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Storage of beech (Fagus silvatica L.) seed for up to 5 winters

INTRODUCTION

In an earlier publication (Suszka, 1966) results were presented of
studies on the after-ripening of freshly collected or stored for one winter
under controlled conditions, partially dried beech (Fagus silvatica L.)
nuts. For the studies use was made at time (1964) of nuts collected in
Kornik nr. Poznan during a good seed year which were of very high
quality. They represented a lowland beech provenance.

A part of the material collected then has been further stored at —10°C
for, 2, 3 and 4 winters till the spring of 1968. In 3°C the nuts were stored
for 2 winters. The results are presented in the first part of this paper.

In 1968 a new lot of beech nuts was collected in a mountain region.
In spite of the fact that the seeds were of poorer quality the seeds were
used for a further experiment on long-term storage designed for 5 win-
ters. The results obtained after 1, 2, 3, 4 and 5 winters of storage are also
presented in this paper.

In the publication referred to earlier (Suszka, 1966) a detailed dis-
cussion is given of the literature on beech seed storage up to 1965. Since
that time only very few further publications appeared on the subject.
(Machanicek, 1965; Messer, 1968). The work of Vlase (1968) is
also worth mentioning since he has described the action of an equipment
that rapidly lowers the water content in freshly collected beech nuts
using an air current at a temperature of 15°C (optimal temperature).

MATERIALS AND METHODS

Seed origin:

Lowland provenance: Kornik nr. Poznan, (elev. 65 m) Arboretum of the Insti-
tute of Dendrology of the Polish Academy of Sciences. Collection 1 -11. X. 1964
from the ground during seed fall. Water content after collection was 23.4% of
fresh weight.

Carpathian provenance: Mt. tomnica (elev. 900 m) near Muszyna on the Po-
prad, Sadecki Beskid Mts. in the Polish Carpathians. Collection 24 - 26. X. 1968
after seed fall from the trees was completed. Water content after collection was
31.4% of fresh weight.

Partial drying of the seeds: Immediately after obtaining the nuts they were
partially dried in a cellar at a temperature of 15° - 20°C. The duration of the dry-
ing was follows:



Fig. 1. Seeds of beech from the lowland provenance. Design of the experiment
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Lowland provenance: to 9- 10% of water, from 1-11. X. to 20-22. X. 1964
(11 - 22 days); to 5 - 6% of water, from 1 -11. X. to 5. XI. 1964 (25 - 36 days).

Carpathian provenance: to 9 - 10% of water, from 28. X. to 12. XII. 1968 (45
days). After drying, nuts that were damaged mechanically or by insects as well as
empty or malformed ones have been picked out by hand and discarded.

Storage of the nuts. Beech nuts of the lowland provenance have been stored in
tightly sealed glass bottles while the nuts of the Carpathian provenance have been
stored in tightly sealed 5 liter polystyrene canisters. The bottles and the canisters
have been opened only once, after termination of the storage period designed for
them.

Storage duration and temperature:

Lowland provenance: The nuts partially dried to 9.1 and 10.0% of water con-
tent have been stored from 20 - 22. X. 1964: in 3°C for 98 and 467 days (1 and 2
winters), in —10°C for 98, 467, 790 and 1192 days (1, 2, 3 and 4 winters).

The nuts partially dried to 5.6% of water content have been stored from
5. XI. 1964: in 3°C for 83 and 452 days (1 and 2 winters), in —10°C for 83, 452,
817 and 1177 days (1, 2, 3 and 4 winters).

Carpathian provenance: The nuts partially dried to 9.6% of water content
have been stored from 12. XII. 1968: in —10°C for 71, 433, 790, 1154 and 1510 days
(4, 2, 3, 4 and 5 winters).

Design of the experiment: lowland provenance — Fig. 1; Carpathian provenan-
ce — Fig. 2.

Estimate of viability: cutting test and in 1972 and 1973 the tetrazolium test was
also used.

Estimate of water content: method of drying in 105°C for 24 hours. Water con-
tent has been expressed as percentage of the fresh weight.

Germination tests at a lowered temperature:

a) Stratification in glass jars in a moist mixture of sand with powdered peat
(1:1 by vol.). The moisture content of the medium and the state of the seeds was
controlled every 10 days. Germinated (radicle 5 mm or longer) and decayed seeds
have been successively discarded. When the stratification was preparing seeds for
the setting test (at a high constant temperature or at a flucuating one or in the nur-
sery ) the germinating seeds have not been removed.

b) Germination test at 3°C on moist filter paper (additionally applied in 1973
for seed of Carpathian provenance).

Dates on which the germination tests (stratification) in a low temperature (A)
and the setting tests (B) in a raised temperature or in a nursery were begun.

Lowland provenance: A
after drying to 9 - 10% of water content 20 - 22 X 1964
after drying to 5.7% of water content 5 X1 1964

after storage for lwinter 27 1 1965

after storage for 2winters 111 1966

after storage for 3winters 11 1967

after storage for 4winters 26 1 1968

Carpathian provenance: A B
after drying to 9.6% water content 12 XI11 1968 3V 1969
after storage forl winter 22 11 1969 7V 1970
after storage for2 winters 191 1970 6V 1971
after storage for3 winters 1111 1971 16 V 1972
after storage for4 winters 10 11 1972 26 1V 1973

after storage for5 winters 311 1973
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Fig. 2. Seeds of beech of the Carpathian provenance. Design of the experiment
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Replicates: All the laboratory germination tests in the low and raised tempera-
ture have been conducted in 4 replicates with 50 seeds of each variant per replica-
te. The data obtained have been converted into percentages and means were cal-
culated. Stratification for setting tests in the nursery have heen conducted in 5
replicates.

Setting tests in a raised constant of fluctuating temperature: Independently of
the germination tests in the low temperature (cold only stratification) setting tests
(sowings) were also made in the laboratory conditions and in the nursery, for which
use was made of seeds separately yet simultaneously stratified in the same tempe-
rature conditions (at 1°, 3° and 5°C). After a sufficient number of germinated
seeds was observed during stratification at each of these temperatures (here the
germinating seeds were not removed) the seeds were segregated into 3 classes: a)
with a root longer than 1 c¢cm, b) with a root shorter than 1 cm, and ¢) non-ger-
minating seeds. The seeds were sown in the laboratory and nursery conditions. The
ground sowings were performed in the Zwierzyniec forest nursery near Kornik.
They were layed out in a complete block design with 5 replicates, with 50 seeds
per variant of temperature and seed class. In the case of insufficient amounts of
seeds from a given seed class the number of seeds in the replicates and in some
cases also the number of replicates were reduced.

a) Laboratory tests: Here only the Carpathian seeds were used. In the years
1969, 1971, 1972 and 1973 tests were conducted in a variable temperature (5° or
3°C for 16 hours +8 hours at 20°C). In 1970 the laboratory tests were conducted
at a constant temperature (20°C). The seeds were segregated into classes (as above)
and sown in plastic boxes on a mixture of sand and peat (1:1 by vol.) and cove-
red with a 1 cm layer of sand. The boxes were covered with a transparent lid with
ventilation holes in it and located in the phytotron chambers at an appropriate
temperature. Raising of the nut above the surface of the sand or soil was accepted
as a criterion of setting (in the laboratory and in the nursery). Setting observa-
tions were conducted every 5 days.

b) Nursery tests: These were conducted in the years 1968 - 1973 for the seeds of
the Carpathian origin. The seeds were divided into classes (as above) within each
of the stratification variants (at temperatures of 1°C, 3°C and 5°C) and sown
(50 or less) into furrows 1 cm deep and covered with the soil. The furrows were
120 cm long perpendicular to the nursery bed, 20 cm from each other. They were
pressed in with a template.

Duration of the stratifications and setting tests: Until new radicles or sets cea-
se to appear.

RESULTS
A. LOWLAND PROVENANCE

The course of seed germination during cold stratification at 1°, 3° and
5°C, begun immediately after the partial drying of the seeds to 9-10%
and 5 - 6% percent of water content and after storage of such partially
dried seeds for 1 or 2 winters at +3°C and for 1, 2, 3 and 4 winters at
—10°C in sealed containers is presented together with changes in seed
viability in Fig. 3. The water content and the viability of seeds after
partial drying and after the completion of each of the storage periods is
illustrated by the figures presented in table 1. From these data it appears
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Table 1

Seeds of beech of the lowland provenance. Water content (in the fresh weight of nuts) and seed
viability (cutting test) after partial drying and storing of file seeds in sealed containers for
1, 2, 3 and 4 winters at —10°C and for 1 and 2 winters at 3°C

that during stratification of the beech nuts in sealed bottles no significant
changes take place in the level of the water content. Deviations in the
water content of up to 1.5% are presumably related to variability between
the samples and to unevenness of the seed drying conditions.

An analysis of the germination curves demonstrates that as the time
of seed storage increases beyond 2 winters, thus only at —10°C, the onset
of germination is delayed (Fig. 4). This has been undoubtedly caused by
the storage conditions, since it was possible to observe at all the strati-
fication temperatures (1°, 3° and 5°C). Between the 2nd and 4th winter
a delay in the onset of germination was of the order of 30 - 40 days com-
pared to seeds stored only for 1 or 2 winters which begun to germinate
already after 70 - 80 days of stratification.

The period between the beginning and end of germination became
extended as the duration of storage at —10°C increased, so that when
stratified at 5°C it was 90 - 100 days after 4 winters compared to 50 - 70
days after 2 winters; this however concerns only the nuts that were
dried to 9 - 10% of water content. During stratification at 1° and 3°C
the germination lasted for a period of time irrespective of the duration
of storage, usually 70 - 80 days at 1°C and 60 - 70 days at 3°C.

With respect to the germinative capacity one should consider separately
the seeds dried before storage to 10.0% and 9.1% of water content and
those dried to 5.6% water content (Table 2). The former have germinated
in a relatively high percentage even after 4 winters of storage while
the latter were from the very beginning, that is immediately after drying,



Fig. 3. Seeds of beech of the lowland pro-

venance. Pattern of germination during

cold stratification at 1°, 3° and 5°C fol-

lowing storage in sealed containers for

1, 2, 3 and 4 winters at —10°C and for 1
and 2 winters at 3°C
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Fig. 4. Seeds of beech of the lowland provenance. Duration of the germination
period during cold stratification at 1°, 3° and 5°C following storage in sealed con-
tainers for 1, 2, 3 and 4 winters at —10°C and for 1 and 2 winters at 3°C

characterized by a lowered germinative capacity. In seeds containing
9-10% of water a significant decline in germination capacity was obser-
ved only during storage between the 3rd and 4th winter.

From the experiments conducted in 1964 - 1968 on the storage of
high quality beech nuts from a lowland provenance in sealed bottles
the following conclusions can be drawn. The optimal treatment of the
seeds depends on drying them partially to 9 - 10% of water content in
the fresh weight and then storing them in sealed containers at —10°C
(up to 2 years 3°C is also satisfactory) and later stratyfing at 1° - 3°C
on termination of the storage. After 2 winters of storage at —10°C one
has to expect a 20 - 30 day delay in the onset of germination which was
70 - 80 days immediately after drying or after one winter of storage, 90
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Table 2

Seeds of beech of the lowland provenance. Germinative capacity during cold stratification at
1°, 3° and 5°C following partial drying and storing of the nuts in sealed containers for 1, 2, 3
and 4 winters at —10°C and for 1 and 2 winters at 3°C

days after 3 winters and 100-110 days after 4 winters of storage. The
duration of germination in these conditions (about 70 days) does not
undergo any substantial variation with storage time.

B. CARPATHIAN PROVENANCE

The viability and initial germination capacity of the beech nuts from
the Carpathian provenance used in the experiment conducted in 1968 - 73
was lower compared with that for the lowland seeds.

Studies on seeds of the Carpathian beech provenance have been exten-
ded to include seedling emergence test at a raised constant temperature or
at a cyclically changeable temperature following a period of cold stratifi-
cation. These further studies were aimed at obtaining information on the
germinative capacity possible to attain in conditions more akin to those
existing in a nursery. In spite of the fact however that cold stratification
was always conducted in constant conditions, the setting tests were being
changed each year during the first three years of the study in search
of a method that would prove most satisfactory. It has to be pointed out
that so far an appropriate method of making germination tests for beech
has not been developed, and the method recomended by the rules of
I.S.T.A. has been subjected to criticism in an earlier paper (Suszka,
1966). The conditions of the emergence test used in this study have been
the following for the various years:

after 1 winter — a cyclically changeable temperature between 20°
and 5°C (8 + 16 hrs.), with a 1 cm sand cover;

after 2 winters — constant temperature at 20°C, with a 1 cm sand
cover;
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Fig. 5. Seeds of beech of the Carpathian provenance. Pattern of germination during cold stratification at 1°, 3° and 5°C following storage
at —10°C in sealed.|containers (for|1/2, 3, and 4 winters
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after 3 winters — a cyclically changeable temperature between 20°
and 3°C (8+16 hrs.), with a 1 cm sand cover;

after 4 and 5 winters — as after 3 winters.

The thermal conditions used after 3 winters proved most satisfactory
for the stratified seeds of beech. Before the elapse of 60 days all seeds
capable of germination emerge above the sand surface and one can termi-
nate the test. The majority of seeds set before the 40th day of the test.

At a constant low temperature (1°, 3° and 5°) the germination of
freshly collected seeds partially dried to 9.6% of water content in the
fresh weight have germinated respectively to 51.5%, 50.5% and 56.0%
when the viability as determined by the cutting test was 80.7% (Fig. 5,
Table 3 and 4). The difference between viability determined by the cut-
ting test or by the tetrazolium test and the germination capacity obser-
ved throughout the study was always high. There is no doubt that using
these methods of estimating the soundness of seeds too many of them
are included in the class of healthy seeds, as a result of which excessively
optimistic estimates are made.

Germinative capacity at each of the cold only stratification temperas

Table 3

Seeds of beech of the Carpathian provenance. Water content (in the fresh weight of the nuts)
and seed viability (cutting test) after storing of the seeds in a partially dried state in sealed contai-
ners for 1, 2, 3, 4 and 5 winters at —10°C

Table 4

Seeds of beech of the Carpathian provenance. Germinative capacity during cold stratification
at 1°C, 3° and 5° following storage of the nuts at —10°C in a partially dried condition (9,3% of
water content in the fresh weight) for 1,2, 3, 4 and 5 winters in sealed containers
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Fig. 6. Seeds of beech of the Carpathian provenance. Duration of the germination
period during cold stratification at 1°, 3° and 5°C following storage in sealed con-
tainers for 1, 2, 3 and 4 winters at —10°C and for 1 and 2 winters at 3°C

underwent certain changes during the four years of the duration

of the experiment. At 1°C it was more or less the same after the 1st and
2nd winter, dropping gradually to about 2/3 of the initial value during
the 3rd and 5th storage winter. At 3°C after the first winter the germi-
native capacity rose unexpectedly to 63.5% and remained at this level
until the 3rd winter after which it dropped till the end of the 5th winter
to about 3/4 of the initial value. At 5°C the germination capacity slowly
yet consistently dropped during all the 5 storage winters reaching its
final value of about 6/10 of the initial. It must be pointed out that the
results obtained during stratification of seeds stored for 5 winters were
at 1° and 3°C much better than those after 4 winters, indicating a possi-
ble leakage of the storage container in the latter case. We could observe
the same tendency in laboratory and nursery setting tests. Thus the
seeds of the Carpathian provenance of beech, in spite of being of a poo-
rer initial quality maintained their germination capacity during storage
for the first 3 winters. The onset of germination during cold stratifica-
tion was delayed as the storage time was extended. This delay after 2,
3, 4 and 5 winters was respectively 10, 10, 20 —30 and 10 days (Fig. 6).
Results of the setting tests, conducted in the laboratory conditions
after an initial cold stratification of the nuts can be compared between

g*



Fig. 7. Seeds of beech of the Carpathian origin stored for 1, 2, 3, 4 and 5 winters

at —10°C in sealed containers. Duration of the period of seedling emergence labora-

tory tests, conducted using seeds that were previously stratified at 1°, 3° and 5°C,

separated before sowing into seeds with radicles longer than 1 cm seeds with

radicles shorter than 1 cm and non-germinating seeds. The seeds were covered by
1 cm of sand.
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Table 5

Seeds of the Carpathian provenance stored for 1, 2, 3, 4 and 5 winters at —10°C in sealed con-

tainers previously stratified at 1°, 3° and 5°C, and separated before sowing into the following

classes: with radicles longer than 1 cm, with radicles shorter than 1 cm, and non-germinating
seeds

the various years only after the differences in the warm conditions sup-
plied are taken into consideration. The most satisfactory results have
been obtained at the cyclically changeable temperatures (Fig. 7), and
these were better at 3°/20° after the third storage winter than at
5°/200C after the first storage winter (Table 5). Nuts with radicles at the
time of sowing shorter than 1 cm have continued germination and emer-
ged to 74.4-87.5% (the highest value being after the stratification at
1°C), the seeds with radicles longer than 1 cm following stratification
at 1° and 3°C have emerged to 81.0 and 80.6% respectively while after
stratification at 5°C the setting percentage was only 67.0%. Seeds which
in spite of the stratification were not germinated at the time of sowing
have set to only 7-16%, the maximum being following stratification
at 3°C.

The optimal conditions for the setting test were used also after the 4th
storage winter, however as a result of a general lowering of seed via-
bility (leakage of the container suspected) any benefits of that method
were not demonstrable. At that time the best results were obtained fol-
lowing stratification at 1°C after which the seeds with a radicle shorter
than 1 cm gave a setting percentage of only 48%. After 5 winters the
results obtained in the laboratory tests were again much better for all
temperatures and seed classes than after 4 winters, but for pregerminated
seeds always worse than after 3 winters of storage.

When the span of the cyclically changeable temperatures was less
(5°/20°C) as used after the first storage winter the setting results were



Fig. 8. Diurnal temperature fluctuations in the nursery soil at sowing depth for

the seeds of the Carpathian beech provenance in the years 1969 - 1973. The data for

1969 come from a locality 15 km away from the nursery and therefore are only
indicatory in nature
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somewhat poorer. However at both the cyclically changeable temperature
schemes (with the exception of storage over 4 winters) the results were
superior to those obtained at a constant temperature of 20°C, which
was used after 2 winters of storage.

The results obtained in the nursery after sowing of the stratified
seeds have been determined by the temperature in the soil. In Fig. 8
data is given on the soil temperatures in the nursery during the growing
periods for the years when the seeds of the Carpathian beech provenan-
ces were sown following storage at —10°C for 1, 2, 3, 4 and 5 winters.
These graphs illustrate a considerable variability of the thermal condi-
tions between the individual years, both as regards the occurrence of
cold and warm periods and with respect to the amplitude of the daily
temperatures.

The setting percentages obtained in the nursery were mostly lower
(for any given seed lot) than in the laboratory (Tables 5 and 6). Only
after the 2 storage winters, when in the laboratory the less satisfactory
setting test was used at a constant 20°C temperature and after the 5
storage winters most of the results in the laboratory and in the nursery
were very close.

After 1, 2, 3 and 5 storage winters, when the viability of seeds was
still relatively high, the seeds germinated later (radicle less than 1 cm)
during the 1° and 3°C stratification, have nearly always had a lower
setting percentage in the nursery than seeds that have germinated earlier
(radicles longer than 1 cm) while after stratification at 5°C the reverse
was true. It turned out also after 1-3 winters that in the nursery only
about a half or less on the seeds that were sown in a partially germina-
ted state have emerged, and this irrespective of the stratification tem-
perature that preceded the sowing. The rest of the seeds has lost its

Table 6

Seeds of the Carpathian provenance stored for 1, 2, 3, 4 and 5 winters at —10°C in sealed con-

tainers. Results of seed setting in the nursery. Before sowing the seeds were stratified at 1°, 3°

or 5°C and then separated into the following classes: with radicles longer than 1 cm, with radicles
shorter than 1 cm, and non-germinating seeds
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viability in the soil and died. For comparison it needs to be remembered
that after 3 storage winters, when the most satisfactory setting test was
used with a 3720€ temperature pattern and following stratification at
1° and 3°C about 80% or almost 90% of the germinated seeds have
emerged in the laboratory from the medium. After stratification at 5°C
the respective values were about 10% lower. A very low percentage of
the seeds that were sown in an ungerminated state have set in the labo-
ratory test. The partially germinated seeds that have not set in the
tests have decayed. The ones that have not germinated in spite of the
stratification were from the very beginning empty or dead.

To summarize the results of the studies on the storage of beech nuts
from the Carpathian provenance that had an initially lower viability and
germination capacity it can be said that after storing them in a partially
dried (9.6% of water) state for the first 3 winters at —10°C, their via-
bility and germination capacity does not undergo any greater changes
regardless whether they were later stratified at 1°, 3° or 5°C. Partially
germinated seeds stratified earlier at 1°, 3° or 5°C have set more or less
evenly after sowing, and the values were always higher in the laboratory
than in the nursery. In the laboratory conditions the best results were
obtained with partially germinated seeds regardless whether the radicles
were longer or shorter than 1 cm, when the temperature had a diurnal
cyclic fluctuation (3°C 16 hrs, 20°C 8 hrs). In the nursery the results
were nearly always better for seeds stratified at 1° or 3°C when the
radicles at sowing time were longer than 1 cm and when in the first
weeks after sowing the diurnal fluctuations of soil temperature were
within the limits from 10 - 15°C to 25 - 30°C.

DISCUSSION

This paper is the first Polish report on a satisfactory storage of beech
nuts under controlled conditions for 2, 3, 4 and 5 winters. About storage
for one winter in such conditions, and the germination thereafter the au-
thor has reported earlier (Suszka, 1966). As regards earlier attemps,
made in Poland Tyszkiewicz (1964) reports that the Krakdw Forest
Region in cooperation with the Seed and Selection Laboratory of the
Forest Research Institute in Warsaw have attempted to store 4.18 tons
of beech nuts in cold storage at +2°C to —2°C, in open and closed con-
tainers. Storage was begun in April 1959, about 6 months after collection.
A part of the seeds was sown in a nursery in the spring of 1960 that is
after a year and a half of storage. During that investigation it was found
temperature control was sown in the autumn of the same year, i.e. in 1960
after a year and a half of storage. During that investigation it was found
that only the nuts that have been maximally dried (to 16% of water coni
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have maintained in the. closed containers an almost unchanged
viability. Nuts stored in the open containers until the summer 1960 (for
about 15-16 months) had a viability that was only slightly lowered
compared with the initial value. Further data about this prematurely
terminated experiment is unfortunately lacking: For example nothing is
known about the germinative capacity of these seeds in laboratory or
nursery conditions.

On the basis of data from foreign literature it is known that storing
of beech nuts for several years, after drying to about 10% of water
content, is possible in tightly sealed containers and at a temperature be-
low 0°C. This has been reported by Nyholm (1960), Buszewicz
(1964), Schonborn (1964) and MachaniCek (1965). Presently it
has been possible to show for the first time on high quality seed material
of a Polish lowland provenance, that here also it is possible to store beech
nuts for 4 winters, that is for 3% years.

It has to be stressed however that the nuts of beech from the lowland
provenance used here have been collected during seed fall and imme-
diately subjected to drying at a temperature of about 20°C that is in
conditions at which the after-ripening process could not have started. This
differentiates the presented studies from all others known to the author
on the storage of beech nuts. In the other studies use was made of nuts
that after falling from the trees have been subjected for various lengths
of time to the action of low temperatures of the autumn-winter
period, which together with the initially high water content in
the seeds must have resulted in the onset of the after-ripening
process to an extent usually unkown to the investigator. As a re-
sult attempts at estimating the stratification period needed for the
germination of beech seeds have led to completely diverse results. The
method used by MachanicCek (1965) is worth discussing here. Before
drying the nuts he has kept them for 2-3 months at about 4°C with
a rather high relative humidity of the air (about 75 - 80%) and taking
care to maintain that humidity (shuffling of nuts having more than 20%
of water content, and sprinkling those with less than 10%). As a result
the seeds following partial drying to about 9-12% of water content and
storage for any length of time up to 29 months required only a short,
about 1 month long period of stratification at 4°C to attain a full germi-
native capacity.

In the present study beech nuts of lowland origin after a short sto-
rage period required a full stratification, since after falling from the
trees the seeds were deliberately protected from low temperature until
the partial drying was completed.

Beech nuts of the Carpathian provenance have germinated much
earlier during the cold stratification than the nuts from the lowland
provenance, the first radicles appearing after 30 - 40 days of the action
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of the low temperatures. In comparison with the seeds of the lowland
provenance the onset of germination was therefore accelerated also by
about 30 - 40 days. Since seed collection was made from the ground after
the nuts have all completely fallen from the trees, one cannot say with
any certainty, whether the seeds of the Carpathian provenance of beech
have not undergone a partial after-ripening already while on the ground
in the cold autumn conditions of the mountain region. It should be poin-
ted out that during the last day of beech nut collection (26th October
1964) the first snow fell in the region of the Lomnica Mt. It is also pos-
sible that in view of the fact that in the mountain region the period bet-
ween seed fall and onset of winter is shorter, the dormancy of nuts from
mountain provenances may break earlier in low temperatures than is
the case in seeds from ecotypes growing in the lowland regions of
the species range. In our case both these factors could have acted simul-
taneously in the same direction.

The beech nuts from the Carpathian provenance, in spite of the fact
that they were of much poorer quality, proved satisfactory for storage
during the first three winters without major losses. This would indicate
that when nuts of the highest quality are missing it is possible to store
poorer ones. However then the cost of storage would include also the
additional expense of storing the non-viable seeds that are difficult to
separate out from the healthy ones.

It is worth noting that a delay in the onset of germination is obser-
vable during cold stratification of the lowland nuts after 3 or more win-
ters of storage.

In the forest nursery practice the aim is to obtain a most energetic
germination in the nursery. During cold stratification the germination
takes too long. Seeds that have been previously stratified and then sown
into a nursery soil, find thermal conditions that are not always satisfac-
tory for energetic germination and rapid setting of all the seeds. In the
present study it was shown that in the laboratory conditions the partially
germinated seeds (during cold stratification) are capable of the earliest
emergence, after 10-25 days, if after sowing the low stratification tem-
perature is maintained, except that each day it raised for about 1/3
of the day, that is for 8 hours, to 20°C. Placing the seeds into a constant
raised temperature (20°C) has resulted in delaying the onset of setting
and an extension of its duration.

Thermal conditions satisfactory for energetic seeds setting can be
supplied for the seeds by an appropriately early sowing, however in view
of the considerable sensitivity of the young beech seedlings to late frosts
this method would be too risky. An analysis of the changes and diurnal
fluctuations in the soil temperatures in the nursery at the sowing depth
leads to the conclusion that the best results (emergence of about 60%
of the partially germinated seeds) were obtained in the year (1971) in
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which in the first weeks after sowing the lower limit of the diurnal tem-
perature fluctuations was about 10°C and the upper limit about 25° -
- 30°C. When the lower limit of the diurnal fluctuations was around
15°C (as in 1972) then the percentage of setting in relation to the number
of seeds sown was much lower. Thus the exceptionally high spring tem-
perature reduce the chances of setting even in the completely healthy
and germinable seeds.

The program of studies on the seeds of beech has not been completed
yet. It still remains to investigate such problems as the possibility of
stratification in two stages, after collection but before partial drying
aimed at long term storage and then after storage once again, in order
to complete the after-ripening process that has been interrupted by the
drying and the low storage temperatures.

Regardless of that there exist sufficient indications to merit a deci-
sion in the Polish conditions to equip the forest service with one or seve-
ral smaller cold storage plants for the long-term storage of beech mast.
In such cold storage units it would be possible to keep a seed reserve for
2 or even 3 years. Tyszkiewicz (1964) estimates that the annual
beech seed reserve needed for the country, and assuming a rational and
thrifty management is 25 tons. Thus the cold storage plants should hold
50 tons (for 2 years) or 75 tons (for 3 years) of seeds. Near such cold
storage units equipment should be provided for rapid drying of large
quantities of beech nuts at relatively low temperatures.

SUMMARY

1. Seeds of a lowland beech (Fagus silvatica L.) provenance of a high
quality (germinative capacity above 90%), partially dried to 9 - 10% of
water content in the fresh weight immediately after falling off the trees,
have maintained their high germinative capacity in storage ar 3°C for
at least 2 winters and at —10°C for 3 winters, while after 4 winters of
storage at —10°C their germination capacity declined by about 1/4 to 1/5
of the initial value as estimated after the partial drying.

2. Similar seeds partially dried to 5.6% of water content were cha-
racterized by a lowered germinative, capacity, compared to the seeds kept
at 9-10% of water content, and this difference was maintained during
storage at 3°C for 1 and 2 winters and during storage at —10°C for 1,
2, 3 and 4 winters.

3. Seeds of a mountain (Carpathian) beech provenance, of a poorer
initial quality (viability 81%, germinative capacity after partial drying
50 - 56%), which have been partially dried to 9,3% of water content in
the fresh weight were characterized during the first 3 winters of storage
at —10°C by a germination capacity similar to the initial value. Seed
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stored over 5 winters begun to show a decline in germinative capacity
particularily when stratified after storage at 5°C.

4. For the stratification of freshly collected and partially dried seeds
or for those that were stored, the temperatures 1° and 3°C were equally
satisfactory and somewhat better than the temperature 5°C.

5. The best conditions for the energetic setting of seeds that were
stratified earlier and the majority of which was partially pregerminated
at the time of sowing, is provided not by a constant high temperature
but one that has cyclic diurnal fluctuations. A cycle of 16 hrs at the stra-
tification temperature of 3°C and 8 hrs at a raised temperature of 20 C
proved satisfactory. In these conditions the seeds sown on a germination
medium (sand with peat 1:1) and covered with a 1 cm layer of sand
emerged first, i.e. all were out between the 10-25 and 35 - 55th day of
the seed setting test.

6. The best results of energetic and massive (up to 60%) seedling
emergence seeds in the ground were obtained when the seeds that were
stratified and the majority of which was partially pregerminated, were
sown in the nursery to a depth of 1 cm and when the weather conditions
allowed for diurnal temperature fluctuations in the soil with the lower
temperature limit being at about 10°C and the upper one at around 25° -
- 30°C, and while the moisture conditions in the soil were satisfactory.

7. The seeds of beech from the lowland provenance, that were collec-
ted and partially dried to 9 - 10% of water content immediately after
falling off the trees, and stratified at 1°, 3° or 5°C after being stored
for 1, 2, 3 or 4 winters have started to germinate after 70 - 80, 70 - 80, 90
and 100 - 110 days of stratification respectively.

The seeds of beech from the mountain provenance (time of seed fall
prior to their collection unknown) following 1, 2, 3, 4 and 5 winters of
storage, have started to germinate much earlier, during cold stratification
on the above mentioned conditions, namely after 30 -40, 30 -40, 40,
60 - 70 and 40 days of stratification respectively. Particularily for the
lowland provenance it was established that as the duration of storage
was extended the germination during cold stratification was delayed.

From the data presented above the following general conclusion can
be drawn:

Storing of partially dried nuts of beech in tightly sealed containers
and in low temperatures on a commercial scale is possible for 1, 2 and
3 winters and in the case of seed of high quality even for the 4th winter,
and should be employed in the forest practice. In this way reserves could
be accumulated during seed years and maintained for several years ha-
ving in mind the fact that periods without a beech mast can be long
lasting.

Institute of Dendrology and Koérnik Arboretum
Koérnik nr. Poznan
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BOLESEAW SUSZKA

Przechowywanie nasion buka zwyczajnego (Fagus silvatica L.) do 5
wiosny po zbiorze

Streszczenie

W Zakladzie Dendrologii i Arboretum Kornickim Polskiej Akademii Nauk
w Korniku prowadzono w latach 1964 - 1973 badania nad wieloletnim przechowy-
waniem nasion buka zwyczajnego (Fagus silvatica L.). W latach 1964- 1968 uzyto
do badan bukwi wysokiej jakosci. Zebrano jag w Korniku koto Poznania (65 m
n.p.m., proweniencja nizinna), w miare opadania z drzew i natychmiast podsu-
szono w okoto 20°C do 10,0%, 9,1% i 5,7% zawartosci wody w Swiezej masie. Na-
stepnie przechowywano nasiona w szczelnie zamknietych butlach szklanych w 3°C
(£0,5°C) przez 1 i 2 zimy oraz w 10°C (x1°C) przez 1, 2, 3 i 4 zimy. Butle
otwierano tylko jeden raz po zakonczeniu kazdego okresu przechowywania. Nasiona
stratyfikowano w wilgotnej mieszaninie piasku z przetartym torfem (1:1) w 1°
3° i 5°C zaraz po podsuszeniu oraz po kazdym sezonie przechowywania w celu
ustalenia zdolnosci kietkowania w obnizonej temperaturze.

W latach 1968 - 1973 uzyto do badan nasion gorszej jakosci, zebranych juz po
opadnieciu z drzew na gérze tomnicy w Beskidzie Sadeckim w okolicy Muszyny
nad Popradem (900 m n.p.m., proweniencja karpacka). Orzeszki podsuszono nie-
zwhocznie w 15° - 20°C do 9,3% zawartosci wody w Swiezej masie i przechowywano
w —10°C w szczelnie zamknietych pojemnikach z polistyrenu, otwieranych tylko
jeden raz po zakonczeniu przechowywania. Zaraz po podsuszeniu i po przechowy-
waniu podsuszonej bukwi przez 1, 2, 3, 4 i 5 zim orzeszki stratyfikowano w 1°, 3°
i 5°C w celu okreslenia zdolnosci kietkowania w temperaturze obnizonej. Niezalez-
nie od tego, po nagromadzeniu sie wiekszej ilosci nasion podkietkowanych podczas
innej réwnoczesnej stratyfikacji, jedng ich cze$¢ wysiewano w szkotce w uktadzie
blokéw losowanych z 5 powtdrzeniami (po 50 lub w niektérych przypadkach po-
nizej 50 orzeszkéw na kazdy wariant i powtorzenie), a druga umieszczano w
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katowanych warunkach laboratoryjnych w kietkownikach wypetnionych miesza-
ning piasku z torfem, gdzie byly przykrywane 1-centymetrowg warstwg piasku.
Badania laboratoryjne, w ktérych zastosowano temperature statg (20°C) albo zmien-
ng w cyklu dobowym (5°/20°C lub 3°/20°C, 16+8 godzin) miaty na celu ustalenie
mozliwie najlepszych warunkéw termicznych dla préby wschodzenia stratyfiko-
wanych i w swej wiekszosci podkietkowanych nasion. Wiekszo$¢ stratyfikacji i prob
laboratoryjnych przeprowadzono w 4 powtdrzeniach po 50 nasion kazde. Wyniki
badan przedstawiajg si¢ nastepujaco:

1. Nasiona buka wysokiej jakosci (proweniencja nizinna, zdrowotno$¢ i zdol-
no$¢ kietkowania powyzej 90%), podsuszone zaraz po opadnieciu z drzew do
9- 10% zawartosci wody w $wiezej masie, zachowywaly podczas przechowywania
w zamknietych szczelnie pojemnikach przez pierwsze 2 zimy w 3°C i przez pierwsze
3 zimy w —10°C niezmieniong zdolno$¢ kietkowania (powyzej 90%). Po 4 zimach
przechowywania w —10°C ich zdolno$¢ kietkowania obnizyta sie o 1/4- 1/5 war-
tosci poczatkowej (po podsuszeniu).

2.Takie same nasiona podsuszone do 5,6% zawartosci wody charakteryzowaty
sie obnizong zdolnoscig kietkowania, ktora podczas przechowywania w 3°C przez
1i2zimy, aw —10°C przez 1, 2, 3 i 4 zimy utrzymywata sie na nizszym pozio-
mie niz zdolno$¢ kietkowania nasion podsuszonych do 9- 10% zawartosci wody.

3. Nasiona buka nizszej jakosci (proweniencja karpacka, zdrowotno$¢ nasion
81%, zdolnos¢ kietkowania 50 - 56% po podsuszeniu), podsuszone po zhiorze do
9,3% zawartosci wody w Swiezej masie, charakteryzowaly sie przez pierwsze 3
zimy przechowywania w —10°C zdolnoscig kietkowania zblizong do wyjsciowej
lub od niej maksymalnie o 1/5 wyzszg lub nizszg. U nasion przechowywanych
przez 5 zim spadek zdolnosci kietkowania byt wyrazny, zwlaszcza jesli po zakon-
czeniu przechowywania stratyfikowano je nie w 1° lub 3°C, lecz w 5°C.

4. Dla stratyfikacji $wiezo zebranych i podsuszonych, jak i przechowywanych
nasion buka, temperatury 1° i 3°C byly jednakowo przydatne i nieco bardziej ko-
rzystne niz temperatura 5°C.

5. Najlepsze warunki dla energicznego wzejscia stratyfikowanych uprzednio
i w swej wiekszosci podkietkowanych nasion buka zabezpiecza po wysiewie tem-
peratura zmienna w cyklu dobowym. Kazdy cykl obejmuje 16 godzin w tempe-
raturze stratyfikacji (3°C) i 8 godzin w temperaturze podwyzszonej (20°C). W tych
warunkach nasiona wysiane w kietkownikach (piasek z torfem 1:1) i pokryte
warstwg piasku grubosci 1 cm wschodzity najwczesniej, bo miedzy 10 -25 (pocza-
tek) a 35 -55 (koniec) dniem prdéby wschodzenia.

6. Dobre warunki dla energicznego i masowego (do 60%) wschodzenia w grun-
cie znajdowaly stratyfikowane uprzednio i podkietkowane w swej wiekszosci na-
siona buka, wysiane w szkdlce na glebokosci 1 ¢cm w latach, w ktérych dolna
granica dobowych waharn temperatury gleby byta w pierwszych tygodniach po
wysiewie zblizona do 10°C, a wahania temperatury przy zadowalajacej wilgotnosci
gleby byly duze (gérna granica 25° - 30°C).

7. Nasiona buka proweniencji nizinnej, zebrane i zaraz po opadnieciu drzew
podsuszone do 9 - 10% zawartosci wody oraz po przechowaniu przez 1, 2, 3 i 4
zimy stratyfikowane w 1°, 3° lub 5°C, rozpoczynatly kietkowanie odpowiednio po:
70 - 80, 70 - 80, 90 i 100 - 110 dniach stratyfikacji. Nasiona buka proweniencji gor-
skiej, po 1, 2, 3, 4 i 5 zimach przechowywania kietkowaly podczas stratyfikacji
w podanych wyzej warunkach znacznie wczesniej, bo odpowiednio po: 30 - 40, 30 - 40,
40, 60 - 70 i 40 dniach stratyfikacji. Stwierdzono wiec, ze w miare uptywu okresu
przechowywania kietkowanie podczas stratyfikacji chlodnej rozpoczynato sie w
przypadku proweniencji nizinnej coraz pozniej, zwiaszcza po 3 i 4 zimie.

Z przedstawionych powyzej wynikOw mozna wyciggnaé nastepujacy wniosek
generalny: Przechowywanie podsuszonych orzeszkow buka w szczelnie zamknigi
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pojemnikach i w obnizonej temperaturze na skale masowg przez 1, 2 i 3
zimy, a w przypadku nasion wysokiej jakosci nawet przez 4 zimy jest mozliwe
i powinno znalez¢é zastosowanie w gospodarce lesnej. Mozna by w ten sposéb gro-
madzi¢ wieloletnie rezerwy nasienne, majac na uwadze dtugotrwatos¢ okresow
nieurodzaju nasion.

BOJIEC/TIAB CYLUKA

XpaHeHue cemsH byka esponeiickoro(Fagus silvatica L.) o 5 BecHbl
nocne céopa

Pesrome

B WHcTutyTe aeHaponorum B KypHuukom apbopetyme MMonbCkoii akafemun Hayk (Kyp-
HUK) B 1964 - 1973 Ir. M3y4yanocb MHOTONETHEE XpaHeHWe cemsaH Gyka esponeiickoro (Fagus
silvatica L.). B 1964 - 1968 rr. 4 OnbiITOB ObiM B3ATbl OYKOBbIE OPEXW BbICOKOMO Kaue-
ctBa. Cobupanm ux B KypHuke okono MosHaHW (65 M Hag yp. M., MPOMCXOXAEHWE HU3UH-
HOE) MO Mepe orafeHus C fiepeBbeB UX HEME/IEHHO MOACYLUMBAIM MpW TemmepaTtype OKOo
20°C fpo 10,0%, 9,1% u 5,7% cogepxaHus Bogbl B CBexeld macce. [locne 3Toro cemeHa
XpaHUIM B TePMETUYECKU 3aKpbITbIX CTEKNAHHbIX OyTbinax npu 3°C (£0,5°) B TeueHue
OfHOA W fByx 3um u npu —10°C (£1,0°) B TeueHWe OOHON, ABYX, TPEX W YETLIPEX 3UM.
ByTbinM OTKpPbIBA/IMCL TOMBKO OAWH pa3 — MOC/e 3aBEpLUEHNS KKLOrO CPOKa XpaHeHus.
CemeHa CTpaTM(MLMPOBaNMCL Cpasy Mocre MOACYLIMBAHWUA M MOCNe KaXKAOro Ce3oHa Xpa-
HEHWs B LIENAX BbISICHEHWA CMOCOBHOCTW K MPOPACTaHWIO B MOHVKEHHON TemmepaType.

B 1968 - 1973 rr. gnd onbIToB Gpaincb CeMeHa XYALIEro KaqecTsa, COGpaHHble mocrne
UX onafeHus ¢ fepesbeB Ha rope JlomHuue B CoHgeukux beckupax (Monbckve Kapnatbl)
B OKpecTHocTax MywwmHbl Ha [Monpage. Opexu cpasy noacywwmsaimcs npu 15°-20°C go
9, 3% cofepxaHus BOfbl B CBEXEW Macce WM Janee XpaHWIMCb B TePMETUYECKM 3aKPbITbIX
cocyfiax W3 MOMUCTUPEHa, KOTOPble OTKPbIBAIUCL OAHOKPATHO — MOC/e OKOHYaHUA XpaHe-
Hug. Cpa3sy mocne MOACYLUMBAHWS OPEXOB UM MOCMe XPaHeHUA WX B COCyfax B TeyeHwe of-
HOM, ABYX, TPEX, YeTpblEX W MNATM 3WM OHW MOABEprainc, cTpatudmkaymm npu 1°, 3°
n 5°C, Takke B LENAX OMpedeneHus MX MpopacTaeMOCTX MpU MOHWXEHHOW TemmepaTtype.
HesaBucuMo 0T 3TOro, MoC/e HaKOMIeHUA [OCTATOYHO 60/bLUIOrO KOMMYECTBA MPOPOCLLINX
CEMSAH, 4acTb M3 HUX BbICEBAaCb B MWUTOMHUKE B MOPAAKE, OMpefenéHHOM >kKepebbEBKON
(paHOoOMM3MPOBaHHbIE 610KM), U B MATM NOBTOPHOCTAX (M0 50 OpexoB Ha Kaxiblii Ba-
PUaHT 1 MOBTOPHOCTL). Kpome TOro, cemeHa MOMeLany B KOHTPONMMPYEMbIX 11abopaToOpHbIX
YCNOBUAX B CMeupabHble COCYAbl ANA NPOpacTaHus, 3arofHEeHHbIe CMECHI0 Mecka u Topda;
npy 3TOM CeMeHa MPUKPbIBAAMCL CNoeM fecka B 1 oM. JlabopaTopHble WCCNELOoBaHWUA Mpo-
BOAWINCH MPW MOCTOSHHOA Temnepatype (20°C) wm npu nepemMeHHOW — C CYTOYHbIM Lu-
kiom (5°/20°C wmm 3°/20°C, no 16+8 uacos). OHM WMenW LeNnbio YCTAHOB/IEHWE ONTHU-
Ma/lbHbIX TEMMEepaTypHbIX YCNOBWUA [N W3YUYeHWS BCXOXECTU CTPaTU(MLMPOBaHHbIX W B
CBOEM 6O/MLLUMHCTBE MPOK/IOHYBLUMXCA CceMsH. CTpaTugmkaums v nabopaTopHble OnbiTbl BO
BCEX CMy4asx MPOBOAMAMCL B YeTbIPEX MOBTOPHOCTAX NO 50 cemsiH B Kaxpooi. Mccneposa-
HUA NPUBOAAT K CMEAYIOWMUM pe3sy/ibTaTam:

1. CemeHa 6yka eBpOMECKOro BbICOKOTrO KauecTBa (MPOUCXOXAEHWE HU3MHHOE, KU3-
HEHHOCTb 1 CMOCOBHOCTb K mpopacTaHuio Bbie 90%), NpocyLleHHble Cpasy Mocne nafeHus
C fepeBbeB 0 9- 10% cogepxaHus BOAbl B CBEXEM Macce, MpW XpaHeHWW WX B repMeTu-
YecKW 3aKynopeHHbIX cocyfax npu Temneparype 3°C  COXpaHAKOT CMOCOGHOCTb K Mpopa-
CTaHWIO B TeyeHue nepsbiX ABYX 3um, a npu —10°C — B TeyeHue Tpéx 3um. llocne xpaHe-
Hua npu — 10°C B TeyeHWe 4eTbIpéX 3KM MpopacTaemocTb nafgaet Ha 20 - 25% no cpas-
HEHWIO C HaYa/bHOM (Mocne MOACYLUMBAHNA).

2. Te e camble CemeHa, MOACYLUeHHble A0 5,6% cofepxaHus BOAbl, XapaKTepu3osak
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MOHVXEHHOA CMOCOGHOCTBIO K MpopacTaHuio. Mpu XpaHeHun cemsH npu 3°C B TeueHue
OfHO 1 ABYX 3uM, a npu -10°C OT OfHOI [0 YeTbIpéX 3MM OHa Obina Ha 60nee HM3KOM
YPOBHe, YeM Y CeMsH, NOACYLIEHHbIX 40 9 - 10°0 cofepxaHus BOfbl.

3. CemeHa OyKa HM3KOTO KauecTBa (MPOMCXOX[EHWE KapraTcKoe, XU3HEHHOCTb CeMSAH
— 81%, cnocobHOCTb K mpopacTaHuto nocre nogcywmsanus —50 -569%6), MOACYLLEHHbIE
nocne cbopa 0 9,3% codepKaHWs BOAbl B CBEXeli Macce XapaKTepusyloTCs B TeueHue
MnepBbIX TPEX 3UM XpaHeHus mpu — 10°C cnocoBHOCTLH MpopacTaHns, 67M3KOA K UCXOLHON.
Y CeMsH, XpaHUMbIX B TeyeHWe 5 31M, 6bl10 BbIPa3UTENbHOE MafeHue CnocOBHOCTU K Mpo-
pacTaHuio, B OCOGEHHOCTM, eCi MOC/e CPOKa XPaHeHWs OHU CTPaTU(MLMpOBAINCL He npy
1°C nm6o 3°C, a npu 5°C.

4. Onsg cTpaTUdUKaLMM CBEXECOOpPaHHbIX 1 MOACYLUEHHbIX CeMAH Oyka a TaKkKe ce-
MAH NOABEPTHYTLIX XPaHeHUHO, OAMHAKOBO OnaronpusaTHbl Kak 1°C, Tak U 3°C; HeCKonbKo
MeHee bnaronpusaTHa Temnepatypa 5°C.

5. OnTUManbHble YCNOBWA [/ 3HEPTMYHOrO BCXOZA MNPeABapuUTeNbHO  CTPATURULIMPO-
BaHHbIX W B CBOEM OOMBLUMHCTBE HAKMIOHYBLUMXCA CeMsH Oyka CO34aéT nepeMeHHas TeM-
nepaTtypa CyTOYHOTO LUMKMa. Kaxgblidi UMKn 0XBaTbiBaeT 16 4acoB HU3KOW Temnepatypbl
cTpatugmkaym (3°C) m 8 vacoB noBbIWeHHOW TemnepaTypbl (20°C). B aTux ycnoBusix
paHbLLe BCEro BCXOAAT CEMEHa, BbiCeAHHble B CMecb necka ¢ Topdom (1:1) u MOKpbITbIE
CMoeM Mecka MONLWWMHOA B 1 ¢M, a uMeHHO — mexgy 10-25 u 35-55 gHAMM onbiTa.

6. OnTUManbHble YCMoBMA [O15 3HEPrUYHOTO MOSB/EHUS BCXOLOB Y MPeaBapuUTeNbHO
CTPaTU(UUMPOBAHHBIX U B CBOEM BOMBLUMHCTBE HAK/MIOHYBLUMXCA CeMsH 6yka cO03[atoTcs
Npu UX BbICEBE B MUTOMHUKAX Ha ryouHy 1 cM. 3TO UMeNo MecTo B Te rofbl, KOrfa Huk-
HAS rpaHMLa CyTOYHbIX KonebaHwii TemnepaTypbl MOuBbl Oblna B Mepble HeAenu mnocne
BbiceBa 6nm3ka K 10°C, a camu konebaHus Oblin MU HOPMAIbHOA BA&XKHOCTM MOYBbI [A0-
BO/IHO 6oNblMMK (BEPXHSAA rpaHuLa pasHa 25°-30°C).

7. CemeHa OyKa C [epeBbeB HW3MHHOTO MPOUCXOX[EHWs, COBpaHHble Cpasy, ke mnocne
OMafieHns C [iepeBbeB, MOACYLeHHble 40 9 - 10% cogepxaHus BOAbl, & Takxe nocne Xxpa-
HEHM WX OT OJHOW [0 YeTbIPEX 3UM MpW CTPaTU(MKALMWM WX B TEMMEPATYPHbIX YCNOBUAX
1°, 3° u 5°C Hayann npopactatb COOTBETCTBEHHO u4epes 70-80, 70 -80, 90 u 100-110
OHeii ¢ Havana cTpatugmkaumn. CemeHa Oyka M3 TOPHbIX PaiOHOB MOCAE XPaHEHUs UX OT
OfHOM [0 MATW 3MM W CTPaTM(MKALMW B YKA3aHHbIX BbIle YCMOBUAX NPOPacTaiM 3Hauw-
TeNbHO paHblue, a MMeHHo — uepe3 30 -40, 30-40, 40, 60-70 n 40 fgHeil. CnepoBaTenbHO,
B 000MX BapuaHTax NpU ANUTENbHOM XPaHeHWW CeMAH WX MpopacTaHue HacTynaeT BCé
Mo3Ke, OCOGEHHO Y CEMAH HWU3MHHOTO MPOVCXOXAEHWS NOCNe TPeTbeli W YeTBEPTOW 3UMbl.

W3 npepcTaBneHHbIX Bbille Pe3yNnbTaTOB MOXHO CAenaTb Credytowimii o6l BbIBOA:
XpaHeHWe MOACYLUEHHbIX OPelwKoB OyKa B TepMETMYECKM 3aKpbITbIX COCYAaX B MaccOBOM
macwTtabe B MpofJo/KeHWe 1, 2 M 3 3UM, a B C/lyyae BbICOKOrO KauyecTa CeMAH fJaxe B
MPOJO/MKEHNE 4 3UM B KOHTPO/IMPOBAHHBLIX YCMOBUAX B XOMOAW/IbHUKAX ABNAETCH BO3MOX-
HbIM W [OMKHO MPUMEHATHCA B /IECHOM XO3ANCTBE. TakMM CNOCOBOM MOXHO Obl10 Obl
HAaKOMNATL MHOTO/IETHME CEMEHHbIE 3anachl, MPUHUMAs BO BHUMaHWe MPOAOMKMTENLHOCTL
nepuofia HeypoXxKas CemsH.



