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INTRODUCTION

Long term provenance studies on Norway spruce have shown the
species to have a considerable racial differentiation within the European
part of its range. The differences usually reported concern the tree height
or other growth parameters, that are of economic interest. Several Polish
provenances have been included in the international experiments organi-
zed by IUFRO in 1938. These were Istebna from the Silesian Beskids,
Biatowieza, Brody* from the Nysa valley and Radom. The last one
however is believed to be not indiginous. Only these Polish provenances
have been extensively tested: Istebna and Brody on 13 sites in various
parts of Europe and North America, Biatowieza on only 3 sites and Ra-
dom on 7 (Veen 1953). Baldwin (1967) who summarized the litera-
ture so far published from this IUFRO experiment reports that all
4 Polish provenances are among the upper third of those used, while
Istebna is excelled only by the Rumanian provenance Crucea.

In German experiments performed on a national scale before the
Il world war also some Polish provenances have been included, namely
Borki*, Stronie Slaskie* and Piechowice*. The population from Stronie
Slaskie proved to be among the best in Turyngia, Wirttemberg and
Saxony (Troeger 1958, Schonbach 1957) while in Bavaria it grew
rather poorly (Rubner 1957). The population from Borki grows well
in Bavaria, Saxony and Wirttemberg but poorly in Turyngia (Troeger
1958, Schonbach 1957). The Piechowice population grows feebly in
all the four regions (Troeger 1958). Generally therefore spruce races
from Poland are worth closer scrutiny.

* In German literature the provenances are referred to as Pforten, Borken,
Seitenberg and Petersdorf respectively for Brody, Borki, Stronie Slaskie and
Piechowice.
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Table !
Geographic coordinates of provenances used in the study

In selecting provenances for the present series of experiments an
effort was made to obtain samples from all the main or most interesting
spruce regions in Poland. The seeds were collected from 25 localities
(fig. 1, table 1). An effort was made also to obtain seed from all the
localities already represented in earlier trials in order to be able in the
future to tie our results with the international ones. Thus our studies
include Istebna, Brody, Biatowieza, Stronie Slaskie and Borki. Our Blizyn
population originates from a locality close to the Radom one, but is
definitely indiginous. Also Piechowice and Kowary are very close to
each other.

The studies reported in this paper have been conducted in the green-
house and concern seedlings after one growing season. Thus they can
be considered to be an early test for the large scale field experiments
that have been established from the same material (Giertych 1970)
and that will, it is hoped, yield in the future useful informations about
racial differentiation of Polish spruce in characters of economic impor-
tance.
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Fig. 1. The range of Picea abies (L) Karst in Poland and the location of the
sites where seeds were collected

It may well be that some of our early results reported here will corre-
late with those that will become available later. This will show to what
extent time and effort can be. saved by studying seedlings under con-
trolled conditions and extrapolating their performance to desired infor-
mations about older trees.

The seedling characters selected for analysis in our studies pertain to
growth, development and content of major mineral elements. Racial dif-
ferences in mineral requirements and metabolism of plants have been
known to exist in agricultural and pomological crops for quite some time.
For example varietal differences in nitrogen concentration under iden-
tical culture conditions have been reported for tea, strawberry, apple,
rice, wheat, corn and Citrus sp. (Epstein and Jefferies 1964).
Much of these differences can be attributed to variations in root surface
area rather than to absorption or transport difficulties.
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Few such studies have been conducted on trees. They have already
been reviewed earlier (Giertych 1969). Since our results generally
confirm earlier findings they will be discussed jointly at the end of
this paper.

MATERIALS AND METHODS

Seedlings have been grown in the greenhouse from the seed lots des-
cribed in table 1 and fig. 1. The seedlings were raised three times in 1966
and 1967 from 20 seed lots and in 1968 from 25, in each case on a diffe-
rent regime of mineral nutrition. Those from 1966 have been analysed
for nitrogen content by the Kieldahl method (Piper 1957), those from
1967 for phosphorus content by the Kuttner and Lichtenstein method
(Fink 1963) and those from 1968 for potassium, magnesium, calcium
and sodium content by the flame photometric method (Humphries
1956).

The seedlings were raised on various levels of the mineral nutrients
under investigation. Reaction of spruce to mineral nutrition, regardless
of seed origin, is described elsewhere will be. Here only averages
for each provenance over all the nutrient supply levels are discussed and
therefore the actual values presented are well below optimum. They are
only of comparative value. In each of the three series, growth and de-
velopment characters of seedlings have been recorded. Here only ave-
rage results from the last 1968 series are presented. These correlate well
with the earlier ones and are most reliable because they are based on
the largest number of seedlings.

All results have been subjected to variance and regression analyses.

RESULTS

In table 2 average values of the growth and developmental charac-
ters are presented. All the characters defining growth correlate very well
with each other. This is also true for dry weight of plant parts (roots,
stems, leaves), for the number and length of lateral shoots and for the
number of buds per seedling. Thus all differences between provenances
in these characters can be considered as being a function of growth. Also
it was found that there is a highly significant positive correlation (r=
=0.50) between the average seedling dry weight and the average heights
of 3 year old seedlings in nursery conditions, reported elsewhere (Gier-
tych 1970).
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Table 2
Growth and development characters of spruce seedlings of various origin

On the other hand the percentage number of seedlings with terminal
buds does not correlate with any other character of the provenances. In
foliage colour, only the seedlings from Dolina Chochotowska are oustan-
ding in that they are distinctly darker.

In table 3 the content of mineral nutrients expressed as a percentage
of the average is presented. Provenance differentiation in mineral con-
tent was highly significant except for phosphorus for which element the
differentiation was significant only on the 0.10 level and for magnesium
where no provenance differentiation was found. Correlation of these cha-
racters with growth, geographic parameters and between themselves are
represented in fig. 2.

Average seedling dry weight for the provenances was found to be
correlated with the weight of seeds from which the were raised. Ni-
trogen concentration in the seeds was negatively correlated with the ni-
trogen concentration in the seedlings. Also Mg% in seeds was inversly
correlated with P% in seedlings and P% in the seeds with Ca% in seedi
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Table 3
Content of mineral elements in seedlings of various origin expressed
as percentage of the mean

Ca% in seedlings was also positively correlated with Na% in the
seeds.

There were numerous correlations between mineral concentrations in
the seedlings and cone characters. Na% together with seedlings dry
weight with whichit is strongly correlated (fig. 2) seems to be corre-
lated with the same cone shape Characters. On the other hand P% and
N% correlate inversly with these characters. K% is inversly correlated
with cone and cone scale size characters (fig. 3).

DISCUSSION

The provenance differentiation in respect of growth characters ge-
nerally follows the observations reported earlier for the first and second
experimental series (Giertych and Fober 1967, Fober and
Giertych 1968, 1970). The best growth was demonstrated by seedi
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from Istebna. Those from neighbouring Wista and Rycerka are also
among the best. Of special interest are the provenances Brody and Kon-
stancjewo. The seedlings had very high dry weights and the populations
though separated geographically by a large spruceless area (fig. 1) are
very akin in cone morphology (Chylarecki and Giertych 1969).

Fig. 2. Significant correlations Fig. 3. Correlation of potassium concentration
between seedling characters and in the seedlings with the length of cone scales.
geographic coordinates. Double  The symbols for the groups of populations are
lines indicate significance at 001 as in Chylarecki and Giertych (1969)
level and a single line at 0.05 le-
vel. Continuous lines indicate
positive correlations and broken
lines negative correlations

Exceptionally poor growth has been displayed by seedlings from the
High Tatras (Dolina Chochotowska). Generally spruce from regions tested
in earlier field provenance experiments (Istebna, Brody, Bialowieza, Bli-
zyn (nr. Radom), Stronie Slaskie, Kowary, Borki) gave satisfactory seed-
ling growth, indicating that the choice of seed origins for the earlier ex-
periments was well made. However judging from seedling size there are
many more spruce areas in Poland, whose races are just as good and
therefore merit popularization.

The correlation of seedling growth with seed weight is not a very
close one (r=0.46) because some provenances, notably Dolina Chochotow-
ska, do not fit the pattern. However such correlations are normal for
spruce. They are believed to be caused by provenance differences rather
than by progeny differences within a stand (Ruden 1963). It appears
that spruce races characterized by better growth are also characterized
by heavier seeds (endowment of zygotes related to maternal affluence)
though not consistently richer in any of the macroelements.

8 Arboretum Kornickie t. XVI
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The percentage of dry weight in the fresh weight is a character that
has been reported as differentiated geographically. It increased with lati-
tude for pine (Langlet 1936/7) and for spruce (Langlet 1960). We
have not confirmed this, and judging from literature the trend could be
opposite. Working on seedling material the value was 25% in Sweden
(Ingestad 1959) 30% in our Polish material and 39% or 40% in Au-
stria (respectively reported by Karl 1961 and Holzer 1966). Since
culture conditions were not identical this trend could be an artefact.

Studies on provenance differences in concentration of mineral ele-
ments in seedlings or foliage of forest trees have often demonstrated
the existance of correlations between these concentrations and the cli-
matic conditions of the sites of seed origin. Langlet (1936/37) was the
first to report that Pinus silvestris seedlings of northern provenances
contain more total nitrogen than southern ones. This was later confir-
med on foliage by Gerhold (1959) and Steinbeck (1965). Basi-
cally the same results have been obtained on Pinus banksiana seedlings
(Giertych and Farrar 1962, Mergen and Worrall 1965).
Similarity in Pinus contorta grown in Scotland northern coastal prove-
nances had higher nitrogen concentration (Lines 1970). In Picea abies N%
in seedlings of various provenance was found to be correlated with
altitude of the site of seed collection, but only within the Alpine (Kral
1961) and Sudeto-Carpathian (Giertych and Fober 1967) parts
of the species range and not in the lowland spruce of NE Poland,
though the. correlation holds for the whole material studied (fig. 2).

In all these studies there are indications that the better growing trees
are the ones with lower No/o (Gerhold’s and Steinbeck’s data are
compared respectively with information on growth published elsewhere
by Wright and Baldwin 1957, Wright and Bull 1963). Our
studies confirm this (fig. 2).

Concentrations of phosphorus in Pinus banksiana seedlings are po-
sitively.correlated with longitude and latitude of the site of seed origin
(Mergen and Worrall 1965). In Pinus silvestris Steinbeck
(1965) has not found any definite trends in P% but of the five provenan-
ces he has studied the extreme values were high for the one from the
Urals and low for the one from Spain. These two provenances were also
extreme in longitude and almost so in latitude. In Picea abies Kral
(1961) has also shown that seedlings from more elevated provenance have
higher P%. Our results confirmed this (fig. 2). The same trend was
observed for Pinus contorta by Lines (1970). Similarity as with nitrogen
concentration P% usually goes parallel with poorer growth.

The correlations of potassium concentrations with the site of seed
origin are much less obvious. In Pinus banksiana there is a slight indi-
cation that the seedlings of southeastern provenances have higher K%
thant the north western ones (Mergen and \WWorrall 1965).
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Beld (1959) and Steinbeck (1965) have not found any racial dif-
ferences relative to geography in K% in Pinus silvestris nor have Kral
(1961) or we (fig. 2) found any in Picea abies. In Pseudotsuga menziesii
on the other hand Kral (1965) has shown that seedlings of coastal pro-
venances had higher foliar K% than those from more elevated localities.
The same is true for Pinus contorta in Scotland (Lines 1970). In these
cases as well as in that reported for Pinus banksiana (Mergen and
Worrall 1965) higher K% appears to go parallel with better growth.
That much is also true for our spruce seedlings (fig. 2).

From Gerhold’s data (1959) it can be deduced that Pinus silvestris
of more elevated provenances has lower foliar concentrations of magne-
sium. Steinbeck has not confirmed this on seedlings (1965, 1966 a),
but has reported a positive correlation of Mg% with growth (1966 b). In
our material Mg% did not differentiate provenances nor did it correlate
with any of the studied characters (fig. 2).

Kral (1961, 1965) has found that Picea abies and Pseudotsuga men-
ziesii seedlings from higher elevations have higher calcium concentra-
tions. In this case the correlation with growth is negative as was the
case for N% and P%. We have confirmed the correlation with growth
only (fig. 2). In Pinus silvestris Gerholld (1959) has found racial diffe-
rences in foliar Ca% but this was not correlated with any geographic
parameter and the negative correlation with growth was slight.

In the studies reviewed above only Steinbeck (1965) has inve-
stigated Na% in the foliage of Pinus silvestris. Generally lower Na% was
found in less intensly growing seedlings. The same was confirmed for
spruce in our material (fig. 2).

The positive correlation of Ca%, N% and P% with each other and
negative with dry weight (fig. 2) suggest that fast growing seedlings
economically utilize these elements and that growth dilutes their con-
centrations. On the other hand K% and Na% are correlated positively
with growth suggesting that either active absorption of these elements is
stimulated by growth or that growth is stimulated by their high internal
concentration (extension growth requires high turgor). Since extension
growth results in increased fresh weight rather than dry weight, and the
correlation of K% is better with fresh weight than with dry weight, the
latter explanation appears to be the valid one.

One of the highest magnesium concentrations was found in seedlings
from Dolina Chochotowska (table 3), those that had the darkest foliage
colour, suggesting that the inherent ability to accumulate more magne-
sium is expressed in higher chlorophyll content.

All the correlations of seedling characters with morphology of cones
add little to our informations about the groups of populations. The geno-
typic data appears to be in a somewhat different dimention than the
phenotypic variability. The grouping of spruce populations proposed on

8*
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the basis of cone morphology (Chylarecki and Giertych 1969)
is supported by the (phenotypic) data on seeds (Fober and Gier-
tych 1971) but not by the data on seedlings (genotypic) The K% in
seedlings though correlated inversly with cone scale length (the best
cone character for differentiating populations) does not help in defining
the groups of populations (fig. 3) as did K% in the seeds.

Fig. 4. Groups of spruce provenances, numbered 1-7 from the best growing
to the worst, as determined by a Duncan test on the seedling dry weight character,
plotted onto a map of spruce distribution in Poland

If we were to group the provenances on the basis of genotypic cha-
racters other groupings would be obtained. Using the Duncan test on total
dry weight, the character that has best differentiated the provenances
(highest value of F in the variance analysis), 7 groups were obtained.
These are plotted on the map in fig. 4. Generally the best growing seed-
lings (groups 1-3) came from the south, medium ones (4 - 5) from the
north east and the worst (6 - 7) from the north east and from the high
altitudes in the south.



117

SUMMARY

Seedlings of 25 Picea abies Karst. provenances have been grown in
greenhouse conditions under controlled mineral nutrition. The seedlings
were scored for growth and development characters and their internal
concentrations of nitrogen, phosphorus, potassium, magnesium, calcium
and sodium was measured. It was found that the best growing seedlings
were raised from seeds collected in the montane and submontane region
of Poland as well as in the valley of river Nysa and in the outlier in
Konstancjewo (fig. 4). The poorest growing seedlings came from the
High Tatras. Many more Polish provenances deserve the renown of those
that have been tested in international experiments. The concentration of
nitrogen, phosphorus and calcium in the seedlings was correlated posi-
tively with each other and negatively with seedling dry weight (fig. 2).
This suggests that fast growing seedlings economically utilize these ele-
ments and that intensive growth results in a dilution of these concentra-
tions in the seedlings. K and Na% in the seedlings are positively corre-
lated with growth characters, particularity fresh weight, suggesting that
higher concentrations of these elements stimulate extension growth.
Groups of populations suggested on the basis of cone morphology (phe-
notypically) are not recognizable on the basis of genotypic characters of
seedling growth and mineral content.

This work has been partially supported by grant No. FG-Po-174 from the
U. S. Department of Agriculture, under U. S. Public Law — 480.

Institute of Dendrology and Koérnik Arboretum
Koérnik nr. Poznan
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HENRYK FOBER | MACIEJ GIERTYCH

Zmiennos¢ Swierka (Picea abies Karst.) polskich proweniencji w cechach
wzrostowych siewek i w zapotrzebowaniu na sole mineralne

Streszczenie

Siewki 25 polskich proweniencji $wierka Picea abies wyhodowano w szklarni
w warunkach kontrolowanego zywienia mineralnego. Oceniono cechy wzrostowe
i rozwojowe siewek oraz pomierzono zawarto$¢ w nich azotu, fosforu, potasu,
magnezu, wapnia i sodu. Stwierdzono, ze najlepiej rosnace siewki pochodzg z tere-
néw podgorskich i gorskich, jak réwniez z doliny Nysy i ze stanowiska wyspo-
wego w Konstancjewie (ryc. 4). Najgorzej rosngce siewki pochodzg z Wysokich
Tatr. Wiele polskich proweniencji zastuguje na podobny rozgtos, jaki uzyskaty
proweniencje wyprébowane juz w doswiadczeniach miedzynarodowych. Stezenia
azotu, fosforu i wapnia w siewkach bylty skorelowane ze sobg pozytywnie, a ne-
gatywnie z suchg masg siewek (rys. 2). To sugeruje, ze szybko rosngce siewki
ekonomicznie wykorzystuja te pierwiastki, czyli ze przy intensywnym wzroscie
ich stezenie w siewkach ulega rozciericzeniu. Stezenia potasu i sodu sa pozytywnie
skorelowane z cechami wzrostowymi, szczegélnie ze $wiezg masg siewek sugerujac,
ze wyzsze stezenia tych pierwiastkéw stymulujg wzrost wydtuzeniowy. Grupy
populacji wydzielone na podstawie cech morfologicznych szyszek (fenotypowo) nie
dajg sie zidentyfikowa¢ na podstawie cech siewek i ich mineralnej zawartosci.

XEHPbIK ®OBEP U MALUEW MEPTbIX

M3meHumBocTb Picea abies (L.) Karst. Monblin no pocTy CesHUEB
N HY>KAAEMOCTW UX B MUHeEpPabHbIX COJMAX

Pe3tome

CesHubl e 13 25 MOMbCKUX MECTOHAXOXAEHWIA BbIpalLMBaIMCb B OpaHXepee
B YC/IOBUSIX KOHTPO/IMPYEMOrO MWHEPasbHOro nNuTaHus. V3yyanmcb OCOGEHHOCTM WX
pocta M pasBUTWUA W OMNPedensanock CofepxaHue as3oTa, (ocdopa, Kaaus, MarHus,
KanbUna U HaTpus. YCTaHOB/IEHO, YTO NyYlle BCEro pacTyT CedHLibl, npoucxofaiiue
M3 TOPHbIX W MOArOPHbIX PaiioHOB, M3 LOMMHbLI HWCCbI M M3 OCTPOBHOTO MECTOHa-
xoxaeHns B KoHcTaHueBe (puc. 4). Xyxe BCero pacTyT cesHUbl U3 Bbicokux Tartp.
Enu, npovicxogslme u3 MHOTMX MObCKMX MECTOHAXOXAEHWIA, 3aCNy>XMBatoT Takoi
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K€ M3BECTHOCTU, KaKylo Mprobpeny nonynsuuu, npoLueslne MexayHapoaHoe Mcrbl-
TaHue. KOHUEHTpauum a3oTa, qocopa M Kaibuysi B CesHLAX MOMOXUTENbHO KOp-
penupyroTcs Mexay co6oii U oTpuuaTeNlbHO — C CyXOii maccoll cesHUeB (puc. 2).
MOXHO MPeANoNoXMTb, UTO Gosee GbICTPO PacTyLMe CesHLbl 3KOHOMUYHEE WCMOfb-
3ylOT 3TV 3/IEMEHTBI M YTO MPKM UX WHTEHCMBHOM POCTE KOHLEHTpALMs NOCNEAHUX
nagaet. CofepXaHue Xe Kasus U HaTpusi MOMOXKUTENIbHO KOPPEMpYeTcs C WHTEH-
CMBHOCTbIO POCTa, OCOGEHHO C YBE/MYEHWEM CbIPOA MacChbl CesHUEeB. [10-BUAUMOMY,
BbICOKas KOHLEHTpauus 3TUX 3/1EMEHTOB CTUMYNMPYET POCT CEesHLUEB B [J/IMHY.
Mpynnbl NONyNsuWiA, BblAeNeHHble Ha OCHOBE MOP(ONOrMYECKUX MPU3HAKOB LLUMLIEK

(t(heHOTUNUYECKM), He MOAAANTCA OMpPedesieHNo N0 MOP(OIOrMyYeCKUM OCO6EHHOCTAM
CEAHLIEB M MO UX MUHEPasbHOMY COCTaBy.



