 2
95 95 95 100
95,0 97.5
100 100 100 100
100 100
85 85 100 100
85 .0 100
100 100 100 100
100 100
85 100 100 100
92.5 100
95 100 95 100
975 975
65 45 90 g0
55.0 0.0
80 55 35 65
42.5 0.0
74 .65 91.88

Underlined numbers denote avera

4
Samples
1 2

100 100
100

100 100

l!—’
o
o

100 100
100

100 100
100

100 100

ID—‘
o
o

100 100
00

90 85
87.5

100 95
215

=

98.13

y growing Douglas-fir seedlings of different origins
nt photoperiods for three months after germination.

Source
Averages

74.38

8625

85.00

82.50

89.38

91.88

58.13

53.75

ges of the two samples from each

For location of seed sources see Fig, 16.
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plants from interior British Columbia actively growing.
However, even under continuous illumination plants from
interior British Columbia stopped height growth earlier
than plants from other localities as indicated by the
following experiment. On April 1 seed from six 1ocalities
in the Pacific Northwest were sown in greenhouse., After
germination the plants wers exposed to continuous
illumination from four 40 Watt fluorescent and one 40
Watt incandescent bulb suspended three feet above the
plants. On September 5 a higher percentage of dormant
plants was found among the plants native to areas with a
continental or montane climate than among plants native
to areas with a coastal climate (Table 6).

Table 6. Percentages of dormant plants among seedlings
from six localities in the Pacific Northwest when grown
under continuous illumination in the greenhouse from
germination, April 1, 1956 to September 5, 1956. For

location of seed sources see Fig. l.

Source Total Number Percentage of
of plants dormant plants

Salmon Arm, British Columbia
2000 feet elevation 22 9l

North Santiam, Oregon
3600 feet elevation 29 79

Rogue River, Oregon
3600 feet elevation 27 57

Bohemia, Oregon
g00 feet elevation ‘ 27 66

Ashford, Washington
2000 feet elevation 25 28
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Table 6. Continued.

Source Total Number Percentage of
of plants dormant plants

Zig Zag, Oregon
1400 feet elevation 28 36

The persistence of differences in time of cessation
of height growth even under continuous light indicates
that such differences are not due solely to differences

in response to photoperiod,

Conelusion.

Photoperiod has a pronounced influence on the time
of cessation of height growth in seedlings of Douglas~fir.
Short photoperiods (nine hours) hasten cessation of height
growth and long photoperiods (nineteen hours) delay
cessation of growth. This effect varies with the seed
source. Plants from continental climates (interior
British Columbia) are more sensitive to changes in photo-
periods than plants from coastal climates (Vancouver

Island).
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THE CORRELATION BETWEEN THE TIME OF ONSET OF
DORMANCY AND RESISTENCE TO FROST

Resistence to frost in plants is correlated with the
developmental stage of the plants and is often highest
during the dormant period (26). Differences in resistence
to frost at any given time among plants of different
origins may therefore partly be due to differences in
developmental stages.

Seed from eight different sources (Fig. 32) were sown
in cans in the greenhouse on April 1, 1956. After
germination plants from each source were divided into two
groups one of which was exposed to nine~hour photoperiods,
and the other to nineteen-hour photoperiods. The experi~
ment was replicated in two different greenhouses.

On May lst, while all plants were actively growing,

& preliminary test of frost resistence was made on the
plants from each source and treatment were cut off at the
801l surface and placed in two-and-a-half inch vials con-
taining a plece of wet cotton. The vials were stoppered
tightly with corks. A thermometer was inserted through
the cork in three of the vials. All vials were then
placed in a shallow dish containing a saturated sodium
chloride solution. The vials were placed in a horizontal
position in the dish to avoid temperature gradients from
the top to the bottom inside the vials, The dish with the

vials was placed in the freezing compartment of a
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househcld refrigerator and the temperature in the vials
brought down to 32°F. during the first 28 hours. During
the next twelve hours the temperature was gradually brought
down to 18°F. The dish with the vials was then removed
from the refrigerator and allowed to warm up at room
temperature. The temperature in the vials was recorded
at frequent intervals throughout the experiment (Fig. 31).
When the ice in the salt solution had melted the plants
were removed from the vials and placed on newspaper at
room temperature. During the course of a few hours of
exposure to room temperature many seedlings lost their
turgidity and attained a dull, greerish~brown color while
a few remained turgid and fresh-green for more than 24
hours. Three vials had been removed from the refrigerator
before the temperature in the vials went below freezing.
Seedlings from such vials remained turgid and fresh-green
for more than 24 hours. Loss of turgidity and discolor-
ation may thus be ascribed to injury because of exposure
to temperatures below freezing.

All seedlings subjected to this test were actively
growing. Consequently, most of the seedlings suffered
from frost damage. All seedlings treated with long photo-
periods were damaged (Fig. 32). Similarly, almost all
seedlings treated with short photoperiods were damaged.
The only exceptions were some plants from Rogue River

and North Santiam Pass (Fig. 32).



Pig. 31. Temperatures employed in three
tests (on May 1, June 2, and July 2) of
resistence to frost in Douglas-fir seed-
lings from eight localities in the Pacifioc
Northwest sown in the greenhouse on
April 1, 1956.
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Time (Hours)




Fig. 32. The effect of nine~hour photo-
periods Esg and nineteen-hour photo-
periods (L) on the resistence to frost
of Douglag-fir seedlings from eight
localities in the Pacific Northwest sown
in the greenhouse on April 1, 1956.

Tests of resistence to frost were made on
kay 1, June 2, and July 2, 1956. The

left half of each column denotes percentage
of actively growing seedlings. The right
half denotes percentages of seedlings
damaged by frost. PFor location of seed
sources see Fig. 16.
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Date S5/1 6/2 772

LS L -] S
Replication Replicaﬂon Origin

100% | §
1] T Rogue River
ox Iﬂ JjJJ Ll 4650

100 %

L
N 1 1V | e
| il

100%

| | 1
100% N
ll_llM Ashford, Snoqualmie
A1l 2000

100% i

Bear Springs, Mt Hood
2500 to 3500’

II II IHI II Zigzag,Mt. Hood
0% h 1400
100 % 0
Verlet, Mt Baker
0% I_I___I_Iji I_I 200 to 1000°
100% -
I-I—_“_“__IL lAshford. Snoqualmie
0% l [§ 300 to 300'
1I00%
0% 900"



Although all plants in both treatments from these two
sources were actively growing and apparently in the same
developmental stage, those treated with short photoperiods
were more resistent to low temperatures than those treated
with short photoperiods. Moshkov (33) found similar dif-
ferences in frost.resistence between long-day and short-
day treated plants of several woody species in spite of
no apparent external difference in developmental stage.

On June 2 a sinilar test was made on a larger scale.
Twenty randomly selected plants from each source, treat-
ment and replication were cut off at the soil surface and
placed in vials as described above, Some difficulty was
encountered in exposing the vlants to exactly fhe same
temperatures as in the previous experiment. However, the
small differences between the three treatments (Fig. 31)
probably does not affect the validity of comparisons
between sources within each treatment.

Several of the plants treated with short days had
formed dormant, terminal buds (left half of each bar in
Fig. 32 indicates percentage of plants actively growing).
Consequently, a greater percentage of the plants escaped
frost damage on June 2 than on May 1, A higher percentage
of actively growing plants was found among plants from
low elevations than among plants from high elevations
(cf. short-day treated plants from Rogue River and
Bohemia Fig. 32). Consequently the frost damage was
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greatest among the plants from low elevations. All long-
day treated plants were actively growing with the exception
of some of the plants from North Santiam Pass. Although
some of the plants from this source had formed dormant
buds under long-day treatment they were all damaged by
frost. The long-day treatment apparently increased
sensitivity to frost irrespective of the developmental
stage. This finding, and the earlier finding that plants
in the same developmental stage but treated with different
photoperiods showed differences in frost resistence,
indicates that photoperiod effects frost resistence not
only through its effect on the time of cessation of
height growth but also through an effect on some other,
yet undetermined processes.

On July 2 a third and similar test of frost resistence
was mada. At this time all plants treated with short days
had formed dorment, terminal buds with the exception of
gome of the plants from‘ the mouthernmost source (Bohemis,
Fige 32). Consequently, only few planis suffered frost
damage. All plants treated with long photoperiods were
gtill actively growing with the exception of a few from
Bear Svrings. Almost all long-day treated planis were

damaged by frost.

Conelusion.

Photoperiod has a pronounced influence on the
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resistence to frost in Douglas-fir seedlings. Long photo-
periods (nineteen hours) decrease the frost resistence.
This is partly due to the retarding effect on cessation
of height growth, However, the fact that dormant planis
treated with long photoperiods also show a reduction in
frost resistance as compared to‘dormant plants treated with
short photoperiods (nine hours) indicates that long photo-
periods also reduce frost resistence through their effect
on some other unknown process.

Differénces in resistence to frost among seedlings
from different sources may be ascribed partly to their
differences in response to photoperiods, resulting in

differences in time of cessation of height growth.
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THE CORRELATION BETWEEN DRY MATTER CUNTENT OF NEEDLES
AND RELATIVE LENGTH OF ACTIVE GROWTH PERIOD

Langlet (24) has demonstrated that Scots pine natlve
t0 northern latitudes in Sweden is characterized by a
higher percentage of dry matter in the needles than in
Scots pine native to southern Sweden.

During the last week of December 1955 samples of
twigs were collected from nine different localities along
the east-west transect (Fig. 1 and Table 7) in an effort
to determine possible correlations between percentage of
dry matter and altitude. At each locality twlgs were
collected from ten trees (10-30 years old) from the lower
part of the crown. The twigs were placed in polyethylene
bags with moist cotton immediately after collection and
stored in a household refrigerator for one night. Iive
grams of the current years needles were removed from each
sample of twigs and placed in small, open paper bags in
an oven kept at 50°¢. After drying to constant weight
(about three days) the dry weight of each sample was
caloulated as percentage of fresh weight. The necedles of
plants at high elevations was found to have a higher
percentage of dry matter than those from the low elevations
(Table 7). A multiple range test showed that the needles
of plants from Junction and two miles east of 3now Creek
differed significantly from any of the other samples. |

Samples were also taken from {welve trees of an
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eighteen years old clone planted at MeDonald Forest
(Table 8). The variation in percent of dry matter (from
36.8 to 39 percent) among these trees of genetic uniformity
indicates that the percentage of dry matter may be
modified considerably by environmental factors.

During November of 1957 dry matter determinations
were made of needles from plants from seven localities
along the east-west transect (Fig. 1) which had been
growing near Corvallis for three years (Table 9). Ko
significant differences in percentage of dry matter were
found between plants from different sources. The lack of
any such diiferences between plants from different sources
but growing under similar environmental conditions indi-
cates that the differences in percentages of dry matter
observed between plants growing along the east-west
transect (Table 7) primarily were due to environmental

nodifications.
Conclusion.

Differences in percentages of dry matter in needles
of trees growing along the east-west transect (Fig. 1)
have been demonstrated. Needles from trees at high
elevations had a significantly higher percentage of dry
matter than needles from trees at low elevations.
Determinations of dry matter of needles from twelve clonal

trees showed considerable variations within the clone



Table 7. Percentages of dry matter in needles of Douglas-fir trees at nine localities
along the east-west transect (¥Fig. 1).

Locality and Tree number Mean

elevation 1 2 3 4 5 6 7 8 9 10
J\mction, 4500‘ 4‘207 4302 43-8 4405 44.2 4—307 4303 4401 4209 4'4'.2 4306
Snow Creek, 4000°* 372 443 431 39.8 41l.3 38.5 40.9 40.9 37.8 41.1 40.5

Two miles west of
Snow Creek, 3500' 4064 4402 45.3 43,1 478 47.8 46.5 41l.8 43.2 47.1 44.7

Two miles west of
Sheep Creek 1800° 38e7 419 38.5 3547 36.8 41.8 35.2 38.8 3T.1 38.4 38.3

Five miles west of

B].Odgett, 500' 3906 38.1 3507 4009 3804 4106 3803 39-4 4202 4236 3907
Summit, 600° 3Ted 4063 40.3 40.4 39.2 42.2 3844 38.2 49.1 40.6 40.6
Bddyville, 100! 36.8 37«3 394 40.6 36.5 39.2 41.1 41l.4 41.8 40.9 39.5

Pioneer Mt. 13 miles
east of Newport, 350'34.8 38.1 38.2 38.2 39.2 38.4 38.9 38.9 338.4 37.3 38.1

Newport 20' 377 375 373 36.8 42.0 3643 33.9 35.7 36.2 35.2 3649

9¢T
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Table 8. Percentages of dry matter in needles of twelve
Douglas-fir trees at nine localities planted at McDonald
Forest, Corvallis.

Tree number Tree nuumber
1 5T+5 7 379
2 377 8 375
3 37+9 9 398
4 39.2 10 3Te3
5 38.0 11 391
6 36.8 12 5746

Table 9. Percentages of dry matier in needles of six %o
ten year 0ld Douglas—fir seedlings from seven localities
along the east-west transect (Fig. 1) when grown at
Corvallis for three years.

Origin and Seedling number: lean
elevation 1 2 3 4 5

Snow Creek, 4000" 42.7 42.7 47.0 45.3 44,.8 44.5
Sheep Creek, 2000! 41.0 48.8 44.7 42.2 415 43.6

Foster, 600/ 43.9 41.5 42.2 42.6 44,1 42.8
Corvallis, 300’ 48,7 40.4 46.7 41.8 38.9 43.3
Blodgett, 750! 43.2 38.6 40.8 41.7 44.9 41.9
Summit, 800' 46.6 41l.4 44.5 42.3 46.5 44,3

Tidewater, 60°' 43.6 43,8 41.6 42.8 43.6 43.1
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suggesting environmental modifications. This was further
confirmed by the lack of any significant differences in
percentage of dry matter among trees from seven localities
along the east-west ftransect which had been growing at

Corvallis for three years.
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DISCUSSION

The diversity in environmental conditions throughout
the Douglas-fir region is reflected by the genotypie
diversity in relative time of initiation and cessation of
heizht growth among Douglas-fir seedlings of different
origins. Cne of the difficulties in the evaluation of
this diversity is the great susceptibility of these
charscteristics to environmental modifications. 4as pointed
out by Clausen, Keck, and Hiesey (5) the range of modi-
fication varies with different species, different races
within the species, and even with different individuals,
within the same local population. Determinations of
genetic differences in the time of initiation and
cegssation of height growth are therefore of limited value
unless they are supplemented by sdme determinationa of the
degree to which they may be modified by environmental
factors. OSince initiation and cessation of height growth
may be considered as a response of the plant to changes

in the sum total of all environmental factors infiuencing

the plant, such determinations have obvious limitations

if used to explain the diversity as it occurs among plants
in their native habitats. However, the determination
(under controlled environmental conditions) of the
diversity in the response to various levels of one

environmental factor may be of grcat value for the study
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of the pattern of ecotypic variation within a widely
distributed species such as Dougls-fir. Photoperiod is
one of the environmental factors which lends itself best
to this purpose because of the esse with which it can be
controlled.

The response of dormant.seedlings to long paoto=-
periods (nineteen hours) varies not only with the seed
sources but also with the temperature to which the plants
have been exposed during the dormant period. Flants from
the high Cascades in Oregon respond to long photoperiods
by initisting height growth considerably earlier than
plants from the same locality exposed to short days (nine
hours), whereas plants from the willamelte Valley and the
Cregon coast show very little difference in responses 1o
long and short photoperiods. The effect of the temperatures
to which the olants have been exposed during the dormant
pericd is illustrated by the fact that plants from the
high Cascades in Oregon which are kept at temperatures
of 60-T0°F. in the greemhouse during the dormant period
show a great difference in responses to long and short
photoperiods whereas if the plants are kept at lower
temperatures (out-of-doors) during the dormant period the
difference in responses to short and long photoperiods
is considerably smaller.

Young seedlings just emerging from the cotyledon

stage are better suited for studies of genotypic diversity
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in response to photoperiods than are dormant seedlings.
This is priwmarily because of the fact that the number of
leaves formed ia sueh seedlings is greatly influenced by
photoperiod, whereas in seedlings wiich have been dormant
earlier the number of leaves formed is predetermined by
the conditions at the time the leaf primordia were
formed (i.e., the conditions during the previous neriod
of shoot elongation).

Long puotoperiods increase fthe number of leaves
formed in young seedlings just emerging from the cotyledon
stage by prolonging the period of uctive growth, whereas
short pnotoperiods decrease the number of leaves formed
by shortening the period of active growth. The relative
difference in number of leaves formed hetween plants
grown under short and plunts grown under long photoperiods
is greater in plants from nmontane or continental elimates
than in plants from coastal climates. The photoperiodic
nature of these differences is evident from the fact that
plants exposed to nine~hour photoperiod supplemented by
a one-and-a-half hour illuminztion during the latter part
of the dark-periocd produce mores leaves than plants exposed
to the same total amount of light but with the supple-
mentary light given during the first half of the dark-
period.

The genotypic diversity in response to photoperiod

among young seedlings of different origins may explain
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part of the diversity in the time of cessation of height
growth, B8ince short photoperiods induce early cessation
of height growth the diversity in time of cessation of
heizht srowth may be explained partly as due to diversity
in response to the nztural reduction in day~length during
the summer. The selective advantage of this response to
reduction in day-length is evident from the fact that
photoperiod is the only environmental factor which changes
in a consistent manner from year to year, whereas the
first killing frost occurs at a date which varies widely
from year to year. A high sensitivity to the natural
reduction in day-length during summer would appear to be
of selective advantage in arcas where the change from
gummer to winter is abrupt and severe., In such areas
only those plants which respond to the natural reduction
in day-length by ceasing height growth well in advance
of the first severe frost are capable of survival and
reproduction. This may explain the fact that plants from
interior British Columbia (Salmon Arm) respond more
vigourously to photoperiod than plants from the coastal
clinates of Vancouver Island where the change from summer
to winter is gradual and less severe.

The fact that differences in the time of cessation
of height growth persist even under continuous illumination
shows thuat csgsation of height growth represents a

response also to factors other than photoperiod. Vegis
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(62) found that high temperatures induced cessation of

growth in the water plant dydroch. ris morsus—rance L.

Similarly, Kramer (22} found thot seedlings of loblolly

pine (Pinus taeda L.) stopped srowth sarliszr when grown

under high femperaturss than when grovwn under low tempsr-—
abures. Particularly the night temperature was important
in this respect. Genotypic differences in response to
photoperiod may, therefore, also contribute to differences
in the tizne of cessation of helght growthe The great
diversity in thevrmoperiod throughout the Douglas-fir
reglon has probably lead to the differentistion of
ecotypes which differ in their response to thermoperiod.
The cxperinentsl deteetion of such differeuces neces-
sitates faecilities by which temperatures can be rigidly
contrelled., TFuture situdies of this nature will no doubt
reveal congiderabvle genotynic variations in response to
thermoperiode.

Differences in resvonse to thermoperiod may exrlain
the early cessation of height growth in plants fron
intericr British Columbia (Salwmon Arm) when grown =it
Corvallis. Plants from this source stopped heizht growth
before any appreciable reduction in the nastursl day-
length had occurred (before July 23).

The diversity in time of initiation and cessation of
height growth among young Douglas-fir seedlings msy be

reduced with age due to phenotypic flexibility as
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indicated by the findings of Bornebusch (2). This is
further indicated by the fact that the differences in the
time of initiation of height growth among plants from high
and low elevations grown at Corvallis was reduced con-
siderably over a period of three years. Continued obser-
vations over a period of several years will reveal to
what extent these differences may be considered as due to
juvenile characteristics.

Although plante from montane or continental climates
generally show the gre:test differences between responses
to various photoperiods than plants from coéstal climates
gseveral exceptions exist. Plants from Blodgett in the
coastal range in Oregon (750! elevation), for example,
show almost as great a difference between responses to
long and short photoperiods as do plants from the high
Cascades (Snow Creek, 4000' elevation). Although the
climatic conditions at these two localities differ widely
insofar as length of frost-free period is concerned, the
differences between the responses to long and short
photoperiods in plants from these localities are almost
identical. This may be attributed to factor-compensation
but may also be due to similarities in evolutionary
history of the stands at these two localities. The
distinctness of plants from the area around Blodgett with
reference to their late initiation of height growth is
illustrated by an experiment started in 1914 and 1916
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by the United States Forest Service. FPlantations each
containing plants from the same 13 sources in the Pacifiec
Korthwest were established at Wind River, %Washington (at
1100 feet elevation) and near ¥t. Hood, Oregon at 2800
and 4600 feet elevations. Observations over a period of
more than twenty years showed that plants from an area
near Blodgett (Benton, 700 feet elevation) consistently
were among the latesat plants to initiate height growth
at all three plantaticns (32).

Treatment with short photoperiods increase the frost
resistence of three month old Douglas-fir seedlings. This
effect of short photoperiods has been utilized successfully
in forest nurseries. Robak (44) in Norway reported that
the survival of seedlings of Japanese larch (Larix

leptolepis (Sieb. et Zuec.) Gord.) may be increased

gseveral times by covering the seed beds with light-proof
material from 9 p.m. to 7 a.m. each day during the period
from July 10 to September 1.

Langlet (24) has demonstrated a correlation between
percentage of dry matter in the needles of 5cots pine and
the relative time of initiation and cessation of height
growth. No such correlation was found in seedlings
collected along an east-west transest across western
Oregon and grown for two years at Corvallis. However, the
transect sampled may be considered as too short for the

detection of such differences. If plants from the eastern
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part of the natural range of Douglas~-fir (Idaho, Montana,
Wyoming) had been included in the study significant
differences in percentage of dry matter might have been
founde.

Determinations of responses to photoperiod of
Dougles-fir seedlings of different origins appear to
present excellent opportunities for a detailed study of the
pattern of genotypic variation in a species which occur
naturally over a wide variety of habitatse The present
studies have shown that plants from montane or continental
climates show a greater response to photoperiod than
plants from coastel climates, Extension of these studies
nay reveal genotypic differences in response to photo-
period between plants native to steep south slopes and
plants native to north slopes. FPFurthermore, differences
in rcesponse to photoperiod may prove to be correlated with
differences in other characteristics such as frost or
drought endurance which ure considerably more difficult
to determine experimentally. The determination of
differences in response to photoperiod between seedlings
of different origins, whether widely separated geo-
graphically or from different ecological habitats in the
game general area (north slopes versus south slopes ete, )
may prove to be of value in the selection of a seed source

for reforestation of a particular sres,
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The following seed was furnished by Manning Seed
Company, Seattle, Washington. (Stand and lot numbers are

those of Manning Seed Company ) «

Qualicum, Vancouver lsland, Stand No. 100, B 13. 200 ft.
Nanaimo, Vancouver Island, 3tand 101, B 14. 180-200 ft.
4Alberni, Vancouver Island, Stand 28, B 13. 690 ft.

Salmon Arm, B. C., Stands No. 102 and 31, B 22. 1900~
2120 ft.

Elbe, washington, Stand No. 202, 78. 1050-1250 ft.
Mineral, Washington, Stand No. 203, 78. 1550 f%.
Ashford, Washington, Stand No. 204, 78. 1500 £t.
Carson, Washington, Stand No. 217, 75. 900-950 ft.
Castle Rock, Stand No. 219, 79. 1100-1250 ft.
Castle Rock, Stand No. 208, 79. 450 ft.

Castle Rock, Stand No. 209, 79. 950-1000 ft.
Joyce, Washington, Stand No. 200, 11. 280 ft.
Orting, Washington, Stand No. 207, 78. 400-450 ft.
Vader, Washington, Stand No. 213, 77. 300-400 ft.
Detroit, Oregon, 3tand No. 306, 87. 2800-30C0 ft.
Detroit, Oregon, Stand Ho. 305, 87. 1620-1800 ft.
Detroit, Oregon, Stand No. 301, 87. 2300-2550 ft.
Detroit, Oregon, Stand No. 3, 87. 3600 ft.
Molalla, Oregon, Stand No. 300, 85. 750-950 ft.
Timber, Oregon, Stand No. 32, 82. 750-900 ft.



Certified Seed:

Shuswap Lake, B. C. Lot No. 22, 1000~1500 ft.

Nanaimo, Vanecouver Island, Lot No. B l4.

0-500 ft.

Oskridge, Oregon, Lot No., 89. 2500-3000 ft.
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The following seed was furnished by the Regional

Office, Region 6, U. S. Forest Service, Portland, Cregon.

Mt. Baker National Forest, Verlot, 200' to 1000' elevation
Snoqualmie National Forest, Ashford, 2000' elevation

Snoqualmie National Forest, Ashford, 300* to 800' ele-
vation

Mt. Hood National Porest, Bear Springs, 2500' to 3500!
slevation

Mt., Hood National Forest, Zig Zag, 1400' elevation
Rogue Hiver National Forest, 4650' elevation

Umpqua National Forest, Bohemia, 900' elevation



