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Provenance differences in the time of spruce
(Picea abies (L.) Karst.) flushing in Poland

Success of spruce in plantations depends to a large extent on its ability to avoid
late spring forsts. Selection of spruce races resistant to late frosts is possible and
necessary for regions where such frosts frequently cause damages. It appears to be well
established that resistance depends primarily on late flushing (Langlet 1963, Stern
1966, Kiellander and Nilsson 1967, Tyszkiewicz 1968, Lacaze 1969). It was
also noted that the late flushing spruces were more resistant to frosts than early
flushing ones even before flushing begun (Day and Peace 1946) which can be ex-
plained by the parallel differences in the onset of metabolic activity in the buds as
measured by respiration (Saetersdal 1956). Some of the late flushing Polish pro-
venances are also better able to regenerate any late frost injuries (Kiellander 1970).
There have been reports of lack of correlation between flushing date and resistance
to late frosts (Edwards 1955, Tyszkiewicz 1968) but this can probably be accoun-
ted for by exceptionally unusual weather conditions or by thec onfounding of late
frost damage with winter injury. There have been suggestions that early budding pro-
venances are also late to terminate cambial growth in the autumn (Dietrichson
1963), however resistance to late and early frost injuries are not necessarily corre-
lated (Kiellander and Nilsson 1967).

One would suspect that later flushing and earlier growth termination in spruce,
while providing resistance against frosts adversly affects growth by shortening the
vegetation period. However this does not appear to be the case, because late flushing
Central European provenances are frequently also the best producers in Sweden
(Langlet 1963). In France it was shown that among the high altitude provenances
the lateness of flushing was positively correlated with growth vigour (Lacaze 1969).

Other reports concern correlations of flushing earliness with resistance to attack
by Lagaeonematus abietinus Christ. (Bouvarel and Lemoine 1957) and occurrence
of Lammas shoots (Holzer 1967).

Numerous provenance experiments on spruce established in various parts of Europe
and North America have demonstrated that the time of flushing is determined to
a large extent by the geographical origin of the seed. Edwards (1955) was the first
to note that in the U. K. spruce from the Sudeto-Carpathian region is later flushing
than Alpine spruce and that the Scandinavian provenances are earliest. Schonbach
(1957) showed that in East Germany spruce from NE Poland is still later flushing
than Sudetan spruce and that spruces from central Germany are slightly later flushing
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than the Alpine ones. Basically the same results were reported later by Weiss and
Hoffman (1969) for the same plantation and by Troeger (1958) for three experi-
mental areas in West Germany. In France, Balkan provenances were latest to flush,
while the Alpine ones were relatively early (Bouvarel and Lemoine 1957).

In Belgium provenances from Rumania and southern Poland are latest to flush,
Scandinavian ones are earliest, while the Alpine ones are intermediate. From among
the latter ones, those from higher elevations flush earlier than those from lower ele-
vations (Gathy 1960,Nanson 1964). Langlet (1963) after a thorough study of expe-
rimental areas in Sweden concludes that northern provenances and southern ones
from high altitudes flush early while southern provenances generally flush later.
Those from NE Poland flush extremely late. These late flushing southern provenances
are winter hardy up to a latitude of 64°N and are well conditioned to escape damage
at the hands of the late spring frosts. Other Swedish reports confirm this (Kiellander
and Nilsson 1967, Kiellander 1970). Similarily Lacaze (1969) believes that for
France spruce from NE Poland and the Baltic region is late flushing, and therefore
hardy, as well as vigorous.

Also in North America Carpathian provenances and those from NE Poland were
among the most resistant to late spring frosts (Slabaugh and Rudolf 1957).

It is clear therefore that Poland and Rumania as well as possibly adjacent parts
of the USSR are regions where late flushing provenances are to be looked for. In the
international provenance experiments only few Polish provenances were included,
from Bialowieza, Istebna, Radom and Brody (Pforten). German studies included
also Borki (Borken), Stronie Slaskie (Seitenberg) and Piechowice (Petersdorf).
Biatowieza and Borki were always very late flushing in these experiments, Istebna
relatively late and Radom, Brody, Stronie Slaskie and Piechowice medium late.

In order to have a clearer picture of the phenological adaptations of Polish
spruce new studies were needed which would include a large number of Polish pro-
venances. In a greenhouse experiment Janson (1968) was not able to demonstrate
differences in the time at which growth of spruce of various Polish origins begun.
On the other hand Tyszkiewicz (1968) who worked with the same seed lots in
nursery conditions found that spruces from the southern part of the country flushed
earlier than those from the NE part of the species range in Poland. Also spruces
from around the mouth of the Vistula (outside the natural range of spruce), probably
brought there from SW Germany in the XIX century, flushed distinctly earlier than
those from NE Poland. The present report covers observations on the flushing of
spruce in the spring of 1971 made on several experimental areas set up by the Insti-
tute of Dendrology and Kdérnik Arboretum from material collected in various parts
of Poland.

MATERIALS AND METHODS

In the spring of 1971 observations were made on the flushing of spruce in the
following experimental areas:

1° A spruce provenance experiment established in 1969 in Kérnik. The flushed
seedlings were counted on each plot 6 times during the spring.
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2° The same experiment established in 1969 in Forest District Miedzylesie. The
seedlings were counted only once (2 V 1971).

3° The same experiment established in 1969 in Forest District Orawa. The seed-
lings were counted only once (17 V 1971).

4° The same experiment established in Forest District Goldap. The seedlings were
counted only once (19 V 1971).

5° A spruce provenance experiment established in 1964 in Kornik from seedlings
provided by the Forest Research Institute, Warsaw. The spruces were evaluated for the
degree of flushing on the 7 - 8 VV 1971, using a three point scale.

6° A spruce seed orchard established in K&rnik in 1968. The spruces were eva-
luated for degree of flushing on the 5th of May 1971, using a three point scale.

The data from experimental areas 1° to 4° have been converted to percentages
per number of living seedlings in each plot. For analyses of variance the data were
further converted to arcsines.

Table |

The origins of seeds used in the provenance experiments established in Kaérnik, Miedzylesie
Orawa and Gotdap
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Table 2

The origins of seed used in the provenance experiment established in Koérnik from material
provided by the Forest Research Institue in Warsaw

The observations on areas 5° and 6° have been recorded on a three point scale:
0 — unflushed, ! — beginning to flush, 2 — flushed, and expressed as average score
per plot (5°) or per clone (6°).

The percentage of flushed seedlings obtained on 6 dates in area 1° have been
plotted against time separately for each provenance, and from the graphs an estimate
was obtained of the number of days it takes for the percentage of flushed seedlings
to increase from 20% to 80%. This gave a measure of the between-tree variability
in flushing time within each provenance.

The origins of the provenances used for the establishment of areas 1°-4° are
defined in table | and on fig. 1 - 5. The number and distribution of replicates on each
experimental area have been presented in an earlier paper (Giertych 1970).

The seedlings obtained from the Forest Research Institute, Warsaw, for the estab-
lishment of area 5° originate from seed collections made in 11 forest districts the
geographic coordinates of which are given in table 2 and fig. 6.

Scions for the establishment of the spruce seed orchard (6°) have been collected
from plus trees in 7 forest districts the geographical coordinates of which are given
in table 3 and fig. 7.

Table 3

The Forest Districts in which plus trees have been selected for the establishment of the spruce
seed orchard in Kornik
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RESULTS

As can be seen from figs. 1 to 4 there appears to be a very close agreement between
the results obtained with the same material planted in various climatic regions of
Poland. In absolute values there are differences between the areas, but these have been
caused by the fact that scores have been made at different times, both literally and in
relation to the onset of the vegetation period in each of the locations. Analyses of
variance showed that both localities and provenances significantly differ from each
other in flushing dates, but there was no interaction between these two sources
ofvariation.

Generally the shortest histograms on each of figs. | - 4 are to be found in the NE
part of Poland, particularity provenances 121 and 120 which are from adjacent forest
districts in the primaeval Biatowieza forest. Within the NE part of the range of spruce
the earliest to flush were seedlings from Przerwanki (prov. 116). Also relatively early
flushing were the spruces from Konstancjewo (prov. 109), however these represent
an outlier of spruce outside the continuous range.

In central Poland, that is in the northern part of the southern range of spruce,
where the species grows only as a component of stands predominantly composed of

Fig. 1. Flushing time of spruce of various provenances measured as the percentage of flushed

seedlings on the 4th of May 1971 in the experimental area in Kornik (a). Length of histograms

corresponds to the percentage, their bases to the sites of seed collection and the numbers define
provenances as in table !
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Fig. 2. Flushing time of spruce of various provenances measured as the percentage of flushed

seedlings on the 12th of May 1971 in the experimental area in Miedzylesie (a). Length of his-

tograms corresponds to the percentage, their bases to the sites of seed collection and the numbers
define provenances as in table !

other species, the spruce provenances are also characterized by relatively late flushing
(prov. 106, 107,122, 123).

Spruce from the mountains along the southern boundary of Poland is generally
early flushing. This is particularily so for spruce from the Sudety Mts. (prov. 98 and
125). However spruce from Istebna (prov. 99) is rather late flushing. To a lesser
extent this is also true for adjacent Rycerka (prov. 101) but not for adjacent Wista
(prov. 100). That general region obviously requires more detailed studies on the varia-
bility in flushing time.

The low altitude provenance from the Nysa valley, Brody (prov. 96) is slightly
later flushing than the Sudetan provenances and generally similar to the outlier pro-
venance from Konstancjewo (prov. 109).

From comparison with the foreign spruces used in the experiment it can be seen
that the Scandinavian provenances are considerably earlier flushing than ours. The
provenances from the southern part of the German Democratic Republic are generally
late flushing. In particular the provenance from Neuwernsdorf (prov. 136) is compa-
rable to our Biatlowieza spruce and the Carlsfeld spruce (prov. 137) flushes somewhat
earlier, more like our Brody provenance (prov. 96).

From fig. 5 it can be seen that generally there is not much difference between
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Fig. 3. Flushing time of spruce of various provenances measured as the percentage of flushed

seedlings on the 17th of May 1971 in the experimental area in Orawa (4). Length of histograms

corresponds to the percentage, their bases to the sites of seed collection and the numbers define
provenances as in table 1

provenances in the within provenance variability of flushing dates. It generally appears
that the later flushing provenances within each part of the range of spruce (120, 121,
118; 99, 136; 106, 107) need a shorter time for all the seedlings to attain the flushed
condition and the earlier flushing ones take longer. There are however some excep-
tions, as for example one of the early flushing Scandinavian provenances (prov.
172) needs a very short time for all the seedlings to flush. Possibly this seed lot was
a progeny from only one tree. We have no data on that (table 1). In this character
the overall difference between the southern and north-eastern parts of the species
range is not observable, while in the flushing date itself it is obvious.

On the average it took the spruces in Kornik 16.1 days to increase the flushing
percentage from 20% to 80%, or 3.73% daily. Assuming the same rate in the other
localities and extrapolating the observed values to the presumed date on which 50%
of the seedlings were flushed it was found that in Kornik it was the 9th of May, in
Miedzylesie the 19th of May, in Gotdap the 21st of May and in Orawa on the 22 nd
of May.

The observations made on the spruce provenance experiment set up from material
provided by the Forest Research Institute (fig. 6) generally confirm the results
reported earlier for the same material (Tyszkiewicz 1968) and the results reported
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Fig. 4. Flushing time of spruce of various provenances measured as the percentage of flushed

seedlings on the 19th of May 1971 in the experimental area in Gotdap (4). Length of histograms

corresponds to the percentage, their bases to the sites of seed collection and the numbers define
provenances as in table !

above. The indiginous provenances form NE Poland are late flushing and the in-
troduced ones growing near the mouth of the Vistula are much earlier flushing.

The observations made in the seed orchard (fig. 7) do not add much new informa-
tion. Spruces form the mountains in southern Poland are earlier flushing than
the spruces form the NE part of the country. Spruce from Przerwanki is here again
much earlier flushing than the spruce from the Biatowieza region.

DISCUSSION

From the results presented above it is obvious that spruce trees growing in
various climatic conditions flush in the spring at different times not only because
the external climatic stimulus comes at a different time, but also because the trees
are adapted to flush at various times in relation to the stimulus. Lack of significant
interaction between provenances and localities in the experiment reported above
would tend to suggest that flushing time in spruces of all provenances is adapted
to the same stimulus, but in different time relation to it. If the adaptation were to
different stimuli for various provenances the response in various localities would
be somewhat different, depending on the sequence of weather phenomena developing
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Fig. 5. Rate of flushing of various provenances as measured in the experimental area in Kérnik.

The length of the histograms corresponds to the number of days it took for the percentage of

flushed seedlings to increase from 20% to 80%, their bases to the sites of seed collection and
the numbers define provenances as in table !

Fig. 6. Flushing of spruce of various provenances from NE Poland evaluated on the 7 - 8th

of May 1971 as the degree of flushing of each seedling using a three point scale, on an experi-

mental area in Kornik. Length of the histograms corresponds to the flushing score, their bases
to the sites of seed collection and provenance names are as in table 2

12 Arboretum Kornickie r. XVII
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Fig. 7. Flushing of spruce grafts on a seed orchard in Kérnik averaged per Forest District from

which scions were collected, as measured on the 5th of May using a three point scale. The length

of the histograms corresponds to the flushing score, their bases to the sites of scion collection
and the origin names are as in table 3

in each locality during the 1971 spring, and this would be reflected as a significant
provenance x locality interaction.

The stimulus responsible for determining flushing time of spruce must be some
climatic factor that undergoes a significant change in the spring. The results confirm
the view of Langlet(1963)thatitis not photoperiod. If it were photoperiod the nor-
thern (Scandinavian) provenances would have to flush much later than local ones,
since in our conditions the day is considerably shorter at flushing time. Bud swelling
started in Kornik in mid April and in the other localities much later. Respiration
increase in the spring occurs about a month prior to flushing (Saetersdal 1956).
Thus if photoperiod were responsible for triggering the flushing mechanism it would
operate at the earliest in mid March, when there are no latitudinal differences in
photoperiod. Later the photoperiod is shorter in the south than in the north and
therefore Scandinavian provenances should flush later than our local ones.

Possibly some temperature factor is the responsible stimulus. It is noteworthy
that spruces from the more Atlantic climate of the Sudety Mts. or of Scandinavia
appear to require less warmth to start flushing than do the spruces from the more
continental climate of Biatowieza. In other words adaptation to more severe climatic
conditions would not depend on making do with less warmth but on requireing
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more of it to start vegetation. The evolutionary usefulness of such an adaptation
may depend on the ability to avoid late spring frosts. On this of course also the eco-
nomic value of late flushing spruce races depends. However the paradox of the
situation is that over the whole of Poland the duration of the period in the spring
when frosts can occur (that is the time when average temperatures are above 0°C
and minimal temperatures below 0°C) is longer in the south west (about 60 days)
than in the north east of Poland (about 50 days). In V&rmland from where our Scan-
dinavian spruces originate the period is longer still (65 - 70 days) (Walter and Lieth
1960). Thus the adaptation to avoid late spring frosts has not evolved under the in-
fluence of our present climatic conditions. It is either a relict of a different climate
that existed in the region or the consequence of the history of spruce migration,
or else the result of an adaptation to a different climatic factor.

For most climatic factors in the spring the parameters for north-eastern Poland
and for the Sudety Mts. in the south west are similarity severe (long winter, persistence
of snow cover, low average and minimal temperatures, late onset of the vegetation
period, etc.) while in central and western Poland the spring conditions are milder.
The only temperature parameter | was able to find with a definite gradient from the
SW to NE, parallel with the gradient of flushing dates for spruce reported here,
is the duration of the time in the spring when average daily temperatures are from
0° - 5°C or from 5° - 15°C. In the SW the spring takes longer to develop, than in
the NE (Atlas Polski 1954). Ifthis were the external stimulus to which spruce is adap-
ted, in the identical conditions of one experimental area the spruces from regions
where spring is shorter would flush as soon as temperatures increase while those
adapted to more prolonged spring would be less prone to immediate flushing. Indeed
the seedlings of the Biatowieza provenances took less time to attain the flushed
condition than the Sudetan spruce (fig. 5), but the reason why they generally flushed
later than the Sudetan spruce remains unanwsered.

The only other climatic factor that | was able to find as having a SW — NE
gradient in the spring was insolation. On the basis of meteorological data for 5
years, 1959 - 1963 (Roczniki Meteorologiczne PIM) it appears that in April, the
crucial month for spruce flushing, the total number of hours of sunshine is consider-
ably greater in Biatowieza than in the Sudety Mts. This of course parallels the in-
formation mentioned above that spring is longer in the SW than in the NE. A corre-
lation analysis of flushing earliness for Polish provenances (average over the four
localities) with hours of April sunshine as measured in the nearest meteorological
station to the site of seed origin, gave a highly significant negative value of the corre-
lation coefficient (r= —0.68).

Iffor flushing spruces require a certain number of days or hours of direct insolation
it is hardly surprising that those from Bialowieza where generally April insolation
is greater will flush later in any set of conditions than spruces from the Sudety Mts.
adapted to a less sunny April.

Wareing (1953) has reported that bud scales of Fagus silvatica L. have a light
transmissivness of about 0.7%. Assuming that spruce bud scales are similarity
protective it can well be imagined that direct insolation is essential for the external

12*
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light stimulus to reach and photochemically activate the tissues that are to start
growing first in the spring. It is of course well known from nursery practice that
shading will delay the flushing of spruce. However shading not only reduces insola-
tion but also reduces the temperature.

In any case insolation by itself is obviously insufficient. In the winter long periods
of clear skies occur and buds do not flush. Thus the flushing mechanism must also
be controlled by a complex of factors including temperature some threshold value
of which must be first attained before the sunshine factor could be of importance.

The early flushing spruces from the Vistula delta (fig. 6) obviously do not fit
the pattern of distribution. April insolation in that region is comparable to that
in NE Poland and therefore spruces growing there do not fit the correlation of flushing
with April sunshine. The view of Tyszkiewicz (1968) that they were introduced
from some distant locality, such as SW Germany, is therefore probably correct.

It was noted that spruce from Konstancjewo (prov. 109) and Brody (prov. 96)
have similar flushing rates in spite of being geographically separated by the spruceless
zone. This is in agreement with the results of our studies on the morphology of cones
(Chylarecki and Giertych 1969) that have shown these two populations to be
closely related.

Also Przerwanki (prov. 116), the provenance that flushes too early compared
with adjacent ones was shown by the cone morphology study to be more related
to the spruce from the mountain regions in southern Poland than to spruce from
the NE part of the range. Possibly it is not indiginous. In cone morphology the Bia-
towieza spruce (prov. 120 and 121) was found to be related to spruce from Garbatka
(prov. 106) and Blizyn (prov. 107). The similarity of flushing rates appears to support
that.

Thus it appears that besides adaptation to the present climatic factors, such as
April insolation, the variability of flushing times is to some extent dependent on
the migratory history of spruce, both natural and caused by human intervention.

As already mentioned, the exceptional value of spruce from Istebna and the con-
siderable variability in flushing times for spruces in adjacent regions make it impera-
tive to study the general region more closely in this respect. Also the extent of the
exceptionally late flushing spruce from Bialowieza requires further investigation.

SUMMARY

Observations were conducted in the spring of 1971 on the flushing time and rate
on spruces ofvarious Polish origins growing in 6 experimental areas; major provenan-
ce experiments in Kornik, Gotdap, Orawa and Miedzylesie, a smaller provenance
experiment in Kornik, and a seed orchard in Kérnik. In all these experiments the
same results were obtained. Spruce from NE Poland is late flushing, from central
Poland relatively late, from the mountain regions in the south early and from the
Sudety Mts. in the SW very early. Spruce from Istebna in contrast to some of the
adjacent origins is relatively late flushing. Scandinavian provenances included in
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the experiments were extremely early flushing and those from DDR rather late
flushing.

Of the climatic factors operating in the spring that could be responsible for acti-

vating growth in buds only one appears to correlate with flushing time — namely
April sunshine. The NE provenances are adapted to clearer skies and therefore
once the threshold temperature is reached they appear to require more insolation
than SW provenances in order to commence growth.

Some similarities in flushing times between certain provenances, correlate with

similarities in cone morphology reported earlier and therefore are presumably a re-
flection of the migratory history of spruce populations.
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Institute of Dendrology and Kornik Arboretum
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MACIEJ GIERTYCH

Zroznicowanie terminéw wiosennego otwierania sie paczkéw u $wierka (Picea abies
(L.) Karst.) polskich proweniencji

Streszczenie

Wiosng 1971 r. dokonano obserwacji otwierania sie paczkéw u Swierkéw réznych polskich
pochodzen rosngcych na 6 powierzchniach doswiadczalnych; duze doswiadczenie prowenien-
cyjne w Koérniku, w Gotdapi, na Orawie i w Miedzylesiu, mniejsze doswiadczenie prowenien-
cyjne w Kérniku oraz plantacja nasienna w Kérniku. Na wszystkich tych powierzchniach otrzy-
mano zasadniczo te same wyniki. Swierk z Polski pétnocno-wschodniej rozpoczynat wegetacje
pozno, z Polski Srodkowej stosunkowo pdzno, z terendw gorskich wczesnie, a z Sudetéw bardzo
wezesnie. Swierk z Istebnej, w odréznieniu od éwierka z sasiednich terenéw, rozpoczynat wege-
tacje stosunkowo pdzno. Swierk z pochodzeri skandynawskich uzyty w do$wiadczeniach rozwi-
jat paczki bardzo wczesnie, a $wierk z NRD raczej p6zno.

Z czynnikéw klimatycznych okresu wiosny, ktére mogtyby by¢ odpowiedzialne za aktywa-
cje wzrostu paczkow, tylko jeden wydaje sie korelowac z terminem rozpoczecia wegetacji, a mia-
nowicie ilos¢ godzin nastonecznienia w kwietniu. Proweniencje z Polski pétnocno-wschodniej
sg przystosowane do mniej chmurnego nieba i dlatego gdy osiagniety zostaje jaki$ prog tempe-
raturowy, wydaja sie one wymagac wiekszego nastonecznienia, by rozpocza¢ wzrost, niz Swierki
sudeckie.

Podobienstwo czasu wiosennego otwierania sie paczkéw u niektérych proweniencji kore-
luje z podobienstwem w morfologii szyszek, opracowanej wczesniej, co sugeruje przypuszczalny
zwigzek z historig migracji populacji $wierkowych.
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JnhdpepeHupalma CpoOKOB BeCEHHEro pacnycKaHus Moyek y enu
(Picea abies (L.) Karst.) nonbCKOro NPOUCXOXKAEHNS

Pestome

BecHoin 1971 r. npou3sBefeHbl 6biin HabAOAEHWS 3a pacnyCkKaHWeM MOYeK enn pasHoro Mnosb-
CKOrO MPOVCXOXAEHNS, PacTyLLen Ha 6 ONbITHbIX MAOWaaaX: 60MbLUIOE UCCNefOBaHUE MPOUCXOXK-
fenns B KypHuke, B Fonganu, Ha Opase n B MeHA3blnecke, MeHbLLEE UCC/ef0BaHNE MPOUCXOXe-
HuA B KypHuKe 1 ceMeHHas nnaHTaums B KypHuke. Ha Bcex aTuX Miowagsax rosyyeHbl B OCHOB-
HOM OfjHM 1 Te Xe pe3ynbTaTbl. Efb M3 ceBepo-BOCTOYHOM MoMbLUM HauMHaNa BereTaumio No3aHo,
13 cpefHeli MonbLUY — CPaBHUTENLHO MO3AHO, C FOPHbIX NIOLWaAeil — paHo, a CyAeTcKas — OYeHb
paHo. Efb 13 VcTe6HO, B OT/IMUME OT €M C COCeAHMX MIOLLaen, HaunHana BereTaumio cpaBHu-
TeNbHO MO34HO. ENb CKaHAWMHABCKOTO NPOMCXOXAEHWS, MCMONb30BaHHasA B OMbITax, pacnyckana
MOYKN OYeHb paHo a enb u3 AP — 60nee NO3AHO.

M3 KnMmaTnyecknx (akTopoB BECEHHErO Mepuoja, KOTopble MOrnv Obl MOBUATL Ha aKTUBa-
LIMIO Pa3BUTMA NOYeEK, KKETCH, TONIbKO OANH KOPPENMPYeT CO CPOKOM Havasa Beretauum, a UMeHHo:
KO/IMYECTBO 4acoB MHcONAUMM B anpene. Enb NpoMCXOXAEHWs U3 CeBepo-BOCTOYHON [Monblum
npvicnocobnieHa K MeHee NaxMypHOMY Heby W MO3TOMy, KOrfa [OCTUraeTcs onpegenéHHas Temne-
paTypHas rpaHuLa, OHa, KaxeTcs, TpebyeT 60/bLUeR MHCONALMMN A8 HaYana pasBMTUS, YeM CyneT-
cKas eflb.

CXO0[CTBO BECEHHEr0 BPEMEHW PaxmyCKaHWA MoYeK Y HEKOTOPbIX MPOUCXOXAEHWI e KOppenu-
pyeT CO CXOACTBOM B MOPGOMOrN LUMLLIEK, pa3paboTaHHOl paHbLLe, YTO 3acTaB/seT npeanonararb
CBA3b C UCTOPVEl MWUrpauuy Nomynauum enu.



Rozwijajacy sie kwiat magnolii- Thompsona, (Magnolia x thompsoniana Sarg.) Fot. K. Jakusz



