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Seedling emergence of beech (Fagus silvatica L.) seed pretreated
by chilling without any medium at controlled hydration levels

INTRODUCTION

In our earlier work (Suszka, 1975, Suszka and Zieta, 1976,
1977) we have found that beech seeds can be prepared for germination
by a treatment replacing stratification and avoiding some of its incon-
veniences. This treatment consists in rehydrating beechnuts at low
temperature (3°C) by gradual imbibition to 28% (fresh weight basis) when
dried before, and to chill them at this temperature. The chilling period
can be estimated with the help of a simultaneous or earlier conducted
control stratification of a small seed lot (4><50 seeds) until 10% of the
stratified seed are already germinating i.e. until they have growing
radicles longer than 3 mm * During chilling the minute losses of water
have to be replaced at weekly intervals by adding water to the seeds to
their initial weight fixed after imbibition, and by thorough mixing. It
was found that the 28% water content level was too low to permit
germination even when the duration of the chilling period was extended
much over the estimated period. On the other hand it was thought that
it was high enough to permit the after-ripening processes to run at the
low temperature in a normal way i.e. as in fully imbibed seeds.

All this was correct when the seed material was used immediately
after collection or after longer dry storage at temperatures in the range
from —3° to —10°C. It was also confirmed in laboratory germination
tests at different constant temperatures, where seeds placed after chilling
in stratification conditions started to germinate immediately, the germi-
nation period being extended to 4 - 6 weeks only. The chilled seeds when
immediately sown in the nursery not later than May 3rd grew into
seedlings in 49 - 57% (Suszka and Zieta, 1977).

The paper presented here is the result of experimental work per-
formed in 1977. It was aranged to study the thermal and hydration
conditions of chilling and the after-chilling treatments, adaptable for
beech seed material collected in normal forest mass work.

* 10% g. r. = 10% germination rule.
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MATERIAL AND METHODS

A series of 4 experiments was started in the season of 1976/1977 to
come to a better understanding of the external conditions for the after-
-ripening of beech seeds when chilled without any medium, and for
their subsequent germination and seedling emergence.

Experiment 1 (Laboratory file no. 309, 1977)

Aim of the experiment: to find the minimal hydration level of beech-
-nuts, sufficient for a successful after-ripening.

Seed material: Freshly collected beechnuts from 4 trees growing close
together in the Kornik Arboretum. They were collected successively from the ground
in the period of October 1 - 13th 1976, always as early after seed fall as possible.
After cleaning seed viability tested with the help of the indigocarmine staining
method (water solution 1:2000, 20°C, 2 hours) was 97.5%, and the water content
estimated by weighing before and after drying for 24 hours at 105°C was 31.6%.

Drying of beechnuts: Drying was performed at 15°C in a strong air
current according to Vlase (1969). In the first experimental variant (A) non-
-dried seed material was used, in the next variants (B-L) it was dried down,
gradually to 11.0% of water content. The rate of drying and the water content of
beechnuts used for all experimental variants are shown in Table 1.

Table 1

Course of drying of beechnuts (Fagus silvatica L.), started on October 15th, 1976 immediately
after termination of collection from the ground (Experiment 1)

Water content of the freshly collected seed material was estimated by the
drying method and basing on dry weight the fresh weight of beechnuts (always of
the same number) was calculated for the postulated hydration levels (Tab. 1). At
each weight level a part of the dried seed material was taken away, its water
content was estimated to find the really obtained water content level. The method
used was accurate, the difference between the postulated and the obtained hy-
dration levels only in 3 variants out of 12 was above + 0.4%.

Treatments after drying: When dried to the postulated water con-
tents beechnuts were treated always in the same way i. e. they were:

— stratified at 3°C in a sand/peat (1:1, vol.) medium for 18 weeks,

— chilled at 3°C without any medium for 12 weeks at the obtained water
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content level and afterwards they were again stratified at 3°C and 20°C
separately for 20 weeks in a sand/peat medium.

The duration of the chilling period (12 weeks) was estimated with the help of
an auxiliary stratification at 3°C of freshly collected beechnuts and the period
which passed till 10% of seeds germinated (the 10% germination rule) was the
wanted duration of chilling necessary for seed after-ripening, according to Suszka
and Zieta (1976). Seeds with the radicle 3 mm long or longer were recognized as
germinated.

The initial water content was maintained during the whole 12-weeks chilling
period. At weekly time intervals beechnuts of each chilled seed lot were weighed
and any evaporated water was replaced by adding water to the original weight of
the lot followed by a thorough mixing of the beechnuts. Chilling was performed
in plastic boxes covered with a perforated lid.

After each stratification at 3°C and 20°C all non-germinated seeds were tested
for their viability with the help of the cutting test.

All stratification variants were replicated 4 times with 50 beechnuts in each
replication. The stratified seed lots were mixed and aerated at 2-week (at 3°C) or
1 week (at 20°C) intervals and the germinating seeds and the decaying ones were
counted and discarded.

Experiment 2 (Laboratory file no. 309, 1977)

Aim of the experiment: To study the effect of chilling beechnuts
without any medium twice, both chilling periods being interrupted by drying
and low-temperature storage.

Seed material: The same beechnuts were used as for experiment 1 at
the same starting time i. e. on October 15th, 1977.

Treatments: Beechnuts when dried down to 28% of water content were
placed at 3°C for chilling and the initial hydration level was maintained by weekly
repeated weighing and adding of water, followed by mixing of the wetted ma-
terial.

Duration of the necessary chilling (12 weeks) was estimated as in experiment
1 (10% germination rule).

After chilling the beechnuts were dried at 15°C in an air current to 10% of
water content (January 10-12th, 1977). Their weight corresponding to this hydra-
tion level was estimated as in experiment 1, basing on the dry weight of a given
number of beechnuts. The dried beechnuts were stored over 4 weeks at —3°C
in polystyrene containers and on February 8th they were defrosted at 1-3°C and
in the next 8 days they were rehydrated gradually to 28% of water content by
daily repeated sprinkling and mixing until the earlier calculated weight was rea-
ched, corresponding to the wanted 28% level. The rehydrated beechnuts were again
chilled at 3°C for the next 12 weeks as before drying, and the water content level
was maintained as described above. On May 11th after termination of chilling the
beechnuts were mixed with the sand/peat medium and they were stratified sepa-
rately at 3°C and 20°C for the next 8 weeks. During stratification seeds were
checked at weekly time intervals and the germinating and decaying seeds were
counted and discarded.

Both stratification variants were performed in 4 replications with 50 beechnuts
in each.

Experiment 3 (Laboratory file nos. 237, 242 and 243, 1977)
Aim of the experiment: To compare germination at different tempera-
tures and seedling emergence at 20°C after chilling at 3°C without any medium.
Seed material: Beechnuts collected in 1973 in the Forest District Gromnik,

8 Arboretum Kérnickie 24
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voivodship Tarnéw, at an elevation of 300-400 m in 3 different stands: Bistuszo-
wa (lab. file no. 237), Trzemesna | (lab. file no. 242) and Trzemesna Il (lab. file
no. 243). After collection they were dried to 10.1- 10.3% of water content and
were stored over 4 winters at —3°C in tightly closed polystyrene containers. On
February 28th 1977 these beechnuts were defrosted at —1°C followed by 3°C, and
immediately their viability and water content were estimated (as in experiment
1):

Bistuszowa viability 86.7% water content 7.9%,
Trzemesna | " 78.0% ,, ,  8.4%,
Trzemesna 11 » 925% ,, . 8.3%.

To test their real germinative capacity and to estimate the duration of chilling
periods necessary for after-ripening each seed lot was tested at 3°C by stratifica-
tion and separately on moist filter paper.

The germinability levels during stratification and on filter paper were as
follows respectively:

Bistuszowa 84.5% and 86.5%,
Trzemesna |  88.5% and 74.0%,
Trzemesna Il 92.5% and 88.5%.

In both tests seeds started to germinate in the 6th week, the whole germination
period being extended for the next 10 weeks. Chilling for 85 weeks was chosen
according to the 10% germination rule.

Treatments: The defrosted beechnuts were rehydrated at 3°C to 28% of
water content by sprinkling and mixing repeated twice every day, which made
possible the rehydration in 4 days. Chilling was performed at 3°C for the estimated
period. The water losses were replaced at weekly intervals as in experiment 1.

After chilling beechnuts of each provenance were separately stratified at 3°,5°,
10°, 15° and 20°C in a sand/peat medium, where germination and the eventual
seed decay were observed at weekly time intervals, both types of seeds being coun-
ted and discarded.

Another part of the same seed material was sown simultaneously with the start
of stratification. Sowings were performed in plastic boxes 1 cm deep in the same
sand/peat medium. The holes pressed into the medium with the help of templates
were after sowing filled with sand. Each box (20 x 20 c¢cm) contained 2 replicates
with 50 seeds in each. Each sowing variant (4 x 50 seeds) was sown in 2 boxes.
After sowing the boxes were covered with transparent lids with 4 holes in the
corners for aeration and afterwards they were placed in an air-conditioned chamber
at 20°C. During this time moisture losses were replaced at weekly time intervals.
One part of the sowing variants was held at this temperature for 12 weeks i. e.
till the seedling emergence tests were terminated. Another part was placed at
3°C for 8 weeks only to be transferred afterwards to 20°C for the next 2 weeks.
Seedling emergence was observed at 20°C only at weekly intervals, at the same
temperature but after transfer from 3°C two times each week (3 + 4 days). The
emerged seedlings were left till the end of the test but they were counted during
each observation, the decaying seedlings being counted and removed. Moisture of
the medium was maintained by sprinkling with tap water when needed. Only
seedlings with both cotyledons free above the medium level were recognized as
emerged.

Simultaneously with laboratory sowings beechnuts were sown in the nursery
in a randomized block design With 5 replications. Each experimental variant was
represented once in each replication by 50 beechnuts sown in a drill drawn trans-
versely to the seedbed 120 cm broad. The drills were 20 cm apart and 3 cm deep.
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The sown seeds were covered with soil. After sowing the seedbeds were shaded
and when needed they were watered through rotating sprinklers. The shading ma-
terial was removed in midsummer. On the sowing day i. e. immediately after ter-
mination of chilling no signs of germination were observed. After sowing seedling
emergence was observed at weekly time intervals. The seedlings were counted but
they were left till the end of the field emergence test in late autumn.

Experiment 4 (Laboratory file no. 309, 1977)

Aim of the experiment: To find if beech seed germination and
seedling emergence can be improved by a prolongation of the chilling period, by
increase of the hydration level during chilling and after chilling by sowing in
various thermal conditions.

Seed material; Beechnuts, the same as used for experiment 1 were col-
lacted on October 15th 1976 in Kornik. After drying at 15°C in an air current to
11.0% of water content they were stored sealed at —3°C over 4 months. After
defrosting the beechnuts the experiment was started on February 8th 1977.

Treatments: The seed material was divided into 3 main seed lots which
were rehydrated at 3°C by repeated sprinkling with water and mixing. Water was
added only once daily and the rate of rehydration was slow. The hydration levels
planned and reached during rehydration are shown in Table 2.

Table 2

Rehydration of beech (Fagus silvatica L.) seeds to 3 different water
content levels performed at 3°C (Experiment 4)

Table 3

Design of experiment 4 on beech (Fagus silvatica L.) seeds, stored
before in dried condition over 4 months at —3°C

The duration of the chilling period was estimated by the 10% germination
rule (Suszka, 1976) during a control stratification to be 12 weeks, and besides
this period (a?) two other chilling periods were fixed for all 3 hydration levels: one
2 weeks shorter i.e. 10 weeks (x-2=10 weeks) and the other 2 weeks longer i.e.
14 weeks (x+2=14 weeks). The experiment was performed according to the
design shown in Table 3.

Beechnuts from each of the 9 main combinations of water content level and
duration of the chilling period were sown in plastic boxes as in experiment 3 and
the following 3 variants were applied for observations of germination and seed-
ling emergence:

8*



116

20°C for 10 weeks,

3°C for 10 weeks, afterwards transfer to 20°C,

3° and 20°C in an alternating daily cycle (16+8 hours).

In this way an experiment of 27 variants was constructed. In all variants
4 replicates were sown with 50 beechnuts in each, but in the case of seeds held
at 3°C before transfer to 20°C seeds from 2 replicates (one from each of the
2 boxes) were taken out and used for estimation of germination, which at this low
temperature was limited to the growth of radicles only. The other 2 replicates
of each variant were left till the end of the seedling emergence test at 20°C. For
this reason the analysis of variance was performed for all other variants also
on 2 replicates only, but the differences beteen replicates and heteen means
calculated for 2 and 4 replicates were very small.

After each chilling period beechnuts from all combinations of hydration levelx
x chilling period were also sown in the nursery in a randomized block design with
5 replicates with 50 beechnuts in each. Sowing and all other work in the nursery
was performed in this vegetation season as described already for experiment 3.

The results were expressed in percentage of seedlings emerged in the laboratory
and nursery sowings in each replication of each variant and the mean seedling
emergence levels were calculated. The values on the replication level were used
for an analysis of variance at the 5.0% and 1.0% risk of error. For comparisons
between means the Newman-Keuls test was used.

RESULTS

EXPERIMENT 1|

The course of germination in the individual experimental variants is
demonstrated in Fig. 1. Other data are collected in Table 4.

Table 4

Germination of beech (Fagus silvatica L.) seeds during stratification at 3°C performed after
drying to various hydration levels and after drying to the same levels followed by 12 weeks of
chilling without any medium at 3°C and a stratification at 3° or 20°C (Experiment 1)
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Fig. 1. Experiment 1. Course of germination during stratification at 3°C of beech

(Fagus silvatica L.) seed dried after collection to different hydration levels. Stratifi-

cation was started immediately after drying or after a 112-weeks period of chilling

at 3°C without any medium and at the succesively decreasing hydration levels.
In the latter case seeds were also stratified at 20°C

From these data we can conclude that partial drying never reduced
the germinability of seeds because even in the range 19.6 - 11.0% of
water content it never fell below 93.5%. Only at the highest hydration
level (31.6%) 80.5% of seed germinated. Stratification at 3°C started
immediately after drying to the postulated hydration levels. The lower
were these levels the more energetic was the course of germination. Start
of germination never occured in these conditions earlier than after
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10 weeks and the extent of the germination period was 6 weeks for the
driest beechnuts, and 8-10 weeks for the most hydrated ones.

Beechnuts stratified at 3°C after 12 weeks of chilling without any
medium germinated with a similar delay only, when during chilling the
water content was at levels in the range 11.0-19.9%. With increasing
hydration level germination started earlier but even at 27.7% it was
still severely delayed. In contrast to that at the next higher water content
level ie. at 29.6% the seeds germinated very energetically and early,
starting in the second week of stratification, and nearly all seeds ger-
minating in the next 2 weeks.

After chilling at 29.6% and at all other hydration levels seeds were
stratified also at 20°C but only at the former hydration level germination
started immediately and was terminated early (after 3 weeks), however
germinative capacity was low (31.0%).

In the earlier work (Suszka, 1975, Suszka and Zieta, 1976,
1977) this early and rapid germination was observed when during chilling
the water content was at the 28% level, the only level studied and found
as advisable for such a pretreatment. The results reported here show
clearly that very close to the 28% level, there exists a hydration level
at which an energetical and early germination cannot be expected. It
would be advisable to raise this level into a more secure range. The 28%
level should rather be avoided because of the possibility of a delayed
germination after chilling without medium. We should not forget that
the great advantage connected with chilling of beech seeds is the nearly
immediate initiation of germination when placing the hitherto chilled
seeds in a moist medium permitting imbibition limited only by the phy-
siological condition of the seeds and not by the external conditions.

EXPERIMENT 2

Beech seeds chilled after collection without any medium at a hydration
level of 28% for a period estimated with the help of the 10% germination
rule (12 weeks) and afterwards dried rapidly to 10.1% of water content,
and stored sealed over 4 weeks at —3°C, and rehydrated to 28% and
chilled again for the same period as before and finally stratified at 3°C —
germinate during this last treatment very energetically (in 3 weeks) and
in a high percent (85.5%). Seeds stratified after the same succesion of
treatments at 20°C instead of 3°C germinated even more rapidly (in
2 weeks) but in a somewhat lower percent (62.5%). The germination
curves illustrating these statements are presented in Fig. 2, the other
data in Table 5.

When comparing the germination curves after the double chilling
treatments with that after the single chilling presented in Fig. 1 (variant
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Table 5

Laboratory germination and seedling emergence in the nursery of beech (Fagus silvatica L.)
seeds stratified after two chilling periods of 12 weeks each, interrupted by drying and a sealed
low-temperature storage (Experiment 2)

Fig. 2. Experiment 2. Course of germination during stratification of beech (Fagus

silvatica L.) seed chilled after collection for 12 weeks at 3°C at the 28% hydration

level without any medium. Afterwards beechnuts were dried to 10% of water

content and stored in a sealed container at —3°C over 4 weeks. After storage they

were rehydrated again to the 28% level and they were chilled at 3°C for the

next 12 weeks. After a second chilling stratification in a sand/peat medium was
started at 3° and 20°C
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B) for the same seed material, an additive effect can be observed: the
twice chilled seeds germinate earlier and at a slightly lower percentage
at 3°C but in a much higher (62.5% instead of 31.0%) one at 20°C. All
this suggests that at the 28% hydration level during chilling at 3°C the
duration of this treatment could and should be longer than that estimated
with the help of the 10% germination rule. A prolongation of this period
could increase the percent of fully after-ripened seeds, because only these
seeds are capable of a rapid germination at a higher temperature (here
20°C).

The twice chilled seed when sown on May 11th in the nursery pro-
duced after this late sowing date only 10.4% of seedlings. It is possible
that the changing soil temperature was at that time i.e. in May and June
no longer suitable for an energetic germination and seedling emergence,
or that the seeds were already weakened by the total of 24 weeks of
chilling, which made emergence of the germinated seeds through the
3 cm thick layer of soil covering them in the seed-bed drills impossible.
It is also possible that in these conditions the embryo axes of the germina-
ting seeds were more severely attacked by dipterous larvae of an un-
known for us species, which can be found sometimes in big numbers in
beech seeds germinating in laboratory conditions at 20°C after chilling,
but never alt 3°C. This indicates that the eggs of this species are already
deposited in the seeds when still on the trees and that at a higher
temperature the activity of the larvae is highly increased.

From the result of experiment 2 we can conclude that the chilling
period estimated for chilling at 28% of water content with the help of
the 10% germination rule could at this hydration level be prolonged for
a better germination effect. On the other hand the high resistance of
imbibed and chilled beech seeds against any negative effects of partial
drying and action of a temperature below 0°C is demonstrated.

EXPERIMENT 3

This experiment was conducted on 3 different lots of beechnuts stored
at a low water content level at —3°C over 4 winters.

Data presented in Table 6 demonstrate that viability tested imme-
diately after termination of storage was still very high, despite the long-
-term storage and not far from 90%. During the subsequent rehydration
to 28% and chilling at 3°C lasting 8.5 weeks a decrease of viability was
observed of about 10 - 18%, depending on the seed lot. A similar decrease
of germinability was observed after chilling during stratification tests at
3°C and a special test on moist filter paper and at the same temperature.
It should be pointed out, that the extensions of the germination periods
were shortened after chilling to 40 - 60% of those found for seeds tested
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Table 6

Viability and germinability of 3 seed lots of Fagus silvatica L. used in experiment 3 after storage
at —3°C over 4 winters followed by subsequent rehydration to 28% and chilling at 3°C las-
ting 8.5 weeks

Table 7

Germinability and extension of germination period of Fagus silvatica L. seeds used in experiment
3 after dry storage at —3°C over 4 winters, during stratification at various temperatures following
rehydration and chilling at 3°C, the latter lasting 8.5 weeks

immediately after storage i.e. to 4 - 6 weeks and. germination started in
the first week at 3°C.

When the already chilled beechnuts were stratified at different tem-
peratures (Tab. 7) germinability was very similar in the range 3° - 15°C
(mean values: 62.7 - 66.1%) but the obtained level was about 20% lower
than that found immediately after storage and without any chilling. At
20°C germinability of the chilled seeds was much lower (mean: 42.7%).
The positive effect of chilling is expressed by a radical shortening of the
extension of the germination period (to 2 weeks at 10 - 15°C) and its
immediate start after the onset of stratification at any of the temperatures
applied. At the lower temperatures the germination period was more
extended because of the temperature-restricted rate of radicle growth.

Nothing can be said about the ability of seeds germinating in the
above mentioned temperatures to grow into seedlings when sown. During
the stratification tests all germinating seeds are discarded at regular time
intervals and they are not allowed to form seedlings. For this reason
other experimental variants were included in which beechnuts chilled in
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Table 8

Results of laboratory seedling emergence tests on Fagus silvatica L. seeds used for experiment 3.

The sown seeds were held for 8 weeks at 3°C and afterwards at 20°C for 2 weeks or at 20°C since

the sowing time. Before sowing beechnuts were stored dry at —3°C over 4 winters followed by
rehydration at 3°C to 28% and chilling for 8.5 weeks at this temperature

Table 9

Final results of laboratory and nursery seedling emergence tests of Fagus silvatica L. seeds,
sown in experiment 3 after dry storage at —3°C over 4 winters followed by rehydration and
chilling without any medium at 3°C and at a 28% hydration level lasting 8.5 weeks

the same way as above were not stratified but sown in laboratory con-
ditions. Some boxes with the sown seeds were transferred from 3° to
20°C after a period similar to that of chilling. The results of these tests
are shown in Fig. 3 and in Table 8. Simultaneously with these tests in
controlled thermal conditions the chilled beechnuts were sown in the
nursery. The results of the laboratory and field tests are collected in
Table 9.

From these data and from the course of the germination curves in
Fig. 3 it is evident that seeds sown at 20°C immediately after chilling
grow into seedlings in a relatively low percent. It lasts about 35-days
until seedling emergence is definitively finished. A major part of the
non-emerged seedlings are killed by dipterous larvae atacking the embryo
axes and very active at this relatively high temperature.

The same seeds when held after sowing at first for additional 8 weeks
at 3°C, thus prolonging the duration of the period of low-temperature
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action on the imbibed seeds, and afterwards transferred to 20°C emerge
m n @axtremely short period of time i.e. in 3-7 days in 63 - 74% (mean
value 67.3%). When being still at 3°C the radicles are already 5-7 cm
long and at the higher temperature only the hypo- and epicotyls grow
rapidly.

Fig. 3. Experiment 3. Course of germination during stratification and seedling
emergence after laboratory and nursery sowings of beech (Fagus silvatica L.,
provenance Bistuszowa I1) seed. Beechnuts were stored at 7.9 - 8.4% hydration level
at —3°C over 4 winters. Stratification started immediately after termination of
storage (A). Stratification at various temperatures (3°-20°C) started after storage,
rehydration to 28% and chilling without any medium at 3°C lasting 8.5 weeks (B).
Seedling emergence from seed sown after chilling as above in laboratory conditions
1 cm deep at 20°C (C) or held after chilling and sowing at first for 8 weeks at
3°C and afterwards at 20°C (D). Seedling emergence in the nursery when beechnuts
were sown immediately after chilling (E)
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This seed behaviour is shown in Fig. 3 (D). It should be pointed out
that the extraordinarily energetic seedling emergence was obtained by
a combination of two periods at 3°C: the first at a hydration level
restricted to 28% during chilling and the second after sowing in a wet
medium allowing a full imbibition of the sown seeds, both periods lasting
for nearly the same time i.e. for 85 and 8 weeks. In this way the seeds
were held at the low temperature for a period twice as long as that
indicated by the 10% germination rule. Despite the reduction of germi-
nability caused by chilling it was still high enough being close to 70%
(mean value 67.3%).

In the nursery the chilled only beechnuts grew into seedlings to
a surprisingly low percent (mean value: 8.5%). This low seedling percent
could be the consequence of a too deep sowing (3 cm) for seed stored
relatively long (over 4 winters). It can also be an indication that in same
cases chilling of beechnuts containing 28% of water over a period estima-
ted with the help of the 10% germination rule can be insufficient. This
is the general conclusion from results of experiment 3.

EXPERIMENT 4

In Fig. 4 seedling emergence curves for all experimental variants are
demonstrated. In Table 10 all other data are collected and in Table 11
the results of the analysis of variance performed on the percent values
of seedling emergence obtained in controlled laboratory conditions are
presented.

All variants are collected in 3 series representing different hydration
levels of the chilled beechnuts (25%, 28% and 31%). In each of these
series the chilling period was 10, 12 and 14 weeks, the 12-week period
was estimated with the help of the 10% germination rule. Each com-
bination of hydration level and chilling period was represented by 3
laboratory sowing variants where after sowing the seeds were either held
at 20°C, at an alternating daily temperature of 3°—20°C or they were
held at first for 10 weeks at 3°C and afterwards they were transferred
to 20°C. Besides these seeds were also sown in the nursery immediately
after chilling.

We know already that the chilling period should be estimated separa-
tely for each seed lot, here the standard chilling time was fixed as 12
weeks. When we symbolize this period as x we can symbolize the 10-
-weeks and the 14-weeks periods as X -2 weeks or xX+2 weeks. This
would make comparable results of this experiment with results of similar
experiments performed on other seed lots and in different years or on the
same seed lots stored over various numbers of winters.

All variables in the experiment i.e. hydration levels, chilling periods
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Table 10

Results of laboratory and nursery seedling emergence tests on Fagus silvatica L. seeds stored dry
at —3°C over one winter and afterwards rehydrated to 25%, 28% and 31% and chilled for 10,
12 and 14 weeks (Experiment 4)

Table 11

Analysis of variance calculated for percentage values of seedling emergence in laboratory condi-
tions of experiment 4, after the Arcsin percentage transformation
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Fig. 4. Experiment 4. Course of seedling emergence of beech (Fagus silvatica L.) seed
stored after collection and drying to the 11.0% hydration level over one Winter
at —3°C. After storage beechnuts were rehydrated and chilled at 25%, 28% and
31% hydration levels for 10, 12 and 14 weeks. Afterwards they were sown in
laboratory conditions 1 cm deep and the sowing boxes were placed at 20°C (A),
or at first for 10 weeks at 3°C and afterwards at 20°C (B), or at an alternating
temperature 3~20°C (C). Seedling emergence obtained in the nursery when be-
echnuts were sown immediately after chilling is indicated in (C)
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Table 12

Final results of seedling emergence tests on Fagus silvatica L. seed used in experiment 4, sown

in laboratory conditions after storage over one winter at —3°C, followed by rehydration to dif-

ferent hydration levels and chilling at 3°C for 10, 12 and 14 weeks without any medium. The 12

weeks chilling period was estimated with the help of the 10% germination rule. The reason for

small differences with data in Table 11 is that for the needs of the statistical analysis all data in

Table 12 are based on 2 replicates. Small letters indicate germinative capacity values not differing
at the 5% significance level

and the thermal treatments after chilling were found as significant sources
of variation at the 5.0% level, the first and the last of them also on the
1.0% level. This is supported by data in Table 12, where the overall
mean for seedling emergence obtained for the 25% hydration level differs
sharply from those for both the higher hydration levels. Similarity the
mean for treatments is generally very high for the two-step thermal
treatment (3°C 10 weeks, afterwards 20°C), in contrast to the much lower
means for the 20°C and the alternating 3°—~20°C treatments. Within
each hydration level the different chilling periods does not differentiate
seedling emergente with the exception of the 31% level where the higher
mean for the 14-weeks period differs from those for both the shorter
periods.

A comparison of all individual percentage values for seedling emer-
gence, performed with the help of the Newman-Keuls test at the 5.0%
level of significance, divides them into 4 clearly separated groups of
experimental variants (a, b, ¢ and d in Tab. 12).

It was hoped to find whether the chilling pretreatment can be com-
bined With constant high temperature or with an alternating or a two-
-steps one after sowing, assuring high percentage of emerged seeedlings.
The best case would be such a combination of hydration levels and
chilling period which would result in the highest possible seedling emer-
gence in all thermal conditions including the nursery sowings.

It was found that after chilling at the 25% hydration level very low
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Phot. K. Jakusz

Fig. 5. Seedling emergence of beech (Fagus silvatica L.) seed sown in laboratory

conditions after dry-cold storage over one winter. The seeds were chilled at a 31%

hydration level for 14 weeks at 3°C and afterwards they were sown and the boxes

were held for the first 10 weeks at 3°C. In that time seeds germinated under the

surface of the sowing medium. Seedlings emerged immediately after transfer of
the boxes to 20°C

percentage of seeds grew into seedlings in the constant high temperature
(200C) and in the alternating one (3°—200C). When the sown seeds were
held at 3°C for 10 weeks a subsequent increase of temperature to 20°
resulted in a high-percent and relatively energetic seedling emergence.
This treatment assured for both higher hydration levels a high-percent
and extremely energetical seedling emergence with the best results when
chilling was performed at the 31% hydration level. In such thermal
conditions seedlings emerged in the first 3-7 days in not less than
84.0% (Fig. 5). When temperature after sowing was alternating but with-
out any preceding cold treatment similar effects were obtained when
hydration level during chilling was 28% or 31% but seedling emergence
started after 14 days and was terminated 14 - 28 days later.

In this way only 2 combinations of hydration level and chilling period
could be found assuring a very effective seedling emergence during all
3 laboratory thermal treatments applied, but also in the nursery in the
changing and alternating thermal conditions of the soil: 28% and 31%
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of water content during chilling extended by 2 weeks, compared with the
chilling period estimated with the help of the 10% germination rule
alone, i.e. in this case after 14 weeks of chilling.

It should be pointed out that satisfactory seedling emergence in the
nursery (50% or more) was obtained for both higher hydration levels
(28% and 31%) irrespective of the duration of the chilling period in the
range (X -2) to (x +2) weeks. This effect was not dependent on sowing
time which was earliest on April 30th and latest on June 3rd, the longer
chilled beechnuts being always sown latest.

Basing on the results of experiment 4 we can conclude that beech
seeds become resistant against the negative action of moderately high
(20°C) constant temperature when during chilling at 3°C the hydration
level is 28% as in our earlier work or it is increased to 31%, but the
chilling period is 2 weeks longer than that estimated with the help of the
10% germination rule during a control stratification at 3°C. In these
conditions the best effects can be also expected concerning seedling emer-
gence at alternating temperature and at the higher constant one (20°C),
when the latter is preceded by a period of low-temperature (3°C) action
on the already fully imbibed seeds.

DISCUSSION OF RESULTS

For some years already many efforts are devoted in the Institute

of Dendrology in Kérnik (Suszka, 1975, Suszka and Zieta, 1976,

1977) to develop a new method of beechnuts pretreatment which would

make an energetical and high-percent seed germination and seedling

emergence possible. This should be obtained after Spring sowings in out-
door seedbeds or in the nursery. The new method should be suitable not
only for freshly collected beechnuts stored over one winter but also for
those stored at controlled water content and temperature conditions over

2, 3, 4 and even more winters (Suszka, 1966, 1974, Bonnet-Ma-

simbert and Muller, 1975). The other requirements of such a pre-

treatment are:

— the whole pretreatment should be performed in controlled conditions
to assure its repeatability and to provide a .proper course of the after-
-ripening processes,

— the method should be suitable for seed lots of different provenances,
and differing in the still unsatisfied low-temperature requirements
for after-ripening,

— difference between seed viability before and after treatment, ger-
minative capacity and ability of seedlings to emerge should be as low
as possible,

— the pretreated beechnuts should germinate after sowing and grow into

9 Arboretum Koérnickie 24
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seedlings in the highest possible percent, irrespective of the initial

low, high or alternating soil temperature,

— when to avoid damage caused by late frosts late sowings are used the
already relatively high soil temperature should not harm in any way
germinability and seedling emergence,

— after treatment beechnuts should be ungerminated and superficially
dry to make machine sowing possible.

The method elaborated so far consists of chilling beechnuts at 3°C
without any medium and at a carefully maintained 28% (fresh weight
basis) hydration level. When needed, especially in the case of beechnuts
stored before chilling at a low water content (usually 9-10%), they
should be rehydrated at 3°C to 28% which needs about 4-5 days, when
beechnuts are sprinkled twice a day with sufficient amount of water and
throughly mixed, this permits all water to be quickly imbibed.

The 28% hydration level corresponds to the water content of beech-
nuts freshly collected in not too wet Autumns just after falling off the
trees. In a series of chilling treatments of different duration (Suszka,
1975) it was found, that chilling can be extended much over the time
needed during normal moist stratification at 3°C in a sand/peat medium
for the start of germination. At the 28% of water content seeds studied
in 1975 did not germinate even when chilling was extended to 126 days,
though during normal stratification germination was already nearly
finished. After transfer to moist-warm (20°C) conditions germination was
started the earlier and the more energetically, the closer the transfer was
to the day when during normal moist-cold stratification in the sand/peat
medium 10% of this highly viable seed material germinated. This period
(10% g.p. — 10% germination period) can differ greatly for various lots
of beech seeds and has to be estimated separately for each of them.

The proper duration of the chilling period at the 28% hydration level
was subject to a special study (Suszka and Zieta, 1976) and it was
found that shortening or extending the chilling period estimated as above
reduces thereafter germinative capacity of beech seeds in stratification
conditions at 20°C. At 3° only a 3-weeks extension excerts similar ne-
gative effects.

When these studies were continued (Suszka and Zieta, 1976)
it was found that the chilling method works well in the case of beechnuts
stored over 3 winters and that after chilling the rate of germination and
germinability depended on temperature, being highest at 3°C and lowest
at 20°C (extremes of the studied temperature range). In the nursery
sowing of beechnuts immediately after chilling resulted in that year in
a 49 - 57% seedling emergence.

The studies reported in this paper have shown that there exists some
risk of failure when fixing rigidly to 28% the hydration level during
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chilling, whose duration was estimated according to the 10% g.r. In the
experiment 1 it was found that very close to the 28% value there lies
a critical level of water content, below which after chilling germination
does not start at low temperature immediately but is seriously delayed.
In the same conditions but at a stratification temperature of 20°C instead
of 3°C it is reduced to an unsignificant percent. It would therefore be
reasonable to chill beechnuts at a somewhat higher hydration level. Simul-
taneously the chilling period should be extended to avoid an untimely
germination.

Results of experiment 2 demonstrate the fact that germination is
improved when at the 28% hydration level to the chilling period (10%
g.r.) another one is added, though both chillings are separated by drying
of beechnuts and a short-term storage at low temperature. This impro-
vement was very distinct when stratification temperature after chilling
was increased to 20°C. This is an indication that duration of the chilling
period estimated by the 10% g.r. can be insufficient at the hydration level
mentioned above.

In experiment 3 it was shown that after chilling (hydration level 28%,
duration 10% g.r.) germinability (declining during stratification with
temperature increasing from 3° to 20°C) can be radically improved as
well as the seedling emergence when after chilling beechnuts are sown
in a moist medium and are held at 3°C for a period as long as that of
chilling. In that time seeds germinate (radicles only) under the surface
of the sowing medium but after the temperature is increased to 20°C
seedling emergence runs in 7-10 days. The same seed material when
sown after chilling but without any additional cold treatment in the
nursery (May 3rd) grew into seedlings only in 7.6 - 10.0%. This could
indicate that chilling period sufficient for a satisfactory germination of
radicles at 3°C is insufficient for an energetic and high-percent germina-
tion and seedling emergence in the already rather high though alternating
soil temperature in May. On the other hand it should be taken into
account that the depth of the sowing drills applied in our work in the
nursery (3 cm) can be too big. Tyshkevich (1977) reports that
Autumn sowings of beechnuts should be covered in Autumn 3-4 cm
high but in Spring only 2 cm. It is possible that seeb used in this experi-
ment after 4 winters of low-temperature storage was already weakened.
Though germinating and emerging well in laboratory sowings where they
were covered with 1 cm of sand, they were no more able to pierce through
the nearly 3 cm cover of sandy loam in the outdoor seedbeds.

In experiment 4 in laboratory and nursery conditions an energetic
and high-percent seedling emergence (82 - 96% and 48.2 - 56.0% respecti-
vely) was obtained for seeds stored over one winter, when hydration level
of beechnuts was either 28% or 31%. In the nursery the emergence level

9*
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indicated above was obtained even when the chilling period preceding
sowing was 2 weeks shorter than that estimated (10% g.r.) far this seed
material, and when the sowing date was early (end of April or early
May). However, the results in the nursery were not worse even when
duration of chilling was extended 2 weeks over the 10% g.p. but this
could be tested only when sowing date was relatively late (end of May,
early June).

Such results were obtained in the thermal and soil moisture con-
ditions of the nursery in Kérnik in 1977. In another year or in other
weather conditions the result could be different. For this reason much
more important are results obtained in experiment 4 in controlled labo-
ratory conditions, where beechnuts chilled for (x - 2) weeks, x weeks and
(x+2) weeks (x being the 10% g.p.) were sown and held in some variants
at 3°C for 10 weeks before the temperature was increased to 20°C. At the
lower temperature most seeds germinated under the surface of the sowing
medium and the mean length of radicles approached 7-8 cm. After
transfer to 20°C seedlings emerged in 84- 95% in 3-7 days when the
hydration level during chilling was 28% or 31% and its duration was
from (x-2) to (x+2) weeks i.e. 10-14 weeks. In the other series of
variants of experiment 4 beechnuts were sown immediately after chilling
in constant high (20°C) or alternating temperature (3°—20°C). Here
satisfactory seedling emergence was obtained also after chilling at both
the higher hydration levels (28% and 31%) and after all variants of
chilling duration for the alternating thermal conditions. When the after-
-sowing temperature was 20°C only (x+2) weeks of chilling assured
a satisfying result. This means that the only combinations assuring extre-
mely good seedling emergence are 28% or 31% of water content of
beechnuts during chilling lasting (x + 2) weeks.

We can suggest that an additional cold-moist treatment of beech seeds,
after-ripening at first at 3°C during chilling without medium over
a period lasting (x +2) weeks, would be beneficial assuring a rapid
seedling emergence in the nursery even when after sowing the thermal
conditions of the nursery soil at the sowing depth would be very different
(warm, cold at first for a longer period or alternating).

The aim of further studies should be to find the proper conditions for
the additional cold treatment and to see if it could not be replaced by
sowing the already chilled beechnuts in early Spring, when the soil is
still cool and will remain so for some weeks.
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SUMMARY

It was found that the rules for the new presowing treatment elaborated
earlier (Suszka and Zieta, 1977) in the Institute of Dendrology in
Kornik for beech (Fagus silvatica L.) seed should be corrected. It would
be advisable to increase the water content of beechnuts during rehydra-
tion at 3°C following storage at a reduced water content, and during the
sebsequent chilling without any medium at the same temperature to
31% instead of the earlier recommended 28%. This would eliminate the
risk of insufficient after-ripening of seeds. Beneficial is also an extension
of the chilling period to x+2 weeks, where x is the duration in weeks of
the period needed during a normal control stratification in a sand/peat
medium at 3°C until 10% of seeds germinate. The x value can differ in
various seed lots and has to be estimated separately for each of them.
It was also found that even if these requirements were fulfilled the seeds
need after chilling an additional period at 3°C but with an unrestricted
access of water from the medium, to be fully after-ripened. Duration of
the additional cold-moist treatment tested in this study was x—-2 or x
weeks and in that time a big part of the seeds germinated under the
surface of the sowing medium and the length of radicles reached 7-8 cm.
The low temperature repressed efectively elongation of hypocotyls thus
hindering seedling emergence. When temperature was increased to 20°C
seedlings emerged more than 90% in 3 days. The aim of further experi-
mental work will be to find the proper duration of the additional chid
period. It is probably much shorter than applied in this work. It seems
also that in nursery conditions this additional treatment could be replaced
by sowing the already chilled beechnuts when soil temperature at the
sowing depth is still low in Spring and will remain so for some weeks.

Institute of Dendrology
Koérnik nr. Poznan
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BOLESEAW SUSZKA

Wschody nasion buka zwyczajnego (Fagus silvatica L.) przysposobionych
do kietkowania przez chlodzenie bez podtoza przy kontrolowanym
poziomie uwodnienia

Streszczenie

Stwierdzono, ze zasady nowej metody przedsiewnego traktowania nasion buka
zwyczajnego (Fagus silvatica L.) opracowanej w Instytucie Dendrologii PAN w Kor-
niku (Suszka i Zieta, 1977) powinny ulec pewnej korekcie. Wskazane jest
wiec podwyzszenie zawartosci wody w bukwi do 31%, zamiast zalecanych wczesnigj
28%, podczas koniecznego po przechowaniu w stanie podsuszonym ponownego jej
uwadniania oraz podczas nastepujacego po tym chiodzenia bez jakiegokolwiek
podtoza w 3°C. Pozwala to na eliminacje ryzyka niepetnego ustgpienia spoczynku.
Korzystne jest rowniez przedtuzenie okresu chtodzenia do x+2 tygodni, gdzie x jest
mierzonym w tygodniach okresem koniecznym podczas normalnej kontrolnej stra-
tyfikacji orzeszkow buka w 3°C w torfowo-piaskowym podtozu do ukazania sie
facznie 10% nasion kietkujacych. Okres ten musi by¢ ustalany oddzielnie dla kazdej
jednolitej partii nasion buka. Stwierdzono réwniez, ze nawet w przypadku spet-
nienia tych warunkéw nasiona wymagajg po chtodzeniu dodatkowego okresu czasu
w 3°C przy nieograniczonym juz dostepie wody, aby spoczynek mogt catkowicie
ustgpi¢ we wszystkich zywotnych nasionach danej partii bukwi. W pracy uwzgled-
niono okresy dodatkowego oddziatywania chtodu rzedu x-2 lub x (odpowiednio
8 lub 10) tygodni, w ktérym to czasie wigekszos¢ nasion skietkowata pod powierzchnia
podtoza wysiewnego, a dtugos¢ korzeni dochodzita do 7-8 cm. Niska temperatura
powstrzymywata jednakze skutecznie wydtuzanie sie hypokotyli, a w efekcie
i wschody. Po podwyzszeniu temperatury do 20°C nasiona wschodzity w ponad 90%
w ciggu 3 dni. Celem dalszych badan bedzie ustalenie koniecznego czasu trwania
dodatkowego okresu chtodnego. Wiele przemawia za tym, ze bedzie to okres znacz-
nie krotszy od zastosowanego w tej pracy. Wydaje sie rowniez, ze w warunkach
szkotkarskich ten dodatkowy zabieg bedzie mogt byé zastapiony przez wysiew
uprzednio chtodzonej bukwi wczesng wiosng, gdy temperatura gleby jest na gtebo-

kosci wysiewu ciggle jeszcze niska i pozostanie taka jeszcze przez pewien okres
czasu.

BOJIEC/IAB CYLUKA

BcxoxkecTb cemsaH Byka necHoro (Fagus silvatica L.)
MOLArOTOB/EHHbIX K MPOPacTaHUI0 NyTeM oxna>KaeHus 6e3 cybcTpaTa
MNPV KOHTPOMPYEMOM YPOBHE BNa>XKHOCTU

Pestome

HaiigeHo, uTO HeKoTOpble MONOXEHUS HOBOr0 MeTofa MpeAnoceBHOV 06paboTKM CemsH
b6yka necHoro (Fagus silvatica L.), paspaboTaHHble B WHctuTyTe [eHgponorun MAH
B KypHuke (Suszka, Zieta 1977), 4oOmKHbl NOABEPrHYTLCA HEKOTOPOI KOPPEKTUPOBKE.
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Mocne nepuofa XpaHeHWs cemsiH Gyka B MOACYLUEHHOM COCTOSHUM LienecoobpasHbiM sBse-
TCA YBENMYEHUE COAEPXKaHUsA BOAbl B CeMeHax 40 31% BMeCTO pekOMeHAyemblX paHee 28%,
a 3aTeM oxnaxpeHve 6e3 kakoro-nubo cyberpata go 3°C. 370 NO3BONSET WUCKMOUATL PUCK
HEMo/IHOr0 BbIXO4A CEMSH W3 COCTOAHMS MOKOSA. [MONOXWTENbHO CKasblBaeTcsd U Y4u-
HEHWe Mepuofia OXNKAEHUA [0 X+2 Heflenn, rge X — 3TO BbIPOKEHHbIA B Hefensx
neproj HOpPMasibHOM KOHTPO/LHOM CcTpatudmkaumm opelukos 6Gyka npu 3°C Ha TopgsHO-
-necyaHom cy6cTtpare o nossneHus 10% npopacTaowyx cemsH. 3TOT Nepuoj Heob6XoauMo
YCTaHOBWTbL OTAENbHO A1 KaXAoli OAHOPOAHOWM napTun cemsiH 6yka. KOHCTaTMpoBaHO
TaKXKe, 4T0 AaXe B CAyvae COO/MOAEHMA 3TUX YCMOBUIA CeMeHa TPeOyHT MOC/e OXNaXAeHNs
[OMNOHNTENBHOTO cofepxaHns npu 3°C, Npu HeOrpaHWYeHHOM Y>Ke [O0CTyne BOAbl, YTOObI
BCE KWM3HECNOCO6HbIE CeMeHa [aHHOM MapTiM MOMAM MOAHOCTLIO BbIATU M3 COCTOSHMSA MOKOS.
B paboTe ObiM B3ATbl BO BHWMaHWe MNepUOAbl AOMOMHUTENbHOrO BO3L4ENCTBUA  HU3KOI
TemnepaTypbl nopsgka X -2 uan x (cooTBeTCcTBEHHO 8 wnn 10) Hedenb, B TeYeHWe Ko-
TOPbIX OOMBLIMHCTBO CEMAH MPOPOCN0 MO MOBEPXHOCTbIO MOCEBHOTO Cy6CTpaTa, a AnHa
KopHell gocturna 7-8 cM. OfHaKo HW3Kas Temnepartypa TOpMO3wna [AeWCTBEHHbIM 00Opa3om
YAMMHEHWE TWMOKOTWMEW, a B CNEACTBAM 3TOFO W MOsIBNEHME BCXOAOB. [locne MOBbILLEHNS
Temnepatypbl 4o 20°C cemeHa Bcxoaunm B 6onee uyem 90% B TeueHue 3 gHei. Llenbio ganb-
HeMWNX uccnefoBaHUA GyaeT onpefeneHve NPOAO/MKUTENLHOCTU BPEMEHU AOMOMHUTELHOMO
X0M0AHOro nepuofa. 10 6yAeT MO BCEl BEPOATHOCTM MepUOf, 3HaYMTeNbHO 6ofiee KOpPOTKMIA
Mo NPOJO/KUTENBHOCTM MO CPAaBHEHWIO C MPUMEHEHHbIM B 3TOM paboTe. BO3MOXHO, 4TO
B NUTOMHUKaX 3Ty [OMOMHUTENbHYKO MPOLELYPY MOXHO 6yAeT 3amMeHWTb MOCEBOM NpenBa-
PUTENBHO OXNEXKAEHHbIX CEMSH B MOYBY, TeMmepaTypa KOTOpol Ha rnybuHe nocesBa HesHa-
umMTeNlbHA U COXPAHWUTCA TakKoW B TeYeHWe Kakoro-to nepuofa BpeMEHM.



