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INTRODUCTION

Many species of woody plants native to temperate regions

require a period of chilling during the winter months wher the

plants are dormant to permit break of dormancy and normal growth

during spring and surmer (1k). in some of these species, lack of

chilling may be compensated for by long photoperiode (7,lLe); in

other species long photoperiods have little or no compensating

effect (19).

A knowledge of chilling requirements is essential in ex-

periments with woody plants ccnducted in a greenhouse since lack

of chilling may bias the experimental results.

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

Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) requires

chilling for normal growth; (2) geographic or local genetic dif-

ferences in chilling requirements; and (3) possible compensatory

effects of long photoperiods.



LIThTuR R.E.VI

Howard, in 1910, showed that different peciea varied

widely with respect to their length of resting period (9, p.

37). lIe brought cuttings from 234 different deciduous woody

species juto warm greenhouse from Uctober 28 to oveuber 14,

l90. 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 wai 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 terrnated in the spr.ng. cn

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. Re found, for instance, that

sorbifolia CL.) A, Br. had one of the shortest resting

periods of any of the pecies tested, It resumed growth very

rapidly, even when brought into the greenhouse in late fall.
European beech (Faus cylvatica L.), on the other hand, had the

longest resting period and did not resume growth until early



spring, even when brought into the greenhouse in January or

February.

Coville (, p. 1,1) r3tsted that trees and shrubs native

to cold northern regions would t resure growth in the spring

unless they h:d been exposed a ;revious period of chtlling.

He found thst cuttings of dormant blueberry (Vaccinium

corymbosurn L.) exposed to outdoor temperatures during the winter

and put in cola storage on the first of March would eventually

begin to grow, even if left in the cold storage for nine months

with temperatures not above 31+°F. Plants left out of doors

durinç the winter and moved into the greenhouse on March 25 re-

sumed growth shortly there.fter. In contrast, plants which re-

ceived no winter chiUin and were left in the greenhouse in

March failed to resume normal growth during spring.

Covillo (, p. 152) also demonstrated that in blueberry

the effect of chilling was limited to the portion o the plant

chilled. Thus, if only one branch on a plant was exposed to

chilling teperatures, only buds on that branch resumed normal

growth during spring.

Coville was one of the first workers to investigate

chilling requirements of a coniferous species (bc. cit.).

One year old seedlings of tamarack (Larix laricina (Duroi) K.

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

house at teveratures of 32°-kQ°F. during the winter; similar



seedlings left in a warm greenhouse (55°..70°F.) during the winter

failed to break dormancy during the spring.

In 1923, Garner and AU.ard introduced the term "photo-

periodism!*. In an earlier report (5) they demonstrated the irn

portance of day length as a factor influencing and regulating

sexual reproduction in herbaceous plants. They also showed (6,

p. 90k) that photoperiod w-is 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 mid-

night, responded by breaking dormancy. Plants treated in a

similar manner except for exposure to additional light remained

dormant.

As mentioned previously (page 2), Howard concluded that

European beech had the longest resting period of any species he

studied. Growth was not resumed until spring reg3rdleas of the

time at which it was moved into the greenhouse. Klebs, in 191k,

(cited in 21, p. 196) observed that this species could be induced

to break dormancy in September, before any chilling weather had

occurred, if exposed to continuous 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. ].52) 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 varia-

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 greenhouse con-

ditions and cuttings brought into the greenhouse on iovember 20

resumed growth almost immediately. However, different varieties

of apricots, pears, pluiaa, 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, I. (3, p. 3) tated that in areas where cold

ther starts by the first of flovember the chilling re-

quirement of the buds of deciduous orchard trees siould 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
330

to +0°F. are

probably as good as freezing temperatures in satisfying the

chilling requirement of these species. They also observed that



plants in shade have their chilling requirement 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

insolation (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

continuous light during the first growing season which Was arti-

ficially prolonged. Thi; was followed by hardening off and by

exposure to six weeks of cold storage (ko°F.) in a dark room.

The seedlings were p1azted out in April and flowered abundantly.

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 into 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 occurred. Seedlings

stored at 37°F. continuously for 52 or 71 days .n 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 either 73°F. and dim

light, or to outdoor temperatures (mean of 6k°F.) and direct

sunlight, resumed growth later than the plants kept in cold

storage continuously during each 2k hour cycle. Intermittent
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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 k2 days as compared to 52 or

71 days.

Gustafson (7, p. 655-658) reported that when three-year-

old seedlings of white spruce (Picea glauca (Moench) Voss.) and

red pine (Pinus resinosa Ait.) were moved irto the greenhouse 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 into a heated

greenhouse (100 to 12°C.) in early (al]. 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 photoDeriod contained 87.6 percent actively grow-

ing plants by .ay 21, Gustafson concluded that rod pine seed-

lings required chilling during the winter months for growth re-

sumption during spring and that long photoperiods seemed to

compensate for lack of chilling. 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 doi-nant seedlings 0 van-
ous species (beech, yellow poplar, red. gum, and red oak) indoors

in early Januxy. $ome plants o each peciea were exposed to

short days (8 hours) and others to normal days plus additio

light (1k4 total hours). Plants of all. species exposed to long

days resumed growth sooner than those exposed to short da

Kramer concludod that the duration of the growing season of some

tree species may be partially regulated by the length of day.

ilowevor, if these plants were kept outdoors utii spring and cx-

posed to controlled photoperiods, the plorto under short days

resumed growth as soon us those under long days. areing (la,

p. 21k), coLimenting on these results, stites that 'by the date

when te.perature has risen suficient1y to permit growth, the

length of the natural day is no ion&cr : 1iitin factor."
Wareing (19, p. 7-55) found tb.t seedlings of $cots pine

(Pinus ajlvestri.s L.) that were moved into a heated greenhouse

(13°C.) in tue fall remained dormant throughout the winter .3

showed little 3igIL of breaking dormancy until early ipri1. Plants

which were left outdoors during winter and rnoved indoors the third

week of February, all broke dornancy early in March. He also ob-

served that if plants were exposed to continuous illumination

early in September, thea...oa1d resume growth in three ees, while
plants loft on normal eay remained dormant. ilowuver, if plants

were exposed to continuous 1lumination fru uctobor 3, t
plants remained dormant after three weeks and after eight weeks



very little shoot elongation followed. He concluded that after

the buds became fully dormant, long photoperiod bad little effect

on breaking dormancy and that winter chilling was apparently

needed for normal growth resumption (19, p. 55).

Olmsted (1k, p. 372-393) reported that the sugar maple

(Acer eaccharum Mareb.) population in the Chicago, Illinois area

with which he worked apparently needed several hundred hours of

chilling 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 Septena-

bar 15, only 35 percent bad resumed growth. 4any more of the

unchilled plants resumed growth when they were exposed to either

normal spring and summer days (6k percent) or to 20-hour photo-

periods (5k percent). II concluded that lack of adequate chill-

ing can be partially compensated for by long phetoperiods.

Olmsted brought groups of sugar maple seedlings into a

warm greenhouse on December 6, and at intervals thereafter until

February 16 (14, p. 381). H, 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.

only about half the planta ed signs of breaking dormancy and
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Exposure to temperatures of from 530 to k5°F. for a suf-

ficient number of hours is generally considered as good or better

than subfreezing temperatures in aatiafyin3 the chilling require-

ment of several species of plants (3,19,1k, p. 367-366).

Olmeted (1k, p. 381-382), however, found some evidence that

shorter periods of subfreezing temperatures may be much more ef-

fectjve than hitherto considered. On the night of December 12,

the outside temperature near Chicago dropped to 8°?. and bad

risen only to 18°F. on the afternoon of December 13, at which

time a group of seedlings was moved into a heated greenhouse. On

the afternoon of December 1k, another group was moved in while

the temperature was still ranging between 100 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

weeks 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 date of bud burst.

Olmsted suggested that geographic variation in chilling re-

quirements of native populations might exist.

ienstaedt (13), working with white spruce (Picea glauca

(Moenob) Vos.) grafted on rootetooks cf white spruce or Norway

spruce (Picea abies (L.) Karet.), found that unchilled scions

almost completely failed to break dormancy in the spring if kept

under short days (13 hours), but 75 percent of the grafts resuaed

growth if they were kept under long days (20 hours).



Nien6tadt found that chilling was more eUective

ducing break of dormancy than long photoperiods, 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 compred with chilled scions under short days, but the

amount of growth (elongation) was also reduced.

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

that seedlings of eastern hemlock (Tsua 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 dormancy independently of the

photoperiod. 0neyear*old seedlings of Carolina hemlock (Tauga

caroliniana Engeim.) broke dormancy even though unchilled and

under short days. These results suggested to the authors (15,

p. 48), "either that the chilling requirement was less than for

Tauga canadenais or that the photoperiod compensation for lack of

chilling is greater in at least some individuals of this 8pOCie$."

Irgens-Mollor (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, lie also showed that when seed-

hugs from different elevations along an east-vest transect wore
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brought into the greenhouse on February 3, ud exposed to normal

days, there was a much greater difference between mean dte of

bud burst of high and low elevation seedlings than when simil.r

seedlings were left out of doers all winter. Re concluded that

these differences may be due partially to differences in chiU

ing requirement,

No reference was found in the literature to possible

chilling requirements of Douglas-fir.



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 Oregon Cas-

cades. The four areas are located* (A) on the coast near

Tachats (at l*vaton of 1300 feet); (B) on Mary's Peak in

the Coast Range (3200 feet); (C) in I4cDonald Forest, ten miles

north of Corvallis (300 te.t); and (D) in the Browder Creek area

in Santiam Pass (4OOO feet, Fig. 1).

The underatocka 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 undez'stock (Table 1).

Only plants with healthy, vigorous appearing scions nd

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 oi scion-understock combination was brought into the

greenhouse while the other half was brought into the saie gre

house January 29, 1959.

1Plants used in this study were part of a number o planta
used for a Reciprocal Transplanting Study being conducted by
Pacific Northwest Forest and Range Experiment Station, U. S. For-
est Service, in coopertton with the Forest Research Division,
Agricultural Experiment bt.tion, Oregon State College.
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TABLE 1. Plaflt8 (scion-understock combinations) used in chill-
ing experiment. Capital letters designate area ot'
origin of scion wood and small letters the area of
origin of understock. A,a = Coast; B,b Mary's Peak;
C,c = McDonald Forest (Corvallis area); and D,d =
Browder Creek (Santiam Pass area). Tree numbers refer
to specific treea within a given area.

Origin of Tree Origin of umber of Total in
ion wood number understock plants clone

A 4 a 6
A 4 b 5
A 4 C 6
A 4 d 3 20

B 1 a 6
B 3. b 6
B 1 6
B 1 6 24

B 2 a 6
B 2 b 6
B 2 c 6
B 2 d 6 24

B 4 a 6
B 4 b 6

B 4 C 6
B 4 ci 6 24

C 1 a 6
C 1 b 6
C 1 c 6
C 1 ci 6 24

C 2 a 6
C 2 b 6
C 2 c 6
C 2 ci 6 24

C 3 a 6
C 3 b 6
C 3 c 6
C 3 d 6 24



TABLE 1 (continued)

Origin of Tree
ion wood number

Origin of
underatock

Number of
plants

Total in
clone

6 a 6
6 b 3
6
6

9 a
9 b 6
9 C 6
9 d 6 2k

10 a 6
10 b 6
10 C 6
10 d 6 2k

a 6
b 6
C 6
d 6 2k

a 6
b 6

2 C 6
2 a 6 2k

3 a 6
3 b 6
3 C 6
3 d 6 2k

k a 6
k b 6
k C 6
k a 6 2k

7 a 6
7 b 6
7 0 6
7 a 6 2k



TABLE 1 (continued)

Origin of Tree Origin of Number of Total
Bcion wood number undez'atock plants clone

Total number of plants
u8ed in experiment 376 376

9 a 6
D 9 b 6
0 9 C 6
0 9 d 5



The length of day was approximately 9 hours and minutes

on November 11 when the first half of the plants was brought into

the greenhouse and as approxinctely 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 5:30 p.m.

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 greenhouse was recorded during the

experiment by a thermograph placed among the plants. The average

daily maximum temperature was aproximateiy 714°F., and the aver

age daily minimum temperature W58 approximately 59F. The tem-

perature never went above 90°F. or below 50°F. during the

experiment.

Through daily observations, the dates of bud burst for

scion and understock of each individual plant were recorded.

Date of bud burst was defined as the day when the terminal bud

of any branch, regardless of position on the plant, opened to

expose the new needles.



EFFECT OF EXPOSUPE TO WINTER CliILLfl3G
FOR Tt40 DIFFERENT PERIODS

By March 15, 1959, bud burst had occurred in 37 (20 per-

cent) of the scions and 12k (67 percent) of the understock

brought in January 29 as opposed to none among the scion-

understook combinations brought in Iovember 11 (Table 2).

Four months of exposure to greenhouse conditions during

the winter months (from November 1]. to March 15) thus prevented

growth resumption before March 15 in all of the clones ued in

the present experiment, s well as in all of the four types of

understock used.2 One and a half months of exposure (from Jan-

uary 29 to March 15) did not completely prevent growth resump-

tion. Bud burst had occurred in approximately 20 percent of the

scions by March 15, and in more than half of th raining 80

percent the buds had swelled. Bud burst had occurred in 67 per-

t of the understock by March 15 while almost all of the re-

ning plants showed bud swelling.

Greenhouse conditions did not appear to affect ti

stocks to the same extent as the scions. This difference is no

doubt due to the fact that the understock were only four- to

eight-year-old seedlings while the scions were collected from

trees 30 to 50 years old. young trees generally resume growth

considerably earlier than older trees of similar hereditary

constitution (21, p. 208).

regardless of the origin of rootatock.

18

A clone is defined her a scions from a particular tree,



igure 1, East-west transect across weatern Oregon along
which understocka and acions were selected.
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The xortaLLty of scow wuu tiLe sar.ie for both treatiztents 

(Table 2) aid occurred only during the exposure tQ greenhouse 

conditions. The mortality of understock, however, was hhet 
in the group brought in on November 11 (twelve as opposed to 

only three in the group brought in January 29). 

ccluei one 

The only variable factor in this experiment was the 

length of the period the plants were exposed to th.e greenouss 
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 March 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 kO minutes, ex- 

posure to low temperatures during winter appears to be essential 

for growth resumption. 

4.1 



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 1]. Plants moved into greenhouse on January 29
Origin

of
clones

(scions)

Number
of

plants

Number of plants which
Number

of
plants

Number of lants which
started died

growth before before
March 15 March 15

started died
growth before before

March 15 March 15

Ak 1 2

Bi 12 0 1 12 0 1
B2 12 0 0 12 k 0
Bk 12 12 1

Sub totals 6 0 36 5 1

Cl 12 0 0 0
Ca 12 0 1 3 0
C3 12 0 0 a 3
c6 11 0 1. 10 2 0
C9 12 0 0 12 8 1
do 12 0 0 12 2

Sub totals 71 0 2 70 21



TABLE 2 (cont

Plants moved into

Origin
of Number

clones of
(scions) plants

P1
D2
P5
Dk
P7
P9

1ub totals

Grand
totals 190

Origin
of

under-
stock

72

nued)

enbouse on November II i1ants moved into greenhouse on January 29

Number of p1ant which
Number

of
plants

Number of plants which
started died

growth before before
March 15 March 15

started died
growth before before

March 15 Maroh 15

0 1 12 0 0
0 0 12 0 2
0 1 12 6 0

0 1 12 0 0

0 1 12 0 0
1 11 0

0 5 71 5

0 12 186 37 12

0 2 '#8 32 0
0 6 '+5 28 2
0 3 '#8 '#1 1
0 1 45 23 0

0 12 186 124 3

'#8
'#7
'+8
k7

a
b

C

d

Totals



TABL1 3. Temperatures in greenhouse and out of doors from September, 1958 to March 15, 1959.
Out of door temperatures are those of U. S. Weather Bureau's Climatological records
for Corvallis, Oregon (17).

Average Dai1 Maximum-Minimum Temperatures

h

Greenhous Out of doors

Maximum Mi.nimum
Difference in

maximum-minimum Maximum
Difference in

Minimum aaximum-minimum
No. days

below 32 F

September 75 49 26 0

October 67 41 26 0

November 70 51 19 53 39 14 9

December 70 59 11 51 38 13 6

January 7]. 60 11 48 36 12 7

February 59 1 49 34 15 11

March 1-15 8). 59 22 5, 35 20 6



GJCGPAHtIC VA}IATIC IN TL OF GROWTH RESUMFTION

Differen he time of bud burst among the clones and

the four kinds of understooks appeared in the plants brought in

January 9 (Table 2). In order to study these differences, the

plants w kept under the controlled photoperiod unt

1959.

Understock

The an date of bud burst for the understock from

vallia was approximately eleven days earlier (harcb 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 Coaat (March 1) (Fig. 2,

Table Li),

TABLE k. Mean dates of bud burst, total numbers, and percentages
of plants which resumed growth before May 11 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 Mean
Origin plants alive of plants which date

of at end of which started started of bud
unders took e eriment : owth .rowth bursts

Coast L*8 '+6 96% 20.61
Mary's Peak L3 '+0 93% 20.63
Corvallis '+6 '+4 96% l2.98
Santiam Pase '+5 42 93% 23052
Total
understock 182 172 95%

Number of days after Fe uary 22.



Figure 2. Dates of bud burst in understocka 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 4ay 11.



Coast
1300' elev.

Mary's Peak
' slav.

Corvallis
300' elev. - U

Senti Pass
1.00Q e].ev.

x

.Iiih....

1L.
x

a a S March?

as a I March18

Origin of Underatock Mean Date

0 5 10 6o
Number of dars after February 22

x mean date

One plant

March 15

March15



ces among the mean dates of bud burst for the four kinds of

understock. Further analysis (t.teste comparing adjacent ranked

means, Table 6) showed that the underatock from Corvallis was

significantly earlier than the underatock from the Coast; that

the underetoak from the Coast was not significantly earlier than

underatock from Mary's Peak; and that understock from Mary

Peak did not differ significantly from Santiam Pass understock

with regard to time of bud burst. From these results it can be

inferred that the Corvallis understock also differs significantly

from the Mary's Peak and Santiam Pass undorstock.

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

Analysis of variance (Table 5) sbowd significant differ-

Degrees
Sum of Mean

Source of variation of squares freedom square F-value

l of oi'Significant at the 5 percent 1ev

Among areas 2,656.kO 3 88 .
Undera teak within an area 13,115.78 168 78.07
Total 15,772.18 171



TABLE 6, T-tests comparing adjacent ranked mean datea of bud 

burst of Douglas-fir understock 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. 

Yallie vs. Coast 
understock 

Coast vs. Mary's Peak 
unders tack 

Mary's Peak vs. Santiarn Pass 
underatock 

Ranked mean dates of bud burst 

Corvallis (c) Coast (a) Nary's Peak (b) Santiarn Pass (d) 

12.8 20.61 20.63 23,52 

T-teet coxn.arisons T-values 

Any two adjacent ranked means net underscored by the same line 

are significantly different at the 5 percent level of sig- 
nificance. Any two adjacent ranked means underscored by the 

earns line are not significantly different. 

.k.09 with 168 degrees of frsedom' 

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

I., 

29 

'I 

U U 'I 'I -0.00 



S

The mean date of bud burst of tho clones from Corvallis

(Table 71 Fig. 3) was five days earlter (March 20) than the mean

date for the clones frox Mary's Peak (March 25), and eight days

earlier than the mean date for the clones fr3m Santian Pass

(March 28). These differences are consistent with the differ

cea in mean date of bud burst found among the und.rstocks from

same areas (Table k). The iean for the single clone from

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 on. clone which is too small a

ample to permit ni conclusions.

A hierarchical classification analysis of variance

(Table 8) revealed that mean dates of bud burst for clones from

the four areas did not differ significantly. This lack of at

nificant difference in date of bud urat should be viewed

critically because of the fact that only one clone from the

Coast area and only three from the Mary's Peak area were avail'

able for the experiment, while six clones from each of the other

two areas were available. Furthermore, in only turee of the six

clones from th. Santiam Pass area did a sufficient number of

plants start growth (bud burst) before termination of the experi'.

ment (Table 7).



Mary's Peak 

Total 

Grand 

35% 27.60 General mean 

8% 25.k3 
50% 12.17 
100% 9.58,, 
69% 24.24 General mean 

75% 16.89 
75% 24.22 
75% 23.78 
100% 18.10 
75% 9.56 
8% 24.60 

Number of days after 

80% 19.59 General mean 

8% 25.00 
0% 34.50 
91% 14.91 
50% 43.00 
0% 
8% 36.00 

17.00 

31 

TA.BL 7. Mean dates f bud bursts, total numbers, ad percentages 
of plants which resumed groith before Nay 11 in clones 
of Douglas-fir from four different areas. All plants 

were brought into the greenhou&e en January 29, 1959, 
and were nintained on short days up to Nay 11, 1959. 

131 12 7 
132 12 6 
Bk 12 12 

Total 25 

Corvallis 
Cl 32 9 
C2 12 9 
C3 12 9 
c6 10 10 
C9 12 9 

ClO 12 10 
Total 70 56 

Santiam Pass 
Dl 12 1 
D2 12 6 
D3 12 11 
Dk 12 6 
D7 12 0 
9 11 1 

Total number Number Percent- Mean 
Origin of plants to age to date of 

of at end of resume resume bud 
clones experime at growth growth burst 

Ak 78% 



igure 3. Dates of bud burst in scions 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 !4ay 11.
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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. AU plants were brought into the
greenhouse on January 29, 1959, and were maintained an
short days up to May II, 1959.

Among the four areas 1,403.90 3 467.96 0.80
Clones within an area 6,380.71 U. 80.o6 5.34'
Sciona within clones 10,643.39 98 108.60

Total 18,428.01 112

gnificant at the 5 percent level of significance.

Clan within a particular area, however, fired sig-

antly in mean 4 to of bud burst (Table 8). Further analysis

te on adjac t ranked means, 'Iab1e 9) showed that among the

is from Mary's Peak, clone B2 was significantly earlier

(March 13) than cloue Bi (March 26). None of the adjacent ranked

means of the clones from Corvallis differed si iticantly. Among

the clones from Santiam Pass (Fig. 4), clone D3 was significantly

earlier (March i) than clone D2 (April 5). Clone Dl and D9 were

not included in the test because only one observation was ob-

tained from each of these Clones.

Differences in the percentage of plants which started

growth before 4ay 1]. were also evident. In the six Corvallis

clones, an average of 80 percent of the plants had started growth

as opposed to only 35 percent for the clones from Santian Pass.

The corresponding figure for the cloneø from Mary's Peak was

Degrees
Sum of Mean

Source of variation of squares ireedom square LUe



TABLE 9. P-tests comparing adjacent ranked mean datea* of bud
burst of Douglas-fir clones from different areas. AU.
plants were brought into the greenhouse on January 29,
1959, and were maintained on short days up to May U.,
1959.

Mary's Peak Clon

Corvallia Clones

Ranked mean dates
C6 C3

9.56 16.89 18.io 23.78 2k.22
C9 Cl

am Pass Clones

50 degrees of freedom
50 degrees of freedom
50 degrees of freedom
50 degrees of freedom
50 degrees of freedom

ed mean dates

D3 D2 Dk
lk.91 3k.50

P-test comarjaons P-value

Clone D3 versus clone D2 _3.Lf2 with 20 degrees of freedom'
Clone B2 versus clone Dk -1.30 with 20 degrees of freedom

C2 dO
2k 60

ber of days after Maroh 1.
gnificant at the 5 percent level of significance.

Note: Any two 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.

5

Clone C9 versus clone Cl -1.51 with
Clone C]. versus clone c6 -0.25 with
Clone C6 versus clone C) -1.20 with
Clone C) versus clone C2 -0.91 with
Clone C2 versus clone ClO -0.08 with

Ranked mean dates

31 Bk
12.17 29.58

P-test comparisons P-value
Clone B2 versus clone Bi -2.36 with 22 degrees of fr.edom**
Clone B1 versus clone Bk -0.86 with 22 degrees of freedom

P-test corn .ariaons ¶Z-va1ue



69 percert. The variation in percentage of plants to start

growth among the clones from any given area differed greatly.

For the six Corvallis clones, this percentage varied from 75 to

100 percent, while for the six Santiarn Pass clones the corre-

sponding figures were 0 to 9]. (Fig. 4,5,6), and for the three

Mary's Peak clones, 50 to 100.

An analysis of variance (hierarchical classification)

revealed that the clones fcin the four different areas did not

differ significantly with respect to the number of plants which

started growth within any given area; however, it was found

that the clones within a pbrticular area differed significantly
in number of plants which started growth (Table 10).

TABLE 10. Analysis of variance (hierarchical classification) of
total number of p1ant 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 Nay U, 1959.

36

Among the four areas 7.75 2.58 3 19
Clones within an area 9.71 12 0.80 5.11 *
Scions within clones 26.88 170 0.15
Total i8

Degrees
Sum of Mean

Sourc of squares freedom square F-value

*Signjrjcant at the 5 percent level significance.

Again these results should be viewed critically due to

the unequal number of clones from the different areas.



Figure k. Santiam Pass clone (1)3) brought into the green-
house on January 29, and maintained on short
days. Eleven of the original 12 scions had
resumed growth by Nay 11, 1959.'

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

Figure 6. Santiam Pass clone (1)7) brought into the green-
house on January 29, and maintained on short
days. All of the original 12 scions were dor-
mant on May 11,1959. (One plant not shown

'Arrows indicate the i3cion portion of the graft.
Note complete loss of all old needles on scions in
clones 1)3 and Dl Scions La clone 1)7 show no
defoliation.
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COnClUSiOnS

All plants brought in on January 29, 3.959 had been growing

nader essentially similar couditiene since May, 1958. For that

reason, the observed variation nay be ascribed tentatively to

genetic differences.

Lack of exposure to low tenperatur.e was shown to result

in delay in, or lack of, resumption of growth (Table 2). The

underetocke from the three highest elevations (Coast, Mary's Pcsk,

and Zantiaa Pass) were the latest to start growth (Table k).

Similarly, the clon.e from the two highest elevations (M.ry'a

Peak and Santiam Pass) contained a higher percentage of plants

failed to start growth (Table 7).

This would suggest that plants native to high elevations,

areas characterized by long and severe winters, differ gen.ti.'

cally from plants native to low elevations with mild winters in

that they requir. a longer exposure to winter Conditions The

differences found among clones native to the sans area (T*ble 9)

suggest that considerable local genetic variation also exists.



day.)

from Corval:

variation is s:

SCIC AND UNDERSTOCK INTERACTION

The average date of bud burst of undez-stock Table ii),

regardless of origin, when grafted with scions from Mary's Peak,

8 earlier (March 9) than understock grafted with scions from

Corvallis (March 13) or from Santiam Pass (March 1).

amount of influence of the different scions upon the

understocks appears to differ among the four types f underatok.

Thus, excluding the effect of scions from the Coast because of

inadequate samples, the greatest dif

underetocks from Santiam Pass (1]. days)

und.rstocka from Corvallis (3 days).

The average date of bud burst

origin, when graf tea onto Santiam Pass understock, was four and

five days later (March 26) than scions grafted onto Mary's Peak

(March aa.) and Corvallis understock (March 21), respectively.

The amount oX influence of different understocks upon

scions also appears to differ among the four types of scions

(Table 1). Thus, again excluding the Coast scions, the greatest

differences are found among the scions from antiam Pass (16

be differences for the scions from Mary's Peak and

noes are found among the

and the smallest among

scions, regard1es of

only six and five iays, resective1y. This

r to that found among the underatocks.



¶AELE 1]. Underatock-Scion Interaction.
grafted with different scions.
January 29, 1959, and were sal

Source of
scion saterial

Coast
Mary's Peak
Corvallis
Santiazn Pass

Greatest
differences

Coast
understock

Mary's Peak
understock

èan dates of bud burst' of different understocks when
All plants were brought into the greenhouse on
ained on short days up to May11, 1959.

Corvallis
understock

'Nusber of days after February 22.
Underistocks with dead scions are excluded.

Mean
date

19.50
11
11.53
14.05

No. of
lants

a
9

17
15

Santiam Pass
underatock

Mean No. of
date 'lants

Number
of

Averae lants

6 .00 1 22.83 6
15.14 7 15.41 34
26.50 16 18.68 62
20.87 15 21.10 61

Mean
date

No. of
'lants

Mean
date

No. of
415nt2

13.00 2 16.00
19.11 9 15.89
19.41 17 17.33 12
23.73 15 25.44 16



Coast
Mary's Peak
Corvallis
Santja Pass

Greatest
differences

bor of days after March 1.

11.50 2 25.57 7 24.47 15 24.57 7 23.90 31
10.50 2 22 29 7 15.77 13 31.29 7 20 72 29
19.00 2 28.00 6 17.20 15 19.83 6 20 10 29
37.00 1 20.60 5 20.85 13 36.00 5 24.63 24

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

Mary's Peak Corvallis Santias Pass
Coast scions scions scions scions Number

Source of Mean No. of Mean No. of Mean No, of Mean No. of of
unders tocke date plants date plants date plants date plants Averag. plants

5 16



Conclusi.

Since the present experiment was not originally designed

to study scion-understock int.ractions, the above data should

probably be viewed critically. Rowever, it appears that scions

from Santiam Paaa delay bud burst in understocks, regardless of

the origin, and similarly, that 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. Uowever, in view of the fact that other types

f acion-understock interaetions are known from other woody

species (16), it is felt that further investigations are
warranted.

43



EFFECT OF PHCTOPERIOD

The plants brought into the greenhouse on November 11,

1958 showed no signs of bud burst on March 15, 1959 after baring

been exposed to greenhouae temperatures ard to a day length of

approximately nine hours and 1.0 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 U after

which dats plants were exposed to normal day length. The

other group was placed on a bench in the same greenhouse and

exposed to normal day length, and two hours of artificial light

from 1 a.m. til 3 a.m. by means of four fluorescent tubes and

one 150 watt tnoandeacent lamp suspended four feet above the

plants. Thermographa placed among plants under each of the

treatments showed that temperature differences caused by the

lamps were negligible.

Underetok

The experiment was terminated on August 25. By that date

only 36 percent of the understocke 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 k percent as opposed to 33 percent under t

additional light treatment.



TABLE 13.

Under
Scion stock

Ak
Ak
Ak
Ak

Bi
Bi
Bi
Dl

a
b
C

d

a
b

B2

Bk
Bk
Bk
Bk

Cl a
Ci b
Cl C

Ci d

C2 a
C2 b
C2 c
C2 d

C3 a
C3 b
C3 C

C3 d

Types of scions and number of plants by scion-under-
stock combinations used in photoperiodic experiment.
All plants wore brought into the greenhouse on Nov-
ember 11, 1958, and were maintained on short days
until March 15, l99. Experisent was terminated
August 25, 1959.

Normal days plus
2 hours

additional light
No. of Total for
plants scions

1
2

3.

2
a

k

Short days until May 11,
normal days thereafter

No. of Total for
plants cione

3.

0
1
1

2
3.

1
2

3.

1

k5

1 2
3. 2

6 6

1
2
I
26

2
I
2
12

2



Under-
Scion stock

c6
c6
c6
c6

C9 a
C9 b
C9
C9

do a
ClO b
do C

do d

Dl a
Dl b
Dl C

Dl d

D2 a
D2 b
D2 C

D2 d

D3 a
D3 b
D3 C

D3 d

U? a
D7 b
D7 C

D7 d

Normal days plus
2 hours

additional light
No. of Total for
planta scions

6

Short days until May 11,
normal days thereafter

No. of Total for
plants scions

0
a

2
3.

2
I

2
1
2
I 6 6

1
2
I 2
2 6 I
2

6

2
2

2 I
2 6 1

1
1
2
1 6

TABLI 3 (cont sd)



TABLE 13 (continued) 

D9 
D9 

D9 

Under- 
on stock 

a 
b 
C 

4 

Normal day8 
2 hours 

addittonal liçht 
No. of Tota 

plants .cio 

Short days until May 1]., 
normal days thereafter 

No. of Total for 
plants scions 

I 
2 
I 
I 

'+7 



TABLE 1k. Effect of two different photop.riods on the breaking of dormancy in unchilled
Douglas-fir underatocka from four different areas. Long day treatment was started
on March 15, 1959, and the experiment was terminated on August 25, 1959.

Normal days
plus 2 hours additional light

Coast 2k 71
Mary's Peak 21 57
Corvallis 23
Santiam Pass 21 67

25

35
28

1

0
9

23
20
22
2k

Short days until May 11
normal days thereafter

61 39
30
36
17

55 15
59 5
62 21

Origin Number Percentages p1ants which Number Percentages of plants which
of of Started Remained of Started Remained

underatock plants growth Died dormant plants growth Died dormant

Totals 89 63 4 89 36 54 10



Scions

August 25, when the experiment was terminated, only

about three percent (3 of 89) of the scions under the short

day-normal day treatment had resumed growth as opposed to 50

percent (k5 of 89) of those receiving additional light (Table 15;

Fi 8,9). The corresponding figures for mortality were 6k and

142 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.

teaningful comparisons of mean date of bud burst and

number of scions to resume growth between clones from within

y 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

scions from the Santiam Pass clones, being 9k 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 underatocks 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

1+9



Peak clones was 102 days after the start of the long day treat-

however, only six scions from this area resumed growth

h 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

Saritiam Pass area and the clones from the Mary's Peak arid

Corvallis areas under the short day-normal day treatment. Only

kk 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 area were 80 and 14 percent,

respectively, and tor the scions from the Nary's Peak areas 67

and 33 percent, respectively.

The percentages of plants which resumed growth or died

did not differ greatly among the four types of underatock re-

ceiving additional light. Under the short day-normal day treat-

ment, however, 61 percent of the Coast understock resumed growth

while only 6, 30, and 17 percent of the understock from Corval-

lis, Maryts Peak, and Santiam Pass, respectively, resumed

growth. Mortality was lowest in Coastal understock (39 percent)

and highest in Santiam Pass understock (63 percent).

The underetock from Santiam Pass showed the greatest dif-

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



existed for the Corvallis and Mary's Peak understock, but for

Coast understock the difference was only 10 percent (61 and 71

percent resumed growth under short days-norma]. 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). Thue, 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

(mean date 5k 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

owtb in some of the short day tteated plants no meaningful

comparisons can be made among the mean dates of bud burst of the

four kinds of understocic under this treatment.

Some of the clones brought into the greenhouse on Janu-

ary 29, 1959 bad not yet resumed growth when the experiment was

terminated on May U. This was particularly the case with three

of the Santisin Pass clones (Dl, D7, and D9).

All dormant, healthy plants in each clone were divided

into two groups. One group was exposed to normal days while the

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



TABLE 15. Effect of two different photoperioda on the breaking of dormancy in unchilled
Douglas-fir clones from four different areas. Long day treatment was started
on March 15, 1959, and the experiment was terminated August d5, 1959.

Mary's Peak
B].
B2
Bk

Total for area
Percentages

6
35

14

2

4 2
2 3
2 14

1
14 1
L L

18 114

55 42

0
0
0

11
65 0

0

Normal daye Short days until May 11,
plus 2 urs additional light normal days thereafter

Origin Total nun Number of plants which Total nun- Number of plants which
of bar of Started Remained ber of Started Remained

clones plants growth Died dormant plants growth Died dormant

6 0 3
6 0 2
6 0 I

18 0 12 6
100 0 67 33

6 0 5 1
6 0 6 0
6 0 14 2
6 1 5 0
6 0 2

..L
36 2 29 5

100 6 80 114

Corvallis
C]. 6
Ca 5
C3 6
c6 14

C9 6
010 6

Total for area 33
Percentages 100

Coast
Ak 14 14



TABLE 15 (continued)

2
0
1.

0
2

100

89

3
0

Origin
of

Total mis-
her of
plants

Number
Started
growth

San tian Pass
Dl 6
D2 6

D3 5
6

B? 6
D9 6

Total for area 35 21
Percentages 100 60

Total for all

5
6
6 0

0
0
0

32 LL 17
44 53

57 29

64 33

of plants which Total nurn- Number a which,plante
Remained her of Started Remained

Died dormant plants growth Died dormant

3100

areas 89

Percentages 100

37

50 42 8

45

Normal day3 Short days until May ii,
lus 2 hours additional light normal d.ys thereafter



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

9. Plants of Nary's Peak clone (132) brought into
greenhouse on November 11, 1958, and maintained
on short days until March l, 1959. The plant
on the left was ecposed to long days starting
March 15. The plant on the right was maintained
on short days until May 11, and normal days
thereafter. Arrows indiate the scion portion
of the graft.
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10. Bates of bud burst in scions of Douglas-fir
from four different areas when brought into the
greenhouse on November U. and maintained on
short days until May U. and normal days there-
after until August 25 (indicated by "8"), 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 en the long day treatment bad resumed growth while 

only 5 of the 2.5 on the normal. day treatment bad resumed growth 

(Table 16; Fig. U. and 12). 

TABLE 16. Effect of additional light after May 11, 1959, upon 
growth resumption in clones of Douglas-fir. All 
scions were brought into greenhouse en january 29, 

1959, and maintained on short days until Ar 11, at 
which time they were still dormant. Experiment was 

terminated on August 25, 1959. 

Clones 

Bi 
B2 

Total 

Cl 
C3 
C9 

Total 

Dl 
D2 
D3 
Dk 
D7 
D9 

Total 

Normal day plus 2 hours 

1. 

2 
5 

9 

I 
0 
0 

2 
0 
2 
5 
k 

18 

0 
0 
0 

0 

1 
0 

0 
2 
0 

3 

additional light Normal dais, 
Total Number of Total Number of 
number of plants to number of plants to 

plants resume growth plants resume growth 

Grand total 26 23 25 5 
Percentage 100% 89% 100% 20% 



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

Santiam Pass clone (Dl) 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.





63

Cen.1usion

Exposure to two hours of additional light during the aid

of th, dark period induced growth resumption in plants which

had received only little exposure to winter conditions, prior to

November 11; or inadequate exposure, prior to January 29. Sinci

plants treated similarly except for the exposure to additional

light tailed to resume growth, it ay be concluded that ad-

ditiona]. light compensates to some extent for lack of exposur.

to winter conditions.

No explanation is offered for the high mortality of the

hiUed plants (Tabi.. 14 and 1). However, since in almost

aces death occurred bafor. bd burst, it seems that lack of

chilling and/or short days are the cause of the mortality. Zn

the unchilled plants that received additional light, the nor-

tality wee lees than in the unchilled plants kept on short days-

ramI days. This would appear to be an effect of the additional

ght. High mortality in unohilled plants has b.n reported in

other studies (7,lk,15).



DISCUSSION

The of Douglas-fir break dormancy in a

normal when moved into a warm greenhouse in November con-

firma earlier reports (4,7,14,15) that m 1 the woody species

native to temperate regions reuira a period of exposure to low

temperatures before growth may be resumed. This is further con-

firmed by th, fact that some of the plants exposed to low tern-

peraturea 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

The observed differences in mean datea 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 ro

to some environmental factor of the experiment. oh genetic

differences may be the result of the differences in selective

forces among the four areas of origin.

One of the greatest differences among the four areas,

respect to environmental conditions, is the duration and

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 Will.amette Valley

(Corvallis area) did resume growth when exposed to winter tem-

peratures until late January, as oppcsed to very few scions from

high elevations (Marys Peak and Santiam Pass), indicates that

6'.

the duration and severity of winter may selective for
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sponaible 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 plant. which resumed growth,

date of bud burst was earlier for illam.tte Valley under-

stock and scions than for underatock and scions from high

elevations (Tables k and 7).

Unchilled scions failed almost completely to break dor-

mancy. However, it they were exposed to long days, almost

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-

mancy before ay 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 scions which failed to break dormancy after chilling until

January 29 were from Santiem Pass, which indicates a high chill-

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

u indication of the degree to which chilling requirements hav

been met. The greater the effect of long days upon growth re-

sumption, compared with that of short days, the greater the

tisfied chilling requirement appears to be.
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Underetocks and scions differed with regard to mean date

of bud burst under the various treatments. Scion rnaterial from

the Coast baa been disregarded here due to an inadequate sample.

Underetocics arid scions that were moved into the greenhouse Janu-

ary 29 and maintained on short days, differed 10 to 13 days in

ifl date of bud burst (Table 17). Understocks and scions moved

November 11 and eubected to long days starting March 15,

ftered kO to 50 days in mean date of bud burst (Table 18).

all oases, the understocka resumed growth before the scions.

Similarly, the difference between the percentage of underatocke

and scions brought in November 11 which resumed growth was greater

under short days than when additional light was given (Table 1+,

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 chilling requirement

of the zcions was greater than the chilling requirement of under-

stock from tha same area, or that the scions from a particular

e mois sensitive to photoperiod than understock from the

same area. However, sinc, the scions uasd in this experiment were

collected from trees 30 to 50 years old, while the understocks

wore three- to eight-yearold seedlings, these results probably

fleet Wareing's observation (21, p. 208) that in a particular

edlings resume growth before older trees in the same area.



TABLE 17. Comparison of average dates of bud burst of scion
material and understocks from the same area moved
in greenhouse January 29, 1959 and maintained on
short days up to May 11, 1959.

TABLE 18. Comparison of average dates of bud burst of un-
chilled scions and undaratoeka from the same areas
under normal days plus 2 hours of additional light
up to August 25, 1939.

This study yielded no Information as to the relative im-

ortance of the level of low temperatures compared to the length

time of exposure. The plants 1eft out of doors until Janu

29 received approximately three more months of chilling than

those brought in on November 11. During this period, the daily

nimum temperatures averaged around 38°F. and the daily maximum

mperatures averaged around 50°F. (Table 3). On only 22 days

during this period did the temperature drop below freezing.

67

Understock Scion material Difference

Coast May 1 - --

Mary's Peak May 6 June 50
Corvallis May 8 June 17 40
Santiam Pass May 15 June 27 43

of origin lJnderstock Scion material Differ

Coast March 15 March 18 3 days
Mary's Peak March 15 March 25 10 days
Corvallis March 7 March 20 13 days
Santiam Pass March 18 March 28 10 days



rera]. eresting observations wore made during tliL. 

study that may mertt further investigation. For instance, among 

clones brought into the greenhouse on November 11, many of the 

scions dropped their needles during January. On closer examina- 

tion it became apparent that this defoliation was limited to 

tam clones. In the p1 ants brought in January 29, defolia- 

tion dtd not occur until March, and was again confined to certain 

clones. All the scions in clones Dl, D3, C6, and B2 were com- 

pletely defoliated but there was no d.fo1ation in clones D7, D9, 

and D2 (Fig. k,5,6,8,933). 

Defoliation did not cause mortality or prevent breaking of 

dormancy. In clone Dl, for instance, all twelvø 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 fie months. The five plants which did 

not receive long-day treatment remained dormant and were still 
live Apri], 1960, after having been defoliated for over one year 

and dormant for about 19 months. Scions of clone D7 which did 

not resume th 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 1eaes. 
Lack of bud burst was not always an indication of dormancy 

the apical meristem. Scions of clone D7 which received winter 

chilling wore still dormant on May 1]., although at least a few 

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



Figure ).3. Santiam Pass clone (1)9) brought into the green-
house on January 29, and maintained on short
days. Note retention of ].eaves as of June,
1959. Arrows indicate scion portions of the
grafts.



0



71

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 awolien buds opened to

reveal another poorly developed terminal bud on a very short

shoot with abnormally short and closely spaced needles (Fig. 1k).

After another two weeks of axpoure to long days, needle and

stem elongation occurred (Fig. l,l5).

About August 23 the swollen bude of the scions exposed to

short days opened to reveal a well formed dormant bud within 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 also in unchilled plants,

but evident in the plants left on short days than in

those that received long days (Fig. 17 and 18).

Due consideration of chilling requirements is important

involving Douglae..fir. In greenhous. and laboratory

where plants may be moved in and out at different

during the dormant period, the experimental results may b

affected if the plants have not received adequate chilling, or

if they vary in their chilling requirements.

The apparent geographic variation in chilling requireient

is perhaps of even greater importance in the selection of a seed

uro. for a given area. The time of growth resumption would

appear to be of great importance for the ability to withstand



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 planted in areas with mild winters and

early summer droughts, cuch as the central Willametto 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 occur before the on#et of drought.

Studies including a wider variety of seed sourcee 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 ocion-und.ratock interaction that

observed (Tables 11 and 12).



Figure 1k. Scion of Santiam Pass clone (D7) on plut brought
into the greenhouse January 29, and maintained on
short days to May 11. Exposed to long days from
May II, 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 Sane plant as in Figure 1k on November k, 1959,
after exposure to long days from Nay 11. The
plant was actively growing and had boon through
three successive periods of shoot elongation.
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'igure 16. Scion of Santim Pass clone (D7) brought into the
greenhouse on January 29, and maintained on short
days until May 31, at which time it was still
dormant, arid on normal days thereafter. On 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 ahort photo-
period. There was little swelling of the bud,
and little elongation of stein and needles on
August 25, 1959.

18. Effect of lack of chilling and/or short photo-
period. There was little elongation of the
atem on August 25, 1959.
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