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INTRODUCTION

The weight of spince seed in Poland has often been reported upon.
The information has been recently reviewed by Dutkiewicz (1968).
In his own studies on the subject he came to the conclusion that seeds
from the northern range of spruce in Poland weight less than those from
the southern range, the difference, depending on year, being of the order
of 18 - 35°/0. Furthermore he has shown that within an area there is
a decrease in seed weight with an increase in elevation. In Sweden An-
dersson (1965) has shown that seed weight declines with latitude and
elevation, thus the same trends as in Poland appear to be present.

In another spruce species, Picea sitchensis (Bong). Carr. it has been
shown that northern seeds are the more heavy ones (Burley 1965).

Our own studies of variation in spruce seeds of various origin were
accessory to the general investigation of provenance differentiation of
spruce seedlings. As a result they represent no more than a record of
informations about the seeds used. This information helps in the inter-
pretation of provenance differences observed (Fober and Giertych
1971) and will no doubt prove useful, when results of field provenance
experiments based on the same seed collections (Giertych 1970) will
become available. The seeds were extracted from cones described by
Chylarecki and Giertych (1969).

The cones have been collected in the fall of 1964 from 25 widely
scattered localities in Poland (table 1, fig. 1). In fig. 1 also the natural
range of spruce in Poland is drawn in. As can be seen the range is di-
sjointed. The northern one links up with the general range in Scandi-
navia and northern USSR, while the southern one with the Hercyno-Car-
pathian range. Much literature has been devoted to differences between
spruce from these two ranges.
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Table !
Geographic coordinates of provenances used in the study

MATERIAL AND METHODS

During cone extraction 50 winged seeds from each provenance have
been measured by placing on millimetr paper. The measurements taken
were a) wing length, b) wing width, c) seed length and d) seed width
(fig. 2). Average values for each provenance are presented in table 2.

Samples of the dewinged seeds were sunk in 70% methanol to re-
move empty seeds by floating, surface dried and three 100 seed samples
from each provenance were weighed (fresh weight), and then dried at
100°C for 5 days and weighed again (dry weight). The average values are
presented in table 2.

Dried seeds were analysed for nitrogen content by the Kieldahl me-
thod (Piper 1957) for phosphorus content by the Kuttner and Lichten-
stein method (Fink 1963) and for the metallic macroelements by the
flame photometric method (Humphries 1956). Percentage concentra-
tions of the mineral elements in the seeds are presented in table 3.
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Fig. 1. The range of Picea abies in Poland and the location of the sites where
seeds were collected

Correlation analyses have been performed between the various seed
characters as well as with characters of cones from which the seeds were
extracted (ex Chylarecki and Giertych 1969). The significant
correlations are indicated in fig. 3.

RESULTS

A) POPULATION DIFFERENCES

Mineral content of seeds is no doubt in some measure a reflection
of the nutrient availability in the site of seed collection. On this basis it
can be said that soil in the Nysa river valley (Brody) is exceptionally rich
in all the major macroelements (table 3). In this respect the Brody
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pemance is exceptional. Seeds from Konstancjewo (a spruce outlier) and
Nowe Ramuki are also very rich in most of the macronutrients. Cones
from Brody, Konstancjewo and Nowe Ramuki were related morphologi-
cally (Chylarecki and Giertych 1969) though scattered geo-
graphically. Mineral concentrations in the seeds are another character
binding these populations.

Table 2
Size and weight of spruce seeds of various origin. Size characters defined
in fig. 2

Seeds from Istebna and vicinity (Rycerka, Wista) are relatively rich
in phosphorus and potassium. The Dolina Chochotowska provenance from
the high Tatras is exceptional in that its seeds are very rich in phospho-
rus and potassium and very poor in nitrogen, calcium and magnesium.

Seeds from Borki, a famous spruce reserve, are exceptionally poor in
potassium and phosphorus. Seeds from adjacent Przerwanki are also very
poor in these elements. Seeds from Biatowieza and adjacent Zwierzyniec
are very rich in magnesium and calcium.
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B) CORRELATIONS AMONG CHARACTERS

Regression analyses have shown that seed size characters a, b, ¢ and
d reported in table 2 are closely correlated to each other, the value of
the correlation coefficient ranging from 0.62 to 0.75 which for 24 degrees
of freedom is highly significant.

There was no correlation between the size characters and seed weight,
neither fresh nor dry.

Fresh and dry weight were very closely correlated (r=0.99) and the-
refore can be treated as one character.

Fig. 2. The measure- Fig. 3. Significant correlations between the
ments taken on a win- seed characters, cone characters and geo-
ged seed graphic coordinates. Double lines indicate

significance at 0.01 level and single lines

at 0.05 level. Continuous lines indicate po-

sitive correlations and broken lines nega-
tive correlations

Seed weight is correlated positively with their percentage content of
potassium (r=0.44) and phosphorus (r=0.39) and negatively with sodium
(r=-0.43). As a result concentrations of potassium and phosphorus are
correlated (r=0.61) with each other. Also magnesium concentration is
correlated with calcium (r=0.42) and phosphorus (r=0.43) concentrations
fig. 3).

( gElc)evation of the site of cone collection appears to have a significant
effect on the seeds. There is a negative correlation of elevation with seed
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Table 3
Percentage concentration of mineral elements in spruce seeds of various origin

size (r= -0.40 for character b) and a positive one with seed weight (r=
=0.48). Also the percentage content of potassium increases with eleva-
tion (r=0.61) and that of nitrogen and calcium decreases (r=-0.59 and
—0.67 respectively).

In Poland latitude and elevation are negatively correlated (r= -0.82)
and as a result many of the above mentioned seed characters correlated
with elevation have a similar but opposite correlation with latitude

(fig. 3).
C) CORRELATIONS WITH CONE CHARACTERS

Since seed characters are phenotypic it was considered possible that
their variability would be in some way related to variability of cone
characters. As reported earlier (Chylarecki and Giertych 1969)
12 measurements were made on the cones or cone scales of the same
material. The average values for each provenance have been compared
with the seed characters reported in this paper. It was found that cone
shape is correlated with nitrogen concentration in the seeds (r=0.51) and
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the number of cone scales on a spiral with seed weight (r=20.40). Also
potassium concentration was negatively correlated with 4 cone size cha-
racters all of which correlate with each other. Of these 4 three were
among the most efficient ones in discriminating between populations

Fig. 4. Correlations of potassium concentration in the seeds with the length of
cone scales. The symbols for the groups of populations are as in Chylarecki
and Giertych (1969)

(Chylarecki and Giertych 1969). Plotting K% in seeds against
the length of cone scales, and using the same symbols for groups of po-
pulations as were used in the paper on cone variability (fig. 4) it can be
seen that K% in seeds is also a useful character in discriminating bet-
ween some of the groups.

DISCUSSION

The correlations of seed characters reported in fig. 3 indicate con-
siderable dependence on geographic distribution. Since elevation and lati-
tude are inversly correlated it is difficult to say which of the two has
more of an effect on spruce seeds. The characters Ca°/o, No/o and seed
size are more closely correlated with elevation and not at all with each
other. Each of these characters is therefore related to elevation for diffe-
rent reasons. With shallower soils nitrogen is likely to be less available at
higher elevations. The more severe weather conditions at higher eleva-
tions are possibly responsible for the smaller seeds as well as shorter co-
nes. This agrees with Andersson’s observations in Sweden (1965).
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Calcium is likely to be very low in the lowlands where spruce grows
primarily on sandy soils. Thus the richer calcium content in the seeds
from these localities is hard to explain. Possibly it is an adaptation to
calcium shortage, the seeds being provided with more calcium to give
the seedlings a better chance of survival in the sandy soils.

On the other hand K%, Na% and seed weight are more closely cor-
related with latitude than with elevation (fig. 3) and are all, together
with P%, correlated with each other, which indicates that these charac-
ters jointly describe some aspect of the spruce populations variability.
Since this group of characters is related to cone scale number and cone
size characters that were efficient in differentiating spruce populations
it can be said that these correlations with latitude result broadly from
the differentiation of spruce into the two ranges (fig. 1), north-eastern
and southern. In fig. 4 the populations marked with triangles and circles
come mainly from the south and the populations marked with rectangles
and squares mainly from the north-east (Chylarecki and Gier-
tych 1969).

The observations of Dutkiewicz (1968) that seeds from the north
eastern range weigh less is confirmed. Thus seed weight is strongly cor-
related negatively with latitude. The correlation of latitude with eleva-
tion results also in a positive correlation of seed weight with elevation.
However Dutkiewicz’s (1968) and Andersson’s (1965) obser-
vation that seeds from trees from higher elevations weigh less is pro-
bably true, since in our material seeds from Dolina Chochotowska though
from the southernmost and highest locality weigh considerably less than
would be required from the regression of seed weight with elevation.

The correlation of Mg% with Ca% and P% (fig. 3) regardless of the
geographic correlations of the latter two is probably a reflection of the
fact that generally soils richer in one mineral element are also richer in
another. These correlations appear to include K% but not N%, which is
not unexpected since the latter is dependent on organic content of the
soil while the others more on the inorganic composition of the soil mi-
neral skeleton.

SUMMARY

Seeds of Picea abies from 25 Polish provenances have been analysed
for internal concentrations of nitrogen, phosphorus, potassium, magne-
sium, calcium and sodium. Since these concentrations are a reflection of
soil conditions in the site of seed collection, they may prove useful in
the interpretation of results of provenance studies established from these
seeds. Correlations between the various seed characters are discussed
(fig. 3). K%, P%, Na% and seed weight together with some cone chaz
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are related to the differentiation of populations into the two Po-
lish ranges of spruce. Seed size, N% and Ca% are related to elevation
of the site of seed collection. Mg%, Ca%, P% and K% are correlated
with each other (reflection of inorganic soil status) but not with N%
(reflection of organic soil status).
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U. S. Department of Agriculture, under U. S. Public Law — 480.

Institute of Dendrology and Koérnik Arboretum
Kornik nr. Poznan

LITERATURE

1. Andersson E. — 1955. Cone and seed studies in Norway spruce (Picea abies
Karst.). Stud. For. Sue. 23 :1-214.

2. Burley J. — 1965. Variation in seed characteristics of Sitka spruce. Adv.
Front. Plant Sci. 10 :11 - 24.

3. Chylarecki H., Giertych M. — 1969. Variability of Picea abies (L.)
Karst. cones in Poland. Arboretum Kdarnickie 14:39 - 71.

4. Dutkiewicz W. — 1968. Variation in seed weight in relation to boundaries
of two ranges of spruce in Poland, ex. Population studies of Norway spruce
in Poland, Warszawa, IBL, 45 - 51.

5 Fink J. — 1963. Wstep do biochemii fosforu roslin. PWRIL, Warszawa.

6. Fober H. Giertych M. — 1971. Variation among Norway spruce of
Polish provenances in seedling growth and mineral requirements. Arboretum
Kédrnickie 16 : 107 - 120.

7. Giertych M. — 1970. Doswiadczenia proweniencyjne nad S$wierkiem pospo-
litym (Picea abies Karst.) zatozone w roku 1969. Arboretum Kornickie 15:
: 263 - 276.

8. Humphries E. C. — 1956. Mineral components and ash analysis. ex. Mo-

dern Methods of Plant Analysis. Ed. Paech and Tracey vol. 1: 468 - 502.
9. Piper C. S. — 1957. Analiza gleby i roslin. Warszawa PWN.

HENRYK FOBER | MACIEJ GIERTYCH

Zroznicowanie nasion $wierka (Picea abies Karst.) w Polsce pod wzgledem
wielkosci, wagi i zawartosci soli mineralnych

Streszczenie

Nasiona Picea abies z 25 polskich pochodzeh zanalizowano na zawarto$¢
azotu, fosforu, potasu, magnezu, wapnia i sodu. Poniewaz stezenia tych pierwiast-
kéow w nasionach sg zalezne od zasobnosci gleby, ich znajomo$¢ moze okazac sie
pozyteczna przy interpretacji wynikoéw badan proweniencyjnych zatozonych w opar-
ciu 0 te nasiona. Omowiono szczegOtowo korelacje pomiedzy réznymi cechami
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s@n (rys. 3). Stezenie potasu, fosforu i sodu oraz waga nasion razem z niektorymi
morfologicznymi cechami szyszek sg uzaleznione od pochodzenia z jednego z dwdch
polskich zasiegdéw Swierka. Wielko$¢ nasion oraz stezenie azotu i wapnia sg zalezne
od wysokosci nad poziomem morza terenu zbioru nasion. Stezenia magnezu, wapnia,
fosforu i potasu sg ze sobg skorelowane (wptyw skiadu nieorganicznego gleby) ale
nie ze stezeniem azotu (zaleznym od organicznej zasobnosci gleby).

XEHPbIK ®OBEP VI MALEW FEPTbIX

M3meHunBoCcTb cemsiH Picea abies (L.) Karst. B Monblle no Benn4uHe,
BECY M COLep>KaHui0 MUHepasibHbIX COfei

Pes3rome

MpoBeaeH aHanM3 CeMsiH e U3 25 MOMbCKMUX MECTOHAXOXAEHWI Ha cofepykaHue
asoTa, (hoctopa, Kanvsi, MarHusi, KanbUusi U Hatpusi. [OCKONbKY KOHLEHTpauus
YKa3aHHbIX 3/IEMEHTOB B CEMEHax 3aBWCUT OT WX COAEepXaHus B MO4Be, 3TW [AaH-
Hble MOTYT OKa3aTbCsl MOMEe3HbIMU NPU UHTEPNPEeTaLUn OMbITOB MO WCMbITAHUIO CEMSIH
pasHOro MpoucXoXaeHwsi. [eTanbHO O6CYXAEHbl ABMEHUSI KOPPEeNsuun Mexay pas-
HbIMM npu3Hakamu cemsH (puc. 3). KoHueHTpauus kanus, gocdopa M Hatpusi, a
TaKXKe BEC CEMSIH U HEKOTOpble MOP(ONOrMyYecKMe OCOBEHHOCTU LLUMLLEK 3aBUCAT OT
TOr0, M3 KakoM M3 [BYX YaCTeil MOMbCKOrO apeana ennm MpOWCXOAAT 3TU CEMEHa.
VX BennumMHa, a TaKKe KOHLEHTpauus a3oTa M KasibLusi 3aBUCST OT BbICOTbl Haf
YPOBHEM MoOps MecTa UX cbopa. KoHUeHTpauus marHus, Kaabuus, tocgopa U HaTt-
pysa KoppenupyroTcs mexay coboil (BAMsAHWE HeopraHW4ecKOl 4acTu MOouYBbl), HO He
KOPPENUPyoTCA C CofepXKaHWeM a3oTa, 3aBUCALLMM OT OpraHMYeCKMX KOMMOHEHTOB
MOUYBbI.



