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Investigations on the bud dormancy of Populus x berolinensis Dipp.

I. Annual cycle of the shoot apex development

L. WITKOWSKA-ZUK

Woody plants of the moderate climatic zone exhibit an annual
rhythmic development manifested in the succession of intermittent
pericds of growth and dormancy. Previous to the external conditions
becoming unfavourable for growth, the elongation of shoots in most trees
is inhibited and buds form which, even before the external favourable
conditions return, have the ability of sprouting i(see review by Ko-
zlowski 1964). These observations led to the supposition that the
development rhythm of trees is of endogenic nature as the result of
evolutional adaptation to climatic conditions prevailing for a long period,
whereas external factors play only a modifying role (see review by
Vegis 1965a).

The period of externally noticeable inactivity of the apex, at the time
when it is enclosed in a special organ — a bud — has been termed
dormancy. In the particular phases of this period the ability of the bud
to sprout varies. The opening of buds and growth of shoots may occur
after removal of the leaves on the tree within a definite time period
after bud setting (Goebel 1880; 'Spath 1912). This period is usually
called , Vorruhe” (Johannsen 1913), summer dormancy (Dooremn-
bos 1953), correlated inhibition (Samish 1954) or the period of latent
growth (Sergeyev, Sergeyeva and Melnikov 1961). The
absence of growth after removal of the leaves, in spite of favourable
external conditions, is considered as the beginning of ,Mittelruhe” (J o-
hannsen 1913), winter dormancy (Doorenbos 1953) or rest
(Samish 1954), which in matural conditions is broken by the influence
of cold (Coville 1920). Nevertheless the tree buds remain inactive in
a state known as imposed dormancy (Doorenbos 1953) or quiescence
(Samish 1954) until warmer spring weather sets in. In the following
text the terms according Samish (1954) will be used. For practical
purposes a number of growth-forcing methods have been developed for
artificial breaking of dormancy: etherization (Johannsen 1906), warm
water bath (Molisch 1909), treatment with various chemical sub-
stances (Denny and Stanton 1928) and hormones (see review by
Vegis 1965h).
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Numerous investigations have been undertaken on bud dormancy, but
only in few woody species the phases of dormancy have been distinguished
(Johannsen 1906; Molisch 1909; Guzhev 1958; Vogl and
Kemmer 1961; Takahashi 1963; Gowin 1965; Pijr 1966).

The present paper is an attempt at a characteristic of the annual cycle
of the shoot apex development in Populus X berolinensis and at estab-
lishing the phases of bud dormancy.

MATERIAL AND METHODS

The object of study were twigs from the lower part of the crowns
in the zone up to 5 m height from the trunk base of tree about 34 years
old with mean height of 21 m.

Observations were made in the years 1962 and 1965. It was noted that
in both these years the buds opened in April. After a period of active
elongation of the shoots, new buds were set. As symptom of bud setting
was considered the absence of further differentiation of leaves and the
formation of scales covering the apex. Buds formed first, as early as May,
on the short shoots and on the tips of long shoots in June. As the long
shoots elongated, buds formed in the leaf axils.

In onder to establish the growth ability of buds at various times after
their setting, twigs were cut from the trees and placed in conditicns
favourable to growth. The detached twigs were 2—3 years old, 20—30 cm
long, consisting in their upper part of a current year’s long shoot (10—
15 ¢cm long) with a terminal bud, and in their lower (older) part of one-
or two-year-old short shoots (2—6 cm), each ending in a leaf rosette and
terminal bud. The twigs were placed in the laboratory in beakers with
water and covered with glass bells giving air accéss from below. The
relative air humidity under the bells was 80—100 percent. After 7—10
days an abscission layer was formed on the twigs and the leaves fell.
Very seldom single leaves remained attached longer, up to 30 days.

For determining the state of bud dormancy, various treatments bre-
aking dormancy were applied such as defoliation, warm water baths and
chilling.

The dates of opening of the particular buds on each twig were
recorded at 2—3 day intervals. As a sign of 'bud opening the appearance
of the tip of a green leaf was adopted. The number of twigs subjected to
the same experimental treatments was 5, 10 or 20 at each particular date.
Sometimes the buds did not burst at all on some twigs and the number
of days elapsed from cutting of the twig to visible bud opening varied
in the particular treatments. Thus, the results obtained in each expe-
rimental combination were characterized in two ways: 1) as the number
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of twigs on which the same type of buds opened, and 2) as the mean
number of days elapsed from shoot cutting to the opening of these buds.
To make the comparison easier, an ,,index of bud opening” was introdu-
ced based on both the above enumerated wvalues. If no bud bursting
symptoms were observed up to 70 days and the twig remaining alive,
the time of bud opening was considered as infinity (o). The index was
calculated as the reciprocal of the mean harmonic number of days requi-
red for the opening of definite buds on the twigs. The value of this
index, therefore, denotes the proportion of the total number of buds in
the treatment opening per day. The index of bud opening is expressed by
the formula:

where: t — number of days required for the opening of a definite bud on
each twig, N — number of twigs in the experimental treatment.

The index values vary within the range O (no growth) to 1 (opening
of buds on all twigs one day after their cutting from the tree). At low t
values, the numerical equivalents of the index change rapidly, giving
wide differences even when t; and t, differ only by one day. At higher ¢t
values the index changes but little and the differences are slight. In view
of this shortcoming of the method the index was used only in comparative
elaboration of the final results.

RESULTS

The ability of buds to resume growth after cutting of the twig from the tree

1. Experiments under natural daylight

The cut twigs were placed in the laboratory under matural daylight.
The mean temperature of ‘air in 'the premises was 18 to 20°C in the winter
and 23 to 25°C in the summer, the difference between the 24-hrs
maximum and minimum not exceeding 3°C. The results:-of observations
on the opening of terminal buds on ithe long and short shoots in depend-
ence on the date of their cutting are listed in table 1 for the summer,
autumn and winter of 1962/1963, and the summer of 1965, as well as in
table 4 for the autumn and winter of 1961/1962.

The terminal buds of the long shoots on twigs cut off in the period
between the end of June and the end of August opened on only few twigs
(in August 1962 buds did not open on any). The time of bud opening on
the particular twigs varied widely. From the end of September to mid



Table 1

Bud opening on detached Populus x berolinensis twigs kept under various photoperiodic conditions
(ND — natural daylight, CL — continuous light, SD — short 10-hr day)

Date of | Rio of Beginning of terminal bud opening
twig collection | Light twigs long shoots short shoots**)
g Month conditions| in one | . of |mean no.! mno. of |mean no.
and day ' treatmemi twigs of days | twigs | of days
1962 ND | 10 5 11 5 [ 18
June 20 CL 10 7 13 6 15
SD 10 8 16 3 16
ND 10 1 6 0 o«
July 10 CL 10 3 i 6 0 o
SD 10 2 | ‘B 3 16
ND 10 3 18 6 19
July 21 o P 10 2 16 1 18
SD 10 5 16 1 17
ND 0 1 7 2 17
July 30 CL 10 3 2 | 2 16
SD 10 4 6 | 7 | 15
ND 10 0 <« | 5 | 13
August 10 CL 10 4 11 9 14
SD 10 3 19 9 14
ND 10 0 o 0 |2
September 4 CL 10 2 18 9 | 24
. SD 10 2 16 3 19
October 9 ND 10 0 o 8 | 26
CL 10 1 14 9 15
ND 0 | o0 | e« -| 1 | 34
N * _
oD 3 cL 10 5 46 6 35
ND 10 100 | 24 10 | 24
December 10* CL 0 | 10 23 10 | 23
1963 ND 10 10 18 | 10 | 17
January 10% CL 10 10 14 10 15
ND 10 w | 16 | 10 | 17
February 9* CL 10 w14 0 14
ND 0 10 | 1 | 10 15
February 26* CL 10 | 10 12 | 10 12
~ ND 0 | 10 9 0 | 9
March 11* | €L 0 | 10 10 10 10
| March 27* * | ND 10 ‘ 10 7 | 10 8
1 — — — - — e
- ND 0 10 4 10 4
o cL . 10 | 10 4 | 10 4
1965 | June 30 ND 20 2 4 13 | 16
July 19 ND 20 4 18 7 | 14
August 9 ND 20 11 15 9 | 16
August 31 ND 20 4 23 6 15
| September 22 ND 20 1 16 9 24

*) leafless trees
**) first bud opening on any short shoot of the twig
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November no bud cpening was observed. On the branches cut from leaf-
less trees at the end of November, the buds began to grow again and the
time required for their opening diminished gradually at the consecutive
dates of collection.

The buds on short shoots opened from June to mid September mostly
within a similar time (ca. 2 weeks) as did the terminal buds of long shoots,
but on a larger number of twigs. This number, however did not exceed
one half of all the twigs. On the twigs cut off in September-October 1962,
the buds opened on a larger number of shoots than at earlier dates, but
after a longer lapse of time (about 3 weeks). At the end of October and
in the beginning of November hardly any opened, and from the end of
November to April their opening was analogous to that of terminal buds
on long shoots.

2. Experiments under controlled photoperiodic conditions

The twigs placed under continuous light received besides normal day-
light, continuous ligh't with TELAM — white light fluorescent tubes.
Illumination at the night was about 4500 lux. In the same chamber in the
period from June to September part of the plants was subjected to short
10-hr day by covering them with black bells from 6 p.m. to 8 am. The
air temperature was on the average by about 1—2° C higher than under
natural daylight. The results for the period 1962/1963 are listed in table 1.

The terminal buds of long shoots on the twigs placed in June-July
under continuous light opened similarly as under natural daylength.
Buds also burst on some of the twigs cut in August and on single shoots
in September and October. From among the twigs cut off in November,
buds opened on five, but as late as 46 days after cutting. Beginning with
December buds opened on all twigs after a lapse of time similar or some-
what shorter than under normal daylight.

The terminal buds of long shoots on twigs under short day opened
like those under continuous light.

The time after which buds opened on the short shoots of twigs expo-
sed te continuous light'an-d short day was similar to the time after which
buds of short shoots burst on twigs under natural daylight, but the number
of twigs with opening buds varied on short shoots at different dates,
without any visible relation to the day-length conditions. The terminal
buds of short shoots on the twigs placed in November under continuous
light opened more intensively than under matural daylength, similarly
as did the buds of long shoots. From December on, the bursting of buds
on short shoots of twigs cut at various dates was more rapid or similar
to that of the buds under natural daylength.
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State of bud dormancy

1. Experiments with defoliation

In the period when the trees had leaves, the latter were removed im-
mediately after cutting of the twigs. The defoliated twigs were placed
in 1962 under various photoperiodic conditions, and in 1965 only under
natural daylight. The results are compiled in table 2.

Table 2

Bud opening on detached and defoliated Populus x berolinensis twigs kept under various
photoperiodic conditions

(ND — natural daylight, CL — continuous light, SD — short 10-hr day)

Date of twig collection | ' | N ¢ : ﬁegi;{nin_g“;}f “terminal bud opening o
I— 0. 0 e e - - e .

i Light | twigs |__lome shoots | short shoots %)
Year Month and day _condmons| in one | o, of mean no. no. of | nean nio;

| |treatment | pyigs | od days | twigs ol days

1962 | | ND | 10 | 10 |

_ g | 7 7
| June 20 | €L 10 8 ‘ 5 | 7 ] 5
; SD 10 = 7 4 16
, . B L -
i ND 10 | 10 6 T | B
| July 10 e | 10 | 10 6 10 7
| | SD 10| 10 7 | 6 9
| I, YO .S ... -
! ND |10 9 6 | 5 7
July 21 cL 10 9 6 | 3 6
SO 10 9 6 | 7 6
ND |10 9 9 | 8 10
July 30 CL | 10 | 10 7 | 10 7
i . SD 10 9 7 | 5 7
ND o | 8 7 | 10 | 8
August 10 e # 10 5 9 8 | 1
SD 10 5 10 6 8
. . ND |10 0 ~ 7 14
September 4 cL | 10 | 1 7 6 1
SD 10 | 14 5 17
October 9 ND 10 | 1 68 5 33
Gl 10 2 12 4 | 21
1965 = June 30 | ND 20 20 7 4 1
July 19 . ND 20 17 | 8 7 | 13
August 9 | ND | 20 6 | 9 16 12
August 31 ND | 20 13 12 17 13
September 22 | ND | 20 | 1 | 10 8 22

*) first bud opening on any short shoot of the twig
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The long shcot terminal buds opened under all photoperiodic condi-
tions similarly: in the period June-July they were numerous and grew
rapidly, in August they opened on a smaller number of twigs and within
a longer time period. From September on, only one or two twigs deve-
loped apical buds.

On the short shoots terminal buds opened in June and July on a smal-
ler number of twigs than did the same buds on long shoots, but within
a similar period of about one week. In August bursting buds were more
numerous than on the long shoots. Slow opening of buds was also obser-
ved in September and October (after ca. 2—3 weeks).

2. Experiments with warm water bath &

In the autumn-winter period the detached twigs were subjected to
a warm water bath after Molisch (1909), and 'then placed under natural
daylight. @

Table 3

Bud opening on detached twigs of Populus x berolinensis treated by
warm water bath of various temperature and duration regimes
Date of collection: November 1965

— . ‘Number of twigs
bath Duration i o
i, one which started | of days to
tempcl'a- | of bath, hrs | o ot opening | bud opening
ture, °C terminal budSi
12 10 9 34
18 10 10 24
30 24 10 10 18
30 0 | 2 | 2
| 12 ; 10 | 10 25
34 . 18 | 10 I 10 | 22
20 |10 0 [ 15
24 | 9 ‘i S |1
12 ! 10 ! 10 ! 17
18 ‘ 18 | 10 ‘ 10 ' 19
2 T R 2!

a) Establishment of optimal bath conditions*. At the beginning of
November 1965 the twigs were immersed in water of varying temperature
(30°, 34°, and 38° C) for various time periods (12—30 hrs). The results,
as regards terminal bud opening on long shoots, are presented in table 3.
The buds on twigs immersed for 20 hrs in a bath of 34° opened most

* This part of work was supported in part by grant No. FG—Po—166 from the
United States Department of Agriculture, Agriculiural Research Service.
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rapidly. The shortest time required for bud break does not indicate,
however, the optimum conditions of the bath stimulus. Further obser-
vation of shoots after bud break, during their active growth would suggest
as optimal conditions a 24-hr bath at 30° the most favourable for growth
induction.

In additional experiments the baths of elevated temperature, 45°, 55°,
and 65° of 3, 5 and 10 min duration, respectively, were uneffective or
caused dying of the twigs.

Table 4

Bud opening on detached Populus x berolinensis twigs treated by warm water bath.
Bath temperature: 1960/1961: 35—39°C, 1961/1962: 32—35°C

of Beginning of terminal bud opening

Duration | . - ! *

Date of collection 0;1 ey ‘twizs ! long shoots | short shoots **)
and bath of twigs hrs : M ON€ | ho. of |mean no.| no. of | mean no.
treatment|yigs | ofdays | twigs | of days

— r e
1

) 0o | 5 | 0 | o 1 34

Ny 189, £ o | s | s | 1 5 14

0 5 5 23 5 23

Dec. 20, 1960 10 5 5 13 5 13

0 5 5 13 5 13

Jan. 31, 1961 10 5 5 10 5 9

o0 s 5 4 5 3

March 14, 1961 10 5 0 4* 0 n

o _ o0 100 | 0 oo

Sept. 29, 1961 9 10 1 15 7 16

L20 10 10 12 9 13

o | 10 0 o 1 27

Oct. 20, 1961 9 | 10 1 13 10 12

|20 10 10 14 8 14

0 0 | 7 6 | 9 54

Nov. 20, 1961 9 10 | 10 20 10 17

20 10 9 | 15 10 14

9 10 10 | 20 i 10 21

Jan. 19, 1962 9 10 10 14 10 12

| 20 10 | 9 2 | 10 11

) 10 | 10 9 | 9 8

March 9, 1962 L9 0 | 10 | 8 ‘ 10 13

20 | 100 | 100 | 12 | 7 14

*) buds died

**) first bud opening on any short shoot of the twig

b) Seasonal observations. Preliminary experiments were carried out
in 1960/1961, in which the 'twigs were immersed for 10 hrs in a bath of
35—39°. In 1961/1962 the main experiments were performed; the bath
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temperature was lowered to 32—35° and its duration was 9 and 20 hrs.
The results are shown in table 4. They indicate that in November, De-
cember and January 1960/1961 the bath accelerated bud break on long
and short shoots as compared to that on twigs not subjected to this treat-
ment, although in January the difference in the rate of bud opening was
slight. Twigs treated with baths in March 1961 died. The experiment made
in 1961/1962 demonstrated that, whereas the terminal buds of the control
long shoots did not open in September and October, those on twigs kept
in the bath for 20 hrs started to grow. In November, on the other hand,
when the buds on the control shoots began to burst, each bath applied
accelerated their opening. Short shoot terminal buds burst in September
and October after a 9-hr bath more intensively than those on long shoots.
In November and January the difference was only slight. In March both
after a 9- and a 20-hr bath the short shoot buds opened slower and were
less numerous than on the control twigs. The same buds on twigs bathed
for 20 hrs opened similarly as those of long shoots (with the exception
of those treated in March). The differences in bud break between-the
short shoots from treatments of various bath-length were slight. Only
the bud break on twigs subjected to a 20-hr bath in September and to
a 9-hr bath in March was more rapid.

Table 5°

. Bud openmg oa detached Popu.l’us X bem;‘mensas twigs after a period of chilling

[
|Durat10n No. of :_Begmnmg of terminal bud opening

Date of collection and of | twigs long shoots | short shoots**)
beginning of chilling | T | I~
twigs | chilling, | i cne no. of imean no.| no. of Imean no.
f days ltrcatment! twigs | of days | twigs | of days
| o | 10 | o | « | 2 46 (46)
[ 10 | 10 0 oo | 2| 41 (5D
October 2, 1961 L 30 0o | 6 |49 8 | 289
60 | 10 10 | 20(0) 10 | 16 (76)
9% | 10 10 [12002) 10 8 (98)
0 10 0 | o | 8 26 (26)
30 10 8 3069 | 8 29 (59)
October 4, 1962 . . :
S 45 |10 8 | 25 (70) | 8 | 24 (69)
60 | 10 | 10 [ 24(84) | 10 19 (79)

*)in parenthese mean number of days elapsed from beginning of chilling to bud opening after taking out
of refrigerator
*#) first bud opening on any short shoot of the twig

2. Experiments with chilling

In order to determine the chilling requirements for breaking bud
dormancy, the twigs taken from trees in the period preceding the cool
autumn season with mean diurnal air temperature below 10°, were placed
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in beakers filled with water and put in a refrigerator with a temperature
of 3—5°. Affter a definite period the twigs were taken out and placed in
conditions of natural daylight. In 1961 the defoliated twigs were exposed
to low temperature on October 2, whereas in 1962 twigs with leaves
were exposed to cold on October 4. They shed their leaves after about
20 days. The results of the experiments are compiled in table 5.

Opening of terminal buds was noted (although very late) on long shoots
of some twigs previously subjected to chilling for 30 days. After 60 days
of exposure to cold, buds opened on all the branches as early as after
20 days.

The short shoot apical buds opened more numerously and rapidly
than those on the long shoots.

DISCUSSION AND CONCLUSIONS

The period of growth of Populus x berolinensis lowermost twigs was
for the long shoots about two and one half months (from April to June),
for the short shoots it was less: they exhibited terminal buds already
in the beginning of May. This short period of growth of the twigs was
due to their situation in the lower part of the crown of high trees
(Minch 1938; Serebrakov 1952; Sergeyev, Sergeyeva
and Melnikowv 1961). :

For the remaining part of the year the growth apexes on the twigs
were hidden in the buds in a state of dormancy. Conclusions as to this
state of dormancy may be drawn on the basis of the reaction of buds on
the detached twigs subjected to various experimental treatments, and
then placed in the conditions favouring growth (Askenazy 1877; Mo-
lisch 1909; Eggert 1961; Karpati and Karpati 1961; Gu z-
hev 1962).

Experiments with twigs cut from trees at successive dates, and not
subjected to any additional treatment, demonstrated that, in the period
when the external conditions are favourable to growth, the very fact
of cutting of the twig causes a certain number of buds to open (Fig. 1).
Removal of leaves on twigs detached in summer caused numerous buds
to open rapidly. Only in September no differences were noted in bud
break between the twigs with leaves and those defoliated. Observations
ronducted on the influence of various photoperiodic conditions on the
detached twigs did not disclose differences in bud bursting under the
daylengths applied in summer. Since, however, the Populus x berolinen-
sis twigs shed their leaves about 7 days after being cut off, this might
have made impossible the reception of the photoperiodic stimulus for
which leaves are one of the main receptors (Moskov 1935; Nitsch
1957a; b, Nitsch and Nitsch 1959; Wareing 1954).
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The above mentioned results indicate that from June to August the
terminal buds of long shoots, and from May to the end of September
those of short shoot of Populus x berolinensis were capable of growth.
Bud growth on the trees was mainly inhibited by the leaves, and partly
perhaps also by other influences from the organism of the parent tree.
Thus the inhibitory factors were connected with correlative growth
inhibition. This part of dormancy may be distinguished as the phase of
correlated inhibition of buds.

A lack of ability to bud growth of the twigs cut off from trees ob-
served, as regards long shoots, in the period from September to the begin-
ning of November, and in short shoots from the end of October to No-
vember. It should be noted that the September temperature still favou-
red growth, and the mean air temperature fell below 10° making growth
impossible as late as October (Fig. 1). This temperature is considered as
the treshold of chilling temperatures (Chandler, Kimball, Phi-
lip, Tufts and Weldon 1937; Bulgakova 1937; Lamb 1948;
Moroz 1948; Welinberger 1950). This period of cold induced a
return of growth ability both in the long and short shoot terminal buds,
observed on the detached twigs from the end of November. The results of
experiments with artificial chilling of twigs cut off from the trees before
the significant autumn temperature decrease demonstrated the dependence
of the bud opening rate on ‘the length of the period of chilling, in con-
formity with the observations of other authors (Moroz 1948; Bennett
1950; Eggert 1951; Pienigzek and Wisniewska 1958; Wein-
berger 1961). About 60 days of exposure to a constant temperature of
4° is required in order to obtain uniform bud opening on Populus x beroli-
nensis. The short shoot buds opened more numerous and faster than
those of long shoots. This would indicate that their dormancy is not very
deep. It was shown that the number of days elapsed between cutting of
the twigs and the date of bud break of long shoot buds on twigs after 30
and 60 days of chilling was similar, whereas after 90 days of cold it was
longer. Nevertheless, since bud break after 90 days of chilling was faster
than after 60 days, it may be considered that even a period of cold ex-
ceeding 60 days had a positive influence as regards breaking of dor-
mancy, although it is possible that in the end period, bud opening was
only limited, as has been reported in reference to other species (Ch an-
dler and Tufts 1934; Kriebel and Wang 1962; Witkowsk a-
-Zuk, Gowin, and Kukielka 1964).

In the period when the buds on the detached twigs did not open, their
dormancy could be broken by a warm water bath of appropriate tempe-
rature and length. For Populus x berolinensis the optimal condition for
breaking dormancy and stimulating bud growth was: a 24-hr of water-
-bath with a temperature of 30°, similarly as for other poplar species
(Vogl and Kemmer 1961).
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The results of the experiments performed indicate that the terminal
buds of long and short shoots were from September to October in a phase
of rest; respectively, they were incapable of growth and could only open
after application of an agent which acts on the bud breaking its dormancy.

Investigations on the state of bud dormancy which was evaluated on
the basis of the reaction of buds to a water-bath applied at various dates
under similar conditions (Vegis 1961; Vogl and Kemmer 1961;
Takahashi 1963) demonstrated that rest was most difficult to break,
i.e. deepest, from the end of September to the second half of October.
Results of the same experiments proved also that, for breaking the dor-
mancy of short-shoot buds, a weaker stimulus — a shorter lasting bath
— suffices as compared to that necessary in the case of long-shoot buds.
It may be affirmed, that the period from the end of September to the
second half of October was the middle part of the phase rest.

Beginning with the end of November both long and short shoots reco-
vered their ability for growth. Treatment of the twigs with a water-bath
at this period rather accelerated their development than broke their dor-
mancy which was abolished by the previous period of chilling. The period
November-December corresponded to the stage of emergence from the
phase of rest.

On the twigs cut off in the phase of rest and placed under continuous
light, the buds started to grow as early as November, whereas under
natural light this occured as late as December. This might have been
connected with the direct reception of the photoperiodic stimulus on the
buds (Jost 1894; Klebs 1914; Bulgakova 1937, Gustafson
1938; Wareing 1953, 1954) or with their warming, since the air tem=
perature under continuous light was higher by about 1—3°. This supposi-
tion seems to be confirmed by the fact that in August and September
a similar bud development as under continuous daylight was observed
under thermally analogous conditions of short day.

Beginning with December, the shorter was the period between the
successive dates of twig cutting and the spring bud break on the trees,
the faster occured the opening of the buds and the greater was the num-
ber opening, similarly as has been observed in other tree species. Only
unfavourable external conditions in nature limited the opening of buds
fully capable of growth. As shown by the results of experiments with
a water bath in this period, this treatment not only did not accelerate
bud break, but it even was noxious to the buds. This would prove that
with emergence from rest the buds lost their high resistivity to external
conditions. The period from January to spring is a phase of quiescence.

The buds on the short shoots of twigs subjected to bath in March
suffered injury easier than the long shoot terminal buds. This is an addi-
tional indication of their less deep or shorter-lasting dormancy. This
confirm the opinion of Chandler (1942) and Vogl (1964) that the
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dormancy of short shoot buds or axillary buds in the lower part of the
plant is less deep. '

The system of bud dormancy here presented for Populus x beroli-
nensis is similar to four varieties of the black poplar (Vo gl and K e m-
mer 1961). However, probably on account of the different age of the
trees from which twigs were taken for study, and perhaps also owing to
the different ccnditions prevailing in ‘the laboratory, wide differences
were observed in the intensity of bud opening. As compared with the
‘results obtained by a similar method in Populus nigra cv. Italica (G o-
win 1965), the buds of Populus x berolinensis exhibited a far more
pronounced phase of rest.

The author is indebted to Docent T. J. Wodzicki for his advice in the
choice of the research theme and the elaboration of results, and to Professor
J. Tomanek for the necessary facilities for performing the investigations.

The skillful technical assistance of Mr. R. Glowacki is acknowledged.

SUMMARY

From the lower part of the crowns of Populus x berolinensis Dipp. trees twigs
were cut after the end of growth of their long shoots. In order to delermine the
state of bud dormancy, the detached twigs were placed in conditions favourable to
growth under various daylenght and subjected to various treatments breaking dor-
mancy, as defoliation, warm water bath and chilling.

In the annual cycle of the poplar shoot apex develcpment the period of growth
*(from April to June for long shoots or from April to the beginning of May for
short shoots) and the period of dormancy when on the shoot apexes buds were
present (during the remaining part of the year), could be distinguished.

In the period of dormancy the followng phases were distinguished: the corre-
lated inhibition phase from June to August for terminal buds of long shoots and
from May to September for the buds of short shoots. The phase of rest from
September to December and from October to December for the buds of long and
short shoots, respectively, with in the midle stage of rest from the end of September
to mid November and in the stage of emergence of rest from November to December.
The phase of quiescence from January to the spring initiation of bud bursting
on trees.

Department of Forest Botany
Agricultural Warsaw University
Warszawa, Rakowiecka 8 (Entered: August 1, 1968.)
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Badania nad spoczynkiem pqczkéw topoli berliriskiej (Populus % berolinensis Dipp.)

I. Roczny cykl rozwojowy wierzchotka wzrostu pedu

Streszczenie N

Po zakonczeniu okresu wzrostu i wyksztalceniu paczkéw wierzchotkowych na
dilugopedach galazek w dolnym pietrze koron okolo S4-letnich drzew topoli ber-
linskiej (Populus X berolinensis Dipp.) $cinano z drzew galazki, ktére 1) umieszezano
W sprzyjajacych do wzrostu warunkach w celu okreélenia jaka jest zdolno§é pacz-
kow do rozwiniecia w réznym czasie od momentu ich zalozenia i 2) poddawano
dzialaniu réznych czynnikéw przerywajacych spoczynek: defoliacji, cieptej kapieli
wodne]j, sztucznemu przechlodzeniu, w celu okre§lenia glebokoéci spoczynku.

W rocznym cyklu rozwojowym wierzcholtkéw wzrostu badanych galazek topoli
berlinskiej wyodrebniono dwa okresy:

1. Okres wzrostu — od kwietnia do czerwca dla wierzchotkéw diugopedéw i od
kwietnia do poczatku maja dla wierzcholkéw krétkopedow.

2. Okres spoczynku (przez pozostaly cze§¢ roku) — kiedy na wierzcholkach
peddw znajdowaly sie organy spoczynkowe — paczki.

W okresie spoczynku wyrézniono nastepujace fazy:

A. Faza spoczynku wzglednego od czerwea do sierpnia dla paczkéw wierzcholko-
wych diugopedow i od maja do wrzeénia dla paczkéw krotkopedéow. Wzrost w pelni
zdolnych do rozwoju paczkéw byl uniemozliwiony przez wplyw czynnikéw zwigza-
nych z korelatywnym hamowaniem wzrostu.

B. Faza spoczynku glebokiego od wrzeénia do grudnia dla paczkéw diugopeddw
I od pazdziernika do grudnia dla krétkoped6éw. Paczki mogly podjaé wzrost dopiero
po przerwaniu spoczynku przy pomocy dzialania na paczek ekstremalnych czynni-
kéw zewnetrznych, takich jak diugotrwale przechlodzenie lub ciepla kapiel wodna.
a, W stadium $rodkowym spoczynku glebokiego d konica wrzeénia do polowy listo-
pada, paczki nie rozwijaly sie bez przerwania spoczynku.

b. W stadium ustepowania spoczynku glebokiego od listopada do grudnia paczki
pod wplywem naturalnego przechlodzenia odzyskiwaly stopniowo zdolnoéé do roz-
woju.

C. Faza spoczynku narzuconego od stycznia do zainicjowania wiosennego roz-
woju paczkéw na drzewach. Rozw6j paczkéw byl hamowany jedynie przez niesprzy-
jajace warunki zewnetrzne. Pgczki mialy mniejsza odpornosé na wplyw czynnikéw
zewnetrznych, latwiej ulegaly uszkodzeniom. )
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