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EFFECT OF WINTSR CHILLING AND PHOTOFERIOD ON GROWTH
RESUMPTION IN DUUGLAS~FIR, PSEUDOTSUGA
MENZIESII (MIRB.) FRANCO

INTRODUGTION

Many species of woody plants native to temperate regions
require a peried of c¢hilling during the winter months when the
plants are dormant to permit break of dormaney and normal growth
during spring and summer (4). In some of these species, lack of
chilling may be compensated for by long photoperiods (7,14); inm
other species long photoperiods have little or no compensating
effect (19),

A knowledge of c¢hilling requirements is essential in ex-
periments with woody plants conducted in a greenhouse since lack
of chilling may bias the experimental resulta.

The purpose of this study was to determine (1) whether

Douglas~fir (Pseudotsuga menziesii (Mirdb,) Franco) requires

chilling for normal growthj (2) geographic or local genetic dif-
ferences in chilling requirements; and (3) possible compensatory

effects of long photoperiods.



LITERATURE REVIEW

Howard, in 1910, showed that different species varied
widely with respect to their length of resting period (9, p. 6=
37). He brought cuttings from 234 different deciduous woody
species into a warm greenhouse from October 2& tc November 4,
1905, ©Only 18 percent of the species resumed growth during the
first nine days and only a little more than half resumed growth
before the experiment was terminated in the spring. However,
when cuttings from the same species plus 49 additional species
were brought into the greenhouse on January 10, 1906, 50 percent
resumed growth during the first nine days and 86 percent resumed
growth before the experiment was terminated in the spring. On
February 26, 1906, cuttings from 63 species, primarily those that
did not resume growth when collected earlier, were moved into the
greenhouse. Of these, 77 percent resumed growth during the first
nine days and 92 percent resumed growth before the experiment was
terminated in the spring.

Howard concluded from these results that different species
varied in their resting period. He found, for instance, that

Spiraea sorbifolia (L.) A, Br. had one of the shortest resting

periods of any of the species tested. It resumed growth very
rapidly, even when brought intec the greenhouse in late fall,
European beech (Fagus sylvatica L.), on the other hand, had the

longest resting period and did not resume growth until early



spring, even when brought into the greenhcuse in January or
February.

Coville (4, p. 151) stated that trees and shrubs native
to cold northern regions would not resume growth in the spring
unless they had been exposed to a previous peried of chilling.

He found that cuttings of dormant blueberry (Vacginium
corymbosum L.) exposed to outdoor temperatures during the winter
and put in cold storage on the first of March would eventually
begin to grow, even if left in the c¢old storage for nine months
with temperztures not above 34°F, Flants left out of doors
during the winter and moved into the greenhouse on March 25 re-
sumed growth shortly thereafter. 1In contrast, plants which re-
ceived no winter chilling and were left in the greenhouse in
Harch failed to resume normal growth during spring.

Coville (4, p. 152) also demonstrated that in blueberry
the effect of chilling was limited to the portion of the plant
chilled. Thus, if only one branch on a plant was exposed to
¢hilling temperatures, only buds on that branch resumed normel
growth during spring.

Coville was one of the first workers to investigate
chilling requirements of a coniferous species (loec. cit.).

Cne year old seedlings of tamarack (Larix laricina (Durei) K.

Koch.) broke dormancy by April 10 when chilled in a cold green-

house at temperatures of 33°~40°F. during the winter; similay



seedlings left in a warm greenhouse (55°~?Q°F.) during the winter
failed tc’break dormancy during the spring.

In 1923, Garner and Allard introduced the term "photo-
periodism". In an earlier report (5) they demonstrated the im=
portance of day length as a factor influencing and regulating
sexual reproduction in herbaceous planfs. They also showed (6,
Pe 904) that photoperiod was an important factor controlling
vegetative growth of woody species. Dormant seedlings of yellow

poplar (liriodendron tulipifera L.) moved into the greenhouse in

September, and supplied with additional light from sunset to mide
night, responded by breaking dormancy. Plants treated in a
similar manner except for exposure to additional light remained
dormant.

is mentioned previously (page 2), Howard concluded that
Eurcpean beech had the longest resting period of any species he
studied. Growth was not resumed until spring regardless of the
time at which it was moved into the greenhouse. Klebs, in 1914,
(cited in 21, p. 196) observed that this species could be induced
to break dormancy in September, before any chilling weather had
oceurred, if exposed to continucus light. In fact, he found that
break of dormancy could be induced at any time during the winter
by exposure to long days. Wareing (20, p. 70) proved these re-
sponses in European beech to be of a photoperiodic nature. He

stated that this species actually has no chilling requirement,



but rather is very sensitive to photoperiod and will not resume
growth until the days reach a certain length (21, p. 208).
Hodgson (8, p, 152) made observations in the mild winter
climate of Niles, California, on the time of growth resumption
in 300 varieties of eight different species of deciduous fruit
trees. By collecting cuttings at progressively later dates
during the winter and exposing them to warm greenhouse tempera-
tures he was able to determine that in most species some varis-
tion existed among the varieties in their chilling requirement.
Varieties of almonds were found to require very little
chilling in order to break dormancy under warm greenhause‘can~
ditions and cuttings brought into the greenhouse on November 20
resumed growth almost lmmediately. However, different varieties
of apricots, pears, plums, cherries, peaches, and apples all re-
quired two to three months of winter chilling before they would
break dormancy in a normal manner when moved into the greenhouse.
Chandler, et al. (3, p. 3) stated that in areas where cold
winter weather starts by the first of November the chilling re-
quirement of the buds of decliduous orchard trees should be
satisfied by about the first of February, and after this time
they remain dormant only because the temperature is too low for
growth., They reported that temperatures of from 33° to 40°F. are
probably as good as freezing temperatures in satisfying the

c¢hilling requirement of these species. They alsoc observed that



plants in shade have their chilling reguirement satisfied more
rapidly and completely than plants in the sun, and suggested that
this is the result of higher temperatures of the buds caused by
inselatien (3, p. 20).

Lammerts (12, p. 710) was able to bring embryo-cultured
peach hybrids into flower two years after pollination, Seedlings
from varieties with long chilling requirements were exposed to
continucus light during the first growing season which was artie
ficially prolohged* This was followed by hardening off and by
exposure to six weeks of cold storage (46°F,) in a dark room.
The seedlings were planted out in April and flowered aoundantly.
Other seedlings of the same varieties showed no flower buds when
grown on short or normal days.

Bennett (1,2) found that if one-year-old Hardy pears were
brought intc a heated greenhouse in November, they would not
resume growth in the spring and by August only a few terminal
buds had opened and little elongation had cceurred. Seedlings
stored at 37°F, continuously for 52 or 71 days in a dark room
responded in a manner similar to seedlings exposed to normal
winter weather in California., However, plants removed from cold
storage daily for six hours and exposed to elther ?SOF. and dim
light, or to outdoor temperatures (mean of 64°F.) and direct
sunlight, resumed growth later than the plants kept in cold

storage continuously during each 24 hour cycle. Intermittent



exposure to high temperatures appeared to reduce the effect of
continuous exposure to low temperatures. He also found that
growth resumption was delayed when the seedlings were stored at
37°F, continuously for only 19 or 42 days as compared to 52 or
71 days.

Guatafson (7, p. 655-658) reported that when threeeyear-
old seedlings of white spruce (Picea glauca (Moench) Voss.) and

red pine (Pinus resinosa Ait.) were moved into the greemhouse in

early fall, the white spruce broke dormancy, while the red pine
remained dormant. He also demonstrated that plants which had
received inadequate chilling were very sensitive to photoperiod.
Only 29.5 percent of red pine seedlings brought inte a heated
greenhouse (10° to 12°¢C.) in early fall and maintained on a
normal photoperiod had resumed growth by May 21, as opposed to
87.5 percent in seedlings treated in a similar manner but ex~
posed to a 16 hour photoperiod from March 5. Seedlings which
remained out of doors in Michigan during the winter until March 5
under a normal photoperiod contained 87.6 percent actively growe
ing plants byFMay 21, Gustafson congluded that red pine seed~
lings required ehilling during the winter months for growth re~
sumption during spring and that long photoperiocds seemed to
compensate for lack of c¢hilling. He stated that if this were
true, red pine would not be found in regions with no freezing

temperatures during the winter.,



Kramer (11, p. 130-132) brought dormant seedlings of vari-
ous sp@ciéﬁ {beech, yellow poplar, red gum, and red cak) indoors
in early Januery. Some plants of each species were exposed to
short days (8% hours) and others to normal days plus additional
light (14% total hours). Plants of all species exposed t¢ loung
days resumed growth scocner than those exposed to short days.
Kramer concluded that the duration of the growing season of scme
tree species may be partially regulated by the length of day.
However, if these plants were kept cutdoors until spring and ex~
pesed to centrolled photoperiods, the planis under short days
resumed growth &5 soon as those under long days. Wareing (18,
pe 214), commenting on these resulits, stated that “by the date
when temperature has risen sufficiently teo permit growth, the
length of the natural day is ne longer s limiting facter,"

Wareing (19, p. 47-55) found that seedlings of Scots pine
(Pinus silvestris L.) that were moved into a heated greenhouse
(13°C.) in the fall remained dormant throughout the winter and
showed little sign of bresking dormancy until early April, Flauts
which were left outdoors during winter and moved indoors the third
woek of Tebruary, all broke dormsmney early in March. He also ob=
served that if plants were exposed to continucus illumination
early in September, they would resume growth in three weeis, while
plants left on normal day remained dormant., However, if plants
were expossd to continuous illumination from Uctober 31, the

plants remained dormant after three weeks and after eight weeks



only about half the plants showed signs of breaking dormancy and
very little shoot elongation followed. He concluded that after
the buds became fully dormant, long photoperiod had little effect
on breaking dormancy and that winter chilling was apparently
needed for normal growth resumption (19, p. 55).

Olmsted (14, p. 372-393) reported that the sugar maple

(Acer saccharum Marsh.) population in the Chicago, Illinois area

with which he worked apparently needed several hundred hours of
¢hilling to complete "bud rest." He demonstrated that unchilled
seedlings failed to resume growth in a normal manner during
spring if maintained on a nine hour photoperiod since by Septem~
ber 15, only 35 percent had resumed growth. Many more of the
unchilled plants resumed growth when they were exposed to either
normal spring and summer days (64 percent) or to 20-hour photo~
periods (54 percent). He concluded that lack of adequate chille
ing can be partially compensated for by long photopericds.,
Olmsted brought groups of sugar maple seedlings into a
warm greenhouse on December 6, and at intervals thereafter until
February 16 (14, p. 381). He observed that the plants showed a
proportionately earlier mean date of bud burst the longer they
had been exposed to outdoor temperatures. The groups brought in
after the last week in January, however, all resumed growth in
about the same number of days, He concluded that the rest period

was nearly completed by late January.
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Exposure to temperatures of from 3}° to hﬁoF. for a suf~-
ficient number of hours is generally considered as good or better
than subfreezing temperatures in satisfying the chilling require-~
ment of several species of plants (3,19,14%, p. 367=-368).

Olmsted (14, p. 381-382), however, found scme evidence that
shorter periocds of subfreezing temperatures may be much more ef-
fective than hitherto considered. C(n the night of December 12,
the outside temperature near Chicago dropped to 8°F. and head

risen only te 18°F. on the afterncon of December 13, at which

time a group of seedlings was moved into & heated greenhouse. On
the afternoon of December 14, another group was meved in while

the temperature was still ranging between 10° and 18°F. This
latter group was thus exposed to subfreezing temperatures for only
23 hours more than the group brought in on December 13. The group
brought in latest did, however, resume growth approximately two
weeke before the group brought inside 23 hours earlier. All other
groups were brought in six to ten days apart, and yet none showed
such wide divergence in mean dates of bud burst.

Olmsted suggested that geographic variation in ¢hilling re-
quirements of native populations might exist.

Nienstaedt (13), working with white spruce (Ficea glauca
(Moench) Voss.) grafted on reotstocks of white spruce or Norway
spruce (Picea abies (L.) Karst.), found that unchilled scions
almost completely failed to break dormancy in the spring if kept

under short days (13 hours), but 73 percent of the grafts resumed

growth if they were kept under long days (20 hours).
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Nienstasdt found that chilling wae more effective in in-
ducing break of dormancy than long photopericds, even if the
plants were kept under short days. Not only was the average date
of bud burst of unchilled scion’material under long days delayed
when compared with chilled scions under short days, but the
amount of growth (elongation) was also reduced.

Olson, Nienstaedt, and Stearns (15, p. 47-60) demonstrated

that seedlings of eastern hemlock (Tsuga canadensis (L.) Carr.)

also required a period of chilling during the winter for break of
dormancy during the spring. Unchilled plants could be induced to
break dormancy by exposure to a 16 hour photoperiod, even though
bud burst was delayed when compared with chilled seedlings. They
found that chilled seedlings broke dorman¢y independently of the
photoperiod. One-year-old seedlings of Carolina hemlock (Isuga

caroliniana Engelm.) broke dormancy even though unchilled and

under short days. These results suggested tc the authors (15,
p. 48), "either that the chilling requirement was less than for

Tsuga canadensis or that the photoperiod compensation for lack of

chilling is greater in at least some individuals of this species."”
Irgens-Moller (10, p., 84-92) reported that unchilled one~
Year-old seedlings of Douglas-fir on a 19-hour photoperiod broke
dormancy in a very irregular manner and over a much longer period
when compared with plants left out of doors until January 15 and
then moved into the greenhouse. He also showed that when seed-

lings from different elevations along an east-west transect were



1z

brought inte the greenhouse on February 1, sud exposed to normal
days, there was a much greater difference between mean dste of
bud burst of high and lew elevation seedlings than when similar
seedlings were left out of doors all winter. He concluded that
these differences may be due partially to differences in chill-
ing requirement,

No reference was found in the literature to possible

chilling requiremente of Douglas~-fir.
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METHODS AND MATERIALS

During the spring of 1958, grafts were made from sixteen
trees selected from four areas along an east-west transect from
the Oregon Coast at Yachats to Santiam Pass in the COregon Cas=-
cades. The four areae are located: (A) on the coast near
Yachats (at an elevation of 1300 feet); (B) on Mary's Peak in
the Coast Range (3200 feet); (C) in McDonald Forest, ten miles
north of aorfallis (300 feet); and (D) in the Browder Creek area
in Santiam Pass (4000 feet, Fig. 1).

The understocks used for these grafts were native seed-
lings collected along road banks at each of the four locations
mentioned above, Grafts from any one tree were made on all four
types of understock (Table 1).

Only plants with healthy, vigorous appearing scions and
understocks were used for the present study. Special care was
taken to include only plants with several well-formed, dormant
terminal buds both on scion and on understock branches. All
plants were kept out of doors during the summer of 1958.1

On November 11, 1958, approximately half the plants of
each type of scion-understock combination was brought into the
greenhouse while the other half was brought into the same green=

house January 29, 1959.

1Planta used in this study were part of a number of plants
used for a Reciproecal Transplanting Study being conducted by
Pacific Northwest Forest and Range Experiment Station, U, S. Fore
est Service, in cooperation with the Forest Research Division,
Agricultural Experiment Station, Oregon State College.
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TABLE 1. Plants (scion-understock combinations) used in chille
ing experiment. Capital letters designate area of
origin of scion wood and small letters the area of
origin of understock. A,a = Coast; B,;b = Mary's Pealk;
Cy¢ = McDonald Forest (Corvallis area); and D,d =
Browder Creek (Santiam Pass area). Tree numbers refer
to specific trees within a given area.

Origin of Tree Origin of Number of Total in
scion wood number understock plants clone
A 4 a 6
A 4 b S
A 4 ¢ 6
A 4 d 3 20
B 1l a 6
B 1 b 6
B 1l ¢ 6
B 1 4 6 2k
B 2 a 6
B 2 b 6
B 2 ¢ 6
B 2 d 6 24
B 4 a 3
B 4 b 6
B 4 ¢ 6
B 4 4 6 24
C 1 a 6
c 1l b 6
c 1 e 6
C 1l d 6 24
c 2 a 6
C 2 b 6
c 2 c 6
c 2 d 6 24
C 3 a 6
C 3 b 6
c 3 ¢ 6
c 3 d 6 24
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TABLE 1 (continued)

Origin of Tree Origin of Number of Total in
scion wood number understock plants ¢lone
D 9 a 6
D 9 b 6
D 9 c 6
D 9 d 5 23

Total number of plants
used in experiment 376 376
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The length of day was approximately 9 hours and 40 minutes
on November 11 when the firet half of the plants was brought into
the greenhouse and was approximately the same when the second
group was brought inside on January 29. This day length was
maintained after January 29 by covering the plants at 5:3C p.nm.
and uncovering them at 7:50 a.m., each day with black, light-proof
cloth. By this means length of day was kept approximately con-
stant throughout the experiment.

The temperature in the grgenhause vas recorded during the
experiment by a thermograph placed among the plants. The average
daily maximum temperature was approximately 7Q°F., and the aver=
age daily minimum temperature was approximately 59°F, The teme
perature never went above 90°F. or below 5Q°F. during the |
experinment.

Through dsily observations, the dates of bud burst for
scion and understock of each individual plant were recorded.

Date of bud bursf was defined as the day when the terminal bud
of any branch, regardless of position on the plant, opened to

expose the new needles.
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EFFECT OF EXPOSURE TO WINTER CHILLIRG
FOR TWO DIFFERENT PERICDS

By March 15, 1959, bud burst had occurred in 37 (20 per=-
cent) of the seions and 124 (67 percent) of the understock
brought in January 29 as opposed to none among the scion-
understock combinations brought in November 11 (Table 2),

Four months of exp§snre to greenhouse conditions during
the winter months (from November 11 to March 15) thus prevented
growth resumption before March 15 in all of the clones used in
the present experiment, as well as in all of the four types of
understock used.a One and a half months of exposure (from Jan-
uvary 29 to March 15) did not completely prevent growth resump-
tion. Bud burst had cceurred in approximately 20 percent of the
scions by March 15, and in more than half of the remaining 80
percent the buds had swelled. Bud burst had occurred in 67 per-
cent of the understock by March 15 while almost all of the re-
maining plants showed bud swelling. ‘

Greenhouse conditions did not appear to affect the under-
stocks to the same extent as the scions. This difference iz no
doubt due to the faet that the understocks were only four- to
eight-year-old seedlings while the scions were collected from
trees 30 to 5C years old. Young trees generally resume growth
considerably earlier than older trees of similar hereditary

constitution (21, p., 208).

ZA clone is defined here as seions from a particular tree,
regardless of the origin of rootstock,



Figure 1, East-west transect across western Oregon along
which understocks and scions were selected.
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The mortselity of scions was the same for both treatments
(Table 2) and ocecurred only during the exposure to greenhouse
conditions, The mortality of understock, however, was highest
in the group brought in on November 1l (twelve as opposed to

only three in the group brought in January 29).

Coneclusions

The only variable factor in this experiment was the
length of the period the plants were exposed to the greenhouse
conditions, or, conversely, the length of exposure to outside
winter conditions at Corvallis. The longer exposure to green=-
house conditions completely prevented resumption of growth be~
fore Mareh 15, Temperature conditions represent, of course, the
greatest difference between the outside and inside conditions
(Table 3). Under a day length of 9 hours and 40 minutes, ex~
posure to low temperatures during winter appears to be essential

for growth resumption.



TABLE 2., Effects of exposure to short days and greenhouse conditions from November 11, 1958,
and from January 29, 1959, upon bud burst in plants of Douglas~fir, up to March 15,

1959.

Plants moved into greenhouse on November 11 Plants moved into greenhouse on January 29
Origin Number of plants which Number of plants which
of Rumber started died Number started died
clones of growth before  before of growth before before
(scions) plants March 15 March 15 plants Marech 15 March 15
Ak 11 0 4 9 5 2
Bl 12 0 1 12 0 1l
B2 1z 0 o 12 L o
Bh4 12 O 0 12 1 0

Sub totals 36 0 1 36 5 1
Cl 12 0 ¢ 12 b 0

ca2 12 0 1 12 > 0
C3 12 0 0 12 2 3
cé 11 o 1 10 2 0
c9 12 0 0 12 8 1
€10 12 0 0 12 L2 o

Sub totals 71 0 2 70 21 4

ez



TABLE 2 (continued)

Plants moved into greenhouse on November 11 Plants moved into greenhouse on January 29
Origin Number of plants which Humber of plants which
of Number started died Number started died
¢lones of growth before  before of growth before before
(scions) plants March 15 March 15 planis March 15 March 15
D1 iz 0 1 12 9} o
D2 12 0 0 1z 0 2
D3 12 0 1 12 6 0
D4 iz 0 1 1z o 0
D7 12 ¢ 1l 12 0 0
D9 12 O 1 11 O 3
Sub totals 72 0 5 71 6 5
Grand
totals 190 0 12 186 37 12
Origin
of
under=
stock
a 48 0 2 48 32 0
b 47 0 6 45 28 2
c 48 0 3 48 b1 1
a L7 0 1 45 23 0
Totals 190 (s} 12 186 124 3

¢e



TABLE 3.

Temperatures in greenhouse and out of doors from September, 1958 to March 15, 1959.
Out of door temperatures are those of U, §. Weather Bureau's Climatological records
for Corvallis, Oregon (17).

Average Daily Maximum=~Minimum Temperatures

Greenhouse Out of doors
Difference in ' Difference in No. day
Month Maximum Minimum maximum-minimum Maximum Minimum maximum-minimum below 32 F,
September 75 L9 26 0
October 67 41 26 0
November 70 51 19 53 39 TS 9
December 70 59 11 51 38 13 6
January 71 60 11 48 36 12 7
February 77 59 18 4g 34 15 11
March 1-~15 81 59 22 " 55 35 20 6

e
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GEOGRAPHIC VARIATION IN TIKE OF GROWIH RESUMFTION

Differences in the time of bud burst among the clones and
the four kinds of understocks appeared in the plants brought in
January 29 (Table 2). In order to study these differences, the
plants were kept under the controlled photoperiod until May 11,
1959.

Understock
The mean date of bud burst for the understock from Core-
vallis was approximately eleven days earlier (March 7) than the
mean date for the understock from Santiam Pass (March 18), and
approximately eight days earlier than the mean dates for the
understock from Mary's Peak and the Coast (March 15) (Fig. 2,
Table 4).
TABLE 4. Mean dates of bud burst, total numbers, and percentages
of plants which resumed growth before May 1l in under-
stocks of Douglas~fir from four different areas. All

plants were brought into greenhouse on January 29, 1959
and maintained on short days up to May 11, 1959.

Number of Number Percentage Msan
Origin plants alive of plants which date
of at end of which started started of bud
understock experiment growth growth burst®
Coast L8 46 96% 20.61
Mary's Peak 43 4o 93% 20.63
Corvallis 46 bl 96% 12.98.
Santiam Pass hs , L2 93% 23.52
Total
understock 182 172 95%

*Number of days after February 22.



Figure 2. Dates of bud burst in understocks of Douglas~fir
from four different areas when the plants were
brought into the greenhouse on January 29 and
maintained on short days up to May 1ll.
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Analysis of variance (Table 5) showed significant differe
ences among the mean dates of bud burst for the four kinds of
understock. Further analysis (t-tests comparing adjacent ranked
means, Table 6) showed that the understock from Corvallis was
significantly earlier than the understock from the Coast; that
the understock from the Coast was not significantly earlier than
understock from Mary's Peak; and that understock from Mary's
Peak did not differ significantly from Santiam Pass understock
with regard to time of bud burst. From these results it c¢an be
inferred that the Corvallis understock also differs significantly

from the Mary's Peak and Santiam Pass understock.

TABLE 5 Analysis of variance of mean dates of bud burst of
Douglas~fir understocks from four different areas. A4ll
plants were brought into greenhouse on January 29, 1959
and maintained on short days to May 11, 1959,

Degrees
Sum of Mean
Source of variation of squares freedom square Fevalue
Among areas 2, 656 <40 % 8850% 11031""
Understock within an area 13,115.78 168 78.07

*Significant at the 5 percent level of significance.
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TABLE 6., T~tests comparing adjacent ranked mean dates® of bud
burst of Douglas-fir understock from four different
areas, All plants were brought into the greenhouse
on Januwary 29, 1959, and were maintalned on short days
up to May 11, 1959.

Ranked mean dates of bud burst

Corvallis (¢) Coast (a) Mary's Peak (b) Santiam Pass (d)
12.98 20,61 20,63 23,52

Any two adjacent ranked means not underscored by the same line
are significantly different at the 5 percent level of sig-
"nificance. Any two adjscent ranked means underscored by the
same line are not significantly different.

T-test comparisons ‘ T-values
Corvallis vs. Coast

understock «4,09 with 168 degrees of freedom**
Coast vs. Mary's Peak

understock «0,.00 " " " " "
Mary's Peak vs. Santiam Pass

understock «1.,48 00 " " "

*Number of days after February 22,
**Significant at the 5 percent level of significance.



Scions

The mean date of bud burst of the clomes from Corvallis
(Table 7; Fig. 3) was five days earlier (March 20) than the mean
date for the clones from Mary's Peak (March 25), and eight days
earlier than the mean date for the ¢lones from Santiam Pass
(March 28). These differences are consistent with the differw
ences in mean date of bud burst found among the understocks from
the same areas (Table 4). The mean for the single clone from
the Coast was two days earlier (March 18) than the mean for the
clones from the Corvallis area; however, this difference is
based on only seven plants within one c¢lone which is too small a
gample to permit any conclusions,

A hierarehical classification analysis of variance
(Table 8) revealed that mean dates of bud burst for eclones from
the four areas did not differ significantly. This lack of sig-
nificant difference in date of bud burst should be viewed
eritically because of the fact that only one ¢lone from the
Coast area and only three from the Mary's Pesk area were avail~
able for the experiment, while six clones from each of the other
two areas were available. Furthermore, in only three of the six
clones from the Santiam Pass area did a sufficient number of
plants start growth (bud burst) before termination of the experi-
ment (Table 7).,



TABLE 7. Mean dates of dud burst®,

21

-total numbers, and percentages

of plants which resumed growth before May 11 in ¢lonea
of Douglas«fir from four different areas. All plants
were brought into the greenhouse on January 29, 1959,
and were maintained on short days up to May 11, 1959,

Total number Nuub&r Pereentn Mean

Origin of plants to age to date of
of &t end of resume resume bud
clones experiment growth growth burst
Coast
AL 9 7 78% 17.00
Mary's Peak
BL iz 7 58% 25.43
B2 12 6 50% 12.17
B4 12 12 100% 29,58
Total 36 25 69% 24 .24 General mean
Corvallis
c1 12 9 75% 16,89
c2 12 9 75% 2k .22
c3 12 9 75% 23.78
c6 10 ¢ 100% 18,10
c9 12 9 75% 9.56
€10 12 10 83% 2k, 60
Total 70 56 80% 19.59 General mean
Santiam Pass
n 12 1 8% 25.00
D2 12 6 50% 34,50
D3 12 i1 91% 14.91
D4 12 6 50% 43,00
D? 12 4] 0% —
b9 11 1 8% 36,00
Total 71 25 35% 27.60 General mean
Gr#nd
total 186 113 61%

*Number of days after March 1.



Figure 3. Dates of bud burst in scions of Douglas~fir from
four different areas when the plants were brought
. into the greenhouse on Japuary 29 and maintained

on short days up to May 1l.
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TABLE 8. Analysis of variance (hierarchical classification) of
mean dates of bud burst of Douglas-~fir clones from four
different areas. All plants were brought inte the
greenhouse on January 29, 1959, and were maintained on
short days up to May 11, 1959.

Degrees
Sum of Mean
Source of variation of squares freedom square Fevalue
Among the four areas 1,403.90 3 467.96 0.80
Clones within an area 6,380.7) 11 580.06 5,34
Scions within clones 10,643,.39 98 108.60
Total - 18,428.01 112

*Significant at the 5 percent level of significance.

Clones within a particular area, however, differed sig-
nificantly in mean date of bud burst (Table 8)., Further analysis
(t~tests on adjacent ranked means, Table 9) showed that among the
clones from Mary's Peak, clone B2 was significantly earlier
(Marech 13) than clone Bl (March 26). None of the adjacent ranked
means of the clones from Corvallis differed significantly, Among
the clones from Santiam Pass (Fig. %), clone D3 was significantly
earlier (March 15) than clove D2 (April 5). Clone D1 and D9 were
not included in the test because only one observation was ob~
tained from each of these ¢lones.

Differences in the percentage of plants which started
growth before May 11 were also evident. In the six Corvallis
¢lones, an average of 80 percent of the plants had started growth
as opposed to only 35 percent for the clones from Santiam Pass,

The corresponding figure for the clones from Mary's Peak was
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TABLE 9., 7T-tests comparing adjacent ranked mean dates® of bud
burst of Douglas~fir clones from different areas. All
plants were brought into the greenhouse on January 29,
1959, and were maintained on short days up teo May 11,
1959.

Mery's Peak Clones

Ranked mean dates

B2 Bl Bk
12.17 25,43 29,58
I-test comparisons _JI-value ‘
Clone B2 versus clone Bl «2,%6 with 22 degrees of freedom**
Clone Bl versus clone B4 ‘w(0.,86 with 22 degrees of freedom

Corvallis Clones
Ranked mean dates
c9 €1 cé c3 c2 €10

. I-test comparisons Z-value

Clone C9 versus clone Cl «1.51 with 50 degrees of freedom
Clone Cl versus clone C6 «0,25 with 50 degrees of freedom
Clone €6 versus clone C3 «1,20 with 50 degrees of freedom
Clone C3 versus clone C2 «0.91 with 50 degrees of freedom

Clone C2 versus c¢lone Cl0 «0,08 with 50 degrees of freedom

Santiam Pass Clones
Ranked mean dates

D3 b2 D4
14,91 34,50 43,00
T-test comparisons _I=value
Clone D3 versus clone D2 ~3.42 with 20 degrees of freedom**

Clone D2 versus clone D4 «1.30 with 20 degrees of freedom

*Humber of days after March 1.
**Significant at the 5 percent level of significance.

Note: Any twe adjacent ranked means not underscored by the same
line differ significantly at the 5 percent level of sig-
nificance. Any two adjacent ranked means underscored by
the same line do not differ significantly.
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69 percent, The variation in percentage of plants to start
growth among the clones from any given area differed greatly.
For the six Corvallis clones, this pereentaée varied from 75 to
100 percent, while fer the six Santiam Pass ¢lones the corre-
sponding figures were O to 91 (Fig. 4,5,6), and for the three
Mary's Peak clones, 50 to 100.

An analysis of variance (hierarchical classification)
revealed that the c¢lones from the feur different areas did not
differ significantly with respect to the number of plants which
gtarted growth within any given areaj; however, it was found
that the clones within a particular area differed significantly
in number of plants which started growth (Table 10).

TABLE 10. Analysis of variance (hierarchiesl classification) of
total number of plants to start growth in clones of
Douglas«fir from four different areas. All plants

were brought into the greenhouse on January 29, 1959,
and were maintained on short days up to May 11, 1959.

Degrees
Sum of Mean
Source of variation of squares  freedom square F-value
Among the four areas 7.75 3 2.58 3.19
Clones within an area 9.71 12 0.80 5.11*
Scions within c¢lones 26.88 170 0.15
Total by, 34 185

*Significant at the 5 percent level of significance,

Again these results should be viewed critically due to

the unegual number of clones from the different areas.



Figure &4,

Figure 5,

Figure 6.

Santiam Pass clone (D3) brought inte the green~
house on January 29, and maintained on short
days. BEleven of the original 12 scions had
resumed growth by May 11, 1959.”

Santiam Pass clone (Dl) brought into the green-
house on Januwary 29, and maintained on short
days., Eleven of the original 12 scions were
still dormant on May 11, 1959. ™

Santiam Pass clone (D7) brought into the green-
house on January 29, and maintained on short
days. All of the original 12 scions were dore-
mant on May 11, 1959. (One plant not shown).

*Arrows indicate the scion portion cof the graft.
Note complete loss of all old needles on scions in
c¢lones D3 and D1, Seions in clone D7 show ne
defeliation,
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Conclusions
All plants brought in on January 29, 1959 had been growing

under essentially similar conditions since May, 1958. For that
reason, the observed variation may be asoribed teantatively teo
geneti¢ differences.

Lack of exposure to low temperatures was shown to result
in delay in, or lack of, resumption of growth (Table 2). The
understocke from the three highest elevations (Coast, Mary's Peak,
and Santiam Pase) were the latest to start growth (Table 4).
Similarly, the eléaan«ireu the two highest elevations (Mary's
Peak and Santiam Pass) contained a higher percentage of plants
which failed to start growth (Table 7).

This would suggest that plants native to high eslevations,
or areas characterized by long and severe winters, differ geneti-
¢ally from plants mative to low elevations with mild winters in
that they require a longer exposure to winter sonditions. The
differences found among clones native to the same area (Table 9)

suggest that comsiderable local genetic varistion also exists.



SCIOKN ARD UNDERSTOCK INTERACTION

The average date of bud burst of understock (Table 11),
regardless of origin, when grafted with scions from Mary's Peak,
was earlier (Mareh 9) than understock grafted with seions from
Corvallis {March 13) or from Santiam Pass (Mareh 15).

The amount of influence of the different scions upon the
understocks appears to differ among the four types of understock.
Thus, excluding the effect of scions from the Coast because of
inadequate samples, the greatest differences are found among the
understocks from Sentiam Pass (11 days) and the smallest among
understocks from Corvallis (3 days).

The average date of bud burst of scions, regardless of
origin, when grafted onto Santiam Pass understock, was four and
five days later (March 26) than scions grafted onto Mary's Peak
(March 22) and Corvallis understock (Marech 21), respectively.

The amount of influence of different understocke upon
scions also appears to differ among the four types of scions
(Table 12). Thus, again excluding the Coast scions, the greatest
differences are found among the scions from Santiam FPass (16
days), while the differences for the scions from Mary's Peak and
from Corvallis are only six and five days, respectively. This

varietion is similar to that found among the understocks.



TABLE ll. Understock-Scion Interaction, Mean dates of bud burst* of different understocks when
grafted with different scions. All plants were brought into the greenhouse on
January 29, 1959, and were maintained on short days up to May 11, 1959.

Coast Mary's Peak Corvallis Santiam Pass
understock = _understozk _understock understock
Source of Mean Ho. of Mean No. of Mean No. of Mean No. of
scion material date plants date plants date plants date plants
Coast 13.00 2 16.00 1 19.50 2 56,00 1
Mary's Peak 19.11 9 15.89 9 11.44 9 15.1% 7
Corvallis 19.41 17 17.33 12 11.53 17 26.50 16
Santiam Pass = 23.73 15 25. 44 16 14,05 15 20.87 15
Greatest
differences 5 9 3 11

Humber
of

Average plants
22.83 6
15.41 b1
18.68 62
21,10 61

*Nunber of days after February 22.
Understocks with dead scions are excluded.

TH



TABLE 12, Scion-Understock Interaction.
grafted with different understocks,
on January 29, 1959, and were maintained om short days up to May 11, 1959.

Yean dates of bud burst® of different scions when

All plants were brought into the greenhouse

Mary's Pesk Corvallis Santiam Pass
Coast scions __seclons secions seions _ Number
Source of Mean No. of Mean No. of Mean No, of Mean DNo. of of
understocks date plants date plants date plants date plants Average plants
Coast ' 11.50 2 25.57 7 24 .47 15 24,57 7 23.90 31
Mary's Peak 10.50 2 22.29 7 15.77 13 31.29 7 20,72 29
Corvallis 19.00 2 28.00 6 17,20 15 19.83 6 20.10 29
Santiam Pass 37.0C 1 20,60 5 20.85 13 36,00 5 24,63 24
Greatest
differences 7 5 16

*Number of days after March 1.

2h
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Coneclusions
Since the present experiment was not originally designed

to study scion-understock interactions, the above data should
prabably be viewed critically. However, it appears that scions
from Santiam Pass delay bud burst in understocks, regardless of
the origin, and similarly, tﬁat understocks from Santiam Pass
delay bud burst in scions, regardless of origin.

No definite conclusions should be drawn until larger
experiments specifically designed to study such interactions
have been made. However, in view of the fact that other types
of scion~understock interaétions are known from other woody
species (16), it is felt that further investigations are

warranted.,



EFFECT OF PHOTOPERICD

The plants brought into the greenhouse om November 11,
1958 showed no signs of bud burst om March 15, 1959 after having
been exposed to greenhouse temperatures and to a day length of
appreximately nine hours and 40 minutes for over four months,.

On March 15, these plants were divided into two groups,
with each group containing approximately six of the original
twelve plants of each clone (Table 13). One group was kept
under a nine hour and 40 minute photoperiod until May 11 after
which date the plants were exposed to normal day length. The
other group was placed on a beaéh in the same greenhouse and
exposed to normal day lengthy and two hours of artifieial light
from 1 a.m. til 3 a.m. by means of four fluorescent tubes and
one 150 watt incandescent lamp suspended four feet above the
plants. Thermographs placed among plants under each of the two
treatments showed that temperature differences caused by the

lamps were negligible,

Understock

The experiment was terminated on August 25. By that date
only 36 percent of the understocks under the short day-normal
day treatment had resumed growth while 63 percent, or almost
twice as many, of the plants receiving additional light had re-
sumed growth (Table 14), Mortality under the short day-normal
day treatment was 54 percent as opposed to 33 percent under the

additional light treatment.
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TABLE 13. Types of scions and number of plants by scion-under-
stock combinations used in photoperiodic experiment.
All plants were brought into the greenhouse on Hove
ember 11, 1958, and were maintained on short days
until Mareh 15, 1959. Experiment was terminated
A“gnst 25 ’ 1959,

Normal days plus
2 hours Short days until May 11,
additional light  _normal days thersafter
Under~ No. of Total for ‘No., 0of Total for
S8eion stock plants scions plants scions

Al
Al
Ah
Ak

2o oe

Bl
Bl
Bl
Bl

a0 o0

B2
B2
B2
B2

B4
Bl
B4
Bb

a0 o

€l
Cl
Cl
Cl

o ve

o
ce
c2
2

c3
C3
C3
€3

po o aeow
HOMN MR UMD R RN RN R R e

W HROREN NN RN N RN RO

20 O
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TABLE 13 (continued)

Normal days plus
2 hours Short days until May 11,
additional light  _normsl days thereafter
Under- Ko. of Total for - Bo. of Total for
Secion stock plants scions plants scions

c6
cé
cé
c6

RO TR

C9
c9
C9
C9

€10
Cl0
€10
Cl0

20 o

[ - -l

Dl
Dl
Dl
Dl

20 TR

D2
D2
b2
b2

D3
D3
D3
b3

D4
D4
D4
D4

oo a0 oe

20 DR

D7
D7
D7
D7

MM HRORMU HURE NN RN NN NN O
o

HFRME DHPRH NMEN RN MMM RN NN MR
W

20 oD
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TABLE 13 (continued)

Normal days plus
2 hours Sheort days until May 11,

additional light normal days thereafter
Under- No, of Total for - No. of Total for
Scion stock plants scione plants seions
D9 a 2 1
D9 b 1 2
D9 ¢ 2 1
b9 d 1 6 1

Total plants o 89 89 89 89




TABLE 14. Effect of two different photoperiods on the breaking of dormancy in unchilled
Douglas~fir understocks from four different areas, Long day treatment was started
on March 15, 1959, and the experiment was terminated on August 25, 1959.

Normal days Short days until May 11,
..plus 2 hours additional light normal days thereafter
Origin Number Percentages of plants which Number Percentages of plants which
of of Started Remained of Started - Remained
understock plants growth Died dormant plants growth Died dormant
Coast 24 71 25 b 23 61 39 o
Mary's Peak 21 57 43 0 20 30 55 15
Corvallis 23 56 35 9 22 3 59 5
Santiam Pass 21 67 28 5 2h 17 _62 21
Totals 89 63 33 L 89 36 54 10

8%
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Seions

By August 25, when the experiment was terminated, only
about thréa percent (3 of 89) of the scionsvnnder the short
day-normal day treatment had resumed growth as opposed to 50
percent (45 of 89) of those receiving additional light (Table 15;
Fig. 8,9). The corresponding figures for mortality were 64 and
42 percent, respectively,

The six clones from Santiam Pass and Corvallis appeared
to respond equally well to additional light in terms of per=
centage of scions which resumed growth (60 and 55 percent, re~
spectively), while only 35 percent of the scions from the three
Mary's Peak clones resumed growth.

Meaningful comparisons of mean date of bud burst and
number of scions to resume growth between clones from within
any given area could not be made because of the small number of
plants per clone., When all clones from a given area are grouped
together, however, the average date of bud burst for the scions
from the Corvallis area clones was ten days earlier than for the
acions from the Santiam Pass clones, being 9% and 104 days, re-
spectively, after the start of the long day treatment (Fig. 10).
This difference is comparable to the difference of 7 days found
between the Corvallis and Santiam Pass understocks under the
long day treatment, the average dates being 54 and 61 days, re-
spectively, after the start of the long day treatment (Fig. 7).

The average date of bud burst for the scions from the Mary's



Peak clones was 102 days after the start of the long day treat-
ment; however, only six scions from this area resumed growth
which is an inadequate sample for comparisons.

Differences in mortality and in number of scions which
lived but remained dormant appeared between the clones from the
Santiam Pass area and the clones from the Mary's Peak and
Corvallis areas under the short day-normal day treatment. Only
b4 percent of the scions from the Santiam Pass area died and 53
percent lived but remained dormant, The corresponding figures
for the scions from the Corvallis srea were 80 and 14 percent,
respectively, and for the scions from the Mary's Peak area, 67
and 33 percent, respectively.

The percentages of plants which resumed growth or died
did not differ greatly among the four types of understock re-
ceiving additional light., Under the short day-normal day treat-
ment, however, 61 percent of the Coast understock resumed growth
while only 36, 30, and l? percent of the understock from Corvale
lis, Mary's Peak, and Santiam Pass, respectively, resumed
growth, Mortality was lowest in Cosmstal understock (39 percent)
and highest in Santiam Pass understock (63 percent).

The understock from Santiam Pass showed the greatest dif~
ference in response to the two treatments., Only 17 percent of
this understock under the short day-normal day treatment resumed
growth while 67 percent of those receiving additional light re-

sumed growth. Noticeable differences between treatments also
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existed for the Corvallis and Mary's Peak understock, but for the
Coast understock the difference was only 10 percent (61 and 71
percent resumed growth under short days-normal days and under
long days, respectively).

The dates of bud burst under the two treatments show cer-
tain characteristic pattern irrespective of the origin of the
plants (Fig. 7). Thus, under the short day-normal day treatment
the spread between the earliest and latest plants was 117 days,
whereas under additional light the corresponding figure was 67
days. Additional light thus not only induced early bud burst
(nmean date 54 days after start as opposed to 100 days for the
short day-normal day treatment), but also reduced the spread be-
tween individual plants.

Due to the small percentages of plants which started
growth in some of the short day treated plants no meaningful
comparisons can be made among the mean dates of bud burst of the
four kinds of understock under this treatment.

Some of the clones brought into the greenhouse on Janu-
ary 29, 1959 had not yet resumed growth when the experiment was
terminated on May ll. This was particularly the case with three
of the Santiasm Pases clones (D1, D7, and D9).

All dormant, healthy plants in each clone were divided
inteo tweo groups. One group was exposed to normal days while the

other group received additional light from 1 a.m. til 3:00 a.m.



TABLE 15, Effect of twe different photoperiods on the bresking of dormaney in unchilled
Douglas-fir clones from four different areas, Long day treatment was started
on March 15, 1959, and the experiment was terminated August 25, 1959.

Hormal days Short days until May 11,
plus 2 hours additional light - normal days thereafter
Origin Total num- Number of plants which Total num- Number of plants which
of ber of Started Remained ber of Started Remained
clones plants growth Died dormant plants growth Died dormant

Coast

Al & 0 4 0 3 0 2 1
Mary's Peak

Bl 5 1l 4 0 6 0 3 3

B2 & 4 2 0 6 o 4 2

Bh - A 2 e S L 32 A
Total for area 17 6 11 ¢ 18 0 12 6
Percentages 100 35 65 0 100 0 67 33
Corvallis

c1 6 4 2 0 6 0 5 1

ca2 5 2 3 0 6 0 6 0

c3 6 2 b o 6 0 4 2

cé 4 3 1 0 6 1 5 o

c9 6 y 1 1l 6 (¢} 4 2

C10 -5 —_ 2 8 - B SR S « 1
Total for area 33 18 14 1 36 2 29 5
Percentages 100 55 L ¥ 3 100 6 8o 14

2s



TABLE 15 (continued)

Normal days
plus 2 hours additional light

Short days until May 11,
normal days thereafter

Origin Total num- Number of plants which Total num- Number of plants which
of ber of Started Remained ber of Started  Remained
clones plants growth Died dormant plants growth Died dormant
Santiam Pass
Pl 6 3 1 2 5 0 3 2
b2 6 5 1 0 6 i ¢] 5
D3 5 1 3 1 6 0 5 1
b4 6 4 2 0 5 0 3 2
by 6 3 1l 2 5 © 3 2
D9 £ T N W 5 L L 5
Total for area 35 21 8 6 32 1 14 17
Percentages 100 60 23 17 100 3 Ly 5%
Total for all
areas 89 &5 37 7 89 3 57 29
Percentages 100 50 L2 8 100 3 64 33

144



Figure 7.

Pates of bud burst on understocks of Douglas~fir
from four different areas when brought into the
greenhouse on November 11 and maintained on short
days until May 11 and normal days thereafter un-
til August 25 (indicated by "S") or, maintained
on short days until March 15 and long days there-
after until August 25 (indicated by "L"),
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Figure 8.

Figure 9.

Plants of Corvallis e¢lone (C6) brought into
greenhouse on November 11, 1958, and maintained
on short days until March 15, 1959. The plant
on the left was exposed to long days starting
March 15. The plant on the right was maintained
on short days until May 11, and normal days
thereafter. Arrows indicate the scion portion
of the graft.

Plants of Mary's Peak clone (B2) brought into
greenhouse on November 1ll, 1958, and maintained
on short days until March 15, 1959. The plant
on the left was exposed to long days starting
Mareh 15. The plant on the right was maintained

on short days until May 11, and normal days

thereafter. Arrows indicate the seion portion
of the graft,
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Fiﬁ“r@ 10,

Dates of bud burst in sc¢ions of Douglas~fir
from four different areas when brought into the
greenhouse on November 11 and maintained on
short days until May 11 and normal days there-
after until Auwgust 25 (indicated by "S"), or,
maintained on short days until March 15 and
long days thereafter until August 25 (indicated
by L),
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By August 25, when the experiment was terminated, 23 of
the 26 scions on the long day treatment had resumed growth while
only 5 of the 25 on the normal day treatment had resumed growth
(Table 163 Fig. 11 and 12).

TABLE 16. Effect of additional light after May 11, 1959, upen
growth resumption in clones of Douglas~fir. All
scions were brought into greenhouse on January 29,
1959, and maintained on short days until May 11, at
which time they were still dormant. Zxperiment was
terminated on August 25, 1959.

Rormal day plus 2 hours

additional light Normal days
Total - Number of Total Number of
Clones number of plants to number of plants to
plants resume growth plants resume growth

Bl 1l 1l 2 0

B2 2. 2 2 2.

Total b L 4 2

ci )X 1 1 0

c3 1 (] 1 0

c9 A o L 90

Total 3 1 3 0

) § 6 6 5 1l

p2 2 2 2 0

D3 1 1 0 -

D4 2 1l 2 4]

D? 5 5 5 2

D9 2. 2 A 2

Total 19 18 18 3
Grand total 26 23 25 5
Percentage 100% 89% 100% 20%




Figure 11.

Figure 12.

Santiam Pass clone (D1l) brought into greenhouse
on January 29, and maintained on short days up
te May 11, 1959. Arrows indicate the scion
portion of the grafts. ‘

Santiam Pass ¢lone (D1l) brought into greenhouse
on January 29. The six plants on the right
were exposed to long days starting May 11, and
all broke dormancy. The five plants on the
left were kept on short day-normal day treat-
ment and were still dormant on August 25, 1959.
Arrows indicate the scion portion of the grafts.
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Exposure to two hours of additienal light during the mid-
dle of the dark period induced growth resumption in plants which
had received only little exposure to winter conditions, prier to
xévonhur 11; or inadequate exposure, prior to Jamwary 29. Since
plants treated similarly except for the exposure to additiomal
light failed to resume growth, it pay be c¢onecluded that ad-
ditional light compensates %o some extent for lask of exposure
to winter conditions. |

No explanation is offered for the high mortality of the
unchilled plants (Tables 14 and 15). However, since ia almost
all cases death ocourrsd before bud burst, it seems that lack of
chilling and/or short days are the cause of the mortality. In
the unchilled plants that received additional light, the mor-
tality was less than in the uneh&llaé plants kept on short days~
normal daye. This would appear to be an effect of the additiomal
light. High mortality in unchilled plants has been reported in
other studies (7,1%,15).
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DISCUSSION

The failure of Douglas«fir plants to break dormancy in a
normal manner when moved into a warm greenhouse in November con~
firms earlier reports (4,7,14,15) that many of the wandy species
native to temperate regions require a periocd of exposure to low
temperatures before growth may be resumed. This is further con-
firmed by the fact that some of the plants exposed to low tem~
peratures until the end of January did break dormancy when moved
into the greenhouse, as opposed to none of the plants that were
moved in during November (Table 2).

The observed differences in mean dates of bud burst and
in number of plants to resume growth (Tables 4 and 7) may be
ascribed, at least in part, to genetic differences in reséonst
to some environmental factor of the experiment. Such genetic
differences may be the result of the differsnéea in selective
forces among the four areas of origin.

One of the greatest differences among the four areas, with
respect to environmental conditions, is the duration and severity
of winter temperatures, At high elevations the winters are
longer than along the Coast or in the Willamette Valley (22).
The fact that several of the scions from the Willamette Valley
(Corvallis area) did resume growth when exposed to winter tem-
peratures until late January, as opposed to very few scions from
high elevations (Mary's Peak and Santiam Pass), indicates that

the duration and severity of winter may be the selective force
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responsible for the apparently greater chilling requirements of
the clones from high elevations (Table 7). This is also indi-
cated by the fact that in those plants which resumed growth,
mean date of bud burst was earlier for Willamette Valley under-
stock and scions than for understock and scions from high
elevations (Tables 4 and 7).

Unchilled scions failed almost completely to break dore-
mancy. However, if they were exposed to long days, almost as
high a percentage resumed growth as in scions chilled until
January 29, being 50 and 61 percent, respectively (Tables 7 and
15). While only 61 percent of the chilled scions broke dor=
maney before May 11, 89 percent of those which had not resumed
growth by that time did so when exposed to long days as compared
to only 20 percent under normal days (Table 16).

Of considerable interest is the fact that 73 percent of
the seions which failed to break dormancy after chilling until
January 29 were from Santiam Pass, which indicates a high c¢hill-
ing requirement for plants from this area. Approximately 95
percent of these plants started growth under long days compared
with only 17 percent under short days (Table 16), This large
difference suggests that response to photoperiod may be used as
an indication of the degree to which chilling requirements have
been met. The greater the effect of long days upon growth re-
sumption, compared with that of short days, the greater the

unsatisfied chilling reguirement appears to be,
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Understocks and scions differed with regard to mean date
of bud burst under the various treatments. Scion material from
the Coast has been disregarded here due to an inadequate sample.
Understocks and scions that were moved into the greenhouse Janu~
ary 29 and maintained on short days, differed 10 to 13 days in
mean date of bud burst (Table 17). Understocks and se¢ions moved
in November 11 and subjected to long days starting March 15,
differed 40 to 50 days in mean date of bud burst (Table 18). In
all cases, the understocks resumed growth before the scions.
Similarly, the difference between the percentage of understocks
and scions brought in November 11 which resumed growth was greater
under short days than when additional light was given (Table 14,
15), Under short days, 36 percent of the understocks but only 3
percent of the scions resumed growth, With additional light, 63
percent of the understocks and 50 percent of the scions resumed
growth.

These results indicate either that the ¢hilling requirement
of the scions was greater than the chilling requirement of under-
stock from the same area, or that the scions from a particular
area were more sensitive to photoperiod than understock from the
same area. However, since the scions used in this experiment were
collected from trees 30 to 50 years old, while the understocks
were three~ to eighteyear~old seedlings, these results probably
reflect Wareing's observation (21, p. 208) that in a particular

area seedlings resume growth before older trees in the same area.
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TABLE 17. Comparison of average dates of bud burst of seion
material and understocks from the same area moved
in greenhouse January 29, 1959 and maintained on
short days up to May 11, 1959.

Area of origin Understock Seion material Difference
Coast March 15 March 18 3 days
Mary's Peak March 15 Mareh 25 10 days
Corvallis Mareh 7 Mareh 20 13 days

Santiam Pass Mareh 18 March 28 10 days

TABLE 18. Comparison of average dates of bud burst of un~
chilled scions and understocks from the same areas
under normal days plus 2 hours of additional light
up to August 2%, 1959.

Area of origin Understock Scion material Difference
Coast M&y ‘(- - .
Mary's Peak May 6 June 25 50
Corvallis May 8 June 17 40
Santiam Pass May 15 June 27 bz

This study yielded nc information as to the relative im~
portance of the level of low temperatures compared to the length
of time of expeoasure, The plants left out of doors until Janu-
ary 29 received approximately three more months ef chilling than
those brought in on November 11, During this perioed, the daily
minimum temperatures averaged around 38°F. and the daily maximum
temperatures averaged around SOCK (Table 3). On only 22 days

during this perioed did the temperature drop below freezing.
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Several interesting observations were made during this
étudy that may merit further investigation. For instance, among
clones brought into the greenhouse on November 11, many of the
scions dropped their needles during Januvary., On closer examina-
tion it became apparent that this defoliation was limited to
certain clones. In the plants brought in January 29, defolia~-
tion did not occur until Mareh, and was again confined to certain
clones, All the secions in clones D1, D3, C6, and B2 were com=
Pletely defoliated but there was no defoliation in elones D7, D9,
and D2 (Fig. 4,5,6,8,9,13).

Defoliation did not cause mortality or preveat breaking of
dormaney. In clone D1, for instance, all twelve scions which re-
ceived winter chilling became defoliated, but growth was resumed
in August in the six plants exposed to long days after having
been defoliated for over five months, The five plants whieh did
not receive long-day treatment remained dormant and were still
alive April, 1960, after having been defoliated for over one year
and dormant for about 19 months. Secions of cleone D7 which did
not resume growth were still dormant in April, 1960 but had not
become defoliated. No explanation is offered as to why certain
clones were defoliated while others retained their leaves.

Lack of bud burst was not always an indication of dormancy
of the apical meristem. Scions of c¢lone D7 which received winter
chilling were still dormant on May 11, although at least a few

buds showed some swelling. At that time the clone was divided



Figure 13. Santiam Pass clone (DY) brought into the green~
house on January 29, and maintained on short
days, Note retention of leaves as of June,
1959, Arrows indicate secion portions of the
grafts,
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into two groups, one of which was exposed to long days, while

the other was kept on normal days. One week after the long day
treatment was started, the scales on the swollen buds opensd to
reveal another poorly developed terminal bud on a very short
shoot with abnormally short and closely spaced needles (Fig. 1h).
After another two weeks of exposure to long days, meedle and
stem elengation veeurred (Fig. 14,15).

About August 23 the swollen buds of the s¢ions exposed to
short days opened to reveal z well formed dormant bud wifhin the
bud scales formed the preceding fall (Fig., 16). These observa=
tions suggest that needle development and stem elongation can be
retarded by lack of adequate chilling and/or short photoperiods.

A similar retardation was found alse in unchilled plants,
ﬁut it was more evident in the plants left on short days than in
those that received long éays (Fig. 17 and 18).

Due consideration of c¢hilling requirements is important
in research invelving Douglas-fir. In greenhouse and laboratory
experiments where plants may be moved in and out at different
times during the dormant period, the experimental results may be
affected if the plants have not received adequate chilling, or
if they vary in theig ehilling requirements,

The apparent geographic variation in chilling reguirement
is perhaps of even greater importance in the melettion of a seed
source for a given area. The time of growth resumption would

appear to be of great importance for the ability to withstand
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early summer droughts. Since lack of chilling delays growth
resumption, it may very well be that plants with a high chill-
ing requirement that are pleanted in areas with mild winters and
early summer droughts, such as the central Willamette Valley,
would be at a great disadvantage. Growth in such a situation
would not start until very late and maturation of the new growth
would not ocour before the onset of drought.

Studies including a wider variéty of seed sources and
conducted under more rigidly controlled conditions than was pos-
sible in the present study would appear necessary to further
clarify the problems raised by this study., This would apply
especially to the possible scion-understock interaction that was

observed (Tables 11 and 12).



Figure 14,

Seion of Santiam Pass clone (D7) on plant brought
into the greenhouse January 29, and maintained on
short days to May 1ll. Exposed to long days Irom
May 11, at which time it was dormant, the bud
scales opened on May 20 to reveal new growth
(arrow) with only little needle development and
stem elongation. On May 25, vigorous growth and
elongation had commenced.
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Figure 15. Same plant as in Figure 14 on November 4, 1959,
after exposure to long days from May 1ll. The
plant was actively growing and had been through
three successive periods of shoot elongation.
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Figure 16. Scion of Santiam Pass clone (D7) brought into the
greenhouse on January 29, and meintained on short
days until May 1i, at which time it was still
dormant, snd on nermal days thereafter. Omn Aug-
ust 25 bud scales formed the previous fall opened
to reveal new dormant bud, indicated by arrow,
inside the old scales.
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Figure 17. Effect of lack of chilling and/or short photo~
period. There was little swelling of the bud,
and little elongation of stem and needles on
August 25, 1959,

Figure 18, Effect of lack of chilling ard/or short photo=
period. There was little elongation of the
stem on August 25, 1959,
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