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Conditions for the breaking of dormancy and germination
of hornbeam (Carpinus betulus L.) seeds

INTRODUCTION

Until recently it has been believed that mass germination of horn-
beam seeds the first Spring following collection can only be obtained by
immediate sowing (Tyszkiewicz 1949) or by the stratification of
nutlets (Krissmann 1954) collected before they have reached full
maturity, namely at the end of August or the beginning of September.
Seedlings from nutlets collected in the condition of incomplete ripeness
or fully ripe in October when sown immediately after collection or after
winter stratification emerge the following Spring in a very low percen-
tage. Usually they remain dormant until the second Spring (Tyszkiewicz
1949, Tyszkiewicz and Dabrowska 1953, Winkler 1955
Jahnel 1956, Zentsch 1961). For this reason it has been generally
recommended that stratification of seeds collected in the fully ripe con-
dition be started in the Spring following winter storage in a partially
dried condition. After a full year of stratification in the natural thermal
conditions such seeds can be sown in the second Spring after collection
(Tyszkiewicz 1949, Tyszkiewicz and Dabrowska 1953, Krissmann 1954).

Duration of the cold stratification necessary to precondition hornbeam
seeds for germination has been determined by Jahnel (1956) as 24 - 26
weeks. In the last 8 weeks of this period he recommends that the strati-
fication temperature be lowered to almost 0°C in order to inhibit the
emergence and growth of roots. In Poland it has been found (Tyszkiewicz
and Dabrowska 1953) that immediate stratification of green hornbeam
nutlets, collected in the first 10 days of October, resulted in the ger-
mination of 70% of seeds before the end of the stratification, which
lasted until mid-April of the following year. After sowing seedlings have
emerged in a very low percentage. Brown nutlets collected simultaneously
with the green ones and treated in the same way have germinated in
29% and after sowing have emerged very poorely. Seeds from the same
collection stratified two months later did not germinate during stratifi-
cation at all and after sowing the seedlings did not emerge. In other
experiments of Tyszkiewicz and Dabrowska (1953) nutlets collected
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between the 10th and 20th of October and sown immediately have
yielded seedlings in 21% during the Spring and when stratified after
collection in boxes in a stratification pit and sown in March have
yielded seedlings up to 38%. During stratification of nutlets from the
same collection in a cellar it turned out that in March on completion
of the stratification period 90% of seeds had overgrown radicles. When
these seeds were sown in the same month there was almost no emer-
gence of sedlings at all. Still other lots of nuts also collected in
mid-October and sown immediately in the ground have yielded almost
no seedlings (0.3%) in the following Spring but in the Spring a year
later seedling emergence was massive. Following stratification
in a pit, started one month after collection, seedlings emerged towards
the end of March to a small percentage (3-6% depending on the
thermal conditions of the cold stratification). From the studies of Tysz-
kiewicz and Dabrowska it appears that a 23 week period of stratification
for the nutlets of hornbeam is too long. In the case of nutlets stratified
immediately after collection these authors have stratified them in warm
conditions for one month in an unheated room, prior to burying the
boxes into the soil. Results obtained by them in these variable conditions
of temperature have led them to formulate the following conclusion: The
earlier are the nuts of hornbeam collected and the milder are the tem-
perature conditions in which the stratification is begun then the earlier
will they be ready for germination and therefore may germinate too
early, already in very early Spring in the stratification pit.

Jahnel (1956) has employed in his studies (conducted in the Ger-
man Democratic Republic) a stratification at the following temperatures:
—3° 1° 4° and 7°C. Seeds have germinated only after stratification at
4 and 7°C, and only then when in the ear'y phase of stratification the
temperature due to faults in the apparatus has risen to room conditions.

Vincent (1959) has found in Czechoslovakia that the most favou-
rable way of preconditioning hornbeam seeds for germination is by ap-
plying originally a raised temperature and only later low temperature
lasting together 21 - 23 weeks. Kocieciki (1964, 1965) has studied this
problem in the years 1956 - 1960 and has arrived at the conclusion that
hornbeam nutlets collected in Poland in September or in early October,
have to be soaked in water for 3 days and then stratified first for a month
at 20°C. and then for about 21 weeks at a temperature of 5°C. If in the
final stage of such a stratification one notices the occurrence of the first
germinating seeds then immediate sowing can result in up to 90% of the
seeds yielding viable seedlings. When sowing seeds that have germinated
too early the success of the sowing declines rapidly. The only way to
prevent the seeds of hornbeam from premature germination is according
to Kociecki (1965) to transfer the seeds to a room with a temperature
of about 0°C.
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In the Laboratory of Seed Physiology of the Institute of Dendrology
and Kornik Arboretum of the Polish Academy of Sciences studies have
been conducted in the years 1963 - 1966 on the conditions for the break-
ing of seed dormancy and the germination of hornbeam seeds. In the
studies particular note was taken of:

a) a eomparision between the effectiveness of a cold and a warm-
-followed-by-cold stratification of completely ripe seeds stratified 1° —
immediately after collection, 2° — immediately after partial drying and
3° — after partial drying and storage for one year;

b) determination of the duration of the process of seed after-ripening;

¢) determination of the optimal temperature for the germination of
stratified seeds;

d) a comparision of the emergence of seedlings from seeds sown after
stratification in controlled thermal conditions and in the field conditions.

MATERIALS AND METHODS

Material: For the study use was made of seeds in completely ripe
nutlets, brown in colour, collected in the first 10 days of November.
The seeds came from trees growing in the Kornik Arboretum. The ex-
periments were conducted simultaneously on several lots of seeds, re-
presenting individual trees. The nut covers (wings) have been removed
both for the stratification and for the storage of nutlets.

Partial drying of the nuts and the determination
of water content:

The nutlets have been partialy dried at a temperature of 15 - 18°C.,
and water content has been determined by weight after drying for 2 days
at 105°C. The values given in the paper represent the percentage water
content in the fresh weight of the nutlets.

Determination of seed viability: Seeds viability was
estimated by the cutting test.

Seed storage: Nutlets have been stored for one year after partial
drying and dewinging in tightly closed jars at a temperature of 3°C.

Stratification: Nutlets have been stratified in a moist mixture
of sand and sieved peat moss (1 : 1 by volume). Moisture of the mixture
has been checked at 2-week intervals during the warm stratification
and during the cold stratification depending on the experiment every 2
or 3 weeks. Warm stratification has been conducted at 20°C. and cold
stratification at 1°, 3°, 5° and 10°C. Temperature fluctuations did not
exceed = 0.5°C.

Seedling emergence in the laboratory conditions:
In the years 1965 and 1966 seedling emergence tests have been conducted
in plastic boxes 20 x 20 cm filled with a moist mixture of sand and peat.
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Nutlets have been divided after stratification into the following cate-
gories: whole nutlets, cracked nutlets and nutlets with a visible radicle
(root) not exceeding 3 mm in length. Seeds of individual categories have
been sown singly into holes 1 cm deep, which have been made in the
medium, by a perforated metal form. After sowing these holes were
filled with dry sand using for the purpose these same forms. Then
the medium in the boxes was moistened by sprinkling with water,
which has been applied in the same way whenever necessary throughout
the duration (24 days) of the test. Every third day the number of emerged
seedlings was recorded and the seedlings were removed. On completion
of the emergence test all the ungerminated seeds were subjected to the
seed viability test. The seedling emergence test was conducted at a tem-
perature of 20°C.

Seedling emergence in the field conditions: In 1966
seedling emergence tests have been conducted also in the field conditions.
For this purpose seeds were used from the same lots as those which in
the same year have been used for the emergence tests in the laboratory
conditions. Nutlets have been sown in the nursery in furrows 120 cm
long (width of the bed) and 1 cm deep. Each furrow was one replicate
of one experimental variant comprising 50 nutlets. The nutlets were
divided into two groups, whole and cracked. Partially germinated, seeds
have not been sown. After sowing the furrows were covered with
a 1 cm layer of soil, which was slightly pressed. When necessary the
seed beds were sprinkled with water at times of draught even twice
daily. Soil temperature at the seed level (1 c¢cm) has been checked three
times a day, (at 700, 1300 and 2100 hrs.). Control of seedling emergence
has been made every 2nd day, however the emerged seedlings have not
been removed as was the case in the laboratory conditions. The whole
experiment was lied out in a complete block design with 4 replications.

Number of replicates in the experiment: All the ex-
periments on the stratification of seeds, emergence tests in the labora-
tory and in the field have been performed in 4 replicates, one replicate
for each experimental variable containing 50 or 100 (in 1965) seeds.

RESULTS

The studies on the breaking of dormancy and germination of horn-
beam seeds conducted in Koérnik in the years 1963 - 1966 covered the
following topics:

1. Breaking of seeds dormancy during a cold and a warm-followed-
-by-cold stratification (experiments la and Ib).

2. Optimal germination temperature for the stratified seeds (experi-
ment 2).
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3. Reaction of the stratified seeds to a raising of the temperature
(experiments 3 and 4).

4. Emergence of seedlings in laboratory and field conditions from
stratified seeds (experiment 4).

1. BREAKING OF DORMANCY OF HORNBEAM SEEDS DURING COLD
AND WARM-FOLLOWED-BY-COLD STRATIFICATION

Studies on the topic mentioned in the subtitle above have been con-
ducted over several years. In the 1963/64 season (experiment 1a) seeds
collected from 2 trees have been studied separately. After collection the
nutlets have been partially dried to 10 - 11% of water content and strati-
fied immediately after completion of the partial drying.

Besides the cold stratification at 1°, 3°, 5° and 10°C. a warm-foilowed-
-by-cold stratification was employed. Individual variants of the experi-
ment differed in duration of the warm phase (20cC.) which was 2, 4, 6,
8, 10, or 12 weeks long. The cold phase was run at 1°, 3° and 5°C. and
always lasted 30 weeks (fig. 1). Germination of hornbeam seeds has been
observed during and not after the stratification.
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A short characteristic of experiment la

Purpose: A comparison of the effect of cold stratification with the effect of
the warm-followed-by-cold stratification on the germination of seeds during strati-
fication.

Design of the experiment: see fig. 1.

Collection of nutlets: in the Koérnik Arboretum, 10 XI 1963.
Partial drying of the nutlets: from 10 XI 1963 to 25 XI 1963.
Water content of the nutlets after partial drying was for:

tree 1 —10.0%
tree 2—10.4%

Seed viability after partial drying:

tree 1—92.3% of viable seeds (25 XI 1963)
tree 2— 75.3% of viable seeds (25 XI 1963)

Stratification begun on: 26 XI 1963
Results of the experiment:

tree 1 —see fig. 2
tree 2—see fig. 3

The results obtained using seeds from two different trees were very
much the same (fig. 2 and 3). Cold stratification at a temperature of 1°
and 3°C. had practically no effect on the germination of the seeds and
at 5°C. the seedsgerminated in a very low percentage. The highest ger-
mination of seeds following cold stratification has been obtained when
the germination temperature was 10°C. In contrast to the other strati-
fication temperatures, at 10°C. the seeds kept on germinating all the way
until the 30th week of stratification, that is to the time when the expe-
riment was terminated.

As a result of the warm-followed-by-cold stratification the seed ger-
mination was very different. Already a two week period of warm stra-
tification was sufficient to hasten the onset of stratification and has help-
ed in increasing the number of germinating seeds (fig. 2 and 3). The best
results were obtained after a 4 week warm stratification followed by
a cold stratification at 5°C. Seeds kept at lower temperatures during the
cold phase of the stratification (at 1° and 3°C.) have germinated to a si-
milarity high percentage as 5°C. but only after the first warm phase
of the stratification lasted at least 6 weeks. Elongation of the duration
of the warm phase of the stratification did not help in increasing the
number of germinating seeds, since already in the optimal sequence of
thermal conditions given above all the viable seeds have germinated.
There was no negative effect of the extension of the warm phase up to 12
weeks on the germination of hornbeam seeds during the cold phase. Thus
the best conditions for the stratification of hornbeam seeds, collected in
late Autumn and partially dried immediately after collection proved tobe:
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Fig. 2. Course of germination of hornbeam seeds partially dried after collection
and placed directly in conditions of cold, and warm-followed-by-cold stratification
(experiment la, seeds from tree 1)

Fig. 3. Course of germination of hornbeam seeds partially dried after collection
and placed directly in conditions of cold and warm-followed-by-cold stratification
(experiment la, seeds from tree 2)
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2 or 4 weeks at 20°C. followed by stratification at 5°C. First germinating
seeds have been found following such treatment between the 12th and
15th week of the cold phase of the stratification, and the last arround
the 21st week. The period of seed germination has lasted therefore about
9 weeks.

Having determined the most effestive combination of thermal con-
ditions for the stratification of hornbeam seeds further studies (experi-
ment Ib) have ben conducted in the next season, 1964/65 for which not
only partially dried seeds but also freshly collected seeds from 3 trees
have been used. In the studies a comparison was again made of the cold
stratification and the warm-followed-by-cold stratification. In the warm
phase 20°C. was provided only for 2, 3 and 4 weeks and in the cold
phase the temperatures employed were 3°, 5° and 10°C.

A short characteristic of experiment Ib

Purpose: To establish the effect of warm-followed-by-cold stratification with a short
warm phase.

Design of the experiment: see fig. 4.

Collection of the nuts: in the Kornik Arboretum, 5 - 7XI 1964

Partial drying of the nuts: from 5 -7 XI 1964 to 20 XI 1964

Water content in the nutlets following collection:

tree 3 — 19.0%
tree 4 — 17.1%
tree 5 — 18.0%

Water content in the nutlets following partial drying:

tree 3 — 9.2%
tree 4 — 9.8%
tree 5 — 9.9%

Viability of the partially dried seeds:

tree 3 — 92.7% of viable seeds
tree 4 — 81.0% of viable seeds
tree 5 — 78.8% of viable seeds

Onset of stratification:
freshly collected seeds — 7X11964
partially dried seeds — 21 X11964

Fresh seeds (not partially dried) have been stratified at only one set of tem-
peratures (20°C. for 4 weeks and later 5°C.).
Results of the experiment: see fig. 5.

Stratification at the cold only conditions run at 3° and 5°C. has not
given any results and even at 10°C. hardly any seeds germinated. On the
other hand a significant effect of the warm-followed-by-cold stratifi-
cation has been exerted on the breaking of dormancy of the seeds and
this regardless of the temperature of the cold phase (3°, 5° or 10°C))
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(fig. 5). Under such stratification conditions all viable seeds from trees 3
and 5 have germinated. The germination gradient of tree 4 has not
reached its culmination in the time period employed in the experiment.
Individual variation has shown itself here in the uneven reaction of seeds
from individual trees on the same thermal conditions of stratification.
The course of seed germination from the individual trees was dependent
on the temperature of the cold phase of the stratification. Germination
at 5°C. was earliest while the seeds kept at 3°C. germinated 2 - 4 weeks

later. At 10°C. germination was latest, however the germinative capacity
was highest at this temperature of the cold phase of the stratifica-
tion.

Seedis stratified immediately after collection (17 - 19% of water) in
the conditions: 4 weeks at 20°C. followed by 5°C. have germinated in
the case of two trees (three were studied) to a higher percentage than
seeds partially dried.

Seed germination occured in the period between the 12 - 14th and
26 - 30th week of the cold phase of stratification. This implies that
between the germination of the first and the last seeds a period of about
15 weeks has elapsed.

From the results of experiment Ib it appears that only the
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rfollowed-by-cold stratification of hornbeam seeds, partially dried or
fresh, guarantees the germination of the bulk of the viable seeds. The
warm phase of this treatment should last for about 2 - 4 weeks at 20°C.,
after which it is necessary to lower the temperature to 5°C. In the period
between the 12th and 16th week of the cold phase one is to expect the
first germinating seeds. These results constitute a confirmation of the
results obtained in the 1963/64 season.

Fig. 5. Course of germination of hornbeam seeds stratified immediately after
collection (5°A) or after partial drying in conditions of cold and warm-follow-
ed-by-cold stratification (experiment 1b, seeds from trees 3, 4 and 5)

2. OPTIMAL TEMPERATURE FOR THE GERMINATION OF STRATIFIED SEEDS
OF HORNBEAM

In the experiments la and Ib the germination of hornbeam seeds
during stratification has been studied. As it turned out at a relatively low
temperature of the cold phase of this treatment the period covering the
germination of all the healthy seeds lasted for a long period of time and
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may reach as much as several weeks. When sowing the seeds in the field
conditions as well as in the laboratory the aim is to obtain the fastest
possible germination of the seeds. In experiment 2 established with this
aim in mind an attempt was made to define the conditions in which it
would be possible to obtain an energetic germination of the greatest
number of seeds in the shortest possible time.

A short characteristic of experiment 2

A larger portion of hornbeam nutles from tree no 3 have been stratified in
the Fall of 1964, immediately after completing the partial drying, under conditions
of the optimal warm-fllowed-by-cold stratification. During the germination period
the seeds were divided into those already germinating with a radicle not longer
than 3 mm, those still ungerminated but in cracked nutlets in whole nuts. The
germinators with seeds of each category have been placed at temperatures 5°, 10°.
15° and 20°C. The course of seedling emergence is shown in fig. 6.

From partially germinating seeds seedlings have emerged in 100%
regardless of the temperature which acts only on the rate of the emer-
gence. At the optimal temperature of 20°C. all the seedlings have emerg-
ed between the 4th and 12th day of the test. Seeds of this category have
yielded seedlings at the lowest rate and therefore latest at temperature
5°C. namely between the 12th and 48th day of the test (fig. 6A).

Seeds from cracked nutlets have differed from the partially germi-
nated seeds in that at all temperatures the seedlings emerged later. At
temperatures of 20°, 15° and 10°C. seedling emergence has reach-
ed 100%. The seeds sown at 5°C. have yielded seedlings latest, between
the 30th and 58th day of the test, and only in 80%. At the optimal tem-
perature of 20°C. the seedlings have emerged between the 4th and 16th
day of the test (fig. 6B).

Nutlets of the first two categories have contained only viable seeds.
On the other hand the whole nutlets were to a large percentage empty
or contained non-viable seeds. The numerical values drawn in the graphs
for the whole nutlets (fig. 6C) have been calculated as a percentage of
the viable seeds as determinated on the day of termination of the expe-
riment. As it turned out the seeds from whole nutlets have germinated
even later than those from the other categories. They germinated earliest
at 20°C., between the 6th and 16th day of the test. The germination
capacity of the seeds from whole nutlets was lowered. It was highest
(95%) at 10°C and lowest (40%) at 5°C.

Seeds in cracked nutlets were as it turned out completely ready for
germination. Thus cracked nutlets of hornbeam can be sown at a tempet
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of 20°C. and in the field conditions at such time when the soil at
sowing depth has a similar temperature. At the raised temperature such
seeds do not fall into a secondary dormancy.

Fig. 6. Emergence of seedlings from hornbeam seeds at temperatures 5°, 10°, 15°
and 20°C. Seeds were sown after warm-followed-by-cold stratification to a depth

of 1 cm (experiment 2, seeds from many trees)
A — partially germinated seeds, B — seeds in cracked nutlets, C — sound seeds from com-
plete nutlets
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3. THE REACTION OF STRATIFIED HORNBEAM SEEDS TO THE RAISING
OF TEMPERATURE

A temperature of 20°C. is optimal for the germination of stratified
seeds of hornbeam. It is known however from the studies conducted on
the seeds of other genera (Nikolajeva 1963, Suszka 1967) that even the
best conditions for germination can contribute to the return of the seeds
into the dormant condition (secondary dormancy). This can take place
when not all the seeds have been preconditioned for germination by the
stratification. In some species the seeds reach a condition of readiness
for germination under appropriate conditions even when this readiness
is not manifest in any way externally (Suszka 1966). In the case of seeds
investigated in the present study it was considered necessary to establish
the shortest stratification period after which by raising the temperature
one would obtain a rapid and energetic germination of the highest per-
centage of viable seeds.

A short characteristic of the experiment 3

Purpose: To determine the shortest stratification period for the seeds of hornbeam.
Design of the experiment: see fig. 7.

The material: seeds collected from tree 3 in the Kornik Arboretum.

Collection of nutlets: 7 XI 1964.

Partial drying of the nutlets: from 7 XI 1964 to 19 XI 1964.

Water content after partial drying: 9,2%

Seed viability after partial drying: 92.7% of viable seeds.

Stratification begun: immediately after partial drying, 19 XI 1964.

Results of the experiment: see fig. 8.

In experiment 3 the stratification temperature was changed twice.
The first change took place in all the variants after 4 weeks, at the
moment when warm (20°C.) phase of the stratification was completed
and the cold (5°C.) phase begun. The different variants of the experiment
varied in the duration of the cold phase (2, 4, 6, 8, 10, 12, 14 or 16 weeks).
After the cold stratification the temperature was again raised to 20°C.
and maintained so for 48 days. This period was treated as a germination
test and control observations have been made during the 48 days at
6 day intervals.

Results of the experiment are presented in fig. 8. The germination
was first noticed in a very small percentage after a stratification comp-
rising 4 weeks of warmth at 20°C. followed by 8 weeks of the cold stra-
tification at 5°C. With the extension of the cold phase of the stratifi-
cation the percentage of seeds that have germinated, after having raised
the temperature, has risen quickly reaching a maximal value after
stratification comprising 4 weeks of warm (20°C.) temperature and
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14 weeks of cold (5°C.) temperature. In this time, that is after 14 weeks
of the cold phase of the stratification, it was also possible to notice the
first seeds germinating already at the 5°C. temperature of the stratifi-
cation prior to the raising of the temperature. A further extension of
the cold period has resulted in the increase of the number of germina-
ting seeds already at the 5°C. which in the case of hornbeam has to be

Fig. 7. Design of experiment 3

considered as undesirable. Seeds that germinated too far generally do
not emerge even after very shallow sowing.

Starting from the 4+12 weeks of the warm-followed-by-cold strati-
fication seeds germinated after raising of the temperature rapidly, within
6 days. It would appear that the rate of germination was higher here
than in the case of experiment 2 which however was not so. In the latter
experiment seedlings were observed which had to pierce a 1cm layer of
sand after germination.
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On the basis of results of the experiment discussed here it can be
stated that the time of germination of the first seeds of hornbeam obser-
ved after 12 - 14 weeks of the cold phase of the warm-followed-by-cold
stratification (4 weeks at 20°C+ 12—14 weeks at 5°C) determines the

Fig. 8. Germination of hornbeam seeds at temperature 20°C following warm-followed-

-by-cold stratification. Individual experimental variants differ in the lenght of

the cold phase of stratification. The germination test lasts 48 days (experiment 3,
seeds from tree 3)

most satisfactory time forthe sowing of the seeds out at a temperature
of 20°C. Almost all the seeds at this time are ready for germination.
Under such thermal condition the germination takes place very quickly,
within a few days.

4. A COMPARISON OF THE EMERGENCE OF HORNBEAM SEEDLINGS FROM SEEDS
FIRST STRATIFIED IN THE WARM-FOLLOWED-BY-COLD CONDITIONS AND THEN
SOWN IN THE LABORATORY AND IN THE FIELD

Results of the laboratory tests require a confirmation under field condi-
tions. For these reasons in the 1965/66 season the following experiment
was conducted:

11 Arboretum Koérnckie — XIllI
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A short characteristic of experiment 4

Purpose: A comparison of seedling emergence from seeds sown simultaneously in
controlled conditions at 20°C and in the field following a warm-followed-by-cold
stratification.

Material: the nutlets have been collected in November 1965 in a state of complete
ripeness, separately for 5 trees, partially dried after collection to 9 - 10% of water
content and stored in tightly sealed jars at a temperature of 3°C for 13 - 14 months.
Water content in the nutlets and seed viability after completion of the storage:
(N. B. — the values found before the onset of storage are given in brackets)

Water content
as % of the Seed viability
fresh weight

tree no. 3 8.8% (9.2%) 85.7% (92.7%)
tree no. 4 9.2% (9.8%) 78.8% (81.0%)
tree no. 5 9.2% (9.9%) 76.3% (78.8%)
tree no. 6 9.5% 74.0%
tree no. 7 10.0% 88.7%

Design of the experiment: in the experiment the following variants of the warm-
-followed-by-cold stratification, have been used:

A) 4 weeks at 20°C. + 10 weeks at 5°C. (strat begun 24 | 1966),
B) 4 weeks at 20°C.+ 121/2 weeks at 5°C. (strat begun 6 | 1966),
C) 4 weeks at 20°C.+ 15 weeks at 5°C. (strat. begun 20 XII 1965).

Seeds of the individual trees have been stratified in the following variants of
the duration of the stratification: tree 3—B; tree 4—A, B, C; tree 5—A, B, C;
tree 6 — A, B; and tree 7—B.

Fig. 9. Soil temperature at the sowing depth (1 cm) in the period from 3 V 1966
to 8 VI 1966 (experiment 4)

Stratification at all the time variants (A, B, C) has been terminated simultan-
eously on the 3 V 1966 after which the seeds of each stratified portion have been
divided into the following categories of seeds: germinated seeds, ungerminated
seeds in cracked nutlets, and seeds in whole nutlets. Each lot has been divided into
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4 replicates with 50 seeds, keeping the 3 categories within each replicate in the
same proportions. In the laboratory sowings as well as in the field the same
sowing depth of 1 cm was employed.

Conditions of the seedling emergence test in the laboratory: a dark room of
the phytotron at 20°C., control observations every 3 days for 24 days.

Conditions of the emergence test in the field: The thermal conditions at the
sowing depth — see fig. 9. The field sowings were performed in the complete
block design with 4 replicates. Control observations were made every 2 days for

35 days.
Results of the experiment: see fig. 10.

In fig. 10 the course of the seedling emergence is presented for only
one of the three experimental variants (variant B). In this variant the
seeds were sown in the laboratory and in the field following a stratifi-
cation for 4 weeks at 20°C. and 121/2 weeks at 5°C. The results obtained
in the remaining variants (with 10 and 15 weeks at 5°C.) have not been
presented graphically since they do not include seeds from all the 5 trees.
From the graph of temperature changes in the soil at a depth of 1 cm
it appears (fig. 9) that the mean daily temperature fluctuations varied
during the seedling emergence test between 8° and 22°C. Extremal soil
temperatures during the period concerned were 7.2° and 34.5°C.

A warm-followed-by-cold stratification with a 10 week cold phase
(variant A) was insufficient. Even in the laboratory conditions only
50—70% of seedlings have emerged from the viable seeds from cracked
and whole nuts. A stratification for 15 weeks at 5°C. (variant C) was too
long since to a large extent the seeds have germinated before the ter-
mination of the stratification. The intermediate variant (B) of 4 weeks
at 20°C. + 121/2 weeks at 5°C. proved most satisfactory since at the time
of termination of the stratification in 4 of the studied 5 lots of seeds
only small percentage of seeds has germinated. In laboratory conditions,
that is at a temperature of 20°C. after such a stratification from all or
almost all the cracked nutlets seedlings have emerged. It needs to be
pointed out that it is this category of seeds which was in all the seeds
lots after the 4+ 121/2 weeks of stratification most numercus. Viable seeds
from the whole nuts have emerged in 50 - 100% excluding the nutlets
which after termination of the experiment were found to be empty. The
seedling emergence had an energetic course. Most have emerged in the
period between the 6th and 15th day of the laboratory test.

In the field experiment the seedlings have emerged somewhat later,
in the period between the 17th and 30th day from sowing. Germinative
capacity was lower compared with the laboratory conditions by about
30%. This was caused by about 25 - 30% of the seeds from cracked
nutlets and about 50% of viable seeds from whole nutlets failing to
germinate in the field conditions. Thus in the field conditions about 70%
of the viable seeds have yielded seedlings.

11*
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Fig. 10. Emergence of seedlings of hornbeam from seeds sown under controlled

conditions at 20°C. and in the field conditions following 14 months of storage

in a partially dried condition in sealed containers at 3°C. and a warm-followed-
-by-cold stratification (4 weeks 20°C.+12.5 weeks 5°C.)

State of the seeds on the day of sowing: a — germinating seeds, b — seeds in cracked nutlets,
¢ — seeds in whole nutlets (experiment 4, seeds from trees 3, 4, 5 6, and 7)

DISCUSSION

Seeds of hornbeam germinate in the natural conditions on the second
Spring following the seed fall if they happen to find themselves in ap-
propriate conditions permitting after-ripening. Such conditions occur
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in the upper layer of the moist soil, covered in the summer by litter
and in the winter also by the snow. Thanks to this cover the soil
remains for the greater part of the year moist and the daily tem-
perature fluctuations are somewhat buffered by these conditions. From
the studies presented in this paper it appears that during the cold
stratification at temperatures between 1° and 5°C. the seeds will
remain to a large percentage in the dormant condition and only at
a temperature of 10°C. slowly and very late some of the seeds will ger-
minate. However if the cold stratification is preceeded by a warm strati-
fication the seeds will germinate in a large percentage.

The treatment of the warm-followed-by-cold stratification reproduces
somewhat the natural course of events in respect of the thermal condi-
tions existing in the upper layer of the moist forest soil covered by
litter during Summer, Autumn and Winter. For these reasons recom-
mendations were made for several years that stratification of horn-
beam nutlets be started in late Spring (Tyszkiewicz 1949, Winkler 1955,
Kociecki 1965). The need of stratification of hornbeam seeds at a raised
temperature first and then later at a low temperature has been pointed
out by others (Tyszkiewicz and Dagbrowska 1953, Vincent 1959) but the
conditions were first proposed specifically by Kociecki (1964, 1965) re-
commending that after an October collection at first for about 4 weeks
the nuts be stratified at 20°C. and then for 5 months at about 5°C.

In the light of our studies various doubts about the time of seeds col-
lection and the time of stratification expressed by several authors have
been removed. It was shown that one can completely abandon the collec-
tion of hornbeam nutlets *“green”, because even following the latest
collection in the Autumn the seeds will germinate the following Spring
in a large percentage if the conditions of stratification and sowing as
developed in the present study are supplied. Also it is not necessary to
store the seeds over the winter and to stratify them in May or June,
since already a 2 week period of warm stratification is sufficient to
guarantee satisfactory results provided that the warm period is followed
by a cold stratification at 5°C. Other temperatures of the cold phase
of stratification do not affect the germinative capacity of the seeds, which
is always high within the 1 - 10°C. range of temperatures, but the time
of germination. In temperatures higher or lower than 5°C. the germina-
tion occurs generally several weeks later.

The first that is the warm phase of stratification can be extended
even to 12 weeks (the longest period studied) without any loss of seed
viability and germination capacity. In natural conditions the warm period
of stratification lasts in the soil for an even longer period of time, cov-
ering a large part of the Spring, all of the Summer and much of the
Autumn.
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The optimal duration of the stratification, described by different
authors as lasting 21 - 26 weeks (Jahnel 1956, Vincent 1959, Kociecki
1965) can be considerably shorter. It turned out in our studies that the
warm-followed by cold stratification with a 2 -3 week warm period
followed by 12 - 14 weeks of cold stratification preconditions almost all
the seeds to germination.

Having determined the optimal conditions for the germination of
hornbeam seeds to be 20°C. studies were conducted on the raising of
the temperature of the cold phase of stratification from 5°C. to 20°C.
From studies on seeds of several species from the genus Acer and Evony-
mus (Nikolajeva 1963) or Prunus (Suszka 1967) it appears that the
sudden raising of temperature of the cold stratification can cause a mas-
sive return to the dormant state of the seeds which have already been
partially preconditioned for germination. In the case of hornbeam how-
ever it was found here that the readiness of seeds in the same condition
for germination is best demonstrated at the raised temperature of 20°C.
and an induction into secondary dormancy does not occur. The condi-
tions when almost all the seeds can on raising the temperature to 20°C.
germinate energetically (2 -3 weeks at 20°C.+ 12 - 14 weeks at 5°C.)
are signalized in the cold phase of the stratification by the occurence of
the first germinating seeds. Seed germination, which during the stratifi-
cation normally begins at about the 12 - 14th week of the cold phase
and lasts on the average for about 9 - 12 weeks, is shortened to only
a few days by the raising of the temperature.

By maintaining the conditions described above it is possible to bring
completely dormant seeds into massive germination within about 15
weeks of a warm-followed-by-cold stratification. Field sowings made
parallel with the laboratory tests have confirmed the results obtained in
the controlled conditions. The time of seed germination in the field is
dependent on the soil temperature at the sowing depth. The closer will
the temperature of the soil at the time of sowing be to the optimum
(20°C.) the closer will the result in the field be to the results obtained
in the laboratory conditions. Under controlled conditions at 20°C. almost
all the seeds germinated and in the field conditions only 70% of that
number. An important condition for the success of the sowing is the as
far as possible shallowest depth to which the seeds are sown, and it
should not exceed 1 cm.

In the experiments for which stored seeds have been used it turned
cut that the storage of dewinged, partially dried nutlets in tightly sealed
containers at a temperature of 3°C for 14 months did not contribute to
the lowering of seed viability and does not lower in any way the number
of seeds that germinated under appropriate conditions.
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CONCLUSIONS

1. Nutlets of hornbeam should be collected in the conditions of full
ripeness. Collecting earlier is not to be recommended.

2. Drying of the nutlets to a water content of 9 - 11%, performed
immediately after collection at room temperature or lower, has no ne-
gative effects on the viability and germinability of the seeds. It makes
no difference whether the stratification of partially dried seeds is begun
immediately after drying or whether it comes after a year of storage
in closed containers at low temperature (3°C. or lower).

3. Freshly collected nutlets (17 - 19% of water) or nutlets partially
dried after collection (9 - 11% of water) stratified immediately after col-
lection or a year later following storage of the partially dried seeds, will
germinate in the highest percentage when subjected to a warm-followed-
-by-cold stratification. Such a stratification has to comprise a 2 - 4 week
phase of warm stratification at 20°C. followed by a cold phase at 5°C.
Under these conditions germination will begin in the 12 - 14th week of
cold stratification. The period from the germination of the first to the
last seed lasts for seeds of most trees arround 9 weeks at 5°C.

4. Only cold stratification at temperatures of 1°, 3° and 5°C. is not
very effective for the seeds of hornbeam. However at 10°C. seeds of
some of the trees germinate in a large percentage. The course of germi-
nation at 10°C. is slow and the onset is much delayed.

5. Temperatures 1°, 3° 5° and 10°C. employed in the cold phase of
the warm-followed-by-cold stratification are for most of the trees
equally and highly effective. Seeds at 5°C. germinate earliest and most
energetically, while seeds at 10°C. germinate latest.

6. Prolongation of the warm phase of the warm-followed-by-cold stra-
tification to 12 weeks (the longest period studied) does not lower the
viability and germinative capacity of the seeds.

7. Seeds of hornbeam germinate most energetically when the tempe-
rature of the cold phase of stratification is after 12 - 14 weeks raised to
20°C. At this temperature within 6 - 8 days all the partially germinated
seeds will germinate as well as all the seeds from cracked nutlets and
most of the healthy seeds from uncracked nutlets. Use of temperatures
lower than 20°C. causes delay in the onset of germination and lowers
its rate. Shortening of the cold phase of stratification lowers progress-
ively the germinative capacity of the seeds at the raised temperature.
On the other hand extension of the cold stratification beyond 12 - 14
weeks results in the germination of ever increasing number of seeds be-
fore the raising of the temperature, which is not required.

8. Optimal for seed sowing under conditions of raised temperature is
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the period of the first appearance of germinating seeds still in the cold
phase of stratification. Under the optimal conditions of warm-followed-
-by-cold stratification (at 20°/5°C.) this period comes after 12 - 14 weeks
of the cold period. Almost all the seeds are ready for germination at the
time and the raising of temperature will not induce secondary dormancy.

9. Warm-followed-by-cold stratification of hornbeam seeds guaran-
tees the highest yield of seedlings also under field conditions, following
sowing in the ground in the period when daily mean soil temperatures
at the sowing depth (1 cm) vary between 10° and 20°C. In these con-
ditions it is important to maintain a proper soil moisture.

Recommendations for the nursery practice: Fruits of hornbeam should
be collected when fully ripe and then dried at room temperature or
lower and dewinged. Partially dried nutlets can be stored in tightly sealed
bottles at a temperature of 3°C. or lower until stratification time. Stra-
tification should begin about 105 - 120 days before the expected date
of Spring sowing regardless whether the sowing is to take place
in the first season after colletion or in the second. Stratification should
run first for 14, 21 or 28 days at 20°C. and then for no less than
90 deys at 5°C. (Warm-followed-by-cold stratification.) On observing
the first germinating seeds the nutlets should be immediately sown
to a depth of 1 cm. The optimal temperature of the soil or other medium
for the energetic emergence of seed is 20°C. Under field conditions
the seedlings will begin to emerge in about 15 days.
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BOLESEAW SUSZKA

Warunki ustepowania spoczynku i kietkowania nasion grabu zwyczajnego
(Carpinus betulus L.)

Streszczenie

W latach 1963 - 1966 przeprowadzono w Zaktadzie Dendrologii i Arboretum Kor-
nickim Polskiej Akademii Nauk w Koérniku koto Poznania badania, majace na
celu ustalenie warunkéw ustepowania spoczynku i kietkowania nasion grabu zwy-
czajnego (Carpinus betulus L.). Do badann uzyto nasion z 7 drzew, rosngcych na
terenie arboretum w Korniku.

Orzeszki zbierano w stanie pelnej dojrzatosci, zawsze w listopadzie. Podsu-
szanie orzeszkéw po zbiorze przebiegalo w temperaturze pokojowej. Zawartosé
wody oznaczano metodg suszenia przez 2 doby w temperaturze 105°C i obliczano
w procentach wagowych $wiezej masy orzeszkéw. Zywotno$é nasion oznaczano za
pomocag préby krojenia. Podsuszone i oczyszczone od okryw (skrzydetek) orzeszki
przechowywano w szczelnie zamknietych stojach w temperaturze 3°C.

Stratyfikacje przeprowadzano w wilgotnej mieszaninie piasku z torfem (obj.
1:1). Kietkowanie nasion sprawdzano podczas obserwacji kontrolnych, przeprowa-
dzanych podczas stratyfikacji w temperaturach niskich (1°- 10°C) co 3 tygodnie,
podczas préb kietkowania w 20°C co 6 dni. Wschodzenie nasion badano w warun-
kach laboratoryjnych w ciemnych komorach fitotronu w réznych temperaturach
zakresu 5 - 20°C. W tym celu wysiewano orzeszki w plastikowe pudetka w wilgotng
mieszanine piaskowo-torfowa, w ktérej przy uzyciu .perforowanych szablonéw wy-
ciskano otwory 1-centymetrowej glebokosci dla pojedynczych orzeszkéw. Po wy-
siewie zasypywano otwory suchym piaskiem, ktéry natychmiast zwilzano. Kon-
trole préb wschodzenia nasion przeprowadzano w odstepach 3-dniowych, usuwa-
jac za kazdym razem nasiona, ktérych liscienie przebity pokrywajaca je warstwe
piasku. Réwnoczes$nie z prébami laboratoryjnymi przeprowadzano obserwacje prze-
biegu wschodzenia nasion wysianych w grunt na glebokos$¢ 1 cm. Wszystkie bada-
nia nad stratyfikacjg, kietkowaniem i wschodzeniem nasion przeprowadzano w 4
powtdérzeniach, przy 50 nasionach w kazdym powtérzeniu.

Wahania temperatur, stosowanych w badaniach laboratoryjnych nie przekra-
czaly + 0,5°C.

Z wynikéw badan wyciggnieto nastepujgce wnioski:

1. Zbiér orzeszkéw grabu zwyczajnego nalezy przeprowadzi¢ w stanie peinej
dojrzatosci. Przyspieszanie terminu zbioru nie jest celowe.

2. Podsuszenie orzeszkéw do 9 - 11% zawartosci wody w $wiezej masie, doko-
nane natychmiast po zbiorze w temperaturze pokojowej lub nizszej, nie wywiera
zadnego ujemnego wptywu na zywotnos$¢ i zdolno$¢ kietkowania nasion. Jest bez
znaczenia, czy stratyfikacja podsuszonych orzeszkéw zostanie rozpoczeta bezpo-
$rednio po podsuszeniu czy tez po rocznym przechowywaniu w zamknietych zbior-
nikach i w niskiej temperaturze (3°C lub nizej).

3. Orzeszki $wiezo zebrane (17 - 19% wody) lub podsuszone po zbiorze (9 - 11%
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wody) stratyfikowane natychmiast po zbiorze albo po podsuszeniu wzgl. po podsu-
szeniu i rocznym przechowywaniu, kietkuja w najwyzszym procencie po zastoso-
waniu stratyfikacji ciepto-chtodnej. Stratyfikacja taka musi obejmowaé 2 - 4-tygod-
niowa faze ciepla w 20°C i nastepujaca po niej faze chitodng w 5°C. Poczatek
kietkowania przypada w tych warunkach na 12 - 14 tydzien fazy chtodnej. Okres
zawarty miedzy skietkowaniem pierwszych i ostatnich nasion trwa dla nasion
wiekszosci drzew okoto 9 tygodni (w 5°C).

4. Stratyfikacja wytacznie chitodna w temperaturach 1°, 3° i 5°C jest dla na-
sion grabu mato skuteczna. W temperaturze 10°C natomiast nasiona niektérych
drzew kietkujg w znacznym procencie. Przebieg kietkowania jest w temperaturze
10°C powolny, a jego poczatek op6zniony.

5. Temperatury 1°, 3° 5° i 10°C, zastosowane w chitodnej fazie stratyfikacji
ciepto-chtodnej sg dla uzyskania wysokiej zdolnosci kietkowania nasion wiekszosci
drzew jednakowo i wysoce skuteczne. Najwczesniej i najbardziej energicznie kiel-
kuja nasiona w 5°C, najpdézniej w 10°C.

6. Przediluzenie czasu trwania cieptej fazy stratyfikacji ciepto-chtodnej do 12
tygodni (najdtuzszy okres badany) nie obniza zywotnosci i zdolnosci kietkowania
nasion.

7. Najbardziej energicznie kietkujg nasiona grabu po podwyzszeniu temperatury
chtodnej fazy stratyfikacji po 12 - 14 tygodniach do 20°C. W tej temperaturze
kietkuja w ciagu 6 -8 dni wszystkie nasiona podkietkowane, wszystkie nasiona
z orzeszkéw peknietych i przewazajgca wiekszo$¢ zdrowych nasion z orzeszkéw
catych. Zastosowanie temperatur nizszych od 20°C przyczynia sie do opdznienia
poczatku kietkowania i obnizenia jego szybkosci. W miare skracania chiodnej fazy
stratyfikacji obniza sie coraz bardziej zdolno$¢ kietkowania nasion w podwyzszo-
nej temperaturze. Przedituzenie fazy chitodnej poza 12 - 14 tygodni pociaga za sobg
skietkowanie coraz wiekszej liczby nasion przed podwyzszeniem temperatury, co
jest zjawiskiem niepozadanym.

8. Najbardziej korzystny dla wysiewu nasion w podwyzszonej temperaturze
jest okres pojawiania sie pierwszych nasion Kkietkujacych jeszcze w chitodnej fazie
stratyfikacji. W optymalnym ukladzie temperatur stratyfikacji ciepto-chtodnej
(20°/5°C) nastepuje to po 12 - 14 tygodniach okresu chitodnego. Prawie wszystkie
nasiona sa juz wtedy przysposobione do kietkowania, a podwyzszenie temperatury
nie spowoduje juz zapadniecia nasion w stan spoczynku wtérnego.

9. Cieplo-chtodna stratyfikacja nasion grabu zapewnia najwyzszg wydajnos¢
siewek roéwniez przy wysiewach gruntowych, dokonanych w okresie, w ktérym
Srednie dobowe temperatury gleby na glebokosci wysiewu (1 cm) wahajg sie miedzy
10° a 20°C. Waznym warunkiem jest w tym przypadku utrzymanie nalezytej wil-
gotnosci gleby.

Wskazéwki dla praktyki szkoétkarskiej: Orzeszki grabu zwyczajnego nalezy
zbiera¢ w stanie peilnej dojrzatosci a nastgepnie podsuszy¢ w temperaturze pokojo-
wej lub nizszej i oddzieli¢ od skrzydetek. Podsuszone orzeszki mozna przechowy-
waé w zamknietych szczelnie butlach w temperaturze 3°C lub nizszej az do stra-
tyfikacji. Stratyfikacje nalezy rozpoczyna¢ na okoto 105 - 120 dni przed planowanag
datg wiosennego wysiewu, bez wzgledu na to, czy wysiew nastgpi na najblizszg po
zbiorze czy na nastepna wiosne. Stratyfikacja powinna przebiega¢ wpierw przez
14, 21 lub 28 dni w 20°C a nastepnie przez nie mniej niz 90 dni w 5°C (stratyfi-
kacja ciepto-chtodna). Po stwierdzeniu w stratyfikowanej partii pierwszych nasion
kietkujacych nalezy orzeszki niezwlocznie wysia¢é na gteboko$¢ 1 cm. Najbardziej
korzystna dla energicznego wzejscia nasion jest temperatura gleby lub innego pod-
toza zblizona do 20°C. W takich warunkach wysiewu gruntowego wschodzenie na-
sion rozpoczyna sie po okoto 15 dniach.
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BONNEC/IAB CYLUKA

Ycnosus npepbiBaHna Nokost 1 npopacTaHus cemsaH Carpinus betulus L.

Pe3rome

B 1963 - 1966 rr. B UNHcTUTyTe aeHpposiorun u Apbopetyme B KypHUKe NpoBO-
OWNCb UCCNef0BaHWSA, VMeROLLMe Lieniblo BbISCHEHWE YCMOBWUIM NpepbiBaHUA MNepuoja
NnoKos M npopactaHusa cemMsaH rpab6a (Carpinus betulus L.). Onsa onblToB OblN UC-
nosib30BaHbl CeMeHa CeMW [epeBbeB, PacTyLUMX Ha Tepputopum apbopeTyma.

Opellkn cobupannucb B COCTOSSHUM TMOMHOW 3pefiocTu, Bcerga B Hosibpe. Mop-
cyluMBaHMe OpeLLKOB MPOBOAMIOCH MPU KOMHaTHOW TemnepaTtype. CopepykaHve BOAbl
onpeaenssocb MeTOAOM [BYXYacoBOW cyllku npu 105°, KOMMYECTBEHHO OHO Bblpa-
>Kasiocb B MNpoLeHTax o6Liero Beca CBeXXeii MacCbl OpeLllkoB. YXWU3HEHHOCTb CeMsH
onpegensnacb NOcpefcTBOM OrMblTa KpoeHus. OpeLukn, NOACYLUEHHblE U OYMULLEHHble
OT MOKPOBOB (KPbUIbILLEK), COXPAHA/INCb B TFepMETUYECKM 3aKyMNopeHHbIX 6aHKax
npu 3°C.

CTpatudmkaumsa ocyLuecTBNsNacb BO BNaXKHOW cMecu necka ¢ Topdom (B npo-
nopuun 1:1). lNpopacTaHne cemsH MNPOBEPSASIOCbL BO BPeMs KOHTPOJIbHbIX Habsito-
OEeHVA, MpoBOAUMbLIX KadKable 3 Hefenu npuv  HUBKUX Temnepatypax (1° - 10°C)
N KaKable 6 OHel nNpu TemriepaType onbiTa npopawuBaHmsa (20°C). BecxoxkecTb ceMsiH
vuccnefosasiacb B f1labopaTOPHbIX YCMOBUAX B TEMHbIX Kamepax (UTOTPoOHa npu
pa3nnMyHbIX Temnepatypax — OT 5° go 20°C. C 3TOM Uefbio CeMeHa BbICEBA/INCH
B M/lacTMaccoBble KOPOOOYKM C BNAXXHOW MecyaHO-TOP(AHOW CMecbio, B KOTOPOW npwu
MOMOLLKM creunasbHbIX LWa6/oHOB 6bLIn caenaHbl MKy (rnybuHoii B 1 cm.) ans
oTAenbHbIX ceMsH. Mocne noceBa 3TW SAMKM 3acbiNasivi CyXUM MecKoM, KOTOpbIi cpa3ly
Xe yBnakHsAcA. KOHTponb Hafg onbiTaMy MO MpopacTaHUKo CeMsAH MpoBOAWSICA
KadKkable 3 AOHA, MpUYeM Mpu NpPoBepke YAa/IA/INCb BCE CEeMEHa, CeMALO0NMUN KOTOPbIX
npobmBanu cnoii necka. OfHOBpPeMeHHO ¢ fabopaTopHbIMK OMbITaMW MPOBOAUIVNCH
HabnroAeHUs 3a XOAO0M MpopacTaHUs CEMSIH, BbICEAHHbIX B FPYHT Ha rnybuHe 1 cwm.
Bce onbITbl Mo cTpatudukaumu, nNpopacTaHWIO U  BCOXECTU CeMSH NpoBOAUINCH
B 4YeTblpex MOBTOPHOCTAX, B KaXKAOW M3 KOTOpbIX 6Gpanocb no 50 cemsH.

KonebaHus TemnepaTyp B nabopaTopHbIX uccnefoBaHUsX He npesbiwann 0,5°C.

Ha ocHoBaHWW NpoBefeHHbIX MCCnefoBaHU 6bIIM caenaHbl cnegytoLlme BblBOAbI:

1) Opewkn rpaba crnegyeT cobupaTb B COCTOSHMW MOMHOW 3penoctwn. [Mpona-
raHgvpyemMoe 4acTo YCKopeHume cbopa HeLenecoobpasHo.

2) MopacywmBaHme opellkoB [0 9 - 11% cofep>kaHUsi BOAbl, MPOBOAMMOE cpasy
>Ke nocne cbopa MpyM KOMHATHOW WAM NpU HECKOSIbKO 6ofiee HU3KOW Temmnepartype,
He OKa3blBaeT HMKaKOro oTpuuaTesisHOro B/IUSHUA Ha XXU3HECNOCOOHOCTb CeMSIH U Ha
MX CrMOCOBGHOCTL K rpopacTaHuto. He wnmeeT 3HadeHus, OypeT nu cTpatudukaums
MOACYLLUEHHbLIX CeMSH HayaTa HenocpefCcTBEHHO TMOc/le OKOHYaHus noAcyLluvBaHUs
WM >Ke rocfie roguyHoro XpaHeHWsi CEMEHHOro mMaTepuasia B 3aMKHYTbIX OyTbUIsAX
npy MOHWKEHHONM TemnepaType (3°C).

3) Opewkun, cBexune cobpaHHble (17 -19% BoAbl) WAWM MOACYLUEHHbIe Mocne
cbopa (mo 9 -11%), noaBeprHyTbl CcTpaTUUKauMm cpasy >e rnocne cbopa wnu
rnocrne CyLKW, a TakXKe rocfe CyLIKU C Mocneayrowmm XpaHeHNeM B TeYeHUWU roga,
npopacTaloT B HaubosblleM MpoLeHTe Mpu Tenno-Xoso04HOoM cTpaTudmkaumn. Takas
cTpaTumkauuns cnaraetcsa u3 2 - 4 HefenbHOW Tennol asbl (20°C) 1 cnegyrollen 3a
Heli xonogHok dasbl (5°C). B 3TMX YCNoBMAX Hadano npopacTaHus ceMsH nagaet
Ha 12 - 14 Hepento xonogHoi ¢asbl. OT MpopacTaHUsi NepBOro CEMEHW A0 MpopacTa-
HUA NocnefHero y rnoAasnseMoro 60/bLUMHCTBA AepeBbeB MPOXOAUT OKO/0 9 Hepesb.
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4) B OTHOWeEHUN ceMsiH rpaba TONbKO XosiofHas cTpatugukauna (1°, 3°, 5°C)
OKasaslacb Masio apekTnBHOMW. B To >ke Bpemsa npu 10°C. ceMeHa HEKOTOpPbIX Je-
peBbeB rMpopactaloT B [OBO/IbHO 60/LLIOM MPOLEHTE, XOTHA Temmbl MNpopacTaHus
MHOrga OYeHb Mef/IeHHble, a Ha4yal0 ero HacTynaeT Bcerga c ornosgaHueMm.

5) [Ansa Toro, uTob6bl Ob6ecneymMTb rMpopacTaHWe cemMsH C MNoAaBnAlLWEero 60/b-
LUNHCTBa [epeBbeB, B XONOAHOW hase cTpaTudukaumm MoryT ObiTb MCMNO/b30BaHbI
Temnepatypbl 1°, 3° 5° u 10°C. OpgHako npopacTaHwe' paHblle BCero HadmHaeTcs
npu 5°C, nosgHee Bcero — npu 10°C.

6) YponvHeHne Tensio a3bl cTpatTudukaumm o 12 Hepenb (MakcuMasbHas
ONTE/IbHOCTL €e B OMbITE) HEe CHMXKAET >XU3HEeCNOoCO6HOCTb CeMAH M UX npopacTa-
eMOCTb.

7) Hanbonee sHeprnyHoe npopacTaHue cemMsH rpaba Habntogaetcsa nNpu Mosbl-
weHnn Temnepartypbl go 20°C nocne 12 - 14 Heaenb XonogHoW asbl cTpaTUmKaumn.
Mpu Takoli TemnepaType MpopacTaloT BCe HaK/IOHYBLUMECS CeMeHa, BCe CcemeHa
B JIOMNHYBLUMX OpeLlKax 1 npeobnagatouiee 60/MbLIMHCTBO CEMSAH U3 LiENbIX OPELLKOB.
MNpumeHeHWe TemmnepaTypbl HW>Ke 20°C BbiI3blBaeT 3a4ep>kXKy Hadasia npopacTaHus
B ero 3amegsneHve. Mo Mepe yKopaduBaHWA XONnoAHOW ha3bl Bce 6Gonee ocrabeBaeT
CMOCOBGHOCTbL K MpopacTaHMIO CeMsiH MNpW MNOBbILWEHHOM TemnepaTtype. YaAnnHeHue
>Ke XonogHoi hasbl 3a npegenbl 12 - 14 Hefenb MPMBOAUT K TOMY, UYTO 3Ha4duTeslb-
HbIli MPOLEHT CeMsH MpopacTaeT elle A0 MOBbILWEHUA TemrepaTypbl, a 3TO He-
XenaTesibHo.

8) [OnA BbiceBa CeMsH MNpPU MNOBbLILIEHHOW TemnepaTtype Hambonee 6naronpus-
TeH MOMEHT MOSBAEHUSA MepPBbIX MPOPOCLUNX CceMsAH (NPOPOCLUMX eLle B XOIO0A4HOW
hasze). B ycnoBusx ONTUMMaNbHOrO COOTHOLLEHMS TemmnepaTyp Tenso-XOs04HOW CcTpa-
Tugukaumm (20°/5°C) aToT MOMEHT HacTymnaeT nocne 12 - 14 Hefenb XOsoA4HONW hasbl.
Torpa Bce ceMeHa y>Ke MNOAroTOB/IEHbI A1 MpopacTaHUa U MNOBbILLEeHMEe Temnepa-
Typbl He BbI3blBaeT Y HUX BTOPUYHOIO MOKOS.

9) Tenno-xonogHaa cTpaTudukKaunsa cemsH rpaba Hawnbonee npurogHa v npu
BbICEBE WX MPSAMO B TPYHT, MPOBOAMMOM MpWU KosebaHuaxX cpefHecyTOYHOW Temne-
paTtypbl MouyBbl Ha rnybéuHe nocesa ot 10° go 20°C. B 3tom cnyyae ob6s3aTesibHbIM
YCNoBMeM fABASAETCA Mofaep>kaHne BaXKHOCTWM MOYBbl Ha [OCTATOYHOM YPOBHE.

YKazaHusa ansa npaktuku: Opelwkn rpaba (Carpinus betulus L.) cnegyet cobu-
paTb B COCTOSIHMW MOJIHOW 3pefniocTu, 3aTem MOACYLLUNTb UX MNPU KOMHaTHOW mnnun 6onee
HU3KOI TemnepaTrype W OYUCTUTb OT KpblfbllleK. [1oACYyLUeHHble OpeLUKU MOXXHO
COXpaHATb B M/IOTHO 3aMKHYTbIX cocyfax npu Temnepatrype 3°C uUnn HUXKe BMJIOTb
[0 3annaHnUpoBaHHOW AaTbl BbiCeBa He3aBMCUMMO OT Toro, OyfeT /M OH caenaH BEeCHOW
HacTynaroLero unmn cnegyrowero 3a HUM roga. CrpaTudukKaumsa [o/DKHA B TedeHue
nepsbix 14, 21 vnun 28 gHeli npoxoguTb npu 20°C, a 3atem He MeHee 90 aHel npu 5°C
(Tenno-xonogHaa cTpatudwukaums). MNocne nosBneHWs B cTpaTUdUUMpPYyeMOW napTum
nepBbIX MPOPOCLLUMX CEMSH OpPELUKWN criefyeT He3ame/INTesSIbHO BbICeATb Ha rnyouHy
1 cMm. Hambonee 6naronpusATHOA ANA 3HEPrMYHOro MpopacTaHus sABMAsSeTCA Temne-
patypa nousbl (WM pgpyroro cyb6crparta) 65m3kas K 20cC. B Takux YCNoBusAX Bbl-
ceBa B IFPyHT BCXOAbl CEMSIH HauMHAlOT MOSABAATCA MPUMeEpPHO 4Yepe3 15 AHeid.



